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Abstract 

The research presented in  th is thesis conceptual ises a strategy for design i ng e­

learn i ng systems to b ridge the d ig ital d ivide between those who have access to - and 

know how to use - h igh performance information technology, and those whose do not .  

lt describes the prototyping of a system to test th is conceptua l isation ,  and the 

subsequent evaluat ion of the prototype in a rea l istic sett ing . 

From a review of existing research , e ight gu idel ines were synthesised for deve loping 

effective extramura l  e-learn ing environments. I n  add ition ,  three broad user-centred 

strateg ies were identified as showing promise as possible ways to implement such an  

environment. These strategies emphasised loca l ised over centra l ised functiona l ity, 

specia l ised over general-purpose tools ,  and user- in itiated adaptabi l ity over system­

i n itiated adaptiv ity . lt was hypothesised that by fo l lowing the design g u idel ines and 

combin ing these th ree strateg ies - without making any p resumptions about 

technolog ica l  platform - a workable way could be found to meet al l  the requ i rements 

for an extramural e-learning environment that offers a sign ificant improvement over 

correspondence-based courses. 

Incremental prototyping was used to evaluate and refine the main e lements of the 

design specification and then to integrate them i nto an operat ional  system.  This 

prototyping confirmed that the method proposed for developing a computer-based 

learn ing environment was workable. The prototype was then instal led and tested , first 

over a LAN ,  and then over a rural te lephone-based communication system where it 

was tested it with users .  

The system performed very favourably under these conditions . The volunteers'  

response to the learn ing computer was enthusiastic, contrast ing what they cou ld 

accompl ish with it to the d ifficu lties they faced with conventiona l  systems.  lt was 

concluded that the user testing gave strong support to the thesis that d istributive , 

special ised and adaptable strategies can be successfu l ly combined to provide a wide ly­

accessible and usable computer-based lea rn ing environment. 
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Chapter 1 :  Introduction 1 

Chapter 1 

Introd uction 

1. 1 E-Learning for all 

One of the more remote students of the NZ Correspondence School in recent years 

l ives in Nepal .  To return h is completed lessons for assessment and pick up h is  new 

ones, this student must trek for two weeks through the Himalayan Mounta ins . 1 H is  

determination to overcome such obstacles in order to advance h is educat ion,  

exempl ifies the aspirations of m i l l ions in the underdeveloped countries to find a road 

out of poverty through education .  In fact, at least s ince the industria l  and democratic 

revolut ions of the late 1 81h Century ,  "Education for a l l ! "  has been a ra l ly ing cal l  of 

movements for social progress, and is  enshrined in the UN Charter for Human Rights. 

The ro le of the NZ Correspondence School in  helping this Nepalese student to achieve 

h is  learn ing goals h igh l ights how learning institutions in the more developed countries 

can assist in raising educational levels world-wide through d istance learn ing 

programmes. Through such progra mmes , the greater educat ional resources of the 

developed countries can be made avai lab le to poorer countries to help expand the 

numbers of teachers, agronomists and others with key ski l ls  for economic and socia l  

development. Distance education has become a major part of development in it iatives 

in the Third World (Cook, 1 998) . 

D istance education a lso plays a major ro le in  narrowing the gap i n  educational 

opportu nities between town and countryside in a l l  countries , and in faci l itat ing study by 

those unable to attend conventional learn ing institutions by reason of geographic 

locat ion,  job, d isabi l ity or age. Others a re attracted to d istance forms of learning 

because of the greater flexib i l ity they offer in terms of acqu i ring new ski l l s  and 

knowledge throughout one's l ifetime. I n  fact, d istance learning today encompasses 

fie lds  as d iverse as public education from primary through to tert iary level ,  government­

funded and in-house job ski l ls  tra in ing ,  and cultura l  se lf-awareness programmes.  

1 Recounted in personal i nterview with NZ Correspondence School teacher, October 2003. 



Chapter 1 :  Introduction 2 

Demand for the provis ion of d istance education at the un iversity level remains strong.  

In  December 2003, it was reported that Massey University ,  New Zealand's major 

d istance un iversity education provider, had s igned up record numbers of students. In 

that year, "Massey had extramura l2 students sitt ing exams as  far afield as Istanbul ,  

Saud i  Arabia and B razi l .  They a lso had distance learn ing students study ing i n  prison, 

on board naval ships and on overseas army posti ngs" (Al ien, 2003) .  

I n  recent years ,  a major  sh ift in  d istance learn ing has been underway, with computer­

based courses del ivered over the Worldwide Web increasing ly replacing trad it ional 

correspondence courses. With rapid advances in  computer and commun ication 

technology making possible real-time video-conferencing and "vi rtual" classrooms 

(Tiffin ,  2002) ,  some even question the futu re of "bricks-and-mortar" learn ing institutions .  

In fact, what has become known a s  e-learn ing is more and more promoted a s  the 

futu re of education .  Accord ing to th is view, the communication potent ia l  of i nternet­

l inked computers is tu rn ing the world i nto a global v i l lage (Cisco , 2000; Drucker, 2000). 

However, if one steps back and looks at the world as it real ly is today, then a more 

sobering  perspective emerges.  

The increased re l iance on technology in education is widen ing the gap between the 

haves and have-nots . Accord ing to an Auckland commun ication studies lecturer, on l ine 

information serv ices such as e-learning are focussed upon 1 50 to 200 "wired cit ies", 

whi le n inety-seven percent of the world 's population have no lntemet access and 

a lmost two-th irds of households have no telephone,  let a lone the broadband del ivery 

and m ultimed ia computer requ i red for web-based learning (Hope, 2002). 

Nor is this just a developed/underdeveloped country h iatus .  Microsoft has 

acknowledged that the d ig ital divide between people who have access to and know 

how to use technology and those who do  not, is a g rowing problem in developed and 

developing countries a l ike .  In 2004, the software g iant announced that it wi l l  spend tens 

of mi l l ions of dol lars on community-based technology learn ing centres around the world 

(Herman ,  2004). 

There is tre mendous u nevenness in  socia l  and economic development within 

developed countries them se lves, including between the large u rban centres and the 

2 Mea ni ng study "outside the walls" of the university. "Extramural study" is  used in New Zea land to refer to 

correspondence-based , university-level , distance learning and its computer-supported derivatives. The 

term is used in  the thesis wherever it is necessary to differentiate this particular form of university dista nce 

education from university d istance lea rning centres or from the more general domains of "distance 

lea rn ing" a nd "e-learning". 
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more remote and sparsely-populated rura l d istricts . I n  New Zealand,  for example,  an  

O ECD developed country centred on  farming ,  forestry and fish ing , an  economical ly 

strategic minority of the population l ives in re latively-iso lated rural communit ies,  where 

poor communications i nfrastructu re remains a major issue imped ing I nternet use 

(Searle, 2001 )3. 

Distance learn ing was begun to provide school ing for people l iving in  a reas remote 

from normal educational opportun ities . Paradoxical ly ,  internet-based del ivery of 

distance education creates a 2-tier  system,  determined by access to h igh performance 

technology, in which those most i n  need of it can least avail themselves of its benefits . 

Poor usability limits learning 

At fi rst g lance ,  the s implest way a round the problem of poor te lecommun ications 

infrastructure is to make use of the posta l system.  Distance students without fast, 

re l iable Internet access cou ld be mai led a removable storage d isk contain ing their 

lessons .  However, this solution has the disadvantage of mainta in ing a 2-t ier system by 

sacrificing the communication strengths and speed of the Internet for some . 

Moreover, whether the lessons a re del ivered by mai l  o r  the Internet, it is assumed that 

the remote student wil l  be able to insta l l  and effectively use the learn ing materia l  

unaided . Anecdota l and other evidence suggest that th is often may not be the case . 

lt is widely recogn ised that software systems tend to be more complex than they need 

to be (Hurley, 1 998; Cooper et a l . ,  1 999) ,  and to be biased towards the priorities of the 

developers rather  than the users (Gentner et a l . ,  1 990) . Educational  software is not 

exempt from th is trend (Bork ,  2001 a; Murray et a l . , 2000).  I n  fact, it poses an add itiona l  

problem in  e- learn ing because most of the student's effort may be diverted into learn ing 

how to use the system rather than learning the content of the course (Smu lders ,  2003) . 

Poor u sabi l ity can severe ly l imit and curta i l  learn ing .  

1.2 An issue for research 

This s ituation poses the question :  I s  there a universally-applicable way to apply 

3 By way of i l lustrating the scale of  the urban/rural digital d ivide: In September, 2004, an  attempt to 

down load the 75 MB Service Pack 2 upgrade of the Windows XP operating system from the Microsoft web 

site, via a rural modem, was abandoned after the system calculated that, at the actual data transfer rate, it 

would require 22 hours and 1 1  m inutes to complete. A 240MB developer's version of the upgrade was 

downloaded from the Microsoft site via Massey University's fast I nternet connection in less than 8 minutes ! 
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information technology to un iversity-level d istance education ,  so that it offers a l l  

extramura l  students an advantage over trad itional  correspondence lessons? 

In such a solut ion ,  technology wou ld be appl ied to d istance learning without widen ing 

the d ig ital divide . F i rstly ,  i t  wou ld work as wel l  where i nfrastructure is poor as where it is  

well-developed; i n  the countryside as wel l  as the large urban centres. S ingapore and 

Ind ia ,  for example, a re two countries which p lay a prominent part i n  the modern IT 

industry. E-learn ing technolog ies developed for a re latively-prosperous city-state l i ke 

S ingapore - where a developer can assume widespread access to modern computers 

and broadband commun ications - wil l  most l ike ly prove unworkable in Ind ia ,  where 

eighty percent of the population sti l l  l ive i n  impoverished rura l vi l lages.  The converse, 

however, is probably not true . An e-learn ing techno logy that will work across India 

should a lso work i n  S ingapore .  

Secondly ,  the e-learn ing environment would b e  a s  usable by a student studying alone 

in  an iso lated local ity, as  one studying under ski l led supervision in a learning centre . 

One that has been designed and tested in a regular campus environment may prove 

too complex for the d istance student, who may be a relative computer novice and have 

no-one more experienced to turn to for he lp .  On the other hand , a system that has 

been designed for and tested with extramura l  students in  remote loca l it ies, should be 

usable anywhere .  

Therefore, the question being posed here i s  a n  important one that merits fu rther 

research.  

1 .2 . 1  Research objectives 

The objectives for th is research are :  

• To identify the ways in which computer systems can assist distance learning 

and to what extent th is potential has been real ised in exist ing e-learn ing 

technologies.  

• To identify th reads of current research re levant to overcoming the shortcomings  

of  e-lea rn ing  systems for extramura l  study,  drawing from the broad spectrum of 

Computer Science including Artific ia l  I ntel l igence ,  Software Engineering and 

H uman Computer Interaction . 

• To develop new ideas and extend exist ing ones for fu lfi l l ing the potential for 

computers to effective ly support d istance learn ing at the un iversity leve l .  

• To bu i ld and test a prototype which implements these key ideas.  
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1.3 Research Methodology 

Identify research problem, research objectives 

Conduct in it ial i n vestig a tion to scope the problem 

Review l i terature to refine problem, identify 

possib le solutio n strategies 

Conceptual ise a solution 

Specify the framework for developing a prototype 
- - - - - - - - I 

to test conceptual isation 

-------- r- -,  
Test the solu tion- b u i ld the prototype 1 

L----------,.-----------l... - - - - - - - - J 

Test the solution- eva l u ate prototype with users 1 
L_ ______ ---.--_______ _._ - - - - - - - - - - I 

Eva luate the results aga inst research objectives 

Figure 1 .1 :  Research methodology 

5 

In th is section, the methodology used in this research is  summarised . Whi le the e ight 

stages of this methodology are log ical ly separate (F igure 1 . 1 ), the actual process is 

strongly iterative , especia l ly  during the later test ing phases where prototyping and 

evaluation experiences motivate a fresh look at h igher level design issues and 

concepts . 

Identify the research problem 

The research problem identified is :  Is there a un iversal ly-applicable way to a pply 

info rmation technology to d istance education, so that it offers the student an advantage 

over trad itional correspondence lessons? To be un iversal ,  such a method should 

narrow the digital d ivide, working as wel l  where infrastructure is poor as where it is 

wel l-developed. The motivation for addressing th is q uestion is outl ined in  the previous 

sections. 

Initial investigation 

I n  order to ga in a better u nderstanding of the scope and scale of the problem domain 
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and set a framework for the subsequent phases of the resea rch , especial ly the 

l iteratu re review, informal interv iews and d iscussions have been conducted with 

expe rts ,  practitioners and users from a range of related discip l ines. These include : 

• A number of teachers with experience in preparing and coord inating distance 

learning courses at the un iversity and pre-university levels ;  

• Several former  and current d istance learning students; 

• An educational ist with research and practical experience in applying technology 

to learning; 

• A professional  instructor in  the authoring of web-based un ivers ity courses; 

• Two researchers in the appl ication of Artificia l  Inte l l igence to computer-based 

education ;  

• Two researchers in  usabi l ity and Human-Computer Interaction .  

In  add it ion,  some of  the ava i la ble compute r-based educational systems, or the i r  

associated web sites ,  have been explored to get a "hands-on" feel  for them. 

Literature review 

The overa l l  objectives of the l iteratu re review phase of this research are to fu rther 

refine  the problem under investigation and hypothesise a so lut ion. The review 

proceeds in two dist inct steps. 

In  the fi rst step, the two major strands which are brought together in  computer-based 

d istance learn ing are examined:  

• d istance education in its various forms;  and 

• the educat ional appl ications  of computers. 

The pu rpose of th is h istorical review is to identify the potential benefits (and downsides) 

of computer-based d istance learn ing systems,  to determine what l im its need to be 

placed on the scope of the domain for this research project and, with in that scope , to 

establ ish a set of criteria for evaluating e-learn ing  systems. 

The second step in the l iteratu re review is to evaluate the existing technology, 

especia l ly  the web-based course authoring tools or learning management systems 

which a re widely used for on l ine education and tra in ing .  These are evaluated aga inst 

the criteria developed in  the previous step ,  and their major shortcomings l isted . 

Then research and development addressing issues posed by these shortcomings a re 
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reviewed . The pri ncipal objectives for th is step are: 

• to identify some promis ing strateg ies for meeting the criteria for effective 

computer-based distance learn ing systems; and 

• to synthesise some guideli nes for designing and bui lding such systems. 

Final ly ,  on  this basis, a possible solut ion to the refined problem is  hypothesised . 

Conceptua/isation 

To explore the solution that has been hypothes ised a working prototype is needed.  The 

objective of th is step in the research methodology is to conceptua l ise an e-learning 

system that embodies the main princ ip les and ideas to be evaluated . Conceptual is ing 

the prototype a lso invo lves drawing analogies from education and other everyday 

activit ies with which to imbue the design ,  as wel l  as addressing some high level 

information system analysis and design cons iderat ions .  

Specification framework 

Once the so lution has been conceptual ised at a high leve l ,  and before a system can be 

bui lt ,  decisions need to be made about what technologies wil l be used to implement the 

prototype . This means i nvestigating the major platform and des ign options in re lation to 

issues such as network arch itectu res and interfaces, operati ng environments and 

development platforms, and database structure and search strateg ies. The objectives 

are to identify the key elements of the conceptual isation that need to be evaluated 

through prototyping, and to determine the technolog ical framework for the more 

detai led specification of the system that wi l l  emerge from the prototyping process itse lf . 

Testing through prototyping 

I ncremental prototyping (Pressman , 1 997 , pp. 285-288) is used to further explore and 

refine the key elements of the design ,  which are then codified in a series of documents . 

The approach taken is to develop a nd eva luate each e lement ind ividua l ly ,  th rough a 

process of repeated iterat ions. Then the constituent elements are progressively 

integrated into an overa l l  working system,  wh ich in turn is evaluated under laboratory 

cond itions .  The primary objective of th is stage is to test the techn ica l feasib i l ity of the 

ideas under considerat ion, and make possib le the subsequent evaluation with users.  

Testing through evaluation with users 

I n  this phase, the prototype is i nstaiied and f ieid-iested with volunteer users under 
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real istic condit ions. The objectives are 

• To demonstrate that the system is  fu l ly funct ional under such conditions ;  

• To evaluate the system for accessib i l ity and u sabi l ity. 

8 

The usabi l ity experiment is prepared by a pi lot study. The principal form of data 

col lection is sem i-structu red interv iews with each of the participants. Observation and 

log fi les a re a lso used . The resu lts a re then col lated and analysed . 

Evaluate hypothesis in light of the testing phases 

The lessons from the prototyping and evaluation phases are d iscussed. To what extent 

the research objectives have been met and the research problem solved is assessed in 

l ight of the results .  

1.4 Thesis structure 

The structure of the thesis closely fo l lows the steps in the research methodology .  

Chapter 2 and 3 present the results of  the l iterature review. Chapter 2 outl i nes the 

h istorical background to d istance learn ing and computer-based education .  Chapter 3 

summarises current research in  the fie ld ,  and the conclusions that have been drawn 

from it regard ing a solution to the research problem . 

I n  Chapter 4 the conceptua l isation of a u n iversa l computer-based d istance learn ing 

system is presented.  Chapter 5 specifies the technolog ical basis on which the 

conceptual isation is prototyped . 

Chapter 6 summarises the extensive prototyping process, with particu lar attention to 

the novel aspects of the system.  Chapter 7 reports on the work needed to prepare the 

fie ld evaluation of the p rototype, and the results of the usabi lity experi ment. 

F ina l ly ,  Chapter 8 concludes the thesis by summaris ing what has been achieved du ring 

the project, looks at some of i ts broader impl icat ions,  and outl ines some proposals  for 

futu re work. 
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Cha pte r 2 

Dista nce ed ucation a n d  comp uter-based 

lea rn i ng :  an ove rview 

9 

Research into computer-based d istance education occurs at the intersection of two 

broader fields of learning research and practice : d istance education in its various 

forms, and the educational appl ications of computer systems. In  this chapter, the 

results of an extensive l iterature review of both these areas are presented . The major 

steps in  the evolut ion of each are summarised , with special attention to their ro le and 

place in education at the university leve l .  On the basis of the l iterature review, some 

conclusions on the potential for computers to enhance d istance education are d rawn . 

2. 1 Distance education: an historical review 

The Oxford Dictionary defines learn ing as acqu iring knowledge of someth ing "by study, 

experience or be ing taught" (Fowler et al . ,  1 974), where study is "devotion of t ime and 

thought to acqui ring information especial ly from books" ( ib id . ) .  Al l  lea rn ing occurs in a 

social context (Wenger, 1 998, p3 . )  and is therefore never a complete ly iso lated act ivity. 

Education ,  in the sense of an organ ised system of learn ing ,  involves gu idance (Aiessi 

et a l . ,  1 991 , p. 6) Lau ri l lard ( 1 993) defines teach ing at the un iversity level as "mediated 

learn ing ,  a l lowing students to acquire knowledge of someone e lse 's way of 

experiencing the world" (p. 29). In the classical classroom situation the emphasis of 

learning is on being taught, that is ,  on learn ing activities being d i rectly gu ided by a 

human teacher. I n  d istance education ,  the emphasis is on learning by study, especia l ly 

from books .  Nevertheless it is sti l l  gu ided by a human teacher, a lbeit ind i rectly ,  via 

some form of paper-based, or e lectronic, lessons del ivered to the student by a means 

such as mai l ,  broadcast media ,  or the I nternet. 

Distance learn ing ,  therefore, is a socia l  re lationship between humans which is 

mediated by technology. In computer-based d istance learn ing , computers and 

communication networks provide the faci l itating med ium.  
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2 . 1 . 1  Four threads in distance learning 

1 0  

Modern d istance learn ing can be traced back to a growing demand for popular 

education spurred by the industria l  and democratic revolutions that gathered steam 

across Europe and North America in the late 1 8th and early 1 9th Centuries .  The London 

Corres ponding Society, founded in the 1 790s, used the early mai l  system to 

d isseminate the ideas of Tom Paine (H igg ins ,  1 998). 'T he p ioneers of d istance 

education used the best technology of their day,  the postal system,  to open educational 

opportunit ies to people who wanted to learn but were not able to attend conventional 

schools" (CDLP,  2004 , p. 4) .  One of these early pioneers was lsaac Pitman who began 

teach ing shorthand by the penny post in Eng land as early as 1 840, and later in  the 

U nited States (PBS,  2004). 

S ince that t ime, a diverse range of institut ions and motivations have been involved in 

the del ivery of various forms of d istance teaching to an equal ly diverse range of 

students. With in th is d iversity, at least four major  historical th reads can be identified : 

• correspondence school ing of isolated ru ra l chi ldren ,  usual ly provided by the 

state; 

• vocat ional ly-oriented tra in ing ,  often provided on a for-profit basis by private 

o rganisations; 

• publ ic lecture series presented by touring un ivers ity academics; and 

• home-based, self-improvement study ,  in itia l ly oriented towards women , and 

often provided by voluntary o rganisations .  

In  North America and Austra lasia,  d istance learning became institutional ised through 

the correspondence primary school ing of ch i ldren l iving in remote ru ral areas beyond 

the reach of it ine rant teachers (H igg ins, 1 998). The New Zealand Correspondence 

School was establ ished in New Zealand in  1 922 with one teacher a nd 1 00 pupi ls 

(NZSC, 2004 ) .  In the Un ited States ,  correspondence courses began in the late 1 9th 

Century and were institutional ised as early as the 1 930s (Aniebonam, 2000). 

The success of the correspondence system in the U nited States rapid ly spawned 

private organ isations wh ich marketed "job-ski l ls" d istance tra in ing packages on a for­

profit basis .  Accord ing to Noble ( 1 999), such businesses prol iferated during the early 

20th century .  He writes that by " 1 924 these commercial enterprises, which catered 

primari ly  to people who sought qua l ifications for job advancement in business and 

industry, boasted of an enrolment four t imes that of a l l  co l leges, un iversit ies, and 

professional schools combined" (para . 1 2) .  The best-known example of these d istance 
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education businesses is the International Correspondence Schools founded in  

Pennsylvan ia in  1 891  to tra in m ineworkers , which now has mi l l ions of students world­

wide (PBS, 2004) .  

As early as 1 920 the Un ited States Department of  Defense (DoD) began uti l is ing 

d istance education technology in the tra in ing of i ts personnel ( ib id . ) .  In the ensuing 

decades i t  has been a major d river in the development of th is technology, especia l ly  of 

the computer-based tra in ing systems now widely adopted in the commercial world . In  

1 997, it launched the Advanced Distributed Learn ing in itiative to  "develop a DoD-wide 

strategy for using learn ing and information technolog ies to modern ise education and 

tra in ing and to promote co-operation between government, academia and business to 

develop e-lea rn ing standard isat ion" (Dodds ,  2003, para .  1 ) .  

Ug low (2002) and Clark ( 1 999a) cite examples of noted scientists and  other academics 

during the 1 8th and 1 9th Centuries touring Brita in del ivering publ ic lectures. These 

lectures presaged un iversity extension courses - in which short educational 

programmes a re offered to the genera l  publ ic - and d istance learning centres - in 

which students study together in  a classroom remote from the un iversity and supported 

by visiting lecturers , tutors and ,  more recent ly ,  sate l l ite video, telephone and i nternet 

hook-ups. 

Learning centres, including sate l l ite campuses, are an important component of d istance 

education in  Japan , the United States and many other countries, and are a focal point 

for e-learn ing research as evidenced by Hayashi et al . (200 1 )  and Tiffin (2002) .  In 

developing countries l ike Ind ia ,  they are a vehicle for providing d istance students with 

access to technology that would not otherwise be avai lable to them (Cook, 1 998, p. 

20) .  

Learning centres are an important aspect of the Open University of the United 

Kingdom, founded in 1 969 to provide mature students with the opportun ity for tert iary 

study to the degree level (Norton , 1 994 ). "The British Open Un iversity has broken 

traditional barriers to education by a l lowing any student to enrol regardless of previous 

educational background or experience. lt currently has more than 200,000 students 

and has enrol led more than 2 mi l l ion people . lt is recognised th roughout the world as a 

prototype for current day non-trad itional  learn ing" (PBS,  2004 , p . 3) . 

The Open University draws upon the tradition of self-improvement home-based study 

which began in the 1 9th centu ry in part to provide educational opportunit ies to women 

barred from attend ing male-on ly un ivers ities .  An example is the volunteer-run S ociety 

tv EiiCvuiCiQE: Studit::s ai Home in Boston ,  Massachusetts (PBS, 2004) . Today, home-
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based study  provides a veh icle for more genera l  "second-chance" adult education. In  

New Zealand, the Techn ica l Correspondence School was founded in 1 946 to  provide 

resettlement tra in ing for returned serv icemen and women fo l lowing World War 1 1 .  lt 

expanded i n  1 963 into national apprenticesh ip tra in ing and now, as the Open 

Polytechnic ,  offers many open-admission courses (TOPNZ, 2004) .  Massey Un iversity, 

wh ich has offered degree and diploma courses by correspondence since the 1 960s , 

has about 2 1  ,000 extramura l  students studying by mai l ,  phone, e-mai l  or the Internet 

each year (Massey Extra mura l ,  2004) .  

By the 1 990s, almost th ree mi l l ion tert iary students were enro l led world-wide in the 

e leven largest publ ic ,  d istance teach ing un iversities (H iggins,  1 998). In New Zealand, 

u p  unti l  the late 1 980s d istance learning was dominated by four large,  publ ic 

i nstitut ions. These institutions accounted for wel l  over 90% of al l  d istance education 

enro lments and provided New Zealand with a comprehensive selection of school-leve l ,  

polytechnic ,  teacher education and un iversity programmes (Prebble, 2001  a) .  Today, 

however, a lmost all un iversities and polytechn ics offer some form of distance study as 

an adjunct to their inte rna l  courses - in part to meet a demand for more flexible forms 

of learn ing - although on a lesser scale than that offered by Massey Univers ity and the 

Open Polytechnic. 

2 . 1 .2 The technology of distance education 

U nti l  the 1 920s,  d istance education was almost exclusively based upon the posta l 

system.  Whi le book-based lessons de l ivered by mai l  remain a core component of 

d istance learn ing ,  technolog ical innovations have been progressive ly incorporated 

(F igure 2 . 1  ) .  

1 840s Correspondence lessons through the mai l  

1 920s Radio broadcasts by correspondence schools 

1 960s Open university public television programming 

1 980s Video-based teleconferencing via satel l ite to remote classrooms by universities and 

mi l itary institutions 

1 990s PC-based learn ing in the home and workplace del ivered by CD-ROMs and the I nternet 

2000s Onl ine virtual universities via broadband Internet 

F igure 2 .1 : Innovations in d istance learning technology. Based on P BS (2004). 

Radio b roadcasts were introduced beg inning in the 1 920s (PBS, 2004 ). However, it 

was not u nt i l  1 964 that the Schools of the Air were introduced in Queensland,  Austra l ia ,  
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to d i rectly teach numbers of s imi lar-aged ch i ldren via H igh Frequency rad io broadcasts 

(Higgins ,  1 998) .  

The fi rst television broadcasts were i ntroduced into d istance education i n  the Un ited 

States in the 1 930s. But aga i n  it was not unt i l  the late 1 960s that the Open Un iversity of 

the Un ited Kingdom systematised the use of publ ic television to broadcast lessons to a 

wide audience . Television remains a popular  veh icle for del ivering distance education , 

particu larly in the developing countries ,  because of the ubiquity and cheapness of the 

techno logy. The China TV U n iversity had 530,000 students in degree programmes in 

1 994 (Higgins, 1 998) .  I nd ia has del ivered agricu ltura l  tra in ing to ru ra l  v i l lagers via 

television since 1 967 (Chaudhary ,  1 992).  And Cuba has launched the "University for 

Al l"  wh ich is "part of a cam paign to widen the avai labi l ity of education both among 

student youth and working people of a l l  ages. lt consists of national ly te levised courses 

on various subjects such as E ng l ish ,  geography, and art appreciation" (Mi l itant, 2001 ) .  

By the 1 980s, the Un ited States mi l ita ry was pioneering the use of teleconferencing v ia 

sate l l ite , using 1 -way (and later 2-way) video and 2-way audio to del iver lectures and 

interact with students s imu ltaneously to mu ltiple sites . This technique is  now widely 

used by un iversities in  the United States, Japan and e lsewhere to broadcast lectu res to 

sate l l ite campuses and learn ing centres, and is widely preferred by students as the 

"next best thing to being there" (Aniebonam,  2000; PBS, 2004) .  More recently, the 

World Bank has sponsored d istance education via sate l l ite in Africa and Latin America 

(Cook, 1 998). 

In Queensland , during the 1 980s the Education Department began to experiment with 

techno logy in an effort to bring many of the interactive and mu ltid imensional benefits of 

classroom-based teach ing to distance education .  This led to the revision of the 

curricu lum and the development of teaching "packages", incorporating mu lt imedia 

teach ing a ids such as video and aud io tapes which could be stud ied virtual ly anywhe re ,  

anytime . This created the elements of  an open or flexible learn ing approach to  teach ing 

and learning for i ts students (H iggins,  1 998). 

The invention of the personal  computer, the CD-ROM ,  and the world-wide web meant 

that, by the 1 990s, computers and computer networks had become the principal 

a lternative to the mai l  system for the del ive ry of d istance education . Healey et a l .  

( 1 998) cite Canad ian examples where Web-based d istance education h a s  enabled 

students in isolated rural schools to study senior h igh school subjects l ike chemistry, 

despite no qual ified teacher bei ng avai lable local ly. 
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Most recently, "virtua l  un iversit ies", rest ing o n  broadband commun ications networks, 

have e merged as the broker  for learn ing produced by severa l or many un iversities 

(Jones and Pritcha rd ,  1 999) ,  with mixed success. Virtual un iversit ies are d iscussed 

further in  the fol lowing section . 

2 . 1 . 3  The unive rsity and distance education 

The formation of the National U n iversity Continu ing Education Association at the 

U niversity of Wisconsin at Madison in 1 9 1 5  marked the beg inn ing of university 

involvement in d istance education in an institutional ised way (PBS, 2004) . Over the 

ensu ing decades, un iversities have extended into d istance learning along three axes: 

runn ing courses at sate l l ite un iversities and learn ing centres, often via video hook-up; 

part icipating in open-learn ing ,  adu lt education extension programmes; and providing 

i ndiv idua l ,  correspondence-based lessons for home-study that a re usual ly an extension 

of cou rses taught internal ly by the u n iversity, i . e .  extramural study.  

Distance education at  the un iversity level has specia l  characteristics flowing from the 

un ique role of the un iversity in society. The Dictionary of Ideas (Norton, 1 994) defines 

the un ivers ity as "an institution  of h igher learn ing" and points to its long tradition dating 

back to Salerno in the 91h Century .  The Universal Dictionary (Wyld, 1 932) traces 

"un iversity" to the Mediaeval Latin word mean ing "the whole" and suggests it referred 

to a u n ivers ity being a "combination of a l l  the Faculties", and the "idea of the whole of 

learn ing being taught . "  The American Heritage Dictionary (American Heritage, 1 992) 

incl udes "the bu i ld ings and grounds . . .  and the body of students and faculty of such an 

institution" in its defin it ion . All these defin it ions point to a un iversity amounting to more 

than the sum of its courses.  H igher learning is more than just instruction . lt 

encompasses the ent ire intel lectua l  l ife of the un iversity, including study, debate, 

criticism,  experimentation and research led by faculty, out of which un iversity teaching 

a nd learn ing is synthesised . D istance education provided by un iversities d raws 

strength from this community of learning and its greater possibi l it ies for d rawing 

students into the whole of learn ing ,  includ ing the possibi l ities for postgraduate research 

and study. 

U n iversities have developed strategies and techniques to try to real ise more of this 

potential for distance learners .  Massey U niversity has used contact courses to bring its 

extramura l  students together  into temporary learn ing commun ities and is exploring 

methods for repl icating this approach independently of the classroom using computer 

technology (Prebble , 2001 b) .  In 2 000 Massey Un iversity's Information Technology and 

Distance Education Taskforce proposed that the University should "provide an 
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environment of on-l ine support for any and every paper offered by the University" 

(Massey University, 2000 , p . 1 2) .  

The approach of uti l is ing computer networks to provide distance students with a richer 

learning environment, wh ich more closely approximates the tradit ional un iversity 

experience , is sometimes referred to as a "vi rtual un iversity" (Brusi lovsky et a l . ,  2001 ) .  

However, "virtual un iversity" is more often used in  the l iteratu re in the sense of  a 

complete ly e lectronic institution which replaces a "bricks and mortar" un iversity . I n  this 

virtual  un iversity a l l  re lations with the remote student are mediated through a computer 

network, the un iversity may not have any actual physica l  existence, and the student's 

study programme may be sourced from multiple providers (Jones and Pritchard ,  1 999; 

Un iversal , 2001 ) . Examples are the Un iversity of Texas Telecampus (UTTC, 2004) and 

the Un iversity of Phoenix (UP, 2004). 

lt is d ifficu lt to see how a purely e lectron ic  entity can reproduce the whole of learn ing -

to imbue into d istance education the intel lectual l ife associated with an institution of 

h igher  learn ing with its "bu i ld ings and g rounds" and "body of students and faculty". 

There is a rea l  possibi l ity that a virtual university will produce virtual rather than rea l  

understand ing , as Chan (2003) d iscusses in relation to  his experiences teach ing with 

virtual laboratories. 

lt is  noteworthy that the prestig ious and purely d istance education-providing Open 

Un iversity of the United Kingdom is based around a permanent, research-oriented 

faculty and campus. By way of contrast, a four-year  attempt to establ ish a Brit ish "e­

university" at a cost of £62 mi l l ion was essentia l ly scrapped in 2004 . Critics label led it a 

"fiasco" arguing that "the project overestimated the impact of the Internet, and that the 

most successful e-operations are built on the back of successfu l face-to-face ventures" 

(Education Review, 2004 ) . 

Whi le Cheese (2003) a rgues that e-learn ing can potential ly transform education at 

every leve l ,  he notes that many un iversities have resisted the e-learning trend. The 

main effect has been on the corporate tra ining world while e-learning has had "l ittle 

impact" in education, especia l ly  at the un iversity leve l .  "Un iversities don't see 

themselves merely as education 'content providers . '  Un iversit ies have a proud trad ition 

of combin ing learn ing ,  research , teach ing ,  and professional development. If you look at 

h igher education as a whole, it's not necessarily obvious how to implement e-learn ing" 

( ibid, para . 4) He adds that un iversities are also suspicious of the corporate side of e­

learn ing:  "As the flag-bearers of the concept of free knowledge and research , 

un iversities resist the commoditisation of knowledge" ( ibid, para. 8) .  
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In  2002,  Massachusetts I nstitute of Technology launched a major new in itiative which 

d rew a clear distinction  between its role as a learn ing institution and as a content­

p rovider. lt decided to make its entire core teaching materia ls freely avai lable on the 

I nternet for educators, enro l led students and self- learners.  By June 1 ,2005 , the content 

of 1 1 00 cou rses had been publ ished onl ine as part of the MIT OpenCourseWare 

project (M IT, 2005) .  

U n iversities a re not the only or even the main providers of post-secondary distance 

learn ing today.  They face g rowing competition from a range of more commercia l ly­

oriented providers, both publ ic and private , that offer job-oriented programmes without 

the research focus of the un iversities .  

The boundaries between un iversity and non-un iversity tertiary institutions are becoming 

increasingly b lurred as a l l  providers compete for paying students, and for government 

a nd industry funding .  Polytechnics and even company tra in ing d ivisions are re­

branding themselves as u n iversities (Huynh et a l .  2003), and un iversities a re offering 

industria l  tra in ing courses previously associated with polytechnics. 

There is a genera l  trend in tert iary learning away from a broad-brush ,  l iberal education 

towards more narrowly-based tra in ing geared to current business and industry 

req ui rements . A major Austra l ian government-sponsored study "The Business of 

Borderless Education" (Cunningham et a l . ,  2000) ,  for example , writes of the trend 

towards the "for-profit un iversity" (p. 1 5) ,  the "earner-learner" (p. x i i i ) ,  and the 

"marketisation or commod ification of knowledge" (p. 22), and sums up the sh ift as from 

"just-in-case" education to "just-in-time" tra in ing (p. x i i i ) .  Lennox (2000) calls it creating ,  

d istributing and updating knowledge in a "just-in-time , just enough" fashion (p .  2 ) .  

The potential for packag ing computer-based d istance learn ing into marketable 

education products for the "earner-learner" has d riven much of the resea rch and 

development in  th is fie ld . In  fact, "The Business of Borderless Education" authors 

comment:  "Those 'hyping'  the industry often simply conflate the marketisation of 

education with the emergence of on l ine education a nd train ing" (pp 22-23).  And 

Drucker (2000) writes: "Onl ine continu ing education is  creating a new and d isti nct 

educational rea lm ,  and it i s  the future of education. There is a global market here that is 

potential ly worth hundreds of b i l l ions of dol lars . "  

Noble ( 1 997, 1 998a, 1 998b, and  1 999) and  Taylor (2000) reflect a broad d isqu iet 

among academic staff and students in face of th is drift of un iversities towards 

becoming what Noble ca l ls  "dig ita l d iploma mi l ls" .  Noble ( 1 997) quotes Educom 

president Robert Heterich as observing : "Today you're looking at a h igh ly personal  
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human-med iated environment [ in un ivers ity teach ing] .  The potential to remove the 

human mediation in some areas and replace it with automation - smart ,  computer­

based , network-based systems - is tremendous. it's gotta happen" (para .24).  Noble's 

conclusion is that the adoption of computer-based learning techno log ies by some 

un ivers ities is "but a veh icle and a d isarm ing d isgu ise" for the commercia l isation of 

h igher  education (Noble, 1 997, para .  5) .  

Notwithstanding th is growing commercia l isation of tertiary education and the part icu lar 

impetus it has g iven to e-learn ing ,  world-wide d istance education at the university level 

is sti l l  overwhelming provided on a non-profit basis by the publ ic un iversities and wi l l  

continue to be so for the foreseeable future .  lt is also clear that computers , l inked 

together th rough the publ ic commun ications system into extens ive networks , a re 

playing an increasing ly important ro le in  the del ivery of extramura l  cou rses. 

2 . 1 .4 Summary 

Distance learning has a long and d iverse h istory based around correspondence 

lessons using the posta l system and augmented increasingly by information 

technology. From the beginn ing , private, for-profit, industry-oriented programmes have 

been a significant component, although the primary driver has a lways been provid ing 

publ ic education to a l l  those unable to attend normal  classes. At the tert iary leve l ,  the 

l ine between these two trends has become increasingly blurred . However, on a world­

wide basis, un iversity-level d istance education remains overwhelming ly provided by 

publ ic ,  non-profit institutions.  

Distance learn ing is an umbrel la term encompassing many d ifferent sett ings, each with 

its own un ique requ i rements - occupational tra in ing by business, m i l itary or publ ic 

institut ions; home school ing of primary o r  secondary students; "open un iversity" cultu ra l  

or  se lf-improvement courses; g roup learn ing at a sate l l ite un iversity o r  learning centre ;  

o r  individual extramural un iversity study .  Students may be distance learners because 

its flexibi l ity su its them, or because they have no other option open to them .  

lt i s  therefore necessary to  assess d istance learn ing technologies in a very specific 

context. Factors such as the character and aims of the teaching o rganisation and its 

students, the subject matter and the breadth and depth to which it wi l l  be taught , the 

age and learn ing level of the target students, the accessibi l ity of the techno logy, and 

the location of the students, have to be taken into account. 

U n iversity-level d istance learning has been most successful when it has been bu i lt on  

the back of  successfu l face-to-face teach ing and a permanent research-oriented 
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facu lty . Trad itional u n iversities are thus better placed to del iver  effective distance 

education than pure ly  e lectronic virtua l  un iversit ies. 

The uptake of technology varies g reatly between the d ifferent forms of d istance 

learning,  with the g reatest uptake in tra in ing a ppl ications, and the least in extramural 

u n iversity study. At the least ,  this suggests that there are sti l l  issues to be resolved 

before the broader sweep of un iversity education can fit with e-learning technolog ies as 

readi ly  as does occupational  tra in ing .  

2.2 Computers in education: Milestones in computer-based 

learning research 

Since the 1 950s the potential for computers in education has attracted the attention of 

learn ing psychologists, educational ists , and computer scientists. Research has  evolved 

along two major axes: us ing computer technology as a practica l tool to improve the 

product ivity of teachers; and using computers to better understand how people learn 

and to develop more effective methods of teaching (Park et a l . ,  1 987). Mi lestones in  

computer-based learn ing research have reflected both innovations in computer 

technology and sh ifts in the underlying pedagogy. In  this section ,  the major m i lestones 

are reviewed chronological ly .  

2 . 2 . 1  Teaching machines 

During  the foundation yea rs of computer science in the 1 950s and 1 960s, the 

behaviourist approach to learn ing deve loped principal ly by J .  B. Watson and later B. F. 

Skinner prevai led a mong psychologists (H i l l ,  1 997 ,  pp. 33-34 ) .  Based upon laboratory 

studies of an imals ,  Skinner's behaviou rism viewed learning as the modification of 

observable, externa l  behaviour through an appropriate mix of stimu l i ,  responses, 

feedback and reinforcement ( Reeves, 1 994). 

Behaviourism focussed upon what people do rather  than what they think. As such it 

rested upon a theory of knowledge as immutable truths externa l  to the mind , which only 

needed to be rote-learned by students. lt emphasised learning as tra in ing students to 

make the correct responses to questions and inspired a teaching method known as 

p rogrammed instruct ion .  "Programmed instruction is characterised by clearly stated 

behavioura l  objectives, smal l  frames of instruct ion, se lf-pacing , active learner response 

to inserted questions ,  a nd immediate feedback regard ing the correctness of a 

response. Ind iv idual ised instruction in  essence replaces the teacher with systematic or 

p rogrammed materia ls" (Ciark, 1 999b, para .  1 ) .  Sk inner bel ieved that programmed 
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instruction should be l inear, presenting the same sequence of steps to each learner, 

regard less of the i r  responses (H i l l ,  1 997, p .  81 ) . In 1 958, he designed an interactive 

mechanical teaching machine which implemented th is method . 

Most early developments in computer-based learn ing reflected Skinner's concept of the 

teach ing machine, notably PLATO (Programmed Logic for Automatic Teaching 

Operations) (DeCioque, 2000) .  

Several studies have shown that the programmed instruction approach can be an 

effective learn ing method in areas su ited to rote-learn ing (Park et a l . , 1 987) .  Even 

advocates of more open-ended , d iscovery types of learning such as Underwood et a l .  

( 1 990) acknowledged that such "practise is  v i ta l  i f  ski l ls are to reach the level of 

automaticity necessary to a l low the ind ividual  to focus attention on h igher level 

problems" (p. 22) a lthough they crit icise d ri l l-and-practise software for del ivering " l ittle 

more than computerised worksheets" (p .  30) .  The approach has been widely used, 

often in a games format, to provide an interactive environment for pract is ing ski l ls ,  and 

revising material that has a l ready been taught (Aiessi et a l . ,  1 991 ; Ch .  3). 

An important mod ification to the l inear programmed instruction method was branching.  

Branch ing enabled the learner's response to determine what material they received 

next from the teach ing machine (H i l l ,  1 997 , p. 81 ). Branching enabled the system to 

accommodate d ifferent learning levels .  Students could skip steps they a l ready knew, or 

study remed ia l  materia l  on information a l ready presented (Ciark, 1 999b) .  As a basic 

programming construct, it is  straightforward to implement in software. lt has been 

observed that many adaptive tutoring programs that emerged in  the 1 980s were in fact 

"no more than courseware with sophisticated branching" (Aiessi et a l . ,  1 99 1 , p. 452) . 

Behaviourism no longer predominates among learn ing theorists, and few 

educational ists or e-learn ing researchers would advocate the programmed learning 

approach today . Nevertheless, the observation in  Reeves ( 1 992) that, despite its 

widespread debunking,  many computer-based learning systems continue to use 

instructional models d i rectly derived from behavioura l  psychology, reta ins val id ity more 

than a decade later. At least two papers presented at ICCE 2003 discussed projects 

which combined the latest computer technolog ies with programmed instruction 

pedagogy .  One paper  outl ined a hand-held PDA-based system for teach ing h istory to 

61h grade school chi ldren ( lsh izuka , 2003) ,  whi le another discussed a web-based 

system for d ri l l ing students in basic IT concepts (Tominaga, 2003) .  

There are many  systems sti l l  avai lable on CD-ROM or  over the Web which use 

programmed instruction to dri l l  school students in basic science , spel l ing ,  mathematics , 
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etc. Equat ions ,  for example, is a chemistry primer avai lable on C D-ROM (Keal l ,  200 1 ). 

And NuMaths, (Queensland College, 2004) can be accessed over the Web. 

Even in courseware ,  the legacy of the programmed instruction approach can be seen 

in the form of the fi l l- in-the-blank and multi-choice revision qu izzes and tests. 

Nevertheless, its re levance to the kind of broad-brush education associated with 

un iversity-level d istance learn ing would seem to be qu ite l imited. 

PLA TO and TICCIT 

Before the advent of the personal computer in the 1 980s ,  prototyping and testing 

educational software was more prob lematic than it is today. Research in computer­

based instru ct ion was based around a handful of large-scale projects backed by 

government or corporate funding. PLATO a nd TICCIT are genera l ly recognised as the 

tra i lblazers of modern computer-based learning systems (Park et a l . ,  1 987; Alessi et 

a l . ,  1 99 1 ; DeCioque, 2000). 

From its beg inn ings in  the 1 960s, PLATO developed during the 1 970s into a 

mainframe-based timesharing system that could serve hundreds of students at d ifferent 

loca l it ies s imu ltaneously .  PLATO's developers were gu ided by practical rather than 

theoretical concerns ( DeCioque,  2000) .  While it reflected the prevai l ing programmed 

instruction approach, PLATO went beyond the usual d ri l l-and-practice ph i losophy by 

including tutor ia l  materia l ,  inqu iry ,  d ia logue ,  s imulation , computer games,  and problem 

solving to he lp students develop an understanding of the subject matter (Giedh i l l ,  1 98 1 , 

p. 1 53) .  PLATO pioneered the integrat ion of text and graphics,  cou rse-authoring 

software, and on- l ine conferencing and com munication (Woolley, 1 994). lt was thus a 

proving ground and a benchmark for the PC-based courseware authoring and del ivery 

systems that emerged i n  the 1 980s and their web-based counterparts of the 1 990s. 

These systems incorporated many of the features, and the practica l orientation , 

p ioneered by PLATO. 

In 1 967 , the M ITRE Corporation began developing a mu ltimed ia learn ing system by 

combin ing the recently developed min i-computer with television technology (DeCioque, 

2000). TICC IT,  as  it was ca l led, was bui lt around an instructiona l  design approach 

ca l led Component Display Theory which introduced the concept of learner-contro l led 

instruction and ind ividual isation (Kearsley, 2003; Alessi et a l . ,  1 99 1 . p. 1 ) .  Special keys 

enabled the student to exercise some contro l  over both the content and the learning 

strategies used for study.  TICCIT's major legacy is  being the fi rst mu lt imedia computer­

based learn ing system,  and the fi rst to be designed a round a specific instructional 

theory ( DeCioque ,  2000). 
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2.2 .2  Thinking machines 

Programmed instruction is concerned with whether the student g ives the correct 

answer to a question . However, m any learning scenarios do not lend themselves to th is  

approach . In  problem-solv ing , for example,  the teacher may be as interested in the 

intermed iate steps - the reasoning process by which the student reaches an answer -

as in  the answer itself. Moreover, on noting flaws in a student's reasoning , the teacher  

can adjust the content and method of the ir  instruction to  address that student's learn ing 

d ifficulties, which a teaching mach ine cannot do.  "Tradit ional CBI  programs (mostly of 

the tutor ial ,  dri l l ,  s imulation o r  game varieties) embed the i r  pedagogy with in the content 

of the lesson .  That is very specific instructional techniques are selected and ta i lored to 

the particular content of the lesson. The most immediate result of this is that such 

lessons provide l im ited adaptation to student needs" (Aiessi et a l . , 1 99 1 , p. 461 ) . 

During the 1 970s, there was an increasing interest in improving learning strateg ies and 

outcomes by incorporating into educational software the abi l ity to  model and adapt to  

the ind ividual student's understanding.  Wel l  before th is  point, cogn itive psychology had 

supplanted behaviourism as  the dominant trend among learn ing psycholog ists (Ci a rk, 

1 999c) . Cognitive psychology emphasises the inner workings of the mind in  learn ing .  I n  

their  efforts to better understand how the bra in worked ,  the cognitive psycholog ists 

drew paral lels with the information processing capabi l it ies of computers. They beca me 

interested in us ing computers as tools for model l ing the mind and exploring their  

learn ing theories , "so that we can say,  only partly in  jest, that psycholog ists study th ree 

kinds of organ isms: humans,  an imals ,  and computers" (H i l l ,  1 997 , p. 1 1 6) .  

Th is  interest d rove research into developing computer  software that could teach l i ke a 

human tutor, wh ich have become known as intel l igent, or adaptive , tutori ng systems 

( ITS) . Murray ( 1 999) defines inte l l igent tutoring systems as "computer-based 

instructiona l systems with models of instructional content that specify what to teach,  

and teaching strategies that s pecify how to teach . . . Instructional  models a l low the 

computer tutor to more closely approach the benefits of individual ised instruct ion by a 

competent pedagogue" (para. 1 ) .  

ITSs typica l ly contain a student model , a teach ing model and the course contents as  

separate components. The student model contains information about the extent and  

level o f  a student's understanding of the course. By  separating the  teach ing model from 

the course contents , the teach ing strategy and content can be adjusted to su it the 

student's understanding and abi l ity. SCHOLAR (Carbonnel ,  1 970),  a system for 

teach ing South American geography developed at the Massachusetts I nstitute of 
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Technology,  provided the i n it ia l  impetus to intel l igent tutoring research (Woolf, 1 990;  

Park et a l . ,  1 987). However, the major d riving force has come from scientists at two 

Pittsburgh un iversities - the Carnegie Mel lon Un iversity and the Un iversity of 

P ittsburgh  - includ ing major contributions on human problem-solving (Newel l  et a l . ,  

1 972; Ch i  e t  a l . , 1 981 ) ,  computerised tutors (Anderson et a l . , 1 995) and automated 

voice recogn it ion (Mostow, 1 994) .  

Research into intel l igent tutoring systems is part o f  exploring computers as "th inking 

machines . "  As such it has overlapped with the development of expert systems -

computer programs which provide specific problem-solving ski l ls by manipu lating 

symbol ic representations of knowledge to s imulate the behaviour  of human experts 

(Harmon et a l . ,  1 985, p .  5) .  Both tutoring and expert systems have had most success  

when  focussed upon specific topics with in wel l-structured domains such as 

mathematics,  programming or medical diagnosis.  Knowledge in  such domains can be 

readi ly  expressed as sets of facts , ru les and relationships defined by forma l  log ic .  "The 

database of SCHOLAR is a complex but wel l -defined structure in  the form of a network 

of facts , concepts and procedures" (Park et a l . ,  1 987,  p. 1 8) .  A number of adaptive 

tutori ng systems have been bu i lt as extensions of expert p roblem-solving systems.  

G U I DON,  for example, was developed in  1 979 on top of the medica l  d iagnosis expert 

system MYCIN ( ibid . ) . The L ISP Tutor developed in 1 983, conta ins an expert system 

which traces student's solutions ,  offering advice where necessary (Corbett et a l . ,  

1 990) .  The L ISP Tutor's authors cite research showing that "wh i le the tutor is more 

effective than ' learning on your own , '  it is not as effective as a human tutor" ( ibid . ,  p .  

84 . ) .  

SOL-Tutor (Mitrovic e t  a l . ,  2000) ,  PAT (Ritter e t  a l . ,  1 998), a nd R IDES (Munro et a l . , 

c . 1 995) a re examples of systems which have progressed to the point of bei ng used in  

regu lar  school and tra in ing environments. However, most ITSs appear to  have run i nto 

problems that have made them unviable beyond their  in it ial prototype environments. 

I nh ibit ing factors i nclude: 

• d ifficult ies in  bui ld ing the menta l model of the student (Underwood et a l . ,  1 990 , p .  

20) ;  

• over-ambit ious goals such as try ing to outperform a teacher (Pate l et a l . ,  1 997); 

• the complexity of the authoring task (Murray ,  1 998b; Alessi et a l . ,  1 99 1 , p. 452); 

• constant sh ifts in the technological  platform rendering tutors obsolete (Patel et al . ,  

1 997 ;  Murray, 1 998b) ; and 
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• a focus on developing learn i ng theory ,  rather than o n  bu i ld ing successful 

i nstructional systems (Lauri l lard ,  1 993, p. 76). 

While the practical goal of a rtificia l  inte l l igence in education is  to produce computer­

based instruction that is more adaptive ( Park et a l . ,  1 987), th is has not a lways been 

the priority of the researchers themselves .  For instance, the in itia l  motivation of the 

team that produced the L ISP,  Geometry and PAT Algebra tutors was learn ing more 

about ski l l  acqu isition rather than producing practical classroom resu lts (Anderson et 

a l . , 1 995). 

During the last few years, researchers have addressed these issues along three major 

axes: 

• The development of authoring too ls ,  with which domain experts ( i .e .  teachers) can 

bui ld computerised tutors ,  analogous  to the authoring shel ls that have been 

developed for expert systems. Murray ( 1 999), Munro et a l . , (c. 1 995) ,  Nakabayashi 

et a l .  ( 1 996), Ritter et al .  ( 1 998), H sieh et al .  ( 1 999) and Mart in et al .  (2003) 

d iscuss examples of authoring tools .  

• The construction of web-based tutoring systems, e ither by parting standa lone 

tutors to the web or by bui ld ing native web appl ications .  R itter ( 1 997) ,  Vassi leva 

( 1 997) and Mitrovic et a l .  (2000) report on existing tutoring systems being re­

engineered for the web , whi le Okazaki et a l .  (2003) and Merceron et a l .  (2003) 

describe new web-based tutors . 

• Extending the techn iques p ioneered by ITS research into broader learn ing 

appl ications . The ed itors of "Artific ia l  Inte l l igence in Education" describe the i r  

domain as "appl ied cogn itive science" in wh ich "the focus [is] on develop ing 

computational models of relevant aspects of learn ing and teaching processes 

(Hoppe et a l . ,  2003, p. v) . "  Of particular current interest is the appl ication of 

cognit ive model l ing to web-based learning . The areas that have been explored 

include: adaptive courseware (Weber et a l . ,  2001 ; Vassi leva , 1 997), interactive 

e lectronic textbooks (Brusi lovsky 1 999; Murray et al . ,  2000), context-sensitive 

adaptive help systems (Benyon et a l . ,  1 993), the integrat ion of inte l l igent tutoring 

tools into broader learning environments (Patel et a l . ,  1 997 ; Gehne et a l . ,  200 1 ) ,  

class monitoring aids for teachers (Merceron et a l . , 2003; Despres ,  2003; Mazza 

et a l . , 2003), support ing v irtua l  communities for collaborative learn ing (Greer et a l . ,  

1 998; Vizcafno et a l . ,  2002; Tiffin ,  2002),  and web search strategies (Mitsuhara et 

a l . ,  2002; Hasegawa et a l . ,  2002).  
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If adaptive tutoring systems have so fa r had only a l imited practical impact in the 

classroom, nevertheless, many of their lessons have been incorporated into 

subsequent research on computer-based learn ing . Moreover, by demonstrating that 

computer software could teach ski l ls  without the immed iate supervision of a human 

tutor, ITSs have a lso demonstrated the potential for computers to assist students to 

learn in the i r  own t ime and at a distance from a teaching institution . 

2.2 .3  Discovery learning 

The launching of the personal  computer (PC) and the g raph ical user interface (GUI )  for 

the mass-market in the 1 980s revolut ion ised computing .  H itherto, computers had been 

for the most part the domain of h igh ly  ski l led personnel  operati ng large computer 

systems for companies ,  g overnment departments or research laboratories.  With the 

advent of the PC, compute rs became a pract ica l  a lternative to books, tapes a nd videos 

as a med ium for popular instruction . Students could use them as a learn ing too l  at 

home or at work, as wel l  as at school .  

The PC made possible the widespread introduction of computer-based tra in ing into the 

workplace. By the m id-1 980s, systems were emerg ing that combined laser d iscs and 

computer software to provide an interactive video tra in ing environment (Dodds, 2003; 

Alessi et a l . ,  1 99 1  ) , later superseded by d ig ita l CD-ROM and DVD technology. Tra in ing 

a ppl ications incorporat ing sound,  g raphics, an imation , o r  video, could be downloaded 

o nto workstations via a removable d isk o r  company local area network (LAN) .  

Mu lt imedia courseware authoring tools  l ike Authorware (Macromedia, 2005) ,  which 

bu i lt on  the g roundwork la id by PLATO and TICCIT, were developed to cater for th is 

demand.  Clark ( 1 999d) considers th is marks the beg inn ing of individual ised computer­

based tra in ing that goes beyond programmed instruction . 

The possib i l it ies offered by PC-based learning programs for self-paced, individual ised 

a nd interactive education was embraced by advocates of a constructivist or d iscovery 

a pproach to learn ing who "favour hands-on , self-d i rected activit ies oriented towards 

design and discovery" (Wenger, 1 998,  p 279) . Mayes ( 1 993), for example, wrote of "the 

important sh ift in recent years brought about by the power of modern computers to 

provide genera l  purpose learning environments in which the learner can seek 

information in the pursu it of understanding.  In such an  environment the learner can 

explore ,  d iscover, create , edit , ask questions,  seek information, and communicate with 

other learners" (para .  4). Among educational ists, a constructivist pedagogy, in  wh ich 

"teachers a re seen as faci l itators or coaches who assist students to construct the ir  own 

conceptual isat ions and solut ions to problems", has had numerous advocates s ince the 
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1 930s (Ciark, 1 999e, para . 3) .  Many consider th is approach particu larly re levant for  the 

more advanced level of learning requ i red at a un iversity (Jonassen et a l . , 1 993) .  In fact, 

by the 1 990s this approach was so widely accepted that Mayes ( 1 993) cou ld write : 

"There is a sense in which 'we are a l l  constructivists now'" (para . 5) .  

Programmed teaching and computerised tutoring approaches both involve close 

contro l  of the learning process by the computer (H i l l ,  1 997, p .  1 29) .  This " instructivist" 

approach is criticised by "constructivist" educational ists for emphasis ing learn ing as a 

process of knowledge acqu isit ion - where "one only has to organ ise knowledge in an 

appropriate form to match the conceptual state of the individual learner and learn ing 

wi l l  occur inevitably" - rather than as a process of knowledge construction (Mayes, 

1 993,  para . 3 ) .  

Perhaps the simplest form of  d iscovery learning is  to  explore a book at  wi l l .  And i n  its 

s implest form , computer-based d iscovery learn ing is represented by an electronic book 

which the student can also explore at wi l l , such as the onl ine Enca rta encyclopaed ia  

(Microsoft, 1 997) .  An active a rea of research in recent years has been the development 

of more interactive and individual ised e lectronic books (Sin ista et a l . , 1 999; Anasta ides, 

2003) .  I n  particu lar, efforts have been d i rected towards electronic books wh ich not only 

adapt but a lso gu ide the individual student towards desired learning outcomes 

(Brus i lovsky et a l . , 200 1 ; Murray et a l . ,  1 998) .  

To support a more constructivist learn ing environment, and provide students with a 

range of learn ing options , efforts have been made to integrate a variety of learn ing 

tools and tech nolog ies into a s ingle package (Patel at a l ,  1 997; Jesshope et a l . ,  2000). 

The World Wide Web has created new opportun ities for d iscovery learn ing .  

Learnz2001 (2001 ) ,  for example, enabled school students to  participate in a science 

fie ld trip to the Antarctica from inside the ir  classroom.  The Web presents students with 

a huge database of knowledge to explore beyond anything which a single learn ing 

i nstitut ion can provide (Web-Based Education Commission ,  2000).  At the tert iary leve l ,  

there have been efforts to create web-based "virtual laboratories" (Chee, 2001 ; Cheng 

et a l . ,  200 1 ) . 

Computer-based s imulation offers particu lar  opportunities for learning by exploration 

and doing.  Virtual environments that s imu late industrial processes and machinery have 

a lso been an important aspect of interactive computer-based tra in ing .  Computers and 

s imulation software offer a company a cheaper and safer option for the tra i n ing of 

novice operators and technicians than  risking expensive machinery .  The British 

Polymer Tra in ing organisation, for example, offers injection moulding tra in ing 
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programmes,  wh ich enable tra inees to set up and troubleshoot processes on a 

s imu lated mould ing machine (BPTA, 2001 ) .  

Much of the impetus for research i nto computer-based tra in ing in  genera l ,  and 

s imu lators in  particu lar ,  has come from governments wanting to develop computer­

based systems to tra in mi l itary personnel  (Dodds, 2003; Seidel et a l . , 1 995) .  R IDES 

(Munro et a l . ,  c. 1 995}, developed at the Un iversity of Southern Cal iforn ia for the Un ited 

States Air Force, is an a uthoring tool that enables non-programmers to develop tutoring 

software wh ich s imu lates mach ine processes . 

2 .2.4 Communities of learning 

I n it ia l ly ,  most computerised tra in ing was via standalone programs, although as PCs 

began to be l inked into LANs within compan ies in  the early 1 990s ,  some course 

management funct ions were centra l ised (Dodds, 2003) . I n  add ition , most tra in ing 

software cou ld be could be insta l led and run from removable storage d isks and thus 

could be uti l ised for d istance study.  But none of these systems addressed the 

sometimes "lonely", "anonymous" and "boring" experience of computer-based tra in ing 

for the distance learner  (Lennox, 2000) .  lt has taken the World Wide Web (WWW) to 

open  up  to the remote learner the communication and collaboration potential provided 

by networked computers. 

As early as  the 1 960s, the Un ited States Defense Department funded a project to 

connect u n iversity computer scientists and engineers together via thei r  computers and 

telephone l ines (Bonel l i ,  1 998, p .  4 ) .  By 1 990, hundreds of thousands of users were 

communicating over the publ ic computer network which has become known as the 

Internet .  However, with its "entangled web of Unix ,  text-based commands",  sharing 

documents across the Internet remained inaccessible to the lay user unti l  a g raphica l ,  

hypertext navigat ion tool cal led the World Wide Web was introduced to  the  Internet i n  

1 992 by  software engineer T im Berners-Lee ( ibid . ,  p .  9 ) .  This made accessing 

documents on remote computers by means of the I nternet as easy as using a g raphical 

ope rating system .  

The  WWW had important practical imp l ications for u n iversity education . lt meant that 

instructors could p lace lectu re notes and l inks to supporting materia ls on a course web 

s ite where students might read them,  or download them onto the i r  own computer. In  

addition ,  the communication and conferencing capabi l ities of the Internet meant that 

students cou ld use the i r  computers to commun icate with their  teachers, d iscuss with 

each othe r  and even work together on a common project. 
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The b iggest impl ications have been for d istance education. "Web courseware insta l led 

and supported in o ne place can be used by thousands of learners a l l  over the world 

that a re equipped with any kind of lnternet-connected computer" (Brusi lovsky, 1 999.  

para. 1 ) .  

By  the m id-1 990s, systems for the authoring and manag ing of  courses del ivered over 

the Web were emerg ing .  These included WebCT, developed at the Un iversity of British 

Columbia (Goldberg , 1 997), and Blackboard/Course lnfo, developed by g raduate 

students at Cornel l  University in 1 997 (Kubarek, 1 999). Today there a re thousands of 

courses world-wide that are being supported or taught using such software , frequently 

referred to in the l iterature as "web-based courseware" or "Learn ing Management 

Systems" (LMS). 

The emergence of the WWW also posed new opportun ities and cha l lenges for 

research i nto how people learn and how to improve learning through computers .  

Commenting on the contributions to ITS2000 the conference organisers noted : "Most 

efforts focus on ITS on the Web.  The chal lenge is not s imple, as one is expected to 

demonstrate not just how the Web is used for teaching,  but how it should evolve to 

facil itate human learn ing" (Cerri et a l . ,  2002, p. v i ) .  lt has had particular importance for 

those who emphasise the social over the ind ividua l  aspects of learn ing .  

A common thread from programmed instruction through to PC-based simu lation has 

been the emphasis upon the student learn ing as an individual th rough one-to-one 

interaction with the computer. However, learn ing is essential ly a social rather than an 

isolated ,  individual activity . Wenger ( 1 998) writes of placing " learn ing in the context of 

our l ived experience of part icipation in the world" (p. 3) ,  and of consciously promoting 

co l laborative "communities of practice" in  wh ich people lea rn th rough shared 

experiences .  One of the most important strengths of studying internal ly on a campus is 

the opportun ity for students to participate in the complex and mu ltifarious learn ing 

relationships that constitute the un iversity . 

As computers began to be l inked together into LANs and then into wider networks via 

the telephone system ,  the potentia l  to foster more col laborative forms of d istance 

learning with in mi l itary and business tra in ing programmes was noted (e . g .  Seidel and 

Chatel ier, 1 995) .  The ubiquity of the WWW and the PC raised the possibi l ity of bu i ld ing 

similar learn ing communities among those studying at home as wel l .  

Col laborative learning strategies which take advantage of the communication and co­

operation capabi l it ies of networked computers ,  a nd the technolog ies which enable 

them, have now become a major focus of computer-based learn ing research. This has 
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particular impl ications for computer-based distance learn ing . Web-based courseware 

systems incorporated asynchronous emai l ,  bu l leti n board ,  and threaded d iscussion 

too ls  and synchronous chat tools as standard featu res .  WebCT's deve lopers, for 

example, "added tools that faci l itate student communication and col laboration" 

(Goldberg ,  1 997 , para .  4 ) .  GENTLE (Diet inger et a l . ,  1 998) offered annotation tools, 

d iscussion forums, and on l ine chat. 

More recently ,  research has been d i rected towards both the techn ical and pedagogica l  

chal lenges of  transforming the basic communication faci l ities of  the WWW i nto more 

sophisticated col laborative learning tools (e . g .  Jong et al . ,  2003; Pinkwart et a l . ,  2002 ; 

G reer et a l . , 2 00 1 ; lsh ikawa, 2002). A more detai led eva luation of web-based learn ing 

research is the subject of Chapter 3. 

2 . 2 . 5  Su m m ary 

I n  th is section the major m i lestones in  computer-based learn ing research s ince the 

1 950s have been reviewed h istorica l ly ,  from programmed instruction on mainframe 

computers , through adaptive tutoring and d iscovery learn ing on the PC, to co l laborative 

learn ing on the Web. Whi le each new m i lestone has represented an advance in terms 

of technology and pedagogy ,  the ear l ier approaches have not been ent irely 

superseded . 

PLATO has provided the benchmark for those researchers interested in  developing 

practical computer-based teaching tools .  Strongly influenced by programmed 

instruction ,  its legacy can be seen in modern web-based and PC-based tra in ing and 

a uthoring systems. 

Researchers whose primary interest has been the use of computers to better 

understand and improve the learn ing p rocess have enjoyed far less practica l success 

in  terms of systems that have moved beyond the prototype stage .  Nevertheless, the 

techniques they have pioneered are d rawn upon by those seeking to improve the 

learn ing effectiveness of courseware . 

At the un ivers ity level, it would appear that the discovery and col laborative learn ing are 

most broadly appl icable, although some ITSs have been successfu l ly  used at th is level 

in a reas such as programming . Computer systems which can integrate a l l  these 

a pproaches i nto a s ingle environment appear to hold particu lar p romise for d istance 

learn ing .  
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2.3 Networked computers and distance education 
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So fa r in this chapter, the evolution of d istance education and  of computer-based 

learning research have been  reviewed.  In  this section ,  some lessons are drawn from 

this review concern ing the potentia l  for networked computers to enhance d istance 

education, with part icular e mphasis on un iversity d istance education . lt concludes by 

discussing some of the factors wh ich l imit the rea l isation of th is potentia l .  

A tradit ional un iversity education is above a l l  a social process involving a complex set 

of interactions among students, and between students and instructors , on many leve ls ,  

formal ly and informal ly .  One of the most important strengths of  studying on-campus  is  

the opportunity for col laborating in  the complex and mult ifarious learn ing relat ionsh ips 

that constitute the un iversity.  For computer-based d istance education to be most 

effective , it must find ways to draw extramural students i nto this un iversity commun ity 

of learn ing .  

The special requ i rements of un iversity d istance learn i ng flow from the student' s  

isolation - from other students, from teachers ,  and from support materials and 

resources. In d istance learn ing , there is no human tutor looking over the student's 

shoulder to help her/h im out of a bl ind a l ley. There is no lecturer's door to knock on , no r  

group of students to sit down with to work through an  assignment. These socia l  

aspects of un iversity learn ing must be provided by  other means such as better 

preparation of learn ing mate rials and finding alternative means of accessing tutors a nd 

other students .  

In computer-based d istance learn ing the goal is  to  ut i l ise the capabil it ies of computer 

systems to provide the functiona l ity needed to bridge the gap between a trad itiona l  

socia l ised un iversity education and the iso lation of the extramura l  student. From the 

l iteratu re review, computers and computer networks have been identified as having the 

potential to enhance d istance learn ing through the fol lowing features and functions: 

1 . Allowing learning material to be accessed from almost anywhere, at any time. They 

can expand the opportu n it ies to study, learn, acqu i re new ski l ls and develop a 

b roader outlook in  places where un iversities are n ot otherwise accessib le . B y  

provid ing access to large  banks of information ,  a l ib rary is placed a t  the door of 

every distance learner. 

2. Facilitating communication, thereby reducing remote students' isolation . Students 

can use their computers to consu lt human tutors and other students either  

synchronously, as with communication by  te lephone ,  or asynchronously,  as  with 

communication by post. Computer-based commun ications are fast and a re largely 
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d istance-independent. The work of external students can be assigned ,  submitted 

and g raded in the same t ime frame as for i nternal students. The distance student 

and their teacher are brought closer together. 

3 .  Promoting co-operative work, by enabl ing d istance learners to join-in g roup 

d iscussions and work col laboratively with others on problems and projects. 

4. Integrating the various media used to deliver distance education (video, audio, 

telephone, mail, graphics, and text) into a single multi-media environment, making it 

eas ier to del iver more of a mu lti-d imensional learn ing experience to the remote 

learner. A student can even participate in a field trip without leaving home. 

5. Simulating real world situations, processes and problems, with which the student 

can interact and learn by exploration and practice . 

6. Integrating materials from a variety of sources and locations. Computers can 

provide a student with more learn ing resources than might be ava i lable in a s ing le 

classroom or  learn ing institut ion . 

7 .  Allowing the presentation of  material to be  adapted to suit the individual student. 

Computers can enable the ind iv idual d istance learner to tai lor their  learn ing 

env i ronment to take into account physica l d isabi l ity , language , and navigational and 

learn ing preferences. They can track a student through a study session,  and offer 

context-sens itive references a nd help .  They can remember how far a student has 

progressed through a course and return to that point when the student starts thei r  

next session .  

8 .  Acting like a human tutor, by dynamica l ly adapting what , how and when materia l  is 

presented to suit the ind ividua l  student's current knowledge leve l .  Computers can 

be programmed to help a student even when a human tutor is not avai lable to 

answer questions and to provide immed iate feedback when needed . 

9. Helping the teacher to author teaching material. Computers can provide templates 

to gu ide teachers in preparing materia l  that best serves a particu lar learning goal .  

They can store learn ing m aterials in  forms that faci l itate the ir  re-use by other 

teachers and courses. 

In short ,  computer systems have the potentia l  to provide d istance learn ing 

environments, which incorporate passive , teacher-centred - or  active , student-centred 

- learning styles; g roup or ind ividua l  work; interaction;  and s imulat ion. 
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Notwithstand ing th is potential to enhance distance learn ing with computer  technology, 

there a re a lso real l imits on what can be ach ieved today. These l imits are d iscussed in 

the next section .  

2 . 3 . 1  Constra ints on use o f  computers in d istance educat ion 

There i s  an extensive l iterature espousing the advantages of e-learn ing over trad it ional  

face-to-face teach ing methods. For example,  an onl ine brochu re promoting a major 

provider of lnternet-based network engineering tra in ing a rgues that e-learn ing 

"e l im inates barriers of t ime , d istance, and socio-economic status,  a l lowing people to 

take cha rge of the i r  own l ifelong learn ing . . .  [and] is also a h igh ly  effective tool for 

reaching d isadvantaged and at-risk constituencies world-wide . . .  " (Cisco , 2000, p .  5) .  

And, Drucker (2000) asserts that "on l ine continuing education" is time-efficient, cost­

efficient and has an interactive advantage over the typical c lassroom that makes it the 

future of education. 

A major Un ited States government study stresses the potential of the WWW for 

discovery and col laborative learn ing beyond what is possible in  a s ingle classroom. lt 

a lso observes that this potential i s  often not ful ly uti l ised because the technology i s  

used to  m im ic  the "top-down , lecture o r  text-driven model o f  instruction" rather than 

"exploring its interactive potential" (Web-Based Education Commission, 2000, p59). 

However, there are important constra ints on the use of networked computers in 

education for the foreseeable futu re, especial ly as it appl ies to un ivers ity extramura l 

study. These exist on the techn ica l ,  socio-economic and pedagog ica l levels .  

Technical 

Aniebonam (2000) h igh l ights several d isadvantages of computer-based distance 

learn ing systems due to the complexity of the underlying technology, which he 

contrasts to the simpl icity of the book and mai l  system.  Performance is l im ited by 

disparities in commun ications infrastructu re and computer platforms. Computer 

networks are s lower, less re l iable and more vulnerable to accidental or  ma l icious 

misuse than standalone computers . Computer viruses flourish in  the environment of 

the Internet. 

These performance prob lems a re exacerbated when a global view is taken of d istance 

education .  Access to telephone serv ice is sti l l  a major issue in  most developing 

countries and parts of Eastern E u rope (Cook, 1 998). In  1 999, two-th i rds of the world's 

households had no telephone service , and 97 percent had no I nternet access (Hope, 
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2002) .  Not even the more developed countries a re exempt. Wright (2002) reports that 

for many parts of the New Zea land countryside :  "Serious Internet use is out of the 

q uestion ,  with unbeara bly slow connections which frequently drop out plagu ing many in  

the ru ra l sector ." 

Hope (2002) argues that web-based appl ications are re levant only to a m inority of 1 50-

200 "wired cities". Whi le various in itiatives are under way to improve te lephone service 

and extend broadband coverage in ru ra l  areas in New Zealand and elsewhere ,  there 

will remain a sign ificant number  of wou ld-be extramura l  students for whom serious 

Internet use is out of the question for the foreseeable future . 

A re lated issue is the q uestion of computer l iteracy. Del ivering d istance education v ia 

the Internet assumes that the recipient is able to use a re lative ly complex system 

una ided .  G iven the older d emographic of "second-chance" learners and the re latively 

narrow base of experienced computer users viewed on a world scale, this is not a safe 

assumption . 

Socio-economic 

Onl ine learn ing does not address the problem of the poor and women being neglected 

in education (Bark, 200 1  b) .  In socio-economic terms,  technological d isparities and h igh 

entry and maintenance costs deepen the d ivide between the haves and have-nots, 

town and countryside, deve loped and developing countries. A networked computer is 

beyond the reach of most of the world's population ,  and wi l l  remain so for the 

foreseeable future .  " [F]ew of the poor,  even in wealthy countries, have access to the 

I nternet. So it increases the gap between r ich and poor" (Bork, 2001 a ,  p9) .  I n  2002 it  

was reported that the Maori un iversity, Te Wananga o Aotearoa, was provid ing mobi le 

phones to its d istance students because a majority had no access to landl ines or l ived 

in remote a reas and needed them to contact tutors (One News, 2002) .  

In  th is context, computerisation actua l ly increases the entry cost to d istance education 

and reduces access for the d isadvantaged . Broadband requ i rements for the del ivery of 

mu lt imedia education further d isadvantages those who cannot access such a service. lt 

is notable that mass-based d istance education in itiatives in developing countries have 

been focussed upon televis ion rather than the I nternet (Cook, 1 998) . 

Pedagogical 

Computerisation cannot compensate for bad teaching and poor preparation . lt may 

even encourage it (Stirl i ng ,  2001 ) .  Computer-based courses are the hardest to prepare ,  
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because computers cannot "th i nk  on the i r  feet" . Course materia ls can be d ifficult and 

time-consuming to prepare ,  lead i ng to a re l iance on presenting lessons as text to be 

read (Aniebonam, 2000). The good teacher must be programmed into the cou rse. The 

technolog ica l  l imitations of com puter systems can beg in to shape and l imit the 

pedagogy .  

The focus on what computers can del iver rather than what learners need means "that 

students may need to reconfigure the i r  minds to suit the tech nology. The ta i l  is now 

wagging the dog" (Taylor, 2000) .  For instance, there has been a g rowing emphasis on 

assessment by automated tests at  the expense of the essay (Mi l ls ,  1 997 , p .  1 85) .  lt can 

encourage the "myopic tendency to view education as tra in ing" ,  and knowledge as a 

"non-reflexive faci l ity with large quantities of information" (Taylor, 2000) .  Mayes ( 1 993) 

observes that presenting learn ing material through multimedia to try to make it more 

attractive or more palatable is doomed to fa i lu re because it rests on the m istaken 

notion "that vividly presented information , with wh ich the learner  is asked to interact in  

some way,  wi l l  [ inevitably] lead to  better learning" (para .6) . 

Computerisat ion cannot substitute for the teacher altogether. Teach ing is above a l l  a 

human re lation between teacher and student. As such it is a dynamic process which 

can never be fu l ly captured in software. Educational software may i ncrease the 

productivity of ind ividual teachers. lt should certa in ly aim to extend a lectu rer's scope 

(Patel et a l . ,  1 997). But it can never fu l l y  replace the human teacher. Computer-based 

learn ing tools should be seen as a means to better teaching a nd not as an end i n  

themselves (Roseth , 2001 ) . By  "using them as tools i t  remains for the  teacher to make 

the important decisions about educationa l  po l icy" (Underwood et a l . , 1 990, p. 2 1  ) .  

A successfu l strategy for uti l is ing networked computers for d istance education needs to 

take into account a l l  the pitfa l ls  and design to min imise or avoid them .  

2.4 Conclusion 

This chapter began  with an h istorical review of d istance learning from its 1 81h Century 

beginn ings up to the present day. While the re have been a variety of threads and 

motivations in d istance learning ,  at the core of most have been correspondence-based 

lessons. These have been increas ing ly supplemented by learn ing activities made 

possible through technolog ical innovations - from radio broadcast ing to v ideo­

conferencing . Networked computers have opened new possibil it ies for more closely 

integrating these activities i nto a mu lt imedia learn ing environment. 
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The evolution of computer-based lea rn ing research and development has also been 

extensively reviewed. lt was noted that th is evo lution has been shaped both by 

advances in computer technology and sh ifts in the influence of various theories of how 

people learn and consequently what matters in  education .  Current research 

emphasises col laborative and d iscovery approaches to learn ing , especial ly at the 

un iversity leve l ,  but the earl ier  cogn itive model l ing and programmed teaching 

approaches reta in s ign ificant influence. 

Networked computers have enormous potential to enhance the learn ing environment 

for d istance students. But real is ing this potential is not a g iven, and in many rea l  world 

scenarios a re l iance upon computer del ivery can have a negative impact .  Furthermore ,  

technology that m a y  b e  a ppropriate for one area,  such as  supplementing the teacher in  

a primary school classroom or  provid ing work-based tra in ing ,  may be inappropriate for 

another such as home-based un iversity study. For these reasons it is necessary to 

clearly del ineate both the domain and the target audience for an e-learning system .  

The fo l lowing chapter wi l l  deve lop some broad criteria for evaluating the su itab i l ity of 

educational software for u n iversity-level d istance learn ing .  These criteria wi l l  then be 

used for eva luating web-based courseware. 
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Chapter 3 

Web-based e-l ea rn i ng :  a n  eval uation 

This chapter presents an  evaluation of web-based e-learning from the perspective of its 

su itabi l ity for extramura l  e-learn ing .  The primary focus is the tools for authoring ,  

admin istration and del ivery of  web-based courses. Th is  invo lves fi rst clarifying some 

terminological issues, before developing a set of evaluation criteria based upon the 

l iterature reviewed in Chapter 2, includ ing clearly defin ing the target domain . To the 

general criteria for evaluating software systems - functionality and usability -

accessibility for the remote user is added . 

Next, web-based e-learn ing is assessed against the functiona l ity, usabi l ity and 

accessibil ity requ i rements of the extramural student. Some issues with courseware are 

h igh l ighted,  which need to be addressed if e-learn ing is to offer a un iversa l and 

practicable a lternative to trad it ional correspondence-based study.  Recent technolog ica l  

innovations and  research re lating to  these shortcomings are d iscussed and  assessed . 

Drawing some strands together from that d iscussion, the key requ i rements for 

computer-based del ivery and support of extramura l  study are summarised , and the 

fundamenta l issues that need to be resolved to ach ieve them are outl ined . F ina l ly ,  a 

method for achieving a practica l solution to these problems is hypothesised . 

3. 1 Terminology 

Within the l iterature, computer-based educational  software has been referred to by a 

myriad of labels and acro nyms - computer-based instruction (CBI) ,  computer-ass isted 

i nstruction (CAI ) ,  computer-assisted intel l igent instruction (CAl l ) ,  computer-based 

learn ing (CBL),  computer-based d istance learn ing (CBDL) , courseware ,  web-based 

courseware, e-Learning , web-based learn ing (WBL) ,  i ntel l igent tutoring system ( ITS) ,  

computer-based learn ing environments , computer assisted col laborative learn ing ,  and 

so on . Whi le some of these terms can be and are used interchangeably, they i n  large 

part reflect sh ifts in  techn ologies, emphases and underlying theories during several 

decades of evolving research and development in this field . During the 1 990s the 

sharpest d istinction was d rawn between the adaptive ITSs with their narrow subject 

focus, and the broad-brushed , one-size-fits-a l l ,  courseware authoring and del ivery 

systems. 
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More recently, a major distinction has been drawn between Learning Management 

Systems (LMS) and Learning Content Management Systems (LCMS). The Brandon 

Hal l  website , for example, expla ins  that: "The primary objective of a learning 

management system is to manage learners ,  keeping track of their progress and 

perfo rmance across al l  types of tra in ing activities. By contrast, a learning content 

management system manages content or learn ing objects that are served up to the 

right lea rner at the right t ime" (Brandon Ha l l ,  2005, para .  2). From this perspective, the 

primary target users of an LMS a re "tra in ing managers ,  instructors , admin istrators", 

whi le for an LCMS they are "content developers ,  instructional designers,  project 

managers" ( ibid ,  para. 5). 

Web-based courseware systems l i ke WebCT were developed by un iversities to 

admin ister and support the i r  interna l  and external courses on a one-size-fits-al l  basis. 

"Web-based courseware" is used here interchangeably with LMS and is the focus of 

the eva luat ion i n  th is chapter. LCMS,  which use learn ing object technology to del iver 

modu les of learning material ta i lored to a particu lar  individua l ,  have been primari ly 

deve loped to support corporate tra in ing and to date have had l i tt le or no uptake by 

un ivers ities .  Learning objects a re d iscussed in Section 3 .5.4. 

3.2 Overview of recent e-/earning research 

Computer-based learning continues to be a centra l a rena of research for computer 

scientists. Several major internationa l  conferences are held on an annual  or biennial 

basis inc luding ICCE (Chee et a l . ,  2003) ,  ICAL T ( Devedzic et a l . ,  2003), ITS (Cerri et 

a l . ,  2002) and A l E D  (Hoppe et al . ,  2003) .  From a review of the proceedings of these 

confe rences and of other forums for e-learning research , and from a wider review of 

relevant web-sites ,  a number of genera l  observations can be made. 

• While the col laborative and d iscovery (constructivist) approaches to learn ing 

predominate in  current research ,  a l l  of the h istorical trends reviewed in  Chapter 2 

rema in  represented i n  the field. This rea l ity perhaps supports an observation by 

N unes et al. (2003) that education designers d raw upon the i r  prior knowledge and 

experience even when it is inappropriate, and that even though objectivism 

(behaviourism) is considered heresy by many constructivists , it "prevai ls even today 

in  many un iversities" (p. 497). 

• Almost a l l  new research is  geared towards the World Wide Web, so much so that, 

u nder the label of "e-learn ing" , computer-based education has become practical ly 

synonymous with web-based education .  
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• Web-based course authoring and management systems l ike WebCT or Blackboard 

a re now widely-accepted commercial products that have become the predominant 

e-learn ing techno logy in  the tra in ing and education f ie lds and the de facto standard 

for e-learn ing at the un iversity leve l .  A considerable portion of current research 

i nvolves conceptual is ing,  prototyping and otherwise exploring methods for 

improving courseware's functiona l ity and performance .  

• While inte l l igent tuto ring systems have enjoyed much less practica l success than 

courseware , they remain the major alternative point of reference with in computer­

based learning research. Moreover, a large part of efforts a imed at improving the 

learning featu res of web-based courseware draws on the techn iques and lessons 

that have been learnt from severa l decades of intel l igent tutoring research . 

3.3 Evaluation criteria 

3.3 .1  A focus on extramural study in the pub lic sector 

I n  th is thesis the focus is upon extramural study.  Extramura l  study involves the del ivery 

of university-level degree and diploma programmes directed to students unable to 

attend normal classes. These programmes are an extension of internal ly-taught 

cou rses, and are organised around the correspondence school ing tradition of indiv idual 

home study. As a publ ic sector activity, the priority is upon ensuring that a l l  those 

wishing to study can do so on an equitable basis ,  ahead of the commercia l  criteria that 

necessari ly govern for-profit distance education . 

Whi le extramura l  learn ing offers advantages of anywhere, a nytime study,  there is no 

req uirement to outperform trad itiona l  classroom-based teach ing .  Primary emphasis is 

on del ivery to individual  students. However, extramura l  courses a lso try to incorporate 

more of the co l laborative and interactive benefits associated with face-to-face teaching 

through the use of emai l  and telephone commun ication and the organ isation of contact 

cou rses, especia l ly for papers w ith more of a practical d imension (Prebble , 200 1 b) .  

3.3 .2  End -user require ments 

As an end-user  computing appl ication ,  good design of computer-based d istance 

education software means treating the users as part of the system and design ing the i r  

requ irements into the interface (Mora n ,  1 981  ) .  There are at least th ree types of  end 

use rs of computer-based distance education systems: teachers as cou rse authors ,  

teachers as course admin istrators, a n d  d istance students. 
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As a learn ing appl ication the most important end user of the system is the student. 

Therefore , whi le the requ i rements of all three user types need to be integrated into the 

des ign ,  pr imary emphasis should be placed upon the student view. In genera l ,  the 

evaluation of software systems from the end-user's perspective a ims to establ ish that it 

is both useful and usable (Preece , 1 994, p. 603). 

Evaluation typica l ly proceeds along two d imensions - functional ity and usabi l ity. When 

evaluating a computer-based extramu ral study system from the student end-user's 

view, it is proposed to add a th ird dimension - accessibi l ity. 

3 . 3 . 3  Functiona lity 

The evaluation of a software system in  terms of its funct ional ity is concerned with what 

the system does and how wel l  i t  does it. A computer-based d istance education system 

is a veh icle for teach ing . Teach ing ,  in turn ,  a ims to make student learning poss ible 

(Lauri l la rd ,  1 993 ;  p .  1 3) .  Thus,  evaluation of the functional ity of such a system is 

primari ly  concerned with its pedagogical effectiveness, with students as learners. Poor 

computer-based d istance education may be l ittle more than self-d i rected learning in 

which the students muddle through by themselves as best they can .  Good computer­

based d istance learn ing ,  on the other hand , should be permeated by conscious 

learn ing outcomes determined by the course author. Therefore, the student user's 

req uirements cannot be defined by the student a lone. They must incorporate the 

pedagogical functions and features desired by the teacher user as wel l .  

"There are many different kinds of  learn ing theory. Each emphasises d ifferent aspects 

of learn ing ,  and each is therefore usefu l for d ifferent purposes. To some extent these 

d ifferences reflect a del iberate focus on a sl ice of the mu ltid imensional problem of 

learn ing ,  and to some extent they reflect more fundamenta l differences about the 

nature of knowledge,  knowing , and knowers, and consequently about what matters i n  

learn ing"  (Wenger, 1 998, p .  4 ) .  When teaching an  internal paper, a lecturer h a s  a 

considerable degree of flexib i l ity in determin ing the learn ing dimensions and styles they 

consider  to be most appropriate for the subject and students they are teach ing .  They 

may incorporate both pass ive and active styles of learn ing ,  which may involve students 

studying a lone or working with others. 

Bark asserts that un iversity education has trad itional ly rel ied upon the more passive 

modes of learn ing :  "With in a lmost every un iversity in the world, the major courses of 

the f irst 2 yea rs are del ivered almost ent ire ly by a lecture-textbook method , often with 

large  numbe rs of students . . .  (Th is] has been the dominant method since the 1 700s, 
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both in schools and un iversities" (Bork, 1 996, para .  1 5) .  

Nevertheless, even the underg raduate student has opportun it ies to participate in 

workshops and cl in ics, seminars and tuto rials ,  laboratory sessions and l ibrary 

browsing , and forma l  and informal  g roup work, as wel l  as to seek o ut ind ividual  help 

from lecturers and tutors.  This creates a richer and more multi-d imensional learn ing 

experience - a community of learn ing - than is possible by the "lecture-textbook 

method" alone . At least six broad d imensions to this community of learn ing can be 

identified : 

1 .  Learning by textbook, in wh ich students learn by studying a prescribed set of 

read ings in a prescribed order, as with a course textbook. This is a lso the basic 

form of d istance correspondence learn ing . 

2 .  Learning by lecture, in which learn ing materia l  is presented by the teacher, often 

with accompanying notes and i l lustrations on a board or s l ide,  wh ich the student 

must absorb l inearly ,  as in a lectu re theatre; 

3. Learning by exploration, in wh ich students learn by fo l lowing their own l ines of 

thought th rough the learning materia l ,  as they might browse a l ibra ry book, or other 

reference and demonstration materia ls ;  

4 .  Learning by collaboration, in wh ich students learn by  discuss ing and working on  

problems together, as  they would in  a seminar, o r  through informa l  discussion and 

jo int work on an assignment; 

5 .  Learning by doing, in which students learn by  experimenting and practica l problem­

solving ,  as in  a laboratory , or  by writing an essay or arrang ing a piece of music;  and 

6. Learning by tutorial, in wh ich a tutor interacts with a student ind ividual ly to provide 

persona l ised coaching . 

Furthermore ,  experienced teachers pragmatical ly adjust their teaching methods and 

content to su it the subject and the students .  "Applying standard recipes to a l l  students 

in all contexts s imply does not work, "  explains one educational expert (Marland ,  1 997, 

p .  5) .  lt would therefore be an advantage for computer-based extramural study, for the 

system to have the flexib i l ity to accommodate mult iple approaches to teach ing and 

learn ing .  

If underg raduate un iversity study has been predominantly two-dimensional ,  then the 

tradit ional correspondence method of extramura l  learning has been one-d imensional ,  

based around the textbook. To match the correspondence method, therefore , a 
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computer-based system needs only to provide al l  necessary educational material to 

support anytime , anywhere learn ing by prescribed textbook. 

But if extramura l  e- learn ing is  to offer an advantage over correspondence-based study, 

then it needs to support other d imensions of un iversity learning that have been 

identified here so as to provide more ind ividual ised , interactive and col laborative study 

opportunities converg ing towards those avai lable to the interna l  student. This in turn 

means rea l is ing more of the nine potential ways networked computers can enhance 

extramura l  education as d iscussed in the previous chapter (Section 2 . 3) .  By uti l is ing 

these capacities ,  the system should enable teachers to integrate a wider range of 

teach ing strategies and styles into their courses and facil itate more of the mu lti­

d imensional learning associated with an on-campus un iversity education. 

3.3 .4 Usabi lity 

There are two types of learn ing associated with computer-based education - learning 

the course subject matter, and learn ing to use the courseware itself. The latter should 

obtrude as l ittle as possib le upon the primary learning process. This means designing 

the learn ing system for usabi l ity. The functional ity should be presented in such a way 

that it is readi ly  usable by the student. The focus here is on students as end users of a 

computer system. 

I n  the first instance ,  the usabi l ity of a computer-based distance learning system needs 

to be evaluated against wel l-establ ished criteria a ppl icable to any interactive software 

a ppl ication , such as the "e ight golden ru les" of Shneiderman ( 1 998; pp. 74-75) or 

N ielsen's usabi l ity heuristics (N ielsen ,  1 994). 

Usabi l ity takes on added importance in the extra mura l  environment, where students 

may be inexperienced computer  users working in iso lated conditions without the 

support network avai lable to internal  students. The problem of overloading computer 

systems with superfluous features and functions that overwhelm the inexperienced 

user (Hurley, 1 998) takes on added weight in th is context. Under these c ircumstances,  

it is necessary to take a ho l istic approach wh ich considers the usabi lity of the entire 

computer environment - hardware ,  operating system and the educational software 

itself. 

An extramura l  e-learning system must not only meet all the d istance student's 

funct ional requ i rements but must overcome their inst inctive distrust of being taught by a 

computer (Yel len ,  1 999) .  This places g reater importance on transparency of system 

actions and retain ing the locus of control with the use r  wherever possible. Nowhere is 
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this more important than in the provision of end-user tra in ing and help .  Here ,  the "just­

in-t ime, just enough" tra in ing approach (Lennox, 2000; Donovan et a l . ,  1 999) would 

seem to be the most appropriate and least obtrusive. 

3.3.5 Accessib i l ity 

On top of the usual stresses of un iversity study, the distance student must confront 

issues such as: 

• physica l  isolation from learn ing materia ls ,  teachers and other students; 

• dependence upon unrel iable publ ic commun ication networks; 

• compl ications  imposed by the student having to provide their own hardware and 

software; and 

• addit ional d isruptions and distractions posed by l iving two l ives - studying and 

working ,  or  studying and ra ising a fami ly ,  for example. 

The situation of the extramural student studying from home via the Internet is  roughly 

ana logous to that of the remote worker telecommuting from home via a virtua l private 

network. The sharpest d ifference, however, is that the remote student must function 

without the techno log ica l ,  f inancial and peer support g iven the remote worker by h is/ her  

employing o rganisation . 

There are unique aspects to the funct ional and usabi l ity requ i rements of computer­

based extramura l  study that are best summed up by adding a th i rd d imension , 

accessibility - access to learning materials wherever and whenever requ i red ;  access to 

help wherever and whenever requ i red, a nd access to the necessary hardware and 

software . 

An extramura l  learning appl ication needs to address issues such as d ifficulties in 

commun icating with other students - and in  locating and accessing resources - across 

a publ ic commun ications network, and variat ions between students' computer 

platforms .  The requ i rement should be that a l l  the functional ity of a d istance learn ing 

system is as accessible to a student studying from a more remote loca l ity ,  e .g .  a h i l l ­

country farm, a rural v i l lage in a developing country, or an army post abroad , as it i s  to 

a student working i n  an on-campus computer laboratory . 
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3.3 .6  A student-centred learn i n g  e n v i ro n ment 

I n  th is sect ion some criteria have been enunciated for mak ing a qua l itative evaluation 

of a computer-based system regard ing its suitabi l ity for extramural study. In  essence, 

these criteria a re that it should sufficient ly fu lfi l functional ity, usabi l ity and accessibi l ity 

requ i rements so that the learning ci rcumstances and opportunities of extramural 

students more closely paral le l  that of campus-based learners . If an extramura l  study 

programme is to be del ivered by computer, then the entire system - hardware , 

operating system,  network services , and courseware - should be conceived of, and be 

assessed as ,  part of the learn ing system .  lt should provide a hol istic environment that 

promotes student study and learn ing.  

3.4 Assessment of web-based courseware 

The in itial phase of the research reported i n  th is thesis involved a wide-ranging review 

of educationa l  software. This included a more deta i led investigation of about thirty 

systems, based upon perusing art icles and papers by the developers , considering 

comparative reviews , vis it ing promotional web sites, and exploring sample software 

(Appendix A) .  Th is  review qu ick ly establ ished that there existed a vast array of 

programs a imed at coach ing very specific sk i l ls ,  often at a qu ite elementary leve l .  But 

in  terms of on- l ine teach ing at the un iversity level, the options were much narrower. If 

one-off prototypes are ignored , then the choice reduces down to a custom-bu i lt web 

s ite or one bu i lt using any of a smal l  n umber of establ ished commercial  course­

authoring products. 

Some courseware systems such as Top-C lass (Lennox, 2000) have been specifical ly 

developed for the authoring and management of industry training programmes.  Others 

l ike  WebCT (Goldberg ,  1 997) and Blackboard/ Course lnfo (Kubarek , 1 999) have been 

developed through un iversity research projects and were in it ial ly geared towards 

supporting inte rnal  un iversity courses. All have been promoted as suitable vehicles for 

un iversity d istance learn ing .  In th is section ,  their suitabi l ity for extramura l  learn ing is 

critica l ly appraised using the criteria developed in  Section 3 .2 .  

3 .4.1  Cou rseware fu nctional ity 

How far does web-based courseware enhance extramural study? As a practical 

teach ing too l ,  it rea l ises several of the learn ing features and functions potentia l ly 

supported by network ed computers , although with some addit ional l imitations in the 

extramura l  environment. 
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The mai n courseware products have been extensively reviewed and compared on 

web-sites, in magazine articles, and in research papers (Appendix A). Brusi lovsky and 

Mi l lar  present a usefu l overview i n  which they classify existi ng courseware from a 

number  of different perspectives . From the delivery point of view they disti nguish three 

levels of sophistication - from a base level that relies on static HTML and media  pages 

with static  li nks, th rough to those systems that store course i nformati on and content i n  

a database and generate most o f  the pages o n  the fly .  A system with a database core 

provides more functi onality and is more easi ly managed (Brusi lovsky et a l . ,  2001 ) .  

More recent experience from Massey University's use of  courseware would suggest 

that, whi le more use i s  bei ng made of database technology to manage individua l  

students , most learning materi a l  is  sti l l  being presented as a labyrinth of  static  HTML 

documents , through which the student must navigate. 

Courseware is typica l ly insta l led on a central server and delivers course content as  

web pages viewed through a mu lti-platform browser on the user's computer. Thi s  

places g reater restrai nts o n  functionality at the student interface compared to 

appli cations written for a si ng le platform or as a standalone system.  Additional  features  

and functions can be enabled by  providi ng specia l  software which i s  down loaded with 

the web page, or  separate ly ,  and executes on the user's computer. 

Perhaps courseware 's strongest contribution has been in helping teachers to author 

and update learni ng materia l .  I niti a l ly ,  web-based university courses were do-it-yourself 

(D IY) .  Keen faculty members had to learn to bui ld web sites from scratch ,  make the 

best of authori ng tools included in  web browsers, or  get what help they cou ld from 

unive rsity computing support services. Together with course emai l  li sts, they provided 

on-li ne resources and support for i nternal ly-taught courses and externa l 

correspondence courses. Whi le i n  practise most DIY web sites were quite rudi mentary , 

based upon static HTML pages, in theory the only li mi t on thei r features was the 

programming abi lities of the developer and what can be down loaded via a web browse r  

t o  the student's computer. The Open University of the United Kingdom warns that sites 

bui lt on a DIY basis  "are lik e  nuclear power stations:  they might seem to be a g reat 

idea at the ti me, but mai ntenance can be prohibitively expensive" (Watt, 2000 , para .  5) . 

One approach to reducing this "nuclear power" risk ,  represented by the CATALYST 

project at the U niversity of Washi ngton ,  i s  to provide a support service including just-in ­

ti me trai ning and  a suite of  too ls for faculty wishi ng to develop course web sites 

(Donovan et a l . , 1 999). Another is to extend to the Web the concept of course 

authori ng software, represented by products li ke Macromedia's Authorware , that had 

been main ly developed to a uthor and deliver  CD-ROM-based occupational  t rai ni ng .  
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Courseware tools represent a n  advance for teachers over DIY through: providing  

templates to  help them structu re their course materia l ,  and  to  reduce or el iminate the 

need for programming ski l l s; integrating communication functional ity d i rectly into the 

course structure; assisting staff with enro lment and other administrative tasks ;  and 

providing feedback, through on l ine testing and tracking of students' progress through 

their  cou rses. 

Standard courseware integrates various media  l ike video and text i nto a s ing le 

b rowser-based environment. I ts  server-centred arch itecture means that i t  cannot easi ly 

i ntegrate materia ls stored at d ifferent locations into a student's course, although it can 

p rovide l i nks that the student can pursue independently. 

General ly ,  interactions with the student are qu ite l imited , relying heavily on the 

presentation of learning mate ria ls  to be read or watched , in combination with internet­

based d iscussion too ls .  

To B rus i lovsky ( 1 999), cou rseware remained in  essence mu ltimed ia-embel l ished 

HTML pages. N ielsen (2001 ) considered it no more multi-dimensional and interactive 

than its 1 970s PLATO predecessor. Jesshope and his col leagues wrote that, unti l  web­

based systems could interact dynamical ly with the individual  student, a l l  they wou ld do 

is p rovide a repository of information wh ich replaces the disk space on stand-alone 

computers o r  hardcopies in  trad it ional correspondence courses (Jesshope et a l . ,  2000). 

I nteresting ly ,  N ielsen, a usabi l ity expert, warns aga inst try ing to reproduce the textbook 

e lectron ica l ly .  "Large amounts of text just do not work very wel l  on a computer screen 

s imply because it is painfu l and s low to read" (Nie lsen, 2001 , para .  5). He considers 

that a book is  better for transmitt ing la rge amounts of information .  

The courseware teach ing systems characteristica l ly  cover thei r  subject matter with a 

broader brush than adaptive systems do. Murray ( 1 999), as  a result, criticises 

commercia l  courseware for its shal low representation of content and pedagogy. The 

student is presented with the m aterial and then left to pursue things further on h is/her 

own . 

Characteristica l ly ,  courseware is  neither adaptive nor adaptable from the student user's 

po int of v iew. From the system admin istrator's viewpoint, commercial courseware such 

as Top-Class (Lennox, 2000) o r  G ENTLE (Diet inger et a l . ,  1 998) has the capacity to 

restrict ind ividual student's access to some learn ing materia ls ,  or determine the order in 

which they may view it, i n  l ine with the requ i rements of education providers.  

B rus i lovsky considers it a chal lenging research goal to develop advanced Web-based 
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educational appl ications that offer some amount of  adaptivity and intel l igence. These 

features are especial ly important for d istance learning appl icat ions "since d istance 

students usual ly work on their own (often from home).  An intel l igent and personal ised 

assistance that a teacher or a peer student can provide in  a normal classroom situation 

is not easy to get. In  addit ion , being adaptive is  important for Web-based cou rseware 

because it has to be used by a much wider variety of students than any 'standalone' 

educational appl ication . . .  [C]ourseware that is  designed with a part icu lar  c lass of users 

in mind may not su it other users" (Brusi lovsky, 1 999, para . 1 ) . 

I n  contrast to the ind ividual ised character of adaptive tutors , however, courseware 

systems can more easily accommodate col laborative study .  WebCT, for example, is 

intended to faci l itate communication and co l laboration (Goldberg ,  1 997) .  

Support for multi-dimensional /earning 

While web-based courseware is not expl icit ly bu ilt around any particular approach to 

learn ing ,  in practise it rel ies heavily on the more passive lecture and textbook methods 

of study ,  what Brusi lovsky and Mi l ler ca l l  learn ing by reading and watch ing (Brusi lovsky 

et a l . , 200 1 ). Even then , learning by lecture is generally only supported in the sense of 

being able to store and d isplay mu lt imedia fi les .  A course del ivered in th is ways offers 

very l ittle advantage to the extramura l  student over the study outl ines and texts of 

tradit iona l  correspondence learn ing.  I n  fact , Cheung (2001 ) provides evidence that 

students may prefer hardcopy-based study to th is form of e-learn ing . 

Of the more active dimensions of un iversity learn ing ,  only learn ing by col laboration is  

real ised to any extent. Courseware facil itates co-operation and commun ication 

between students studying alone from separate locations . H owever, the anywhere , 

anytime requ i rement of extramura l  study means that the uti l ity of synchronous 

col laborative features such as conferencing and chat may be severe ly  restricted . Many 

extramura l  students must re ly upon the asynchronous funct ions l ike emai l  for 

co l laboration .  

Courseware does not support one-on-one tutorial lea rn ing beyond electronic 

correspondence with a human tutor. 

None of the systems reviewed matched the potentia l of the textbook for exploratory 

learn ing .  Whi le a course web-site a l lows the freedom to explore ,  it is harder to navigate 

around, slower to leaf through , and easier to get lost in than a book. Some courseware 

systems have features bui lt into them which mi l itate against learn ing by exploration , by 
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imposing a predefined lea rn ing path upon students or restricting access to particu lar 

learning materia ls (Lennox, 2000; Dietinger et a l ,  1 998). 

3.4.2 Usa b i l ity concerns 

Whatever its funct ional  deficiencies, a more fundamental barrier to the successfu l 

a ppl ication of courseware to extramura l  lea rn ing is concern about its usabi l ity. 

Courseware does not meet key usabi l ity requ i rements for extramura l  study such as 

avoiding function and feature overload and providing just-in-t ime and just-enough user 

help .  

For the extramural student, especial ly the less experienced computer user ,  us ing 

courseware is a far from triv ia l  task .  This is not a problem of the learn ing system alone. 

Even where the student interactions with the courseware have been carefu l ly  thought 

out, or the student's path through cou rse mate ria l  is constrained, it remains a 

component of a larger  computer environment. The courseware interface is p resented 

with in the web browse r  interface, which in turn is presented with in the operating system 

interface. Accessing particular learn ing materia ls may cause new windows to be 

opened. The result i s  a v isual  clutter in wh ich the student can become lost, confused, 

or d istracted (Figure 3 . 1  ) .  

The  onl ine he lp  system poses the same layers of  complexity to  the user. Each open 

appl ication provides its own help database which the user  must try to query .  There is a 

rea l  l ikel ihood of the i r  being overwhelmed by too much information. 

In short, courseware adds additional layers of complexity to a computer system whose 

complexities the extramura l  student may a l ready be struggl ing with . lt requ i res a level 

of computing experience beyond what can be assumed of an extramura l  student 

working a lone at home. 

Courseware reflects a more general problem in e-learning that the design of the 

student interface has not been prioritised (Kruse, 2002;  Murray, 1 999). Kruse considers 

the interface between students and computers to be the "single most neglected topic in 

the f ie ld of e-learn ing" a nd a major reason for students expressing a preference for 

classroom-based over computer-based instruct ion (Kruse, 2002 , para .  1 ) .  Bork 

crit icises the tendency of educational softwa re developers to incorporate the standard 

Windows and web browser interface features and functions, such as menus and tool 

bars ,  even though these items have no connection with the learn ing task. They a mount 

to "visual  garbage" which d istracts the student from this task (Bork, 200 1 a) .  
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Figure 3.1 : Courseware environment marked by visual clutter and distractions. 

Because of their promotion as authoring and management tools ,  courseware systems 

emphasise the requ i rements of educational o rgan isations and businesses, ahead of 

the requ i rements of students. From th is perspective, the most important end use r - the 

distance student - is viewed as the object rather than the subject of the system, or the 

back-end rather than the front-end. 

3.4.3 I naccess i b i l ity 

The essent ia l  requ i rement for a wholesa le sh ift from correspondence-based to 

computer-based extramural study is that a l l  the learning material be avai lable 

anywhere ,  anytime. Courseware is unable to ach ieve this. 

Theoretica l ly ,  courseware is accessible from every home or workplace with a telephone 

connection. In  practise, however, the vast majority of households in the world do not 

have te lephone service .  Even among those that do,  the qua l ity of the service for those 

l iving outside the most developed u rban a reas may mean pa infu l ly slow and unrel iable 

Internet connections (2 .3 . 1 ) . 

Poor communications infrastructure is fatal for courseware, because it re l ies upon the 

learner mainta in ing a l ive connection with the server on which the course is stored . 

First, some extramura l  students may not be able to down load the ir  lessons.  Second,  a 
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slow response t ime frustrates and d istracts the student and inhibits learning (N ielsen, 

2001 ) . Third ,  a s low connection restricts the content of the course. If the course makes 

extensive use of the mult imedia capabi l it ies of the technology, as some proprietary 

appl ications l i ke the Cisco networking courses (Cisco , 2002) do, then it s imply wi l l  not 

work under these condit ions. Fourth ,  it gives an unfa i r  advantage to those students with 

access to h igh speed communications technology. 

H isto rica l ly ,  extramural university study has existed in the first instance to provide 

tert iary educational opportun ities where they would not otherwise exist ,  viz. in 

developing countries and in the more remote parts of developed countries. But it is 

precisely in these a reas where web-based courseware is  least effective . 

3.4.4 S u m m a ry 

From this review it is concluded that web-based courseware systems have been 

primari ly desig ned as learning management systems to support company tra in ing 

programmes or  i nterna l  un iversity courses .  The emphasis is upon cross-platform 

capabi l it ies, and u pon the requirements of education and tra in ing providers such as 

authoring and course admin istration .  They provide a complex, mu lt imedia environment 

that requ i res a fast and re l iable network serv ice and assumes that user tra in ing and 

support wi l l  be at hand when needed . Neither can be assumed in the extramura l  

environment. 

Courseware is  a usefu l option by which experienced computer users with good Internet 

access can study a cou rse without having to sit in a class or lecture theatre. This form 

of d istance education is often ca l led flexible learning. 

As a tool which enables teachers to author e-learn ing material without recourse to a 

ski l led progra mmer, a nd which faci l itates col laboration and commun ication among 

students , web-based courseware has contributed g reatly to the explosion i n  on l ine 

education .  

F rom the perspective of the extramural student, courseware's l imited interactivity and 

ind ividual isat ion offers l ittle advantage over emai l-and-book-based extramural study.  

Moreover, courseware's  management from a central web server means that learning 

materia ls and featu res may not be accessib le by the distance student "anywhere ,  

anytime" because of  unre l iab i l ity and s lowness in the te lecommunications system .  And 

the complexity of the computer environment in which the user interacts with the 

learn ing materia l ,  and insufficient attention to interface design,  poses usabi l ity concerns 

that further l imit the learn ing functions and features avai lable to the extramura l  student. 
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3.5 Recent developments in e-/earning 

The growing interest in web-based education and tra in i ng is spurring new resea rch and 

development into i mproving systems for the authoring and del ivery of on l ine learn ing .  l t  

has a lso prompted some o ld ideas to be revis ited . 

This section reviews some significant trends in  th is research that have a bearing on 

i mproving the funct ional ity, usabi l ity o r  accessibi l ity of e-learn ing software for 

extramural study .  

3.5 .1  Anywhere,  anytime study 

One-way Broadband 

Cook ( 1 998) writes that the biggest problem in provid ing Internet access in the 

developing countries is "that of 'the last mi le '  (or first mi le) l inking between the towns 

and the vi l lages" (p. 22) .  Advances in communication technology - based u pon 

variations of wireless m icrowave or  sate l l ite technologies - have opened u p  new 

possibi l ities for widening the bandwidth beyond what the local telephone infrastructure 

can offer for del ivery of learning materia l into rural areas .  However, th is is by no means 

a solved issue , with many of these new technologies a lso fa i l ing at "the last m i le" ,  even 

in the developed countries .  

O ne l ine of attack uses wireless networking technology to provide a 2-way i nternet 

service ,  which is typica l ly  severa l times faster than that avai lable over standard copper 

wire l ines. A wireless modem has the advantage that it can be used anywhere with in  a 

wire less network's coverage , a lthough its bandwidth is below that recommended for 

streaming aud io/video , very large downloads or viewing graph ic-intensive Web sites 

(NZWireless , 2004 ) . 

Unfortunate ly ,  node-to-node l inks in a wire less network requ i re a l ine-of-sight 

connection over a re latively short d istance .  This is d ifficu lt and expensive to provide in 

remote and hi l ly terra ins . 

Hand-held wireless systems using mobi le cel l  phone technology have a lso been 

explored (Jo et a l . ,  2001 , Boada et a l , 2003) .  Mobi le phone networks face s imi lar  

performance issues as wireless networks. Moreover, they exacerbate the usabi l ity 

issues relating to e-learn ing because of poor performance and inadequate user 

interface (Qu inn ,  2002) .  

Satel l ite transmission technology is  opening up promising new possib i l it ies for high 

bandwidth del ivery to individual distance students as telecommunication and med ia 
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compan ies  d rive research into l ink ing the I nternet with d ig ital te levision services (Biyth , 

2001 ) .  Two-way broad band sate l l ite transmission is an important technology that is 

used by learn ing centres and schools .  Satel l ite communications  have the added 

advantage of being a g lobal techno logy that does not require a wel l-developed loca l  

commun ications infrastructure . Thus satell ite broadcasts have been used for some 

years to del iver d istance education on an international basis to learn ing centres in 

Africa , Latin America and elsewhe re in  the developing world (Cook, 1 998, p .  29) .  

For ind iv idual use rs ,  sate l l ite reception is as straightforward as satel l ite te levision 

reception .  Sate l l ite transmission is more problematic and expensive 1 .  To be cost 

effective , home users would have to be l inked through some other technology such as 

a landl ine to a shared transmitter. S uch transm itters are not general ly avai lable in ru ral 

areas. Moreover, l inks to them face the same performance issues as for ru ra l 

te lephone or  wireless commun ications .  

A more practica ble approach for  the ind ividua l  extramural d istance student would be to 

employ a hybrid approach which uses satel l ite reception for rapid down loading of 

learn ing materia l  and a terrestria l  l i nk  to the transmitter for receiving commun ications 

from the student machine, includ ing system information necessary to mainta in the 

connection and ensure the integrity of the data transferred . Early efforts along these 

l ines managed download speeds fou r  t imes faster than a dial-up (Arora et a l ,  1 996) .  

Pioneer NZ inte rnet service provider, IHUG ,  has since developed a commercia l  version 

of th is tech nology provid ing down load speeds of up to 40 t imes that of dial-up 

connection .  In this way , rura l  customers could be offered a one-way broadband service 

at an afforda ble price that uses a standard d ia l-up internet connection to l ink to a 

centra l  sate l l ite transmitter, and specia l  sate l l ite reception hardware and software to 

receive downloads from the Web via the transmitter ( IHug ,  2004) .  

Whi le video-conferencing over the I nternet is technical ly straightforward ,  the results for 

the rural home user, employing standard copper wire connections ,  mirror those 

described in a computer journal as "te leconfe rencing where you have a Webcam on 

your PC and look at a postage stamp-sized fuzzy image changing twice per second" 

Honeybal l  (2002a ,  p. 1 72) .  However, i ntegrating satel l ite broadcasts into e-learn ing not 

on ly  provides a more effective medium for streaming video to a ru ra l  home computer, 

but opens up possib i l it ies for using para l lel television broadcasts to complement 

computer-based learn ing materia ls .  
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"A truckload of tapes" 

To ensure that a student's course material is accessible anywhere, anytime, Gehne et 

a l .  (200 1 ) advocate d istribut ing part or a l l  of the system's fun ctiona l ity to the student's 

machine, so that the system will work off-l i ne. 

The TILE system dupl icates web server functions on the student's computer, and 

requ i res that the student machine and the central server be periodical ly synch ronised 

on l ine (Gehne et a l . , 200 1 ) .  If necessary , teach ing materia ls can then be distributed by 

mai l  using portable media l ike C D-ROMs. Gehne et al .  cite computer pioneer E .E . 

Dykstra ("never underestimate the bandwidth of a truck-load of tapes" ,  p .2)  in  support 

of this approach . 

A s imi lar  tack is taken in  Dietinger et a l .  ( 1 998) and Bark (2001 a) .  

3.5.2 I n d iv idual isation 

Efforts to ind ividual ise educationa l  software systems have proceeded along two axes -

system-in itiated adaptivity and user-in itiated adaptabi l ity (Oppermann et a l . ,  1 997) .  The 

major d ifferences between adaptable and adaptive approaches  are l isted in  Table 3 . 1 .  

Adaptation may be implemented across a range of dimensions as i l lustrated in Table 

3 .2 .  A learn ing system may e mploy adaptation across a l l ,  some or  none of these 

d imensions .  Some features ,  e . g .  the help system, may be adaptive , whi le others ,  e . g .  

the interface look and fee l ,  may  be adaptable . 

In  argu ing for adaptive interfaces, Benyon and D .  Murray asserted that the drawback 

with the adaptable approach is that "the user must learn functions wh ich a re tangentia l  

to  the ir  ma in  task . Although some routi nes wi l l  on ly  have to be set once , others involve 

learn ing special ised commands .  Tai loring faci l it ies are typical ly very genera l ,  do n ot 

take fine-grained , ind ividua l  d ifferences into account and do not cater for a user's task 

needs , e ither perceived or  impl icit" (Benyon et a l . ,  1 993,  p . 1 98). 

Efforts to imbue courseware with adaptive capabi l ities have drawn u pon three decades 

of experience in the development of intel l igent ITSs.  One method of developing 

adaptive web-based systems has been to customise existing standalone ITSs so that 

they can be accessed from anywhere via the Internet. SOL-Tutor (M itrovic and 

Hausler, 2000) and PAT (Ritter, 1 997) are examples of standalone tutors that have 

been successfu l ly parted to the Web.  However, the narrow subject focus of such tutors 

1 In an October 2004 personal interview, the principal of a rural primary school reported that 2-way satellite 
internet had been offered to his school for $1 500 per month. In a February 2001 letter, a satel l ite 
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makes them an unsatisfactory choice for teach ing whole courses. Efforts have 

therefore expanded along the l i nes of: 

• i ntegrating tutors and other adaptive learn ing tools into broader courseware ; 

and 

• the development of adaptive systems that can teach whole cou rses. 

Property Adaptabi l ity Adaptivity 

Primary research discipline HCI  AI 

Manner of adaptation Static Dynamic 

Locus of control User System 

Flexibility of user view More Less 

Complexity of user view (cognitive load) More Less 

Hidden complexity ( implementation) Less More 

Table 3 . 1 : Contrasting properties of adaptable and adaptive computer systems 

Dimension 

I nterface "look and feel" - how user interacts with the system 

Sequencing - what part of the course is presented next 

Learning style - how the material is presented to the student 

Learning level - the degree of difficulty of the material 

presented 

Learning help - what help is presented to the user and when 

Table 3.2:  Forms of adaptation in learn ing  systems. 

telephone provider quoted set-up costs in  excess of $20,000 for a voice/data service! 
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Another approach , which is d iscussed under the subheading of "Col laboration and 

Help" ,  is to incorporate software agents that col laborate with and assist the user in the 

learn ing task. 

Interactive tools to foster multidimensional learning 

The United Kingdom-based Byzantium project sought to ach ieve more practical resu lts 

for art ificial inte l l igence in education by l im it ing the goal to producing inte l l igent tutori ng 

tools that extend the scope of a lecturer  rather than replacing h im or her (Pate I et a l . , 

1 997) .  Patel et a l .  ( 1 997) propose that Web-based versions of such too ls  be integrated 

into broader courseware . 

Audiograph (Jesshope et al . ,  1 998) and MAN IC (Stern et a l . , 1 998) support learning­

by-lectu re th rough providing synchron ised audio and sl ide presentations .  MAN IC 

supports individual isation by adapt ing presentation sequencing to  su it each student. 

A number of web-based tools have been developed, at least at the p rototype leve l ,  to 

offer better support to active learn ing d imensions such as learn ing by doing,  by 

exploring ,  by tuto rial and by col laboration . But even when they have been successfu l ly 

prototyped, lack of standard isation makes i t  d ifficu lt to integrate them into commercial 

courseware systems.  The "Model for Distri buted Curricu lum" (Murray ,  1 998a) proposed 

standards by which an e-learn ing system could dynamically locate re levant tutorials on 

the World-Wide Web. More recent standard isation efforts have focussed upon reusable 

learning objects , which wi l l  be d iscussed later in this chapter. 

lnterBook (Brusi lovsky et a l . ,  1 998) and Meta l inks  (Murray et a l . , 2000) are electronic 

textbooks wh ich gu ide students whi le a l lowing them to access materia l  in  the order of 

their choice . In th is way they provide an environment for students to learn by explori ng . 

This is especia l ly  so of Meta l inks ,  which enables the i ndividua l  student to adapt 

navigation paths and the presentation of materia l  to the i r  own learning level and 

preferences. 

Adaptive courseware 

Adding adaptivity to educational software may come at the expense of other  learn ing 

goals .  For instance ,  with ITSs the locus of contro l  is typical ly with the system rather 

than the user. 

Overa l l  ITSs have had a narrower teaching focus than web-based courseware .  They 

have taught a part icular problem-solving skil l i n  a wel l-defined and structu red topic. 

WITS however, is a course-oriented intel l igent tutoring environment which g ives 
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students the more coarse-gra ined treatment a imed at the average student that they 

would receive from a class teacher (Cal lear, 1 999). 

Other researchers have explored ways to bu i ld adaptation d i rectly into the Web 

techno logy itself so as to produce adaptive courses. Adaptive courseware systems 

employ a user model  and an adaptation strategy to generate an ind ividual ised user 

view. Two early efforts were the Dynamic Course Generator (DCG) (Vassi leva ,  1 997) 

and E LM-ART (Weber et a l . ,  2001 ) .  DCG generates ind ividual courses accord ing to the 

learners' goals and previous knowledge and dynamical ly adapts the course according 

to the learn ing progress of the student (Vassi leva , 1 997). ELM-ART is  an i nte l l igent, 

interactive , educationa l  system to teach L ISP which incorporates tools that enable 

students to commun icate with each other and with their tutor (Weber et a l . , 2001 ). 

Both DCG and E LM-ART were developed to teach computing-related subjects. They 

have not made the transition into broader educational  use. 

l nterbook, an offsh oot of ELM-ART, is a tool for authoring adaptive electron ic 

textbooks .  lnterboo k  uses a depth-first strategy,  i .e .  encouraging the learner  to 

demonstrate thorough knowledge of one topic before moving on to another topic. 

ITSs a re typica l ly n ot adaptable by the user. An a lternative adaptable , breadth-first 

approach represented by Meta l inks will be d iscussed in the fol lowing section . 

The customisable (adaptable) interface 

Benyon et a l .  ( 1 993, p. 1 97) wrote that the practica l  resu lts from the adaptive approach 

had been "rather d isappoint ing and problems have proved far harder to dea l with than 

was first expected . "  Even today,  more than ten years after that art icle was written , 

add ing adaptive featu res to courseware remains at the level of research prototypes . 

T .  Murray ( 1 999) and Bork (200 1 a) argue that individual isation goals can be achieved 

more simply by paying g reater attention to design of the student interface . Murray 

writes that s ince basic g raph ics authoring is considered a solved problem, most ITS 

researchers have n ot prioritised student interface desig n ,  but have restricted their 

systems to predefined screens and styles. This "severely constra ins the types of tasks 

a nd i nteract ions that an  ITS can have with the student" (Murray, 1 999, para .  28) .  

M u rray and h is co l leagues (Murray et a l . ,  2000) present evidence from the 

development of the Meta l inks project that adapting the content to the individual student 

may be better and more simply ach ieved through deeper design of the interface, 

keeping the locus  of control with the student. They argue that underestimating the 

importance of inte rface design (adaptabi l ity) in  learning systems can lead to 
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overestimating the importance of  artificia l  inte l l igence capabil ity (adaptivity) . 

Metal inks uses a breadth-fi rst approach to a l low the student to traverse the course at 

the level they choose . lt was designed to accommodate inte l l igent software featu res 

but was implemented in a less sophisticated version .  This version was then eva luated 

for evidence that students would benefit from add ing more advanced featu res .  The 

researchers were somewhat surprised by the resu lts, which ind icated that wel l­

designed interface features and non-inte l l igent too ls satisfied many of the user needs 

that they expected wou ld have to be addressed by adding inte l l igent software 

capabi l it ies. "Th is work supports the notion that good interface design and passive but 

powerful user features can sometimes provide the benefits that are ascribed to more 

sophisticated or  inte l l igent featu res (which can be more presumptive , contro l l i ng ,  o r  

intrus ive than passive features)" (Murray e t  a l . ,  2000, para .  42) .  

The authors fe lt this experience also underscored a more genera l  lesson that 

inadequacies in  the design of the interface or usabi l ity of educational softwa re wi l l  

overshadow any benefits from more sophisticated features it  may possess (Murray et 

a l . , 2000) . 

3.5 .3  Col laboration a n d  Help 

Collaborative agents 

Benyon and D .  Murray ( 1 993) po int to the development of interface agents as a more 

promising (and less ambit ious) approach to imbuing systems with adaptive capab i l it ies. 

With th is approach , interfaces employ agents that can interact with users and with 

other agents to assist users to accompl ish specific tasks individual ly ,  or co-operatively 

across a network . "Essentia l ly agents are adaptive systems, but systems which are 

special ised and know about on ly a very smal l  part of the world" (Benyon et a l . ,  1 993 ,  p. 

200).  

Col laborative agents are an  adaptation of inte l l igent tutoring technology to support 

col laborative forms of learn ing beyond the simple emai l ,  chat rooms and threaded 

d iscussion l ists of commercial courseware . 

Col laborative learning has not genera l ly  been the focus of adaptive tutors, which are 

geared to the ind ividual student. Vassi leva argues that wh i le an adaptive system "truly 

'cares' for the learner", by ta i loring the course to them ,  it can reinforce the prob lem of 

the "lonely learner". She holds that adapting to other's ideas and experiences is  part of 

the learn ing process, so, "maybe sometimes the learner should adapt ,  n ot the 
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environment?" (Vassi leva , 2001 , S l ide 1 2) .  

1 -Help (Greer et a l . , 2001 ) ,  uses i ntel l igent agents to attempt to overcome the learner's 

isolat ion by o rganising and mon itoring computer-based col laboration with in a 

communi ty of learners .  1-Help attempts to find the most suitable member of such a 

communi ty to respond to another member's query .  A variant to th is approach ( lshikawa 

et a l . ,  2002) channels q uestions posted to a courseware bu l leti n  board to other 

students o r  teachers currently on l ine to answer. 

V INCENT ( Paiva and Machado, 1 998),  which is bui lt around an an imated software 

agent that acts as an  inte l li gent he lper  to assist trainees to complete their  courses ,  

intervenes when students get off-track. Lopez e t  a l .  (2002) and Rasseneur et a l .  (2002) 

use v i rtual  student software agents to foster col laboration and discussion among 

networked students. 

Natura/ language querying 

Another approach to the lonely learner problem is to provide a means by which 

students can ask the system quest ions about a subject and get a mean ingfu l response ,  

even i f  a h uman tutor is not avai lable onl ine .  The Flexible Structured Cod ing Language 

a pproach enables querying of a database, using a natu ral language-like syntax, which 

can retu rn known facts to the student (Heinrich et a l . ,  2001 ). Hein rich and Kemp 

propose extending th is approach by u sing artificial intel l igence techniques to enable the 

system to i nfer add itional facts from thi s database to pass on to students (Heinrich et 

a l . ,  2000) .  

3 .5.4 I nteraction 

Specialised languages 

Bork crit icises the "very l im ited forms of interaction" possible wi th courseware using 

HTML-based browsers (Bo rk, 2001 a ,  p .  59) .  He counterposes a g raphical scripting 

language with which experienced teachers can design high ly interactive, natural 

languag e-based tutoria ls (Bork, 200 1 a , p .  64; Bork et a l . , 1 992). 

Specia l ised languages for s implifying  the programming of learn i ng material are not a 

new idea .  They were an  integra l  part of the PLATO and TICCIT projects. This approach 

has now been taken up more widely in the form of developing specia li sed languages 

for a uthoring web-based learning m ateria l  using the Extensible Mark-up Language 

(XML).  XML provides a cross-platform format for defin ing a wide range of documents 



Chapter 3: Web-based courseware 57 

as text fi les,  using a set of author-defined HTML-I i ke tags .  The fi le can then be parsed 

by an XML parser and passed to a specia l ised browser or othe r  appl ication to execute. 

The result may be a standard web page ,  a web page d isplaying special ised content 

such as mathematical formu lae, or  an interactive program running on the user's 

computer (Haro ld et a l . ,  2002, pp. 3-1 0) .  

E-learning researchers expect that us ing XML in th is manner wi l l  offer a standard ised , 

mu lt i-p latform means of providing i nteractive and individual ised learn ing materia l .  Gerdt 

et a l .  (2002) and Bergstedt et a l .  (2002) are appl ications of an XML-based approach . 

Standardisation through learning objects 

Learn ing objects are reusable and easi ly modifiable educat ional  modules designed to 

be assembled into larger educational un its such as activit ies, lessons, o r  whole 

cou rses. These objects may be d istributed across a number of repositories from which 

they are retrieved and integrated i nto learn ing management systems for del ivery to the 

student (Brooks et a l . , 2003) .  Through learn ing objects it is hoped to produce reusable 

learn ing materia ls that are more interactive and individual ised than courseware can 

currently provide. 

A range of organ isations have been involved in a major international effort to develop 

standard ised, reusable learn ing objects based upon XML (Tansey, 2003). The 

Sharable Content Object Reference Model (SCORM) is a su ite of techn ical standards 

that enable web-based learn ing systems to find,  import, share, reuse ,  and export 

learn ing content in a standardised way bu i lt upon XML. This content can then be 

picked up by learning management systems and course authoring too ls  that conform to 

the SCORM standards.  The base un it of a SCORM-compl iant course is a learn ing 

object (web page) authored using special ised tags to define the learning content. 

Courses are ind iv idual ised by the course management system through tracking 

ind ividual  lea rner's progress and sequencing and branching between learn ing objects 

accord ing ly .  

SCORM's principal sponsor has been the Un ited States Department of Defense and is 

strongly oriented towards the provision of ski l ls  tra in ing with in organisations with a 

large  geographic spread (SCORM, 2002) .  

3.5.5 S pecia l isation 

Bork has  been a t ireless advocate of  providing s impler interfaces for cou rseware than 

that typica l ly associated with Windows-based and browser-based appl ications:  
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"Noth ing should be on screen that is  not d i rectly re levant for learn ing the materia l  at  

hand.  Many years ago we made the operating system invisible for such use.  That 

seems to be a desira ble d i rection for the futu re . Learn ing does not need the 

complexities of today's interfaces" (Bork, 200 1 a ,  p. 64) .  

Bork (200 1 a)  a lso quest ions the  assumption that the general-purpose computer i s  the 

best too l  for learn ing appl ications.  He points out that e mbedd ing computers into other 

more specia l i sed devices i s  "a common occurrence" these days (p .  6 1  ) .  NI M IS  (Hoppe 

et a l . ,  2000) d raws upon the "ubiqu itous computing" concept of using "specia l purpose 

networked devices (rathe r  than un iform computing equ ipment) embedded in natu ra l 

environments , be it at home,  at work, or in  educational settings" to develop a 

" 'computer-integrated' primary school classroom" (para 1 ) . 

E m bedding computers in  everyday environments does not in itself resolve usabi l ity 

issues. There are some good examples such as the S mart Drive washing machine2 

where ,  through carefu l interface design ,  embedding a computer in  an appliance has 

improved usabi l ity . However, Cooper and Saffo d iscuss a wide range of cases whe re 

e mbedding a computer has added complexity to everyday tasks such as using a 

camera ,  in part because the computer makes possible the addition of a myriad of 

u nneeded features (Cooper et a l . ,  1 999). 

3 .5.6 Concl usion 

I n  th is sect ion aspects of  recent research into improving the performance of  e-learn ing 

systems have been reviewed . Perusing th is research , th ree broad strateg ies stand o ut 

which contrast with the approach taken by conventional web-based courseware and 

show promise in addressing the functional ity, usabi l ity and accessibi l ity issues 

confronting computer-based extramura l  study. These are :  

1 .  Specialisation vs. generalisation. That special-purpose computer tools ( interfaces ,  

programming lang uages, hardware . . .  ) offer a way of  provid ing a s impler and more 

usable learn ing environment than general-purpose ones (web browser, HTML,  

PC . . .  ) by  helping to  render the computer invisible to  the learn ing process. 

2 .  Adaptability vs. adaptivity. That user-oriented i nterface design ,  incorporating 

custom isable and col laborative strategies, can more easi ly and simply achieve 

many of the ind ividua l isation and interactivity goals of adaptive systems, whi le 

maintaining the locus of control with the student. 
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3 .  Localised vs. centralised functionality. That by placing more of the system's 

functional ity on the student's computer and then using the internet or a lternative 

media to update the student's computer, the g reater funct ional ity associated with 

standalone systems, and the col laborative benefits of networked computers , can be 

incorporated into an e-learn ing system that better meets the anywhere ,  anytime 

requ i rements for extramural study than server-centred systems. 

Of particu lar i nterest is whether, by combin ing some or a l l  of these strategies, a 

workable means can be found for meeting the requ i rements for extramura l  e-learn ing .  

3. 6 Designing for extramural e-/earning 

I n  this section some important lessons for design ing extramura l  e- learn ing systems as 

learn ing environments are discussed i n  the framework of the l iteratu re reviewed . 

3.6 .1  Prioritisi ng the stu dent i nterface 

I n  th is chapter it has been emphasised that there are specia l  user requ i rements for 

computer-based extramural study that cannot be subsumed under those for e-learn ing 

in  genera l .  l t  i s  especial ly important that a l l  the system's learn ing functions are usable 

and accessible by an extramura l  student studying in less than ideal ci rcumstances,  e .g . 

an inexperienced computer user working from home in a remote district with 

substandard te lecommun ications.  Developers of any computer-based learning must 

consider students both as learners and as users, that is ,  they must design both for form 

and content (Smu lders , 2003) .  

Poor usabi l ity inh ibits learning and may  prevent i t  a ltogether. A review of  the l iterature 

on computers and education supports the assessment that interface issues have 

received l imited recent attention from educational  software researchers. 3 Research has 

been focussed u pon the student as learner, at the expense of the student as user, for a 

range of reasons. These reasons i nclude researchers' focus on the learn ing process 

and on deve loping and eva luating learn ing theories, and an assumption by e-learn ing 

researchers that interface design is a solved problem and therefore less important than 

the learning technology itself. lt has been reinforced by the emphasis of courseware on 

the authoring and management requ i rements of  educational and tra in ing providers as 

the front-end of the system.  In  th is sense, courseware emphasises reusabi l ity over 

2 http://www.fisherpaykel.eo.nz/laundry/washers/washers.efm. 
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usabi l ity. 

Other  factors inh ib it ing usabi l ity include the interface l imitations and the complexities of 

the web browser environment itself, and a more general design problem of software 

engineers '  interfaces tend ing to emphasise their own domain ( i .e .  how the system 

works) over the e nd user's task domain ( i .e .  what it actual ly does) (Gentner et a l . , 

1 990) .  

The dominance of the e-learn ing field by web-based courseware flows from its uti l ity as 

a practica l course a uthoring and management tool for instructors. Its strength l ies in its 

ho l istic (whole course) and reusabi l ity approach to computer-based education ,  in  

contrast to  the more restricted domains and one-off character typical of  the more 

adaptive a nd interactive systems. 

However, courseware's l im itat ions in meeting the functiona l ity, usabi l ity and 

accessibi l ity requ irements of extramura l  study, make it less than ideal as a candidate 

for replacing tradit ional  correspondence-based courses. While a number  of these 

l im itations have been at least partly addressed at the research leve l ,  the results from 

this research have yet to be successfu l ly integrated into rea l  courseware products. 

Moreover, some of the concerns seem inseparable from the technolog ica l l im itations 

flowing from the mu lt i-platform , th in-client arch itecture of the Web itself. The ubiquity of 

the Internet has encouraged researchers to accept the graphica l  browser i nterface as 

the basis of the interface between the learner and the learning system .  In seeking to 

meet the requ i rements for extramura l  e-learn ing , therefore, it may be necessary to look 

beyond the technology of the World Wide Web.  

N ielsen (2001 ) emphas ises that on l ine learn ing is  inherently not very motivat ional and 

not as effective as studying on campus, and that a textbook works better than a 

computer for presenting large  amounts of information for students to read . Computer­

based extramura l  learn ing should complement the textbook and extend the teacher, 

and add new mult i-d imensional  capabi l ities a book cannot provide. lt does not need to 

replace them.  Extramura l  study is an adjunct o r  extension to a un iversity - with its 

"bu i ld ings and g rounds" and its "body of students and faculty" - rathe r  than an 

a lternative to it. 

The introduction of inte rnetworked persona l  computers has shaken up education in a l l  

i ts forms,  and wil l  continue to do so.  Learning theory research which seeks out new 

3 For instance, of the more than 220 papers accepted for two 2001 conferences on computer-based 
learning, only one is focussed u pon the issue of the design of the learner interface ( Lee, 2001 ; Kinshuk, 
Jesshope and Okamoto, 2000) 
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ways that computers can improve learning outcomes i n  comparison t o  conventional 

teaching methods a re an important area of scientific endeavour. Extramura l  e- learning 

researchers, however, do  not need to be that ambit ious. Their goal need not be to 

outperform the classroom ,  but only to find ways to o utperform correspondence-based 

and courseware-based study. From this perspective it is  an advantage if a system 

supports a more pragmatic and flexible approach that can accommodate m u lti ple 

learning parad igms and styles. 

Effective extramura l  e-learn ing does not requ i re the wholesa le development of new 

technologies. At a m in imum it means finding workable ways of ut i l is ing existing 

technolog ies so that they a re usable by, and accessible to, the extramura l  student.  lt 

means recogn 1s1ng that, whi le meeting the learn ing needs of the student are 

paramount, th is wi l l  not be possible without a lso p rioritising the requ i rements of the 

student as a user. From the standpoint of the extramura l  learner, the student view is 

the learning system.  

3.6.2 Adaptation in a learn i ng environment a pproach 

A learning environment approach to  computer-based d istance education imp l ies that 

the system can provide some level of adaptation to the individual learn ing task a nd/or 

student. Some of the a reas in wh ich individual isation may be appropriate include:  

• The adaptation of content to the ind iv idual  lea rner e .g . what topics and sub-topics 

are presented to the student, and at what level of complexity . 

• The adaptation of the form in which the content is presented to the ind ividual 

learner e . g .  as a lecture ,  tutoria l ,  or  a text to be read. 

• Support to the student i n  terms of help and tra in ing in the use of the system itself, 

help in understand ing the subject matter; and ass istance in sea rch ing the entire 

network for related subject matters. 

However, it may not a lways be des irable or feasible to individual ise learn ing mate ria l .  A 

considerable portion of conventional  un iversity education is ,  as Cal lear ( 1 999) put it , 

coarse-gra ined and aimed at the average student. And the design should 

accommodate the point made in Vassileva (2001 ) that, from a pedagogical  point of 

view, sometimes the learner should adapt i n  order to facil itate col laborative work and 

d iscussion between students. 
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3.6.3 G u i d e l i nes for desig n i ng extra m u ral  e-learn ing environ ments 

The fo l lowing pri nciples for des ign ing computer-based d istance learn ing systems as 

interactive and col laborative learn ing environments have been synthesised from this 

review of computer-based learning research : 

1 .  Identify the users clearly. Systems with a focus on ease of course administration ,  

on support ing interna l  papers, o r  provid ing in-house tra in ing ,  m a y  have qu ite 

d ifferent requ i rements from those oriented to supporting un iversity-level d istance 

learn ing .  

2 .  Prioritise interface design. Design ing as a multi-d imensional learning environment 

means focussing upon the content, interactions, presentation styles, and user 

support at the student interface . Treat the student view as the front end of the 

system and design from there .  This requ i res design ing the i nterface as a learn ing 

envi ronment, rather than as the student interface to a teach ing appl ication. A 

learn ing environment integrates a l l  the functions and features that support the 

student's learn ing tasks. A specia l ised interface may be more effective for learning 

than a genera l  purpose one.  

3 .  Recognise the university itself as the most important learning community. The goal 

should be to extend the reach of the un ivers ity as a commun ity of learn ing rather 

than replace it , s imulate it rather than compete with it . This means emphasising 

co l laborative , interactive and m ulti-d imensional learn ing functions, which 

complement the ro les of the teacher  and the textbook rather than  replace them.  

4 .  Design as an information system. A computer-based d istan ce learn ing system 

should not be conce ived of as a s ingle piece of software but as an information 

system inco rporating the users and the i r  requ i rements. In an information system 

approach ,  automation (computerisat ion) is not assumed to be better. A decision is 

made on what to computerise and what not to. Some aspects of a course may be 

better implemented using a lternative technologies or a human teacher. 

5 .  Design for reusability on three levels - the programmer, the course author, and the 

student. For an extramura l  e-learn ing system to provide a practica l  a lternative to 

the exist ing courseware products, it must match the i r  uti l ity for a uthoring ,  managing 

and del ivering mu ltiple courses of study. In  addit ion ,  it should be ab le to readi ly 

integrate new and improved learn ing technolog ies. 

6. A void making presumptions about implementation technologies. I nformation 

technologies which work for computer-based tra in ing programmes, f lexible learn ing , 
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and supporting interna l  un iversity courses may not best meet the specia l  

requ i rements for extramura l  e-learn ing .  Other possib i l it ies besides the ubiquitous  

web browser should a lso be considered as the basis of  the student interface . 

7 .  Enable adaptation to the individual /earning task and/or student. This includes how 

mate ria l  is presented , help in the use of one or other  system features, querying of 

subject matter, and assistance in locating supporting mate ria l .  However, it may not 

a lways be desirable or feasible to individual ise learn ing materia l .  Provid ing an  

onl ine human tutor may be preferable . And sometimes the  learner should adapt to 

faci l itate col laborative work and d iscussion between students. 

8. Evaluate for functionality, usability and accessibility. All the system's funct ions and 

features should not only work on h ig h-speed u rban commun ication networks , but 

should be accessible, and tested , in worst case scenarios l ike that of the farm­

based rural student. Mult id imensional features should be prioritised ahead of mu lti­

med ia ones. For the distance student, mult imedia enhancements may be noth ing 

more than a form of bloatware , which inh ibits accessib i l ity . 

3. 7 Concluding the literature review - a  hypothesis 

Chapters 2 and 3 summarise an extensive review that has been conducted of the 

l iterature on distance education and computer-based learn ing .  The framework of th is 

review was the research question : " Is  there a un iversal way to apply information 

technology to distance education ,  so that it offers the student an advantage ove r  

trad itiona l  correspondence lessons?" 

The breadth of the domain reviewed, and the d iverse resea rch agendas, requ i rements 

and technolog ies encompassed by it , underscored the necessity to narrow down the 

domain of the research problem to a d istinct subsection of the broader e-learn ing fie ld 

- univers ity-level extramural students with in  the publ ic education system .  The potential 

benefits (and the downsides) for extramural study of computer-based learn ing systems 

were summarised and some criteria for evaluating the i r  suitabi l ity were enunciated . 

The mainstream computer-based learning technology - web-based course authoring 

and management systems - was evaluated against these criteria .  The areas where 

courseware fulfi l led , or fa i led to fu lfi l ,  this potential were noted,  and major unso lved 

problems identified . The various solutions that have been advanced to address these 

problems have been reviewed ,  inc luding the adaptive and artificial inte l l igence-based 

technologies which influence much of the research in  this fie ld .  
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The key requ i rements for a successfu l computer-based lea rning environment for 

extramura l  students have been synthesised. Such an environment needs to meet 

additional  functional ity, usab i l ity and accessib i l ity requ i rements in order to 

accommodate scenarios such as  inexperienced computer users,  students working 

a lone from remote locations,  students with o lder machines and/or poor communication 

infrastructure ,  and cou rses where computer ski l ls  are incidenta l to the content. lt needs 

to be s imple and usable enough for a relative computer novice to learn without d i rect 

supervis ion ; it shou ld provide some abi l ity to adapt, or be adapted,  to an ind ividua l  

student's learn ing needs ;  a n d  i t  needs t o  work as wel l  in t h e  context of slow and 

u n re l iable communications i nfrastructure as on the information superh ig hway. 

The centra l theme of th is chapter has been the need to more clearly identify the 

specific needs of the un ivers ity d istance student, and to design computer-based 

d istance lea rn ing systems as  learn ing environments that meet those needs. Th is  

means sh ifting the weight of  the system to the student end by design ing i t  as  a learning 

system rather than as a teaching or course administration system .  This approach 

places a g reater emphasis on interface design than is to be found in most computer­

based learning l iteratu re . lt means start ing from the requ i rements of the user  rather 

than from the constra ints of current technology. 

Fu lfi l l i ng  the requ i rements for extramura l  e-learning wou ld enable a computer-based 

system to supplant the correspondence system as the basis for a l l  extramura l  study . 

H owever, to find a workable way to ach ieve this some outstanding issues need to be 

resolved satisfactori ly ,  above a l l  the accessibi l ity a nd usabi l ity l imitations of 

courseware . 

F ro m  a review of more recent e-learning research it is concluded that very l ittle has 

been specifically di rected to identifying and solving the particu lar  chal lenges of 

computer-based extramura l  un iversity study .  None of the working and prototype 

learn ing systems reviewed , even where they offered sign ificant improvements over 

commercial  courseware ,  met sufficient of the key requ i rements to be considered 

workable in th is doma in .  However, severa l themes have been identified in this 

research , which suggest possible ways to fu lfi l these requ i rements. These themes point 

outside the predominant framework for e-learn ing research and development by 

emphasis ing student-centred strategies of specia l isation over genera l isation, 

adaptab i l ity over adaptivity, and local isation over centra l isation . 

D rawing upon the review, it i s  hypothesised that, by combin ing these three strateg ies, 

and fo l lowing the gu idel ines for design ing an extramura l  e-lea rn ing environment, a 
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workable way can be found to fu lfil the key requirements for computer-based 

extramura l  study .  In the next chapter a prototype system is conceptua l ised through 

which th is hypothesis can be tested.  
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The previous chapter concluded with the hypothesis that a practicable way can be 

found to provide the key requ i rements for an extramura l  e-learn ing environment ,  by 

combin ing three strategies - specia l isation over general isation ,  adaptabil ity over 

adaptivity, and local ised over central ised functional ity - and by observing a set of 

design gu idel i nes synthesised from the l iteratu re review. The f irst step towards 

evaluating th is  hypothesis is  to conceptua l ise ,  in broad outl ine , a learn ing system 

based on these principles. In  this chapter a conceptual isation is  presented of an  e­

learning system as a specia l ised computer for learn ing .  

F i rst an overview of the conceptual design is presented . Then each of  the key a spects 

of the design is d iscussed in more deta i l .  

On ly  once the  system has been conceptual ised is the technolog ica l platform for a 

prototype considered . No assumptions are made about implementation techno log ies. 

Therefore, d iscussion of more specific issues concern ing the techn ica l framework for 

implementing a learn ing computer is postponed to Chapter 5 .  

4. 1 A computer for learning 

An extramural e-learn i ng environment is conceptual ised as a specia l ised computer for 

learning,  in which the three underlying strateg ies are embedded . The sta rting point for 

th is idea is an  observation by Bork that : " I n  the developed countries the genera l­

purpose computer wi l l  sti l l  be widespread for learn ing, but for many s ituations a 

computer bui lt just for learn ing ,  a learn ing appl iance , wi l l  furnish a new paradig m ,  much 

cheaper and s impler than today's personal computer" (Bork, 2001 a ,  p. 64) .  

The idea of the  learning computer is to provide a min imal ist, specia l ised environment 

that integrates all the functional ity an extramura l  student needs to successfu l ly 

complete a course, and only that functional ity . And this functional ity wi l l  work where the 

infrastructu re is less than optimal  for mu lti-media networking .  lt is  a s impl ified system 

which a re lative computer novice can qu ickly master, thereby a l lowing it to rapidly 
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become invis ible to the learning process.  lt is an adaptable environment that a student 

can custom ise to su it their learn ing p references. 

I n  place of the special ised hardware of Bork's learn ing appl iance ,  the learn ing 

computer is conce ived of as a softwa re system implemented over a genera l-purpose 

persona l  computer, in combination with the necessary support appl ications at the 

un iversity end . This means that it is avai lable to anyone who has a computer of a lmost 

any v intage in his or her home. 

4 . 1 . 1  Everyday activities i m b u ing the conceptual model 

I n  the in itia l stages of conceptual ising the learning computer, a bra instorming process 

was undertaken .  The goal of th is bra instorming was to draw analogies between the 

learn ing computer and some everyday objects and activities to help conceptua l ise key 

featu res of the learn ing computer's des ign .  These ana logies include: 

Doing the Laundry. Some automatic washing mach ines provide a good example of 

s impl ifying a task environment by us ing a specia l-purpose, embedded computer. A 

person need on ly provide some facts about the state of the ir  d i rty laundry through a 

s imple interface and then press the start button , leaving the computer to accompl ish 

the rest. Few users are even aware of the presence of the computer. lt has become 

invis ible to the process. Simi larly ,  a student is a ble to interact with the learning 

computer through a few, simple operations defin ing what the student wants to learn 

and in  what manner .  Once those operations have been mastered, the computer 

becomes invis ible to the learning task. 

Navigating with a GPS. Sai lors ,  sold iers, and car drivers equipped with a Global 

Position ing System (GPS) can roam at wil l and remain focussed on what interests 

them without worrying about getting lost. The GPS a lways knows their  current position 

a nd can gu ide them back to where they began or to wherever else they want to be. The 

learning computer a lso tracks the student through the course and - no matter what 

path they take or where they a rrive - can a lways bring them back to any desired 

position .  Learn ing d imensions are synch ron ised so that a student can change their  

method or  means of study without los ing their  position in the course . 

Listening to the Radio. Radio and televis ion are both popular means of commun icating 

information abo ut the world .  The more multi-media character of television leaves less 

to the imagination of the a udience than does rad io .  However, rad io can a lso be a highly 

effective communicator which, because of its s impler technology, can be accessed and 

used in a g reater range of situations than televis ion .  The learn ing computer is more 
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radio than te levision. it is  not a mult imed ia s imulation of a un iversity and does not need 

to be . Its more min imal ist approach sti l l  provides an effective learn ing environment that 

is accessible from almost anywhere .  

Working From A Briefcase. Company sales representatives carry a l l  the i r  tools of trade 

in  their b riefcase, and can sit down anywhere to work at the i r  tasks. They a re not in 

permanent contact with their office , but can get in touch whenever they need to in  order 

to exchange and update data or obta in a second opin ion on a key transaction . The 

briefcase is their office . The learn i ng computer is the extramura l  student's briefcase . 

Learning from Books. The study g u ide and the textbook have provided the flexible core 

of successfu l d istance learning for many years .  Wh i le they have been carefu l ly  

structured to guide the student in  the most logical sequence of study, they do not 

impose it .  The student may approach the material in any order they choose, provided 

they submit the ir  assignments on time for grading . Addit iona l learning resources ,  l ike 

revis ion exercises and g lossaries ,  are organised around the book's chapters . Tables of 

contents and indexes provide points of entry for exploring and accessing those learn ing 

resources .  The learning computer reproduces th is flexib le study environment, without 

attempting to reproduce or replace the textbook electron ica l ly .  

Going to University. A univers ity is a community of learn ing in  which the student learns 

through participating in a wide range of formal and informal interactions with other  

students and with teachers .  He o r  she can attend a lecture o r  a smal ler tutoria l  sess ion ,  

go to the l ibrary, or  just s i t  at a table and read a book. He or she can get addit ional  he lp 

by knocking on a tutor's door, by arrang ing special one-on-one tutoria ls ,  or  by s itting 

down with other students to work through a problem.  The learn ing computer enables 

the extramura l  student to participate in this un ivers ity commun ity from the 

asynchronous, geograph ica l ly-iso lated environment of the d istance learner. 

4. 1 .2 Making learn i ng possible 

The learning computer is not a means for implementing or eva luating a particu lar 

learn ing paradigm.  Nor is it a means for demonstrating that computer-based education 

can outperform the classroom .  it embraces and incorporates the best ava i lable 

educational technolog ies that support the mu lt iple teach ing strateg ies and learning 

styles associated with un iversity study,  in  order to outperform tradit ional 

correspondence-based lessons .  

I f  there i s  a bias in  the learning computer i t  i s  towards the  user-centred , self-paced ,  

exploratory learn ing style associated with learn ing from books, and towards capita l is ing 
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on the  col laborative learn ing potential opened up for extramural students by the 

Internet. 

The primary focus is upon the distance student as user of a computer system .  Thi s  is 

based on the presumption that so lving the usabi l ity and accessib i l ity challenges is the 

prerequis ite to making computer-based d istance learn ing possible. 

4.1 . 3  A reusable ed u cational  reso u rce 

Courseware emphasises course authoring and other teaching and administrat ive 

support .  The learn ing computer emphasises support to the lea rner. From this 

perspective i t  is primari ly a learn ing environment, rather than a teaching , authoring and 

admin istrative appl ication .  Nevertheless, to offer a practical solution to the chal lenges 

of extra mu ra l  e-learn ing ,  the learn ing computer provides authoring support and 

promotes reusabi l ity across courses . 

For the student, the learning computer works for any course for which they a re 

enro l led . However, to ma intain s impl icity and focus, the student can on ly view one 

course at a t ime. 

For the teacher, materia ls prepared for internal papers may be re-used in externa l  

ones.  They may  be  updated whi le the course i s  i n  progress and re-used in  subsequent 

semesters . Course authoring for the learn ing computer is  conceived of as a dynamic 

process in  wh ich learn ing materia ls can be added and updated , in  much the same way 

as a tuto r  may maintain any course website. Thus the tools for authoring a course are 

a lso too ls  for updating it. 

A certa in level of complexity is  u navoidable in computer-based-learning systems. The 

o bjective of the learning computer is to place most of the burden of that complexity 

u pon the bui lders of the system - the programmers and the course authors - and the 

least upon the student. A g reater level of complexity for course authors and 

admin istrators is permissible because they can be assumed to be more computer 

l iterate and have access to computing and other support serv ices at their un iversity . 

4.2 Specialised interface 

4 . 2 . 1  E-learn ing meta phors 

Metaphor is used to help the d istance student develop a mental image of the learning 

computer and improve its usabi l ity. 
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Reflecting a large body of research on the subject, Col l ins ( 1 995, pp. 1 92-209, pp. 223-

24) emphasises the role of metaphor in  interface design, writi ng that "old media serve 

as metaphors for new ones". The designer seeks to extend the meta ph or, and surprise 

the user, by "adding magic," that is  add ing new functional ity made possible by the 

computer environment. 

An a lternative view is presented by Benyon and Mu rray who stress the l im itations of 

using metaphor to improve the usabi l ity of interfaces. They cite research find ings that 

the "use of metaphor and analogy as a means of making system functional ity 

accessible to user popu lations . . .  can be a hit-and-miss affa i r, wel l-su ited for some but 

not for the population as a whole, dependent as it is upon a closely shared appreciation 

of the basis of the metaphor" (Benyon et a l . ,  1 993 , p .  1 98) .  

Col l ins stresses the importance of not surpris ing the user too much . He points to the 

computer spreadsheet appl ication as an example of the tension between l itera l ism and 

mag ic: "A literal interpretation of the metaphor wou ld demand that the user open a 

computer ca lculator to do sums, then type the results back i nto the spreadsheet. But 

the spreadsheet is magical - the cel ls in  a row or co lumn can sum themselves, and 

automatica l ly  update the cel l  conta in ing the sum. Litera l ism maximises understanding ,  

but  does not add any power; mag ic  maximises power, but may interfere with 

understand ing" (Col l ins,  1 995, p. 1 92) .  Recognising th is tension is of particu lar  

importance in computer-based educat ional appl ications .  

Courseware typica l ly uses the textbook metaphor implemented as HTML pages, to 

which magic is added via hypertext navigation and multimed ia enhancements such as 

an imation and video . Bark's h igh ly-interactive tutoria l  method (Ba rk, 2001 a) d raws 

upon the metaphor of the private tutor, which historica l ly was the preferred method of 

instructing the ch i ldren of the rich . Hoppe et a l .  (2000) uses the classroom and its 

artefacts l i ke the blackboard and the student slate . 

The learn i ng computer uses the un iversity itself as its principal metaphor, and seeks to 

s imu late its learn ing dimensions and study tools ,  with a min imum of surprises so as to 

maximise understanding.  However, the learn ing computer does add magic to the 

un iversity meta phor, in the form of its G PS-I ike tracking faci l ity whereby the student can 

explore the course without gett ing lost and the system can synchron ise the use of 

d ifferent learn ing dimensions and tools .  

Another important metaphor is the tradit ional study gu ide and its table of contents, 

around which the learning computer is structured to g ive it a modu lar  character. This is 

discussed next. 
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4.2 .2  A mod u lar  a p p roach 

The environment p rovided by  the learning com puter is  conceived of  as a h ierarchy of 

educational  modu les ,  as defined in the traditiona l  study guide. A course is subdivided 

i nto sections which in turn a re subd ivided into topics . Each topic is structured around a 

smal l  number of learning objectives and key con cepts. 

A course, or  the ind iv idual  topics in a course,  may be taught in d ifferent modes 

approximating the d ifferent d imensions of an on-campus course (2 .5 .3) .  However, each 

topic offers the trad it ional textbook mode of correspondence learn ing as a m in imum.  

Other modes are added by the course author, when and where they are avai lable and 

wi l l  assist in learn ing that particu lar  topic. 

A study mode is defined by a set of elements, each of wh ich corresponds to a basic 

constituent of un ive rs ity study. Learn ing by lectu re , for example , may involve a 

presentation by the lecturer, a set of notes handed out by the lecturer, and notes taken 

by the i nd ividual student.  Learn ing by tutoria l ,  on the other hand, may involve a one-to­

one interaction with a tutor, as wel l  as notes made by the ind ividual student (F igure 

4 . 1  ) .  

At Massey University,  an extramura l  study gu ide may  contain a course overview and 

admin istration gu ide , a table of contents, assignment specifications, and for each study 

module - learn ing goa ls ,  reading guides and revision exercises. Each of these 

elements should be accessible when studying by textbook. 

An element may be avai lable in more than one learn ing mode. Some elements , e . g .  a 

lectu re presentation , a re only avai lable in  particu lar  modes, whi le others ,  e . g .  notes 

taken by the student, a re accessible from any mode . 

E ach learn ing element performs a d istinct learn ing function independently of any other 

e lement. Learning resources a re attached to each e lement, according to the current 

posit ion (topic) in the course . This ensures synchron isation between e lements and 

across modes. Students can then change mode without losing their  place in  the 

course, in  order to take another approach to solv ing the learn ing task at hand . The 

i n it ial learn ing elements and study modes of the learn ing computer are l isted in 

Appendix B .  

4.2 .3  Rendering the interface invisi b le 

To best support intel lectua l  and creative activity, "designers can pursue the goal of 

h aving the computer vanish as users become completely absorbed in their  task 
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domain" (Shneiderman ,  1 998, p. 1 8) .  For learn ing appl ications at least, th is  means 

simpl ify ing the computer environment: "Noth ing should be on the screen that is not 

d i rectly relevant for learning the materia l  at hand . . . .  Learn ing does not need the 

complexities of today's interfaces" (Bork, 2001 a, p . 64 ). An effective way of s impl ifying 

the environment for the user is to focus the interface upon the task domain ( i . e . the 

"What" of the user) rather than the means of ach ieving those tasks ( i .e .  the "How" of 

the software engineer) (Gentner et a l . ,  1 990) .  

Key Ideas/ Learning 
Goals 

Student Notes 

Key Ideas/ Learning 
Goals 

Student Notes 

Lecture Slides 

Learning by lecture 

Interactive 
Tutoria l 

Learning by tutorial 

Help 

Menu 

Lecture 
Presentation 

Help 

Menu 

Figure 4.1 : Each study mode contains a un ique set of learn ing elements 

The learning computer interface focuses upon the content of the learn ing material 

rathe r  than the form in  wh ich it is stored and d isplayed on the computer. For example, 

the student elects to study a particu lar topic in lecture mode, o r  selects their notes on 

that topic. They need know noth ing about what a particu lar  fi le  hold ing the i r  learn ing 

materia l  is ca l led, where it is stored , or  what appl ication is needed to run it. 
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4.3 Individualised interface 

4.3 . 1  Adaptatio n  strategy 
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The lea rn ing computer is not a "one s ize fits a l l "  system but has the capacity to adapt 

(or be adapted) to the learner and the learning materia l .  As d iscussed in Chapter 3 

(3 .4 .2 ,  3 .4 .3) ,  a computer-based distance learn ing environment may, as appropriate, 

provide for three forms of adaptation :  

• the system adapts to suit the student; 

• the student customises the system to su it h is/her needs; or  

• the student adapts in o rder to col laborate th rough the system with other 

humans - tutors or students. 

The emphasis of the learn ing computer is on providing a custom isable and 

col laborative environment. However, where an adaptable or col laborative solution is 

unsatisfactory ,  or there is  a proven need , a more sophisticated adaptive approach can 

also be integrated . 

The learn ing compute r's adaptable environment is designed to make it as easy as 

possible for the student to modify the system to suit h is/her  study needs (Table 4 . 1 ) .  

The basic forms of adaptation of the learn ing content are: 

• choosing the mode in wh ich a topic is stud ied , as when an interna l student 

attends a lectu re or reads in the l ibrary ;  

• choosing the topic that is stud ied and the order top ics are stud ied in ,  as might 

be done using a correspondence study gu ide; 

At the un ivers ity level , supplementary i nd iv idual ised help is provided in the form of 

private consultat ions with a tutor, peer col laboration and personal ised reading 

programmes.  The learn ing computer takes the same approach to provid ing 

individua l ised study. The student may ask the system ,  the tutor or other students for 

gu idance on a particu la r  issue. 

D ifferent learning levels a re a lso accommodated th rough one-on-one tutorials 

( incorporating adaptive tutoring tools where ava i lable) ,  and through supplementary 

learn ing resources and activities, rather than by adapting a l l  learning materials to the 

ind iv idual user. Furthermore ,  the learning computer assumes that sometimes the 

learner wi l l  adapt to faci l itate col laborative work and d iscussion among students. 
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Dimension S upport 

I nterface " look and feel" - how user i nteracts with The m inimal ist interface provides l i ttle opportunity 

the system . for customising screens apart from re-sizing and 

re-positioning screen objects. 

Sequencing - what part of the course is presented Student can select any topic in the course at any 

next? time. 

Learn ing style - how the material is  presented to Different learning styles are selected by the user 

the student. choosing different study modes. 

Learning level - the degree of difficulty of the Some individual learning tools and study modes 

material presented . may accommodate different learn ing levels rather 

than the system as a whole.  This accommodation 

is  typically adaptable but may be adaptive. 

Learning help - what help is presented to the user Queries are in itiated and defined by the student 

and when. user from anywhere in  the course, i ndividualised 

through user-driven interactive dialogue and 

exploration . 

Table 4.1 : Indiv idual isation d imensions supported by the learning computer. 

4.3.2 I nteg rated S u pport, Commun ication and Col laboration 

The basic means by which the learn ing computer addresses the lonely learner problem 

confronting extramura l  students is by integ rating commun ication , co l laborat ion,  and 

study help into a sing le framework. Distance students can commun icate with each 

other, col laborate together on jo int projects and help each other solve problems, seek 

help and guidance from the course tutor when necessary ,  and seek help and gu idance 

from the system itse lf as an avenue of first - or last - resort .  

This integrated approach represents a s impler method of achieving the individual ised 

help goals of adaptive help systems. At the same t ime it adopts the approach of Murray 

et a l .  (2000) of developing a design which provides for more advanced or inte l l igent 

software features ,  but implements a less soph isticated version that can then be 

eva luated for evidence that students would benefit from the more advanced features .  

The fundamenta l  concept beh ind each aspect of th is integrated system is outl ined in  

the fol lowing paragraphs.  
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Communications 

Students receive messages from other i nd ividual students or their tutor, and send 

messages to individua ls ,  to the i r  work group,  or to all part icipants in  the course. These 

messages a re asynchronous , as with standard emai l ,  and can be transmitted whenever 

a student is logged onto the learn ing network. However, they can be read and written 

whenever the student is us ing their own learn ing computer. All messages are 

a utom atical ly marked with the position in the course (section and topic) at which they 

were composed . 

Collaboration 

I nterna l  students o rgan ise them se lves into workgroups for collaborative projects, and 

designate g roup responsibi l it ies such as leader. The learning computer supports the 

o rgan isation of extramu ra l  students on a s imi lar  basis .  Co-operation is effected through 

tools that enable sending and receiving messages between ind ividuals , sending and 

receiving messages with in groups,  and sharing documents with in groups. 

G roup members commun icate with the course tutor as wel l  as with each other. These 

s imple forms of col laboration enable assessment of group work through monitoring 

g roup d iscussion ,  peer assessment and del iverables produced jo intly by the group. 

Extramural Support 

The learn ing computer provides two kinds of help - help with how to use the system 

and help with learn ing the cou rse  materia l .  Help with using the system is provided in a 

context-sensitive ,  just-in-time, j ust enough , basis .  With in the learning computer this is 

cal led "Help" and is taken up fu rther  in  Chapter 5 .  In  this section the concern is with 

p rovid ing addit ional learn ing help to the extramural student. Th is is cal led "Extramura l  

Support" .  

A student can obtain extra support in understanding any concept covered by a course . 

For the internal  student, the most effective way to get th is support is to ask another 

student or a tutor. In  the learning computer this means send ing an e lectronic message. 

However, in  an extramura l  context there is no guarantee that someone is on- l ine and 

avai lable to answer a query p romptly. Therefore, the student can also query the 

Extra m u ra l  Support system itself as a fi rst attempt to get a meaningful response to their 

q uest ion , o r  when no other avenue is avai lable in a t imely manner. 

The learn ing computer monitors the student's interactions with Extra mural Support and 

reports the results anonymously to the course tutor. For example, it notifies the course 
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tutor whenever a student finds a system response unhelpfu l .  The student may a lso 

notify the tutor d i rectly. These notifications,  together with other  queries and g roup 

d iscussions, including tutor responses, provide the basis for the dynamic updat ing of 

Extramura l  Support by the tutor to improve the system's response to particu lar  queries . 

I nformation gained from monitoring student interactions with the support system may 

a lso be used for gu id ing students towards concepts which they need to revise. 

4.4 Integrated network user interlace 

The learn ing computer provides a l l  the functions and features the extramura l  student 

needs for learn ing ,  through a s ing le i ntegrated interface. This means transparently 

i ntegrating study materia ls sourced from a variety of locations , and in d ifferent media 

formats and learning styles. lt includes communicating with other course participants 

and updating the computer when new or revised cou rse materials become ava i lable . 

The learn ing computer is therefore more than an interface to learn i ng materials stored 

on the student's machine.  lt is a lso an i nterface to a network of computers .  

Course materia ls  are accessible and usable whether  or not the distance student's 

computer is cu rrently connected to the un iversity . Provision is  made to incorporate 

learn ing materia l  del ivered by a lternative means, e .g .  the post (COs) or sate l l ite 1V 
(video).  Therefore , the learn ing computer provides a richer and more specia l ised user 

interface than that provided by a standard web browser, including the abi l ity to display 

and execute software that runs in  non-web-browser environments. 

At the network leve l ,  these characteristics are made possible th rough the network 

acting as a del ivery system for documents , programs and correspondence ,  rather than 

as an interactive learn ing med ium . The interactivity res ides on the student machine .  

In  th is way, re l iance upon the network to support learn ing funct ions is greatly reduced, 

as the entire weight of the system i s  sh ifted away from the education provider and to 

the indiv idual  learner. Most functiona l ity now resides on the student machine (F igure 

4 .2 ) . 1t a lso means that learn ing materia ls del ivered by alternative means - such as 

portable storage media  through the post , or sate l l ite broadcast - can be seamlessly 

integrated into the learn ing env i ronment. 

Furthermore ,  the loca l ised funct ional ity of the learn ing computer fits wel l  with the move 

among educationists away from top-down styles of teach ing to more exploratory a nd 

col laborative forms of learn ing at the tertiary leve l .  lt is a vehicle through which the 

student can more easi ly explore their  subject, including throughout the avai lable 

network. 
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Learner Provider Learner Provider 

Functionality 

Courseware Learning Computer 

Figure 4.2 : Learning computer shifts weight of system to learner. 

4.4.1  Network characteristics 

The learning computer takes advantage of the commun ication and co-operative work 

potential of computers l i nked into networks (and internetworks) .  But th is potential i s  

rea l ised in  forms that work over s low and unre l iab le network connections , whi le 

supporting the specia l  requ i re ments and preferences for an extramura l  learn ing 

environment. Using the t ime-space matrix for computer  supported co-operative work in 

Shneiderman ( 1 998, p .  481 , based on El l is et a l . ,  1 991 ) the system is both 

asynch ronous and d istributed:  

• Asynchronous. The network supports anyt ime,  anywhere study, including in  

d ifferent t ime zones and with d ifferent media  and levels of  sophistication in  

telecommun ications .  Key funct ional ity cannot requ i re synchronous 

communications between any components of the network, or assume h igh­

speed network connect ions, and makes provision for an unrel iable network. 

This requ i res an asynchronous communicat ion model as with emai l .  

• Distributed. Most system functional ity resides on the student machine.  

Extramural study is  largely se lf-paced with min imal  requirements for centra l ised 

monitoring of students' activit ies.  The network supports the frequent exchange 
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of short messages and periodic larger updates of the student's course materia ls 

from a centra l repository .  

At the same t ime,  to support co-operative work - i .e .  for students (and tutors) to 

co l laborate and communicate with each other  over the network - the data held by each 

participant is period ical ly synchronised and updated th rough a centra l  d istribution point . 
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Figure :  4.3:  Networked extramural  e-learning - conceptual  v iew. 

4.4.2 A netwo rked extra m u ral  e-learn ing system 

.. � 

The conceptua l  view of the overa l l  network requ ired to support the learn ing computer is 

depicted in F igure 4 .3. The high-level requ i rements each for the network components 

are summarised i n  Table 4. 2. 

The system supports two-way communications among a l l  users, includ ing the 

exchange of documents with i n  workgrou ps, and the one-way down loading of learning 

resources from the un iversity to ind ividua l  students. lt provides an internal repository 

for storing cou rse resources and commun ications ,  as wel l  as access to externa l  

repositories through which the student can access additiona l  learn ing resources. 

There is a commun ications manager which controls users' access to interna l course 

resources ( repository) ,  including workgroup fi les and messages, and two d istinct user 

components - the learning computer  for the student and the course authoring and 

manag ement system for the tutor. 
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Component Rights Responsib i l ities 

Student View own course Logon onto system 

View own grades Make notes 

Receive messages Send messages 

View g roup discussion Add to discussion 

View assignments Submit assignments 

View group biographies 

View supporting material 

Access Extramural Support Ask questions to system 

Receive course updates 

Course Author View course Log onto system 

Edit/Update course material 

View own messages Send messages 

View all assignments Add to discussion 

View all grades Grade assignments 

View all students Update grades 

View supporting materia l  Locate/update l inks 

View Extramural Support Update, respond to queries 

View student records Add/delete students 

Communications & Access all internal resources Control network access 
Repository Manager 

Manage messaging system 

Provide updated resources to users 

I nternal Resources None Store all course learning materials -

documents, videos, tutorials; work 

group files, messages 

External Resources None Provide supplementary materials -

l ibrary, www 

Table 4.2 :  Requirements for network components. 

Provision is made for students to be organ ised into workgroups, which are monitored 

by the tutor. A l l  monitoring of ind ividua l  student performance beyond course 

del ivera bles and workgroup participation is private to the student component and used 

on ly to support an  i nd iv idual ised help system .  

4.5 Conclusion 

In th is chapter, a h igh  level conceptual view of an extramural e-learn ing system has 

been presented ,  bu i lt a round three design strategies -- specia l isation , custom isation 

and decentra l isation .  At its heart is the concept of a learn ing computer provid ing the 

extramural student with a s impl ified , easy to use, networked learning environment. To 
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support this environment a range of network services and support i s  req uired . In  

Chapter 5 ,  the technolog ical  platform for this overal l  extramura l  e-learn ing system is 

specified . 
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Chapter 5 :  Towards a specification 

Cha pter 5 

Towa rds a s pecification for an extra m u ra l  a ­

lea rn i ng system 
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In  Chapter 4 ,  an extramura l  e- learn ing system was conceptua l ised as a learn ing 

computer. In  th is chapter, a p rototype e-learn ing system ca l led I M M E D IATE 

( Integrating  Mult iMEdia in  a D i stAnce learning and TEaching environment) is 

introduced . IMMEDIATE embod ies a specification for a learn ing computer and its 

networked support services. 

Incremental prototyping has been used to develop I MMED IATE .  This prototyping 

process is  d iscussed in Chapter 6 .  In the present chapter, the major  technological 

platform and design decis ions that provide the framework for th is prototyping are 

d iscussed.  They are :  

• the style of network user interface for the learn ing computer; 

• the a rch itecture of the IMMEDIATE communications network; 

• the development platform upon which IMMEDIATE wi l l  be implemented; 

• the basis for the learn ing computer's modular  construct ion;  

• the framework for provid ing an adaptable learning environment; and 

• the overa l l  arch itecture of the IMMEDIATE prototype needed to prove the 

concept. 

None of these issues could be decided without reference to any of the others .  The 

order in which they are d iscussed in this chapter reflects the priority in which they had 

to be addressed flowing from this interdependence .  

T h e  user-centred approach o f  the learning computer meant that the logical starting 

po int for the design was the character of the user interface . Once this quest ion was 

settled then the network architecture necessary to support th is interface cou ld be 

determined . To min imise any technolog ica l  b ias,  the hardware and software 

development platform was not considered unti l these i ssues had been resolved . 
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5. 1 Network User Interface 

Fundamental to the con ce pt of the learning compute r  is the integration of all the 

funct ional ity an extramura l student needs into a s impl ified graph ical interface . This 

interface seam lessly com bi nes resources located on the user's computer with those 

accessed over a network ,  o r  delivered via d ifferent communication med ia .  Most 

funct ional ity res ides on the learn ing computer, with the network acting as a del ivery 

med ium .  The system shoul d  be usable with or without a network connection . 

For  a student to l ink the i r  home computer to a univers ity server they must connect via 

the te lephone system - either through a d i rect d ia lup connection or using the I nternet 

via a d ia lup connection to their  ISP .  From the remote student's perspective , there is no 

performance benefit and considerably more expense (to l l  cha rges) to the d i rect d ia lup 

a lternative . From the un iversity's perspective, there is l ittle to choose between the two 

methods, especia l ly where the un iversity network uses the Internet commun ication 

protocols (TCP/IP) .  Therefore , for the purposes of the IMMEDIATE prototype , network 

requ i re ments can be addressed in the framework of the I nternet. 

In th is section , a lternative network user interface (NUl )  styles are considered in l ight of 

these requ i rements, and an a pproach for provid ing an i ntegrated interface is outl ined . 

5 . 1 . 1  Alternative netwo rk user i nterfaces 

To determine the best method for implementing an Integrated Interface, a 

comprehensive review of a lternative internet-oriented N U l  styles has been carried o ut 

(Appendix C) .  Whi le most such NU is  are referred to under the generic term , "web 

browser", their functiona l ity and re lat ionship to the underlying operating system have 

u ndergone an evolution ,  which have taken most of them a long way from the "write 

o nce , run anywhere" concept which browsers were orig ina l ly designed to support .  The 

ma in  variations that can be identified are classified here as  the standard web browser, 

the multi-platform enhanced web browser, the single-platform enhanced web browser, 

the specia l ised client interface, and the telecommuting i nterface . Each of these wil l  be 

d iscussed in tu rn . 

General-purpose browsers 

The standard web browser a ccepts as input, text documents conta in ing embedded 

instructions  (tags) which describe the format in which the document is to be d isp layed .  

These text documents a re stored on a web server and served over the network to the 

b rowser client. I n  this way, the same document can be correctly d isplayed on any 
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computer, regard less of its underlying hardware and operating system platfo rm ,  

provided a web browser application i s  avai lable for that platform (Tanenbaum, 1 996 , p .  

695) .  

These browser appl ications are known as th in-clients to d istingu ish them from 

cl ient/server appl ications in which the cl ient mach ine runs software that is stored loca l ly 

(Dewire ,  1 998 , p. 1 1 8) . 

To provide some interactivity, static web documents may be replaced by dynamic or 

active documents , which can respond to user inputs (Corner, 1 999, p .  434) .  A dynamic 

document is created at the server end whenever a browser request is received,  

enabl ing the contents to vary from one request to the next .  An active document is a 

program which is down loaded to the user's browser where it conti nuously recompi les 

and re-d isplays the document in  response to user input. To run active web pages a 

browser  must be "enhanced" by add ing the capacity to compile pages from programs 

before d isplaying them to the user. The th ree basic types of  web document a re 

compared in F igure 5 . 1 . 

I Presentation I I Presentation I Presentation 

Page 

HTML HTML Compiler 

Internet Java + ActiveX + 

� HTML HTML .. 
..... ... 

I Page Server I CGI Page I Database 

Active Page 

Page Server 
Compiler 

Program 
Server 

Static Presentation Dynamic Presentation Active Presentation 

Figure 5 . 1 : Three basic types of web documents. 

Dewire notes : " In  striving to be portable , HTML sacrificed some of the interactive 

capabi l ity that is  proprietary to each o perating system" (Dewire , 1 998, p. 3 1  ) . Most 
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browsers have been enhanced in o rder to uti l ise more of the functional ity offered by the 

computer than is avai lab le through HTML 1 (F igure 5 .2 ) .  

A wide range of technolog ies has been appl ied to  extending the functiona l ity of  web 

browsers. One usefu l way these can be categorised is whether they work across 

mu ltiple hardware/softwa re platforms or whethe r  they are specific to a single-platform . 

Text & graphics Plug -ins Containers for components 

Shock wave 

Acrobat 
VB Script Java Script 

HTML Real Audio 

Cool Fusion 
Active X Java Apple! 

Live 30 

Figure 5 .2 :  Enha nced web browser components (from Dewire, 1 998, p 1 24). 

The multi-platform, enhanced browser provides additional functional ity by using its own 

J ava Virtual Mach ine to run Java programs (applets) downloaded with web pages. 

These programs run with in  the confines of the web browser and only interact indirectly 

with the operating system .  They should work on any platform for which the web 

browser itself has been written .  The applets a re not persistent and must be 

d own loaded each t ime they are requ i red (Dewire , 1 998, p. 21 0-1 3) .  

H owever, to use computer functions not avai lable inside the browser environment -

e .g .  to print fi les or to write them to disk - Java programs wi l l  often be written to make 

d i rect ca l ls on the ope rating system, tying them directly to the u nderlying 

1 Many browsers also have some capabil ity to handle documents stored i n  some XML formats 

(Harald et al . ,  2002 , p. 1 02) .  Wh i le this may increase the range of documents a browser can 

d isplay, it has no effect on the architectural issues under d iscussion here. 
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hardware/software platform (Goldman et a l . ,  1 999,  pp. 338-39) .  They a re then 

essentia l ly a sing le-platform enhanced browser. 

The single-platform enhanced browser i nsta l ls special  programs cal led helper 

appl ications or plug-ins ,  on the user's machine, which interact d i rectly with the 

operating system to provide extra capabi l it ies. The browser passes a fi le to a he lper 

appl ication which runs d i rectly on the Desktop in  a separate window, whereas the plug­

in d isplays the f i le with in  the browser environment. Such programs must be written for 

each computer platform . 

For the Windows platform , plug-ins and helpers have been genera l ised as reusable 

software components cal led ActiveX contro ls .  These are down loaded as requ i red and 

stored loca l ly  for use by any appl ication instal led on the computer. For Java ,  

JavaBeans play a n  ana logous ro le with in a browser (Dewire, 1 998, p .  2 1  0-1 3) .  

The vast majority of browsers in  use today are s ing le-platform enhanced browsers ,  

mostly in  the form of  the Windows-specific Internet Explorer. 

Myth of the platform-independent thin-client, 

In the course of reviewing various lnternet-oriented NUl  styles it has become clea r  that 

two attri butes of the web browser favouring anytime, anywhere functional ity - its th in 

cl ient arch itectu re and multi-platform capabi l ity - have become more myth than rea l ity. 

Gold man et a l .  ( 1 999, pp. 287 -88) noted that the scope of web browser softwa re has 

expanded horizontal ly to include accessing resources on the cl ient machine and loca l 

network, as  well as lnternet-attached resou rces .  And this scope has a lso expanded 

vertica l ly  to include all l nternet-attached resources and services ,  and not on ly  the 

World Wide Web. 

"Web browsers' t ransition to managing loca l  attached hardware resources means that 

they must now be more closely integrated with client operating systems. Whereas in 

the past, web browsers were just another  appl ication program execut ing over a 

particu lar operating system via AP is  and operating systems cal ls  they are now more 

l ike a s ingle integrated piece of software with a particular cl ient operating  system 

embedded with in the web browser software . . .  " ( ib id . ,  pp. 288) . 

The Microsoft!Netscape browser war of the 1 990s transformed browsers into huge and 

complex software systems, as Netscape attempted to embed operating systems with in 

the ir  web browsers and Microsoft attempted to embed web browsers with in the i r  

operating systems ( ibid. p .  288) . With Windows 95 ,  before Microsoft merged its web 



Chapter 5 :  Towards a specification 88 

browser with its operating system ,  Internet Explorer  requ i red more d isk space to insta l l  

than the operating system (Dewire ,  1 998, p .  1 23) .  

The impl ications for web appl ication developers is that rather than writ ing one program 

that wi l l  run anywhere , they f ind themse lves increasingly having to p rovide d ifferent 

vers ions for each browser/operating system platform . For instance , the main impetus to 

Jade developing a special-purpose inte rnet th in client for its database appl ications "was 

that the d ifferent suppl iers '  browsers were not a lways synchron ised to each other with 

their  funct ional ity and we ended up with a mult ipl icity of specia l  code to generate for 

each version/make of browser . "  2 

The same problems face courseware developers who use the genera l-purpose web 

browser  for presenting course materials to the learner. Web-based courseware's 

mu lt imedia  content requ i res standard plug- in and helper modules l ike a media player 

and PDF document reader. Any special ised functiona l ity, such as TILE's Aud iograph 

(Jesshope et a l . , 1 998) ,  requires appl ication-specific software modules which must be 

written for each p latform . 

The impl ications for the student user of a web-based learn ing system are that they face 

the complexity of insta l l ing add itional software on their computer, as wel l  as opening 

them up to g reater security r isks (Gold man et a l . ,  1 999, pp. 337 -38) . 

Specialised interfaces 

Specialised client interfaces provide enhanced functiona l ity more simply by bu i lding an 

interface exclusively for the specific appl ication . Jade, for example, uses a three-tier 

arch itecture in  wh ich the interface accesses the application over the Internet, which in 

turn accesses the d atabase over a local network (Jade, 2000) .  JADE provides an 

example where the functional ity and usabi l ity of an  lnternet-based cl ient-server 

database a ppl ication has been improved by dispensing with the general-purpose 

browser in favour  of a purpose-bui lt th in cl ient. A three-tier structure also a l lows for the 

appl ication to be moved to the cl ient, so that only data has to cross the I nternet, whi le 

presenting the same interface to the user. 

With the telecommuting interface the remote user logs onto their  company LAN via a 

d i rect d ia l-up connection (Goldman et a l . ,  1 999, pp. 462-66), or via the Internet using 

2 Private comm unication from Keith Cowan, 10 September, 2001 
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tunne l l i ng protocols as d iscussed later in th is chapter (5 .2 .3) .  The NU l  provides the 

same view and funct ional ity to the remote user, as if they were d i rectly connected to 

the LAN .  Appl ication logic is located on the remote machine or it is d istributed between 

the cl ient and the server. Remote resources are presented to the user as i f  they were 

stored local ly . In the mobile computing variation ,  the user must be ab le to work off-l ine ,  

requiring on ly  period ic updating and synchron is ing of fi les across the network. 

5 . 1 . 2  I nteg rated Interface 

None of the NUl sty les reviewed above exactly match the requ i rements for a learning 

computer interface. Rather, its integrated interface (F igure 5.3) combines aspects of 

severa l of these styles. 

Of the general-purpose browsers ,  the integrated interface shares most technical ly with 

the s ing le-platform enhanced browser del iveri ng active web documents. With th is sty le,  

the functional ity resides on the cl ient with the Internet acting as a del ivery mechan ism.  

And i t  combines the display of web pages with other interface objects that d i rectly 

access add itional operating system functional ity as needed . However, the s ing le­

p latform browser remains connection-dependent and presents its documents with in the 

c lutter and complexity of the general-purpose environment.  

I ntegrated Interface 

� -- - ----- ------··---, I Presentation 

I Application I 
._ ____________ ____ __ ____ ____________ ! 

Network 
... ... 
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I Data I Management 

IMMEDIATE 

,------- -·- ' r .... _________ r---------·: 
! I I I I - f---J r-1 ·-

., 1 Java 1 ! 1 Apple! 1 1 
ActiveX \ � : - - - -1 � I Web 1 c, I 1 t ! browser 

I � : JVM 1 � ! ! I : I 

Operating System 

Figure 5.3:  Integrated Interface. 
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The integrated interface implements the specia l ised client interface style in that the 

needed functions and features a re s impl ified for the user by being presented within a 

specific interface for learn ing . Un l ike the special ised th in  cl ient, however, the learn ing 

computer is not connection-dependent and makes richer user of local computer 

funct ional ity. 

The integrated interface combines the s impl ified interface of the specia l ised cl ient with 

the integration of network and local features of the telecommuter interface . And, l i ke 

the mobi le computing client, the learn ing computer has a l l  the required functiona l ity 

ava i lable loca l ly .  Only periodic synchronisation with the un iversity back-end is requ i red . 

lt i s  n ow necessary to define a network arch itectu re for IMMEDIATE that can support 

th is combination of aspects of several d ifferent NUl  styles reviewed above. 

5.2 Network Architecture 

If the learn ing computer constitutes the front-end of an extramural e-learning system 

then the back-end is the support ing services provided by the university. These services 

may be located on a s ing le computer or a network of computers connected by the 

u n iversity LAN .  Each learn ing computer connects to these services via a variety of 

possible paths encompassed by the wider I nternet. 

The learn ing computer only requ i res one-way broadband service for the down loading 

of learn ing materia ls from the course repository in the form of text, g raphics,  programs, 

aud io and v ideo . Col laboration and commun ication between students can be supported 

by narrow band two-way te lecommun ications as with Internet emai l .  Figure 5 .4  

h igh l ig hts the  rich variety of commun ication med ia that can be supported with th is 

approach.  They include copper wire and wireless-based Internet, h igh-speed fibre optic 

backbones, sate l l ite b roadba nd download, as wel l  as the transmission of data by 

sate l l ite te levision broadcasts o r  via the posta l system using portable storage media 

such as  COs or  DVDs. 

With in this spectrum of d ig ita l communication media ,  it is practical and feasible for a 

un iversity to support un id i rectional  broadband and bi-d i rectional narrowband 

commun ications world-wide .  

Television broadcasts, textbooks and other non-computer-based materia ls can a lso be 

part of the overa l l  learning environment supported by the learn ing computer, but 

I MM E D IATE leaves it to the u ser  to synchronise them with re lated computer-based 

m ateria l .  
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Figure 5 .4:  IMMEDIATE accommodates d iverse commu nication med ia. 

5.2.1  Architectura l  style 
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Tagg et a l .  ( 1 997 , p .  238) use an analysis tool cal led the Gartne r  Spectrum to 

d istingu ish between major cl ient/server a rch itectura l styles (F igure 5 .5) .  Using th is 

spectrum it is poss ible to h ig h l ight the contrasting network characteristics of 

IMMEDIATE and web-based cou rseware. 

Courseware is a centra l ised , h ierarch ica l system,  which i mplements the remote 

resource sty le .  Only presentat ion software ( i .e .  a web browser) is located on the 

student mach ine .  Appl ication logic (functiona l ity) must be down loaded with the data 

from the university server. 

In contrast ,  IMMEDIATE is best represented by the d istributed logic (peer-to-peer) 

style.  All essential appl ication logic a nd data are d istributed to each user's machine.  

Data is periodica l ly  updated through a remote database, which acts only as a central 

repository rather than as the centra l ised data manager of the remote data management 

sty le .  
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Fig u re 5 .5 :  Gartner Spectrum of Network Styles. 

5 . 2 . 2  Com m u n icatio n  Sty le.  
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There are two main sty les of communication where one application is requesting a 

serv ice from another across a network - synchronous or asynchronous - which Tagg 

et a l .  ( 1 997, pp. 280-81 )  aptly describe as hot o r  cool .  With hot (synchronous)  

commun ications ,  the cl ient and server a ppl icat ions are tightly integrated through 

intermediate software cal led m idd leware. With a Remote Procedure Cal l ,  for  example,  

the cal l ing appl icat ion accesses the server appl ication through the middleware 's  AP I ,  

treating the request in the  same way as a request for a service from the loca l  operating  

system .  The cl ient wa its fo r  a response from the server before executing further code .  

If the request is not immediately executed by the remote appl ication because that 

appl ication is not runn ing ,  is executing another request, or the connection is b roken ,  

then the ca l l ing program w i l l  fa i l .  This style of commun ication is best su ited to a fast, 

rel iable communication network such as an Ethernet LAN (Comer, 1 999, pp. 476-79 ;  

Goldman et a l . ,  1 999, pp .  252-253). 

With the a lternative cool (asynchronous) message-oriented style, communications a re 

more l ike ema i l .  The cl ient appl ication sends a request to the server as a message .  

Once the server receives the message and has been able to  process the request, it 

sends its response back to the client as another message. 

IMMEDIATE wi l l  use a variety of the message-oriented style cal led message queuing 
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which is well-su ited to commun ications across a less rel iable network: "Message 

queuing replaces the d i rect connection between appl ications with a message queue.  

Each appl ication attaches to a message queue that holds a l l  incoming and outgoing 

messages unt i l  they can be processed .  Because the message queue exists 

independently of the appl ication , this removes the message-passing requ i rement that 

both appl ications be runn ing before commun ication is attempted" (Goldman  et a l . ,  

1 999, p.  243) .  

5.2.3 Connection style 

The commun ication protocols defined by the TCP/ IP Reference Model (Tanenbaum ,  

1 996, pp . 35-38) ,  which underpin the I nternet, have increasingly replaced proprieta ry 

protocols l ike Novell a nd Microsoft's NetBeu i  on LANs as wel l .  For s impl icity , a l l  

IMMEDIATE's network components should be bu i lt upon TCP/ IP .  

Under TCP/ IP ,  a l l  commun ications are broken down at  the starting point into smal l  

parcels of  data cal led packets, which may be transported by a variety of  means and 

routes to the dest ination computer, where they a re reassembled in the appropriate 

format .  These commun ications can be as varied as a short asynchronous text 

message,  a Remote Procedure Cal l ,  a large data fi le transfer, or a con nection to a 

remote server for an  e ntire work session . The correct handl ing of d ifferent types of 

commun ications is determined by additional protocols implemented on top of TCP/IP at 

each end of the l ine .  Several re levant higher-level protocols in  the TCP/ IP  fami ly a re 

summarised in Table 5 . 1 .  

SMTP HTTP S-HTTP FTP PPT P  

Simple Mai l  Hypertext Secure-Hypertext File Transfer Point-to-Point 

Transfer Protocol Transfer Protocol Transfer Protocol Protocol for Tunnel l ing 

for delivering for for secure logging on to a Protocol for virtual 

email across an communications transmissions server a nd private networking 

interne! between web between web downloading any over the I nternet 

servers and servers and perm itted fi le 

browsers browsers. 

Table 5.1 : Some higher-level protocols implemented over TCP/IP .  

Web-based courseware provides for ema i l  messag ing between course participants and 

the d i rect transfer of d ata fi les. However, i t  i s  ma in ly  bui lt a round web pages (HTML) 

which use the HTTP protocol .  HTTP is a stateless protocol i n  which each access of a 

fi le o n  the server ( i .e .  a web page or component of a web page such as an  image or a n  
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applet) is treated as a separate connection (Corner, 1 999, p .  425) .  lt is designed so 

that anyone can download any web page from any web site in any o rder. Thus,  

systems l ike cou rseware ,  which control who can access a website and may a lso 

constra in  what they can see, m ust implement additional  measures on top of HTTP.  

Th is  may be as  l i tt le as  capturing user  information for logon purposes or  i t  may involve 

using database technology to generate web pages dynamica l ly accord ing to 

information obta ined from the user, to restrict what that user can see a nd provide some 

interactivity. 

If necessary ,  tunnel l ing technology can be used to i mplement a secure VPN across the 

Internet, us ing encryption (Goldman et a l . ,  1 999, pp. 603-05) .  Tunne l l ing provides the 

user with a continuous connection to a remote computer over an enti re sess ion . VPNs 

are used by remote employees to secure ly  log onto their company network via the 

Internet to periodica l ly  update their f i les and exchange data or, whe re a broadband 

serv ice is ava i lable , to mainta in  a permanent connection with the company LAN for 

teleco mmuting . 

IMMED IATE 's support for a learn ing computer requ i res on ly that the network provide a 

mechanism for transferring fi les and synchro nising data between computers. lt is more 

analogous to the model of the remote worker updating their work fi les over a VPN than 

to the modified web browser/web server model of courseware. However, IMMEDIATE 

does not requ i re the complexities of tunnel l ing .  Therefore , IMMEDIATE wi l l  use custom 

protocols to ensure correct synchron isation bu i lt on top of the File Transfer Protoco l .  

Access to  the repository of  learn ing resources can be secured through password­

protected logons.  If add itional protection is requ i red for any data transfers , then 

encryption/decrypt ion uti l it ies can be implemented at e ither end of the file transfer 

process, us ing a freely avai lable encryption a lgorithm such as the single key RC4 

a lgorithm. 3 

5.3 Development platform 

G iven the ubiqu itous nature of the World-Wide Web,  the Personal Computer (PC) and 

the Windows o pe rating system,  there a re on ly three basic options for a development 

platform on which to bu i ld the student end of IMMEDIATE for insta l lation on a home 

computer. These a re :  

3 http://www.vocal . com/RC4. pdf 
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• a mu lti-platform implementation based a round an  enhanced web browser, 

• a mu lti-operati ng system solution specific to the PC, o r  

• a Windows-specific implementation .  

Each of these options wi l l  n ow be considered in turn . 

5.3 .1  Mu lti-platform 

95 

The mu lti-platform approach is the one usual ly adopted for developing computer-based 

learning systems today. lt centres upon using Java applets to add addit ional  featu res 

and functions to an HTML- (or more recently, XML-) based browser environment. This 

approach , however, has a number  of disadvantages for implementing the learn ing 

computer strategy. 

In o rder to work on a l l  operating systems and hardware p latforms Java applets must be 

l im ited to those features and functions avai lable on all of them (Honeyba l l ,  2002b) .  The 

learning computer requ i res a richer interface than can be easily bu i lt using these lowest 

common denominator capabil it ies. lt would a lso be an advantage to have g reater 

control of the appl ication's look and feel than is possib le using Java's a lgorithm-based 

screen organisation and d isplay (Naughton et a l . , 1 999,  p745) .  

To provide a l l  the requ i red leam ing functional ity, extens ions such a s  applets, p lug- ins 

and ActiveX controls ,  have to be written for each platform on which the learn ing 

computer is to run ,  negati ng many of the multi-platform benefits of using Java in fi rst 

place .  

Lastly, and most importantly, the s impl ified and i nteg rated requ i rements of the learn ing 

computer interface are at odds with the visua l  clutter and complexity wh ich 

accompanies a general-purpose web browser (F igure 3 . 1 ) .  Therefore , to effective ly use 

the multi-platform approach , a special-purpose web interface would have to be bu i lt for 

every major computer platform . 

5.3 .2  PC-based 

There are essentia l ly two types of operating systems that are avai lable for the PC -

Microsoft Windows and Linux. A number of business users ,  and a smal l  layer of 

experienced home PC users have sh ifted to the L inux operating system ,  an open 

source product based on Unix, due to its cheapness, adaptabi l ity and rel iab i l ity. lt has 

become especia l ly  popu lar  as a server system for the Internet (Hal l et al . ,  2000, p 1 2) .  

However, the g reat majority of  home computer users ,  includ ing a lmost a l l  extramura l  
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students (Extramu ra l  News, 2002) ,  use PCs suppl ied with one or another version of 

Windows . To re-configu re a Windows PC to run a L inux-based learn ing computer is not 

a triv ia l  task and could n ot be expected of most computer users working in isolation . 

Th is  is d iscussed fu rther on in the chapter (5 .4) .  

More i nteresting ly ,  because Windows and Linux are both PC-based and therefore 

share the same hardware instruction set, appl ications written for one operating system 

a re often relatively easi ly parted to the other (Wel ls ,  2000). For example, appl ications 

bu i lt with the Delphi I ntegrated Development Env i ronment ( IDE) can be designed so as 

to be porta ble to the L inux platform via the Kylix development environment (Swart, 

200 1 ). Thus,  in theory at least, a Windows-based implementation of a learn ing 

computer can be readi ly customised to work in a l l  PC-based environments. 

5 . 3 . 3  Windows-based 

The Windows operating system appears to the systems programmer as a set of 

specia l i sed C l ibra ries,  the WIN32 AP I ,  which can be d irectly included in a standard C 

or C++ program (Hart ,  1 997, Ch 2; Petzo ld ,  1 996 , Ch .  2) .  Thus ,  the components of a 

learn ing computer m ight be bui lt d i rectly from the basic Windows l ibraries and made 

ava i lable to a learning system developer as ActiveX contro ls .  "ActiveX controls are 

precompi led software objects that can be embedded into other appl ications.  ActiveX 

contro ls  can be written in a variety of programming languages includ ing C, C + +, 

Visua l  BASIC , and Java" (Goldman et a l . ,  1 999). 

A s impler and more efficient method for achieving the same end is to use a visual 

programming development environment, such as the Java-based JBui lder or the 

Object Pasca l-based Delph i ,  wh ich offers more d irect support for an object-oriented , 

component-based , software engineering approach . 

Java has become a popu lar  programming language because of its strong support for 

object-orientat ion and its portabi l ity across computer p latforms. But as an interpreted 

language that only uses a subset of the Windows API functional ity it is a less effective 

opt ion for bu i ld ing a Windows-specific appl ication than Delph i ,  which is fu l ly compi led 

and more tightly integrated with the underlying operating system.  

Accord ing to Cantu ( 1 999) ,  Delphi  "was and sti l l  is the best combination of object­

o riented programming a nd visual  programming for Windows" (pp. xxix) .  Delphi 

maxim ises what a competent programmer can get from Windows, without the ir  having 

to d i rectly deal with the complexit ies of the Win32 API .  Because Windows l ibraries can 

be d ynamical ly l i nked to any ca l l ing program at runtime, the full functiona l ity of the 
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operating system can be accessed through the Delphi  deve lopment environment. lt 

does not matter that Delphi itself is n ot C-based . 

The components of a learning com puter can be bui lt in Delph i a nd then made avai lable 

to a system developer as a package ( i .e .  a "tab") within Delph i 's "d rag and drop" visual 

component l ibrary ("palette") ,  or  they can be "re-wrapped" by Delphi as ActiveX 

contro ls ,  thereby becom ing ava i lable to any Windows-based development environment 

supporting ActiveX (Cantu , 1 999 , pp757-59) .  

A more recent development has been the introduction of the . NET Fra mework by 

Microsoft, which is intended to eventual ly replace the Win32 API as the basis of al l  

Windows appl ications . .  NET provides a standard framework for developing standa lone 

or web-based appl ications, which may be written in  any language, removing the need 

for each language to have their own framework. The program s  are then compi led to 

run on a virtual machine that draws upon the fu l l  functional ity of the Windows operating 

system .  The latest versions of Delphi  are . NET-based and provide a faci l ity for 

migrating Win32 appl ications to the . NET Framework (Microsoft, 2005; Borland , 2004) .  

Based on a l l  these consideratio ns i t  was decided that IMMEDIATE should be 

prototyped for the Windows platform using the Delphi I DE .  

5.4 A Specialised User Shell 

The goal of the learn ing computer  is to simpl ify the computer environment and render 

the i nterface invisible to the user. In  this section ,  the techn ica l outl ines for meet ing 

these requ i rements with in a Windows framework are d iscussed. The student v iew of 

the learn ing computer is a specia l-purpose, di rect-manipulat ion, graphica l  i nterface , 

which provides al l  the funct ional ity needed for a user to complete a task in  the learn ing 

domain .  

To achieve th is i t  is  necessary to remove any v isual  garbage not d i rectly relevant to the 

task at hand .  General-purpose featu res and functions associated with the operating 

system or a web browser, that a re not needed to accompl ish a task in this domain ,  

shou ld be treated as a d istraction and not be made avai lable. 

In  a Windows context, this means: 

• preventing the user from accessing or being distracted by general-purpose 

featu res such as the Desktop and the d i rectory system ;  

• removing the standard menus and toolbars associated with ind ividua l  windows, 

including web browser windows; and 
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Approach Possible Comments 
implementation 

Special ised machine General purpose PC that is The "visual garbage" would 

only used for a single purpose. still be there. Not realistic to 

expect it to remain single 

purpose in the home 

en vi ronm ent. 

Specialised user profi le User profile with specialised Goes beyond options available 

system settings i .e. for Windows profi les. More 

customised desktop and real istic on Linux which has 

directory view un ique di rectory system for 

each user and can be 

customised to meet special 

requirements. Does not hide 

superfluous features and 

functions. 

Specialised application A Windows appl ication with Simplest implementation. Can 

standard menus etc removed. be readily i nstalled on any 

machine using same operating 

system. User still with in  the 

Windows environment. 

Special i sed operating system Dual boot Windows/Linux with Requires skil led installation 

a customised Linux GUI as 

learning com puter. 

Specia l ised user she l l  Superimposes own desktop Can be installed as an 

over the operating system application ,  but shuts out the 

desktop. User can access general Windows 

operating system features and environment. 

functions only through the 

specialised shell 

Table 5 .2 :  Possible methods for rendering the interface i nvisible. 

• l im it ing generic fun ct ions l ike electronic mai l  and web browsing to the current 

learn ing domain .  

F ive possible methods have been considered for implementing these requirements on 

a PC runn ing some version of the Windows operating system (Table 5 .2) :  

• A single-use computer. Implementing a sing le-use Windows-based PC approach 

requ i res that the extramura l  student maintain a specia l  computer at home reserved 
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for learn ing .  Al l  Windows genera l-purpose functions and featu res wou ld remain 

accessible . 

• A special-purpose user profile. Windows operating systems a l low user  profi les to be 

set up wh ich restrict what is d isplayed on the Desktop and what data f i les can be 

seen by a particu lar user. Al l  programs insta l led on the machine can be accessed , 

however, as can a l l  their  general-purpose features and functions .  lt is not rea l ist ic 

to expect al l  extramural students to be able to set up and maintain the i r  own user 

profile for lea rn ing . 

• A special application. I nsta l lat ion wizards have made it possible for relatively 

i nexperienced computer users to insta l l  Windows appl ications .  A special appl ication 

can be presented through a custom interface without all the standard Windows 

features l ike menus and taskbars. However, the learner is sti l l  working with in the 

overa l l  operating system environment whose complexities and d istractions are just 

a mouse-cl ick o r  keystroke away .  

• A specialised operating system with a dual-boot PC. Ope rating systems are 

implemented on at least two leve ls  - an inner kernel conta in ing the functional ity, 

and an outer user command interface, or shel l ,  through which the user interacts 

with the kernel functiona l ity (F iynn et a l . ,  1 997, pp. 4-7 ,  Brookshear, 2003, pp. 1 1 3-

1 1 5) .  Modern operating systems offer a d i rect manipu lation graphical user shel l .  

L inux ,  with its open source code and a separately-ava i lable kernel ,  has been 

designed so that programmers can add their  own user shel l  ( Dyer, 2004) .  In theory, 

the learn ing computer cou ld be implemented as a specia l ised user shell for the 

L inux operating system . However, to run on a Windows-based PC would mean 

creating a dua l-boot system by partit ioning the computer's hard d rive and insta l l ing 

the specia l ised operating system in  the space created (Ha l l  et  a l . ,  2000,  p. 54) . This 

is way beyond what can be asked of a typical home computer user. 

• A special-purpose graphical user shell for Windows. Another possib i l ity is to add a 

specia l-purpose user shel l  to Windows. Implementing this shel l  i s  more problematic 

than in Linux, because Microsoft's proprietary system does n ot provide an open 

source or kernel-only version that would a l low its GUI to be easi ly replaced by a 

custom vers ion .  lt , therefore, would have to be superimposed over the Windows 

GU I  in such a way that Windows becomes invisible to the user. 

F rom reviewing these a lternatives it was concluded that the best approach for 

implementing the learning computer would be as a specia l-purpose user shel l .  Th is  

could be  done most cleanly as  a Linux-based implementat ion . Bu t  to  meet the 
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requ i rements that the learn ing computer be s imple to insta l l  and run from the Windows 

environment, the best so lution was for IMMEDIATE to be implemented as a specia l ised 

g raph ical user shel l  - a  Learning Shel l  - over the Windows operating system .  

5.5 Modular construction 

The learn ing compute r  should be designed and bui lt on a modu lar basis ,  with separate 

interface, appl ication logic and data management layers . To fu rther faci l itate 

maintenance and reusabi l ity, d istinct log ica l functions within each of these layers 

should be implemented in separate software modu les .  

A requ i rement of the learn ing computer is that it teaches a topic in  a n umber of 

a lternative study modes. These modes a re defined by a un ique subset of e lements , 

each of which encapsu lates a specific learning a rtefact . Th is modularity wou ld suggest 

that the component a pproach to assembl ing interfaces, popularised by rapid 

a ppl ication development ( RAD) environments l ike Delphi and Visual Basic (Osier et a l . ,  

1 997,  p.  4 ) ,  is a good fit for bu i ld ing a n  Integrated Interface. Study modes can then be 

implemented through a mechanism for selecting from a pre-insta l led set of learn ing 

components (Figu re 5.6) .  

Dewire ( 1 998, pp. 1 98-99) describes a component as a reusable software module,  

designed to be used with in  another  appl ication ca l led a conta iner. lt may cons ist of one 

class, be a composite of severa l classes,  or  be an entire appl ication . In  contrast to an 

object, whose code must be accessible for the object to be used, a component is  

designed so that it can be used without modifications  to its source code. 

With a RAD approach each learning element can be implemented as a separate 

software component encompassing the necessary functional ity. The fo l lowing 

funct ional ity may be provided by the component: 

• customising a general-purpose tool provided by the underly ing o pe rating 

system (e .g .  a media player) ;  

• l inking to a separate a ppl ication insta l led on the user's mach ine or accessed 

via the network (e . g .  an adaptive tutoring appl ication) ;  o r  

• encapsulating a more soph isticated,  purpose-built learning tool uti l is ing new 

educational technologies (e.g . XML-based learn ing objects) .  

A learn ing component uses the same genera l  form to d isplay d ifferent conte nt to the 

student at d ifferent points in  a course. Conversely,  d ifferent learn ing components map 

the same general learn ing content to d ifferent forms at the same point in a course . The 
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learning computer maps the appropriate data fi le to a component. 

Not al l  elements of the learn ing computer interface embody learn ing tasks. Some 

perform system management tasks such as capturing logon or other information about 

the student, or  to enable the student to navigate the course and access d ifferent study 

modes. These should a lso be implemented as reusable software components . 

Learning by lecture 

Lecture Lecture Notes Learning Goals Group Work 

Tutorial 
Student Notes 

Assignment Study Guide 

Learning by T utorial 

Lecture Lecture Notes Learning Goals Group Work 

Tutorial  
Student Notes 

Assignment Study Guide 

Figure 5.6:  Modes implemented by selectin g  from pre-i nsta lled components. 

Just-in-Time Help 

To provide help in using the various elements of the system, a Help compo nent should 

be l inked to every i nterface element. This component should provide specific, context­

sensit ive help on using the particu lar interface e lement .  lt should not mere ly  p rovide a 

path to an overa l l  help system ,  which the user  m ust try to navigate to find what they are 

looking for. 

In the Delph i  RAD environment, very specific he lp on a component is p rovided to the 

user ( i . e. the programmer) by their selecting the component with the mouse and 

cl icking the "F 1 "  key ( l nprise, 1 999b, pp. 2 . 1 1 - 1 2) . In an analogous way, IMMEDIATE 

should provide just-in-t ime, just enough information for using a component whenever 

the user ( i . e .  the student) selects that component and cl icks the "F 1 " key. 
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5 . 5 . 1  System Components 

The Learn ing Shel l  is requ i red to manage Windows functions l i ke fi le input and output, 

document printing ,  the opening and closing of screen windows, and networking , in such 

a way as to render the operating system invisible to the learner. This requ i res an 

intermed iate level between the learn ing computer i nterface and the operating system. 

This system level  is requ i red for trans lating and synchronising actions between the 

domain-oriented objects and interact ions of the Learn ing Shel l  and the generic  file­

oriented funct ions of the operating system .  To faci l itate modification and re-use the 

system level should a lso have a modular  design . 

Interface components t API 

Controller 

Model Layer 

Operating system 

Figure 5.7 : Learn ing Shel l  System components. 

The essentia l parts of the system level a re shown in F igure 5 .7 .  They consist of a 

Control ler object and a model layer. The Control ler object provides an API through 

which interface components interact with each other  and with the system leve l .  it plays 

an  ana logous role to a browser's contro l ler ,  wh ich manages the other components and 

cal ls on the m  to perform operations specified by the user (Comer, 1 999, p .  427) .  The 

learn ing computer Control ler, however, has additional capacities to manage the 

interface for the user, through reference to the model layer. 

The model layer is  a set of data structures and related operations,  each of wh ich 

models a d ifferent aspect of the learn ing computer. These data structures together 

constitute a reference model, enabl ing interface objects to interact and synchron ise 
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with each other correctly and with the Windows file system.  

The reference model incorporates the  System Tree, a h ierarchica l structure model l ing 

the cou rse table of contents. The System Tree provides the bas is  for  navigation to 

d ifferent sections and topics with in  the course and records the student's progress 

through the course , using a traffic l ight metaphor (F igure 5.8) .  Changing position in  the 

System Tree does not change the student's study mode. 

The reference model stores information about each study mode and learning 

component offered by a course. This provides the basis for swapping between study 

modes within the cou rse . Changing study mode does not change the student's posit ion 

in  the System Tree . The reference model also models the d i rectory system conta in ing 

course learning resou rces. lt maps a learn ing component to i ts correct resource fi le . 

To faci l itate i nd ividual isat ion,  the model level must model the student as wel l  as the 

system .  lt therefore includes a Student Model ,  which stores information about the user 

needed by the learn ing computer that wou ld not otherwise be avai lable. The Student 

Model is d iscussed further in  the next section .  

Figure 5.8:  System Tree models table of contents and student's progress. 

5. 6 Adaptable environment 

A Learn ing Shel l  must provide an adaptable environment which the student can 

ind ividual ise to suit his or her own learning preferences and needs .  Murray et a l .  (2000) 
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h igh l ig ht advantages of the adaptable approach to individual ising a learn ing system 

such as reta in ing the locus of control with the user and being s impler to implement. 

This section specifies the key e lements for achieving this goal with in the IMMEDIATE 

prototype . 

5.6 . 1  Student Model 

Ind iv idual isation of the Learn ing Shel l  is made possible th rough reference to a local ly­

stored Student Mode l .  

Adaptive teach ing systems model the student's knowledge so  that the system can 

dynamica l ly  adapt its teach ing strateg ies to suit the individual student (AIIessi et a l . ,  

1 99 1 , p . 463) .  IMMEDIATE models the student's knowledge so  that the system can 

he lp  the student adjust their learn ing strateg ies and priorities. 

The Student Model records the student's current state vis-a-vis the course, wh ich 

incl udes : 

• their  name and password; 

• their  current pos ition i n  the course (section and topic); 

• their  cu rrent study mode; 

• the sect ions and topics they have attempted or  completed ; 

• their  progress in  meeting key learning goals and concepts; and 

• any other information necessary for configu ring the user's environment. 

The information in  the Model is saved to permanent storage whenever the student's 

state is changed. 

The Student Model enables the system to track the student through the course in  o rder 

to p reserve their position when changing study mode or qu itting the system .  On re­

entering the Learning Shel l ,  the use r  can be g iven the options of return ing to whe re 

they left off previously, o r  of viewing how far they have progressed th rough the course 

and selecting a new topic or mode of study. 

5.6 .2  I nteg rated Learn i n g  S u pport 

Provid ing learning support to ind iv idual students is faci l itated by the integ ration of th is 

support with the commun ication and col laboration faci l i t ies. 

The basic techn iques for co l laboration and communication amongst students and with 
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a tutor across a public commun ications network are well-establ ished and are now a 

basic component of courseware packages. The simplest method is to provide emai l ­

based correspondence and d iscussion g roups .  Courseware systems may uti l i se thei r  

database capabi l it ies to  organise these d iscussions i n  specific th reads or l i nk  them with 

specific parts of a course (Goldberg ,  1 997) .  

Extramura l  Support should enable d i rect student queries on a part icu lar  subject .  And it  

must work when the student is off- l ine and therefore cannot be connected to a centra l 

database. 

To meet these requirements the integrated system should be bu i lt upon a re lational 

database, which stores a l l  correspondence ,  d iscussion and learning support 

i nformation. SOL queries offer a stra ightforward mechanism for provid ing ind ividual  

student and tutor views of th is database , and for search ing for answers to student 

queries. 

This database should be organised a long the l ines of IMMED IATE's d istributed logic 

arch itecture. The best fit would be along the l ines of models that have been developed 

to support mobi le computing such as the "Briefcase model" ( l nprise ,  1 999a, pp. 1 3 . 1 7-

1 3 . 1 8) o r  "asynchronous repl icat ion" (Connol ly et a l . ,  1 999 , p. 7 1 2) .  These represent a 

more peer-to-peer style of d istributed database organ isation in which each user has a 

local copy of the database and some mechanism is provided for caching of updates to 

a l low asynchronous, off-l ine remote function ing . 

Separate emai l-based commun ications are not necessary in  I MMEDIATE because a l l  

students can be l i nked to a centra l copy of the database over the I nternet. Loca l copies 

of the database on student mach ines can then be synchronised and updated 

automatical ly whenever the student logs onto the network. 

5.6.3 I ndiv idual ised S u p port 

As wel l  as integrating learn ing support with the system's commun ications and 

col laboration , IMMEDIATE must individualise it so that a student can receive 

mean ingfu l ,  relevant help from the system itself, without having to tu rn to the course 

tutor or fel low students with every query .  

IMMEDIATE should provide an adaptable mechanism through which the  user in itiates 

a dia logue with the system by defin ing a query on a particu lar subject and then 

receives a specific, context-sensitive response. Laddering , i . e .  the repeated probing of 

an  issue via Why-type questions (Reynolds et a l . ,  1 988) should be supported. I n  other 

words,  if the student is not satisfied with the system response then it should be 
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possible for the student to repeat o r  re-define the q uery to mu ltiple depths, in add ition 

to being a ble to pass the query on to the tutor. 

Extramura l  Support should be able to learn from its experience and improve its 

responses to the same or s imi lar  queries over t ime. 

The start ing point for meeting these requ i rements is recognising that because the 

lea rn ing computer tracks the student as they work, a l l  communications -- including 

q ueries and thei r  responses -- are l inked to a particu lar  pos ition in the course . Th is 

provides the framework for organ ising these communications into a coarse-gra ined 

knowledge base .  

Organising Learning Support as Knowledge System 

There a re th ree elements to be considered in uti l is ing the system database for a 

knowledge system :  

• Provid ing a more user-friendly interface query interface than standard SQL or 

Query By Example can provide; 

• Deve loping a d i rected search strategy which a ims to return a more mean ingful 

resu lt set than is possible th rough a blind or brute force search of the entire 

database. 

• Modifying the structure of the database (e . g .  by adding fields) to faci l itate 

implementing either of the above strategies. 

User-Friendly Query Interfaces 

Harmon et a l .  ( 1 985, p. 262) note that: " I n  many cases, smal l  knowledge systems 

derive the i r  uti l ity from their  user-friendly nature rather than from their abi l ity to capture 

knowledge that wou ld be d ifficult to represent in a conventional program."  

Querying d atabases is considered a promising arena for applying Artificial I ntel l igence 

techniques for natura l  lang uage pars ing because databases usual ly represent a 

coherent and restricted domain (Luger et a l . ,  1 998 , Ch .  8) .  Another simpler approach 

a l lows a subset of Eng l ish to be used in natural-language-like q ueries which may be 

parsed by their syntax or their semantics (Heinrich et a l . , 2000; Heinrich et a l . , 2001 ) .  

For the  purposes of  th is i n it ia l  prototype a h igh ly-simpl ified modification of  the semantic 

query ing approach in  He inrich et al .  (2001 )  wil l  be used . Queries a re l imited to fou r  pre­

defined types "What?" ,  "Why?" ,  "Where?" ,  "Who?" . The semantics of these queries a re 

summarised in  Table 5 .3 .  The user selects one of these query-types and then 
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associates it with a key word or phrase in  the cou rse materia l .  The efficacy of th is 

approach may then be eva luated , and the need for a more sophisticated approach 

assessed .  

Dimension Mean ing Comment 

What? What is the meaning of this I nvolves finding the best match for the phrase (or its 

word or phrase? synonym) in a course glossary. 

Why? Explain this concept I nvolves searching a database for the m ost 

further. appropriate explanation or combination of 

explanations of a particular concept (phrase). 

Where? Where can I find further I nvolves searching a database for further references 

reading on this concept? ( l i nks) to the current phrase, subtopic or topic. 

Who? Who has written further on Involves searching a database (or i nternetwork of 

this concept? databases) for further references ( l inks) to authors on 

the current phrase, subtopic or topic. 

Table 5.3: The four d imensions of the Integrated Help system. 

Directed Search 

A perusal of Table 5 .3  shows that the concept of searching a database is  at the centre 

of Extramura l  Support .  The s implest method is a text search of the ent ire database 

looking for key words ,  and retu rn ing every match ing record . This bl ind or brute force 

search strategy wi l l  f ind any and a l l  references to the key words in the database but wi l l  

have no way of selecting and ranking those resu lts l i ke ly to be most helpfu l to the user. 

A more d irected search strategy is requ i red . 

Gonza lez et a l .  ( 1 993, Ch .  1 )  describe search strateg ies as the "foundation of a rtific ia l  

inte l l igence" (p .  3) . The principal components of a Knowledge-Based System a re a 

database, a user i nterface, and an intel l igent program, or i nferencing mechanism,  

mediating between the user and the database (Figure 5 .9) .  

With in the Extramural Support system ,  the inferencing mechan ism cons ists of the ru les 

for searching the database to provide the most mean ingfu l poss ib le resu lt . A directed 

search strategy includes what to look for, where to look for it, and how to rank/present 

resu lts? Extramura l  Support implements these in the fo l lowing manner:  
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I nte l l igent 
program 

User User 
I nterface 

Database 

F igure 5 .9 :  Knowledge-based system components (Gonza lez et a l . ,  1 993). 

• What to look for. The user selects what type of query to make and on what subject 

( i .e .  what key word or phrase). The system maps the key word or phrase to related 

terms. 

• Where to look for. The system uses the system tree to search the database, 

beg inn ing with the current topic, then the closest adjacent topics ( i .e .  leaf nodes in 

the System Tree) ,  unt i l  sufficient results have been found. 

• How to present/rank results. The query resu lts a re ranked so that the most relevant 

resu lt is presented f irst and the least relevant, last. At its s implest level , the resu lts 

are automatica l ly  ran ked by the i r  proxim ity in the System Tree to the current node. 

The implementation should a l low for more sophisticated ranking a lgorithms to be 

added during the prototyping process. 

Modifications to the database 

Because the System Tree is the meta-description of the learning computer - used by 

the student model ,  extramura l  support and the d i rectory system - text and keyword 

searches of such a structured database are d i rected in a way not otherwise possible. 

The teacher edits his o r  her responses to student q ueries and other usefu l d iscussion 

items ,  including by adding keyword and other l i nks between entries to fac i l itate various 

q uery types and deeper search ing .  In  th is way the integrated help system is bui lt 

dynamica l ly and col laboratively by the tutor and students. 
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5. 7 /M MEDIA TE specification 

The learn ing computer is  conceptual ised as the front-end of a networked e-learn ing 

system for extramura l  study. The main components of th is network, and their  h igh  level 

requ i rements, are d iscussed in  Chapter 4 (4 .4 .2 ) .  Ease of maintenance and reusabi l ity 

requ i re a clear separat ion of functional ity between these network e lements 

IMMEDIATE is a prototype system developed to test and evaluate the concept of the 

learn ing computer. lt therefore needs to implement on ly those elements that are 

necessary to ach ieve th is .  

Whi le the student interface is central to  the learn ing computer concept, th is  project is 

much more than an inte rface evaluation exercise . lt i s  also about proving the feasib i l ity 

of a mechanism for the authoring and del ivery of learn ing materia l  in support of a 

col laborative learn ing environment, that is accessible and usable by extramural 

students study ing alone, ut i l is ing strategies of special isat ion,  local isation and 

adaptabi l ity. This means that to implement I MME D IA TE for the purposes of eva luating 

the hypothesis ,  three separate prototypes need to be built and then integrated i nto a 

working system .  They are a Learn ing Shel l ,  a Course Authoring and Management 

Appl ication and a Communications Manager. 

The Authoring appl ication is l inked to the Communications Manager and the Course 

Repository via a Local Area Network (LAN) .  

Earl ier in th is  chapter (5 .4 ) ,  the rich variety of communication media that can be 

supported within this approach was h ighl ighted ,  includ ing standard te lephone, wireless, 

d ig ital satel l ite and postal technolog ies . The essentia l  requirements are the provision of 

a bi-d i rectiona l  narrowband Internet connection for communications and a uni­

d i rectional broadband med ia  for downloading learn ing resources from the course 

repository to the learn ing computer. Variations between te lephone, wire less and 

satell ite broadband del ivery are resolved at the level of the computer hardware and 

operating system, and appear to the learning computer as an Internet connection . 

Therefore the two main categories of commun icat ion media that need to be evaluated 

through prototyping are the Internet and portable sto rage med ia. 

The Learn ing Shel l  is l inked to the Communications  Manager via the I nternet using a 

secure FTP connection and through portable storage media such as CD-ROM .  This 

provides one bi-d i rectional  communications med ium ( i .e .  the transfer of message fi les 

over the Internet using FTP) and two unid irect ional download media ( i . e .  downloading 

resource f i les us ing FTP via any lnternet-enabled channel or  by mai l  using portable 

data storage).  Resources external to the Repository are accessed via the Internet. 
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The essentia l  components of IMM E D IATE and its configuration a re depicted in Figure 

5 . 1  0 .  Th is  is a s impl ified network a rch itecture specification, compared to that in Figure 

5.4 ,  but it is sufficient to evaluate the learning computer concept. 

On-campus 

Authoring, Tutoring 

System 

External 

- - - - - - - - - - - -

Off 
Resources 

-campus 
(w w w) 

� 
Internal links 
External links 

LAN 
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F igure 5 . 1 0:  IMMEDIATE network components and configuration. 

5.8 Summary - Prototype Focus 

This chapter has presented a part ia l  specification for a special ised computer for 

learn ing ,  and its supporting network services . This provides the framework for 

implementing a prototype system cal led IMMEDIATE .  Key aspects to IMMEDIATE's 

design include : 

• A cl ient/server network arch itecture in  which the student cl ient is implemented as a 

specia l ised Learn ing Shel l  over the Windows operating system.  The un iversity 

server provides data updates to the student cl ients over the network, or by 

a lternative med ia ,  and enables two-way communications between students and 

between students and teaching staff. Learn ing functional ity is d istributed to the 

student c l ients . 

• The Learning Shel l  is assembled from reusable RAD "drag and d rop" components 

with settable propert ies. D ifferent study modes (learning d imensions) a re defined 

by particu la r  combinations of components, to which appropriate learning resources 

are bound .  Learn ing components a re defined from the user's  perspective by the 
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"what" rather than the "how" e .g . " lectu res" not "media p layer", "study gu ide" not 

"web browser". 

• The integrity of the Shel l  is ma intained by a system layer, conta in ing a Contro l ler 

object and a reference model ,  which maps Shel l  operations to the operating 

system .  The reference model is centred upon a System Tree, defined by the 

structu re of the study guide, as  the basis for a di rectory system,  a student model 

and learn ing support. The System Tree defines a h ierarch ical cou rse structure by 

course title ,  sect ion , and topic . Each learn ing component has a d i rectory system 

mapped to it. Changing the study mode does not change the student's position in 

the System Tree . Changing the position in the System Tree does not change the 

study mode. 

• The integration of commun ication , col laboration and extramura l  learn ing support 

into a s ing le d istributed database system organ ised on a mobi le computing mode l .  

Th is  is  mapped to  the System Tree to provide the structu re for a coarse-gra ined 

knowledge base which can be queried a long several d imensions. 

The next step in the methodology is  to use prototyping to further explore and refine the 

key e lements of IMMEDIATE 'S design . These elements can then be integrated into a 

working prototype, including additiona l  appl ications to test the networking and 

autho ring support. This prototyping work is the subject of the next chapter. 
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Cha pte r 6 

Prototyp i ng the extra m u ra l  a-learn i ng system 

This chapter d iscusses the prototyping phase of the research . The primary objective of 

this phase was to bu i ld a working version of IMMEDIATE to test the techn ica l feasib i l ity 

of the learn ing computer concept, introduced in Chapter 4, and to make possible a 

subsequent evaluat ion with users .  

The focus of the prototyping effort has been the Learn ing She l l ,  reflect ing the pr imary 

emphasis IMMEDIATE g ives to the student end of an e-learn ing syste m .  However, in 

order to evaluate the overa l l  concept adequately, it has a lso been necessary to develop 

working prototypes of the course authoring and commun ications management 

appl ications and to integrate them into a functional  network. 

IMMEDIATE has been implemented us ing the open-ended evolutionary, or  

incremental, prototyping method (Pressman ,  1 997 , pp. 285-288) .  Beg inn ing with the 

framework outl ined in Chapter 5,  the design has been explored and refined through the 

prototyping process itself. This has involved developing and evaluating the key 

elements of the design indiv idual ly .  Then the refined elements have been progressive ly 

incorporated into an overal l  working system .  This in  turn was evaluated and refined 

under laboratory conditions in preparation for field-testing with users .  The resu lts have 

been cod ified in a series of documents and in the prototype itself. 

To assist in the incremental prototyping , scenarios, use cases, and sequence d iagrams 

have been used to capture key interactions between the user and the Learn ing Shel l  

interface, and between various system elements which support i nterface funct ions 

(Appendix D) .  Th is  documentation subsequently provided the basis for the scenarios 

used to evaluate the prototype with users .  

Borland Delphi  Professional Version 5 .0 ,  runn ing on top of Windows 98 , was chosen as 

the prototyping env i ronment. In order to facil itate rapid prototyping , wherever possible 

appl ication modules have been assembled from reusable Delphi or  th ird party software 

components using the Visua l  Component Library (VCL).  

Delphi  a lso offers a fu l ly SOL-compl iant database functional ity which interfaces with 

most popu lar  data base systems. For prototyping purposes, Paradox tables were used . 

I n  conjunct ion with the Borland Database Eng ine, they provided the necessary 
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funct ional ity and cou ld be freely and easi ly insta l led on multiple computers. 

The key aspects tested in the prototyping process were :  

• Identify ing the functional  requ i rements for a student user. 

1 1 4 

• Using a components-based approach to assemble a learn ing system by 

transforming individual learn ing elements into software components. 

• Simpl ifying the interface, by using a system level reference model to embed 

user ca l ls  on the operat ing system in the learn ing tasks themselves .  

• Refin ing the overa l l  i nterface design for s impl icity and usabi l ity. 

• I ntegrating learn ing support and commun ications functional ity. 

• Resolving network and communications management issues. 

• Demonstrat ing a method for the authoring and re-use of lea rn ing materia l .  

• Merg ing the Learning She l l ,  the course authoring and the communications 

management p rototypes into a working system.  

Discussing each of  these aspects in  tu rn provides the framework for the remainder of 

this chapter. 

6. 1 Functional requirements for student user 

The essentia l  starting point for prototyping IMMED IATE was to identify more clearly the 

functional requ i rements (Bennet et a l . ,  1 999, p .  99) which the student end of the 

system ,  i . e .  the Lea rn ing Shel l ,  must fulfi l .  These requirements emerged through the 

process of reviewing  the l iterature on d istance learn ing ,  from personal experience as 

an extramura l  student and tutor, from perusing several extramural course study gu ides, 

and from a series of informal inte rviews with people with practica l experience in th is 

area.  Those interv iewed included: 

• A n umber of teachers with experience in  preparing and coord inating d istance 

learn ing courses at the un ivers ity and pre-un iversity leve l ;  

• Several former and current d istance learn ing students; 

• An educat ional ist with research and practical experience in applying technology 

to learn ing ;  and 

• A professional  instructor in  the authoring of web-based un iversity courses .  
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These requ i rements were further refined during the process of conceptua l is ing a 

learning computer. The starting point in the prototyping process was to represent and 

refine these functional requ i rements using scenarios (Carrel l ,  2000) .  The Start-up 

scenario is shown in F igure 6 . 1 .  All the scenarios are included in Append ix D1 . 

The functional requ i rements which the Learn ing Shel l  must satisfy can be broadly 

categorised as those specific to a particu lar learn ing element, and those re lated to 

more genera l  interactions between the student and the system.  Pr imary attention was 

g iven to capturing the latter on the basis that they define the fundamenta l mechanisms 

wh ich the Shel l  must support .  They were further  documented in the form of use cases 

and sequence d iagrams (Append ix D2 and D3).  

6.2 Component-based approach 

In the proposed approach the Learn ing Shel l  is assembled from reusable "drag and 

drop" softwa re components with settable propert ies .  Different study modes a re defined 

by particular combinations of components , to wh ich appropriate learning resources are 

bound . 

Prototyping of learn ing components was broken down into seven steps: 

• Identify study modes 

• Identify learn ing elements that make up each mode 

• Simu late these elements in Delphi code 

• Translate these code modules into reusable Delphi components 

• Assemble into learn ing interface 

• Refine for modularity , reusabi l ity and ease of maintenance 

• Evaluate the resu lts . 

6.2 .1  Study modes 

I n  Chapter 3 at least six d imensions of learn ing at the un iversity level were identified 

(3 .2 .3) . These were learn ing by textbook, by lecture , by exploration , by col laboration , 

by doing and by tutoria l .  Learn ing by exploration , for example, involved students 

acquir ing knowledge by fol lowing their own l ines of thought th rough the cou rse subject 

matter, as they m ight browse a l ibrary book or other relevant materia l .  These 

dimensions were used as the basis of the Learn ing Shel l 's study modes. 
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Start-up Scenario 

Mary starts up  her PC , logs on to Windows using her learner profile, and double-clicks the Learning 

Com puter icon to enter the learning system. The Windows desktop is  replaced by the Learning Computer 

desktop. Mary is now presented with a log in screen which welcomes her to Communication 1 0 1 , displays 

her username and prompts her to enter her password. She enters her password and clicks the OK button 

(or hits enter) . 

Mary has m istyped her password. A message notifies her of this and she is given the option of selecting 

CANCEL and qu itti ng the Learning Computer, or OK, after which she can re-enter her password . Mary 

selects OK, enters her password correctly, and a screen appears offering Mary a number of options. She 

cl icks on the Help icon and a page is displayed that explains each of these options thus: 

Return to previous topic The course wi l l  open in the study mode and topic that you were in when you 

last used the system 

Select new topic The Course Explorer wil l  open from where you may choose to explore any available 

topic and study mode 

Update course materia l .  You should select this option i f  you wish to update your course resources. 

You wi l l  be presented with the options of updating from a CD-ROM that has been mai led to you, or 

d i rectly from the University via the Internet 

Restore from backup You should select this option if your course materials have become corrupted. 

You wi l l  be presented with the options of updating your course material from a C D- ROM that has been 

mai led to you, or directly from the University via the I nternet 

Update system settings Select this option if you wish to change your personal ised system settings, 

such as the drives you use for updating, backing up or accessing course materials. 

Exit Exit the course. 

Mary selects "Update Course Material". She is asked to nominate whether she will update from a disk or 

from the I nternet. Mary chooses the update form disk option and she is asked to place the disk in the D 

drive. She does so clicks OK and she returns to the user options screen. ( If she had chosen the update 

from the I nternet option, she would only have to click OK and wait for the Learning Computer to connect to 

the course repository and download any updates to her machine. If no updates are available the system 

wil l  notify Mary of this.)  

If  Mary had chosen the "Restore from backup" option a similar process would be followed. 

Now Mary chooses the "Update System Settings" option. A screen opens presenting Mary with her current 

personalised system settings and options for changing them. She opts to change her backup drive to the 

floppy drive (A) , clicks OK and is returned to the User Options screen again .  This t ime she hits ENTER and 

the course opens at Section 1 ,  Topic 2 in Text Book Mode, which is where Mary was working when she 

last exited the course. 

<End of start-up scenario> 

Fig u re 6 . 1 : Start-up scenario 
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Learn ing by doing was fu rthe r  broken down into an  Assignment and Practice mode, 

better reflecting the actual structure of an extramura l  course. Whi le the Learn ing Shel l  

as  a whole has been designed to support self-paced , exploratory learn ing ,  a separate 

Exploration mode was created to support student browsing of the un iversity l ibrary and 

other supplementary read ing sources. 

6 .2.2 Learn ing elements 

The learning artefacts defin ing each study mode have been identified through analys is 

of the d ifferent d imensions of un iversity teaching and learn ing ,  and of a typ ical 

un ivers ity extramura l  course , as part of the functional requ i rements analysis.  As 

d iscussed earl ier (6 . 1  ) ,  this analysis drew upon personal experience with extramura l  

and internal un ivers ity study ,  perusal of course study guides and web sites, and 

d iscussions with un iversity lecturers and on l ine cou rse designers .  

The set of scenarios,  depicting interactions between a student and the learn ing 

computer in each of  the study modes, helped further identify learn ing e lements and 

other necessary screen artefacts (Appendix D) .  

Sixteen separate lea rn ing e lements have been specified. They fit into two genera l  

categories: mode-specific a rtefacts that are only used when studying in a part icu lar  

mode (e .g .  a lecture object), and generic objects which students may use in  any mode 

(e.g .  a notepad) .  Three addit ional interface elements were specified that provide 

general support to the computerised learn ing environment (e . g .  a User Options object 

needed for logg ing on and off the course) .  All interface components are shown in 

Figure 6.2 .  

6.2.3 Del p h i  code mod ules 

Simu lating the learn ing elements in software requ i red investigating a wide range of 

implementation methods. Most of the learning a rtefacts could be g rouped by 

functional ity into five basic categories representing generic functions l ike text edit ing or 

viewing web pages (Table 6. 1 ). Each of these categories was implemented as a super  

class, from which classes representing the actual  artefacts were inherited and 

customised (Appendix E ) .  Many of these super classes were able to be bu i lt by 

modifying existing Delph i  a nd th i rd party software components or sample code. 
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F igure 6 .2 :  Interface components of the Learning Shel l  

Category Basic functional ity Implementation 

Multimedia viewer Display mu lti-media file Delphi component wrapping 

Windows media player 

Document viewer Display an HTML-based Delphi  web browser component 

document encapsulat ing Internet Explorer 

eng i ne 

Editor Word processing Customise sample RTF editor 

Browser Browse selected websites Delphi  web browser component 

Launcher Launch or  l ink to independent Third party component that 

application launches executable files 

Custom Various application-specific Build from scratch using basic 

functions Delph i  components where 

possible 

Table 6.1 : Basic learn ing element categories 

A sixth category consisted of the remainder of the learning elements. These had 

funct iona l ity very specific to the Learning Shel l ,  such as the messaging function .  These 

had to be custom-bui lt ,  u sing Delph i  controls as bui ld ing blocks wherever possible. 

Working versions of al l  i nterface a rtefacts were successfu l ly prototyped . Each interface 
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element is a self-contained software modu le that performs a specific task 

i ndependently of any other. 

Whi le the i mplementation was in some cases complex, involving mu ltiple windows and 

data fi les,  it has been encapsu lated so that each learning a rtefact appears to the 

Learn ing Shel l  as a s ing le form , e . g .  the Message L ist component (F igure 6 .3) .  When a 

learn ing element is requ i red to be d isplayed , the Shel l  suppl ies th is form with the path 

of the learn ing e lement's start-up data fi le and then shows it. 

var 
Messagelist: TMessagelist; 

implementation 
uses vlaController, vlaSystem Dictionary, v laSystem Utilities, vlaMsgData, vlaMessaging , 

vlaAddMessage, vlaReplyMessage, vlaForwardMessage, vlaAIINewMessages; 
procedure TMessagelist. FormCreate(Sender TObject) ; 
begin 

end; 

inherited; 
MessageSystem := TMessageSystem . Create( self) ; 
MessageSystem . setMsg List( self) ; 
MessageSystem . Col or:= self. Col or; 
beforeUpdate:= 0.0; 
loadGroupMembers; 11 b1ograph 1es & photos 

procedure TMessagelist .addNewMessage(addressee: stri ng) ; 
begin 

end; 

NewMessage: = TNewMessage. Create( self) ; 

NewMessage. ShowModal ; 
if NewMessage. ModaiResult = 1 then begin 

dsMessage. Data Set. Close; 
dsMessage.DataSet .Open;  
self. Paint; 

end; 

//new message added to database so 
11 show w1th new message added 

F igure 6.3 : Message List component encapsu lates mu ltiple forms. 

6.2 .4 Reusable learn ing components 

Delphi components are software modu les which encapsulate a s ingle logical function 

or group of functions. This funct iona l ity may be re latively s imple as in a l ist box , or  very 

complex as in a complete web browser. There are two forms of components 

recognised by Delph i and s imi lar  visual programming environments - those that can be 

"d ragged and dropped' from a component palette onto a base form , and those that can 

be copied or  inherited from a form template stored in the Object Repository .  Once a 

component has been added to a project it is then custom ised by sett ing its properties. 

A Delphi component may also be extended by a programmer to provide add itional 

functional ity ( l nprise, 1 999a , Ch . 2 & Ch. 31 ) .  
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Learn ing e lements are software modu les which perform a single log ica l learn ing 

system service o r  re lated g roup of services, and provide a standard ised interface to the 

rest of the Lea rn ing Shel l  when th is service is requ i red . To maxim ise modu la rity and 

reusab i l ity, these e lements do not d i rectly interact with each other. Instead, each 

interfaces to the Shel l  Control ler object, which manages the interface and passes 

req uests for services between interface components a nd the system layer. 

Beca use the Shel l  is Windows-specific ,  each e lement can d irectly cal l  on the Windows 

API  ( l ibra ries) ,  e . g .  to d raw itself on the screen, open  data files , etc. These cal ls  a re 

on ly  managed through the Contro l ler  where necessa ry to mainta in the integrity of the 

Learning Shel l  by avoid ing d i rectly exposing the operating system to the user. 

Due to the carefu l modular design of the learn ing e lements, embodying them in  a 

s ing le parent form (Appendix F 1 0) ,  transforming them into reusable Delphi components 

is  q u ite straightforward .  Delphi provides a template for writing the source code for 

wra pping the learn ing element module,  including defin ing any settable properties and 

their  defau lt values (F igure 6 .4) .  Each learn ing component implements a 

create Learn ingComponent method which creates a n  instance of the component's 

parent form, wh ich , in turn , creates any subsid iary forms on an as-needed basis 

(F igure 6.4) .  Delphi uses th is template to compile and insta l l  the modules as  v isual  

components on the VCL palette (F igure 6 .5) .  

Two levels of  learn ing components have been prototyped.  A base level component 

encapsu lates a supe r  class such as an RTF editor and m ust be dragged onto a form 

and then customised. An i mplementation-ready component wraps a fu l ly functiona l  

learning e lement, such as Assignment Feedback, and needs only to be dragged onto a 

form . 

6.2 .5  Learn ing Shel l  assembly 

For a fu l ly operational  Lea rn ing She l l  to be assembled from learn ing components, an  

a ppl ication template is  requ i red that embod ies a l l  the logic needed to  man ipu late these 

components correctly. Th is  has been achieved using Delphi 's form template faci l ity. 

The Learning Shel l  appears to a learning system appl ication programmer as a 

component in the Delphi Object Repository .  This component creates the Learn ing 

She l l  background screen or  Desktop. The Desktop form encapsulates a l l  the system 

funct ional ity of the learn ing computer. By inheriting th is form from the Repository, a nd 

dragging the des i red learn ing components onto it from the VCL palette, a fu l l  Learn ing 

She l l  can be bui lt (F igure 6 .5 ) .  



unit vim Feedback; 
interface 
uses 

Chapter 6: Prototyping 

Windows, Messages, SysUti ls ,  Classes, Graphics, Controls, Forms,  Dialogs, 
vlaComponent, vlaFeedback; 

type 
Tvlm Feedback = class(TvlaComponent) 

public 
procedure createlearningComponent; override; 

end; 

procedure Register; 
var 
Feedback: TFeedback; 

im plementation 

procedure Register; 
begi n  
Regi sterCom ponents('VLM', [T vim Feedback]) ; 

end; 

{ TvlmFeedback } 

procedure T vim Feedback. createlearningCom ponent; 
begin 

end;  
end. 

inherited ; 
Feedback:=  TFeedback.Create(application) ; 

1 2 1 

Figure 6.4 : Code to wrap Feedback learning element as Delphi component. 
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Figure 6 .5 :  Shel l  assembled by d ragging components onto Desktop form. 
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This encapsulation has been implemented i n  the fo l lowing manner. 

By defau lt in  De lph i ,  an appl ication object creates al l the main objects as instances of 

g loba l  variables, usual ly forms,  which a re then available from anywhere in the 

appl ication . In the Learn ing She l l ,  the appl ication only instantiates a Desktop object, 

which in tu rn creates a l l  the S hel l  objects through its constructor method, including the 

principal forms of a l l  learn ing components (F igure 6.6) .  The Control ler and all interface 

components a re created as instances of g lobal  variables accessible from anywhere in 

the appl ication . System objects, such as the reference models ,  a re created by the 

Contro l ler object as i nstances of loca l  variables,  and can only be accessed through the 

Contro l le r's publ ic methods. 

Al l  these implementation detai ls are h idden from the appl ication programmer. 

procedure TDesktop. FormCreate(Sender: TObject) ; 
begin  

end ; 

controller : =  TControl ler .Create(self); 
CourseExplorer : = TCourseExplorer. Create( self) ; 
StartUpDesktop :=TStartupDesktop. Create(self) ; 
UserOptions:= TUserOptions.Create(self); 
ResourceMenu : =TResourceMenu.create(self) ; 
System Log : =  TSystem Log. Create( self) ; 
ExtramuraiSupport : =  TExtramuraiSupport .Create(appl ication) ; 

createCom ponents; // that have been dropped onto form 

procedure TOesktop. createComponents; 
var 

begin 

end;  

i : i nteger; 
comp: TvlaComponent; 

for i := 0 to self.ComponentCount - 1 do 
if (self.Com ponents[i) is TvlaComponent) then begin 

comp :=  self.Components[i) as TvlaComponent; 
comp. createLearningComponent; 

end; 

F igure 6.6: Desktop encapsu lates a l l  Shell components. 

At the t ime when the Lea rning Shel l  (Desktop) component is compi led and added to 

the Object Repository ,  it is not known what learn ing components wi l l  be added to a 

particular appl icat ion . In  fact, some entirely new components may be written and 

added by a learn ing system programmer. Therefore , the names of learning 

component's princ ipal  forms cannot be included in  the source code of the Shel l  

component, which is  not avai lable to the programmer. 

To enable the Contro l ler  to manipu late the forms created by learning components, the 

parent forms of a l l  learn ing components must fo l low a naming convention. The name 

m ust: 
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• be unique and not be used by any other component in the appl ication ;  
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• use upper case characters rather than spaces or underl ines to separate 

words;  and 

• be mean ingfu l ,  so  that it can be parsed as the component form's caption . 

The programmer must add th is name to a fi le 'components .txt' which the System Model 

(Section 6 .2 .3) uses to construct a l ist of learn ing components. This l ist is  used by the 

Control ler to reference the actual screen forms through a processForm method 

(Appendix F1 ) .  

6 .2.6 Refi nements to promote consiste n cy and mod u la rity 

A number of refinements have been made to promote consistency th roughout 

I MMEDIATE and to enhance modularity , reusabi l ity a nd mainta inabi l ity: 

• A System Dictionary un it has been created to define constants such as system 

directory paths and other values that are used in different modu les in  the Learning 

Shel l  and its supporting appl icat ions. In  this way ,  changes only need to be made 

once to be reflected th roughout the system (Appendix F3) .  

• A System Uti l ities un it (Append ix F4) has been provided conta in ing frequently-used 

functions and procedures that can be accessed by classes and un its anywhere in 

the overa l l  IMMEDIATE project. 

• Another "write once, use anywhere" approach was found to be usefu l for some 

frequently-used routines, such as fi le and fo lder manipulation , that may involve 

complex d i rect programming of operating system API ca l ls .  This was to i mplement 

the routines as the properties and methods of non-visual  Delphi components. As 

components, they may encapsulate existi ng Delphi contro ls ,  whose methods 

implement some or all of the requ i red AP I ca l ls .  As non-visual components, they 

may be dragged onto forms where they are accessible to the appl ication ,  while 

remain ing hidden from the user. 

• The Control ler AP I has been made avai lable to component programmers .  This 

enables components to uti l ise a wider range of system functional ity and to enable 

some information to be passed ind irectly between components in  a un iform manner 

(Append ix F1 ) .  

• A comprehensive Delphi  object hierarchy has been defined for the Learn i ng  Shel l ,  

to support consistency and reusabi l ity th roughout the appl ication . The object 
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h ierarchy defines the inheritance paths for a l l  the approximately 80 classes making 

up the Shel l (Appendix E2) .  

6.2 .7  Feas i b i l ity of com ponent-based approach 

The process of prototyping and ref in ing the classes and components making up the 

Learn ing Shel l  is documented in Appendix E .  

The prototyping has confirmed that i t  i s  technica l ly feasib le t o  assemble an  extramural 

e-learn ing system using a component-based approach . The experience of actual ly 

implementing the learn ing computer prototype has shown that th is a pproach al lows for 

a very large  degree of flexibi l ity in  defin ing and redefin ing learn ing d imensions and 

components. 

Working components supporting al l  the defined modes were successfu l ly implemented . 

These provided a l l  the learn ing functional ity offered by typica l web-based courseware 

systems .  Moreover, add itional  funct ional ity not general ly offered by courseware , such 

as one-on-one adaptive tutoria ls ,  was a lso successfu l ly prototyped a nd integrated into 

the She l l .  And , the modu lar  design of the learn ing components demonstrated a 

mechan ism by wh ich existing components can be easi ly updated , or replaced by ones 

with more sophisticated functiona l ity. 

At the programmer leve l ,  reusabi l ity is ach ieved by adopting the object-oriented 

template and component approach of "drag and drop" Rapid Appl ication Development 

env i ronments. 

6.3 System level support 

The th i rd major  prototyping task was to eva luate a method for embedding user ca l ls on 

the ope rating system in the learn ing tasks themselves, thereby rendering the operating 

system i nvis ib le to the student. 

The proposed method, as d iscussed in  Chapter 5, was to create an  intermediate layer 

between the Learning She l l  i nterface and the operating system which models the 

course structu re (5 . 5 . 1  ). This system layer tracks the student through the course and 

m aps user interactions with Shel l components to the correct fi les and objects with in 

Windows. A System Tree defined by the course Table of Contents is  central to this 

reference model .  

The  prototyping steps fo l lowed were: 

• Implement the System Tree d ata structure . 
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• Identify system level operations requ ired to support the Learning Shel l .  

• Specify a modular  structure to best support these operations. 
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• Implement system modules as classes encapsu lating the necessary data 

types. 

• Refine fo r modularity, reusabi l ity and ease of maintenance 

• Evaluate the resu lts . 

6.3 .1  System Tree 

A table of contents is a shal low tree structure of sections and topics .  This is easi ly 

represented by a l ist of l ists. This implementation accommodates addit ional levels such 

as attaching a l ist of learn ing goa ls  or key concepts to each topic (F igure 6 .7 ) .  The 

System Tree is made visible to the user through the Course Explorer  interface 

component (Figure 6 . 1 5) 

Figure 6 .7 :  System Tree with additional  concept level .  

6.3.2 System level operations 

At the heart of  the learning computer concept is navigation - tracking and storing the 

user's current pos ition and taking them to any new position they select. An in it ia l  l i st of 

operations (Table 6 .2)  needed to support the Learn ing Shel l 's navigational logic was 
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extracted from use cases and interaction d iagrams.  This included storing and providing 

i nformation about the current state of the system and of the student. The sequence 

d iagram for the Change Mode use case is shown in Figure 6.8 .  Further sequence 

d iagrams a re included in Appendix 03. 

System Level Operations 

I n it ial ise System Model 

Save System Model 

I n it ial ise student model 

Save student model 

Get current student position (mode, section, topic) 

Set current student position (mode, section, topic) 

Get current resource (section, topic, component) 

Set current resource (section, topic, component) 

Get topic status - not started/attempted/completed 

Set topic status - not started/attem pted/completed 

Save student work (section, topic, component) 

Change Study Mode ( new_mode) 

Change Topic ( new_Section , new_ Topic) 

Get Component List ( selected_mode) 

Open (th is_com ponent) 

Close (this_component) 

Set Revision Mode 

Table 6 .2 :  System level operations defined from use cases . 

... ., 
c: Cl c: "' "' "' c: :;: :;: "' 
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::> u (/) (/) 0:: 
s ele ctMode(Mode) » 

change Mode(Mode) » 

updateMode(Mod e)» 

updateModel (Mode)» 

«toCiose (Complist) 

« close (C omp) 

« toOpen(Complist) 

«open(Comp, File) 

getResource(Comp) » 

getFile 

«Resource (file) 

updateModei(Mode)» 

«updateDeskto p(Mode) updateMode » 

saveModel » 

Figure 6 .8 :  Sequence diagram for Change Mode Use Case. 
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6.3 .3  Reference model specification 

I n  addition to  the System Tree object it was found to  be advantageous to subdivide the 

reference model into modules with specific responsib i l ities . lt was a lso more efficient to 

store certa in information about the student, such as what topics they had completed , 

with the system data structures themselves,  rather than in the separate Student Model .  

The System Model object stores information about each study mode a n d  learn ing 

component offered by a course . For example , it knows whether the data d isplayed by a 

component can be ed ited and saved by the user o r  is read-on ly .  The System Model 

provides the information for swapping between study modes with in the course . 

The Resources Model object encapsulates the d i rectory system that conta ins course 

learning materia ls .  lt maps a learn ing component to its correct resource f i le, if one 

exists. For any topic in  the course , it provides a l ist of al l  components for which 

resources a re ava i lable. The Resource Model must map to the actua l  d i rectory 

structu re to provide fo r updates, i nsertions ,  deletions and gracefu l recovery from errors 

(e .g . fi le not found) .  

The Student Model object stores the student's current position  in the course ( i .e .  

sect ion, top ic and study mode) and any other data necessary to  ind ividual ise the 

course to a particu lar user that wou ld not otherwise be recorded . 

6.3 .4 I mplementation of d ata structu res 

The class implementations for the reference models are general ly stra ightforward .  

Each model class i s  defined a s  a data type with a set of publ ic operations, and conta ins 

the data structure and additional functions and procedures needed to imp lement these 

operations .  

Most of the data types involve the manipulat ion of l i sts of strings ,  wh ich are 

implemented using a rrays . Custom string l ist classes were used,  rather than those 

provided by Delph i ,  to enable more d i rect support to the requ i red operations. To 

in it ia l ise and permanently update the reference models, the data structures a re stored 

as text fi les (Appendix F 1 3) in the Models sub-directory of the System folder (F igure 

6 .9) .  The complete folder system for the Learning Shel l  is shown in F igure 6 . 1  0 .  

The Resources Model encapsu lates the Resources folder structure. F i les stored in the 

root Resources folder fo l low a naming pattern ind icating the learn ing component they 

belong to and their  position in the cou rse. This fi le conta ins  the names of all the 

resources associated with a particular component at a g iven point in  the course . These 
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resources are stored as fi les in that component's subdirectory in the Resources fo lder 

(F igure 6 . 1  0). 

For example,  "s0 1 t02 1e . txt" is the fi le associated with the lecture component in  Section 

1 . 02 of the course (F igure 6 . 1 1 ) .  Th is f i le conta ins the name of a video fi le and of an 

image file of the lecture r  making the presentation , which are located in the Lecture sub­

fo lder of the Resources d i rectory. The lectu re component obtains th is informatio n  from 

the Control ler when its show method is ca l led (Figure 6 . 1 2) .  

The Resources Model uses algorithms based on th is naming pattern to return the file 

path for a component, a nd other related ope rations . 

The Contro l ler object uses the i nformation suppl ied by the reference models to map 

learn ing components to Windows forms ,  pass the correct data f i les to those forms,  and 

then show them to the user  (Appendix  F 1  ) .  

hli!IITle � [�������1lbleW 
1 KB  Te:.:t 0 o curnent 09-DcHIJ 1 2 30 
1 KB  Te:o:t D o curnent 1 0-Qd-01 1 2  38 � 8Jway�thesarne.w 1 KB  Te:.:t 0 o curnent 1 4-JuH)3 1 4:<l 6 

clipb o rud .M 1 KB  Te:o:t 0 o curnent 25tri c.y-03 1 8:28 � rodes.M 1 KE Te:.:t O o curnent 09-DcHJJ 1 2:3 1  
OJI D U  rs.1xt 1 KB  Te:o:t D ocurnent 29-5er:r-03 1 �:2 B � rompone nts.W l KB  Te:.:t O o curnent 09-DcHJJ 1 2: 32 
ronte nts.N 1 KB T e:o:t 0 o curnent 01 Dec-03 1 5:3 6 � ronte ntsDe1ault.tx1 1 KB  T e:.:t 0 o curnent 26-Sep-D3 1 4:3 0 
end1t1 g s.1xt 1 KB T e:o:t 0 o curnent 09-Dct-{]3 1 2: 1 9  

(;] genrom p .w 1 KE Te:.:t O o curnent 09-DcHJJ 1 2  31 
� rnodoldi spi�,·W 1 KB  T e:o:t 0 o curnent 09-()ct-{]3 1 231 
(;] seaiort��.�ide.t.:t 1 KB Te:.:t 0 o curnent 24-J urt-{)3 1 5:<l 3 
� stud model.txt 1 KB  T e:o:t 0 o curnent 01-Dec-03 1 5:36  
(;] stud modeiDefault M 1 KB  Te:.:t 0 o curnent 02-Dct-1:13 1 5: 39 
� suffio:es.1xt 1 KB  T e:o:t 0 o curnent 1 3-J urr-DJ 1 8:0 7 
(;] s�··smodel.t>:t l KB  Te�'t O o curnent 09-0cHI3 1 2: 32 
� sys1ernse�ings.N 1 KB  T e:o:t 0 o curnent 1 0-()ct-{]3 1 3  06 
(;] sy81ernse�ingsDefault.W 1 KB Text 0 o cument 1 0-0cHI3 1 0 01 
� tmredi11xt 1 KB  T e:o:t 0 o curnent 26-J urr-DJ 1 7  � 7 
@ -..; sited.IXt 1 KB Text D ocument 1 0-0ct-{)3 13 06 
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Figure 6.9:  Reference models stored as text files in Mode ls d irectory. 
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Desktop Update D rive Backup D rive t Imports 

Exports 

� Backups 

� Models L Resou rces 

Program Files 

Database 

Hel pUpdates 

� 
UserEditComp1 

U serEditComp2 

UserEditCompN 

� VLM 

E Resources ----, � System 

f- �:,. E Temp 

L 

Learning Comp1 

Learning Comp2 

Learning CompN 

Figure 6 . 10 :  Learning She l l  d irectory structure. 

_;;;y s01 t02cle - Note pad 
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V 

Figure 6.1 1 :  Content of "s01 t021e.txt" in Resources d i rectory. 

6.3 .5  Refinements to system mod u les 
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Through the prototyping process the modu lar design of the system layer was refined to 

improve reusabi l ity and make modification easier. Figure 6 . 1 3  shows the Learn ing 

Shel l 's  refined arch itecture . 

A model manager object was introduced to remove any dependencies between the 

Contro l ler object and each model, for easier mod ification of the prototype . This was 

important because implementations that use Windows contro ls ,  e .g .  a h idden form , a re 

not interchangeable with custom-bui lt classes that make no ca l ls on the operating 

system l ibra ries. The i nterfaces for the model managers are included in Append ix F .  
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procedure TLecture. FormShow(Sender: TObject) ; 
begin 

1 1  set lecture and image file paths 
getFi lel nfo; 

//get image 
imlecture. Picture. LoadFromFi le(imageFi le) ; 

//d1splay message to user 
StatusBar1 . Si mpleText :=  caption+': Click picture to load . '; 

end; //of forms how 

procedure TLecture.getFilelnfo; 
var 

begin 

end;  

i nfile: textfile; 
l ine: stri ng; 

filepath:= control ler.getFilePath( self.name ); 
try 

except 

end;  

AssignFile( infi le, filepath ) ;  
Reset ( infi le ) ;  
read ln (  i nfi le, l i ne ) ;  
lectureFile = LECTURE_DI R+ l ine; 
readln(  i nfile, l ine ) ;  
i f  not eof( i nfile ) then 

imageFile:= I MAGE_DI R+I ine 
else begin 

imageFile:=I MAGE_DI R+DEFAUL T _I MAGE; 
end; 
closeFile( i nfi le ) ;  

showVLAMessage( 'Could not load lecture.' ) ;  
exit; 
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F igure 6 . 1 2 :  Component show method gets data filepath from Control ler. 

Mechan isms were successfu l ly added for saving and backing up student's work, and 

performing management tasks l ike logging on and off, with minimal input from the user. 

The reference models were modified to a lso support IMMEDIATE's authoring and 

course management responsib i l it ies. The model manager layer provides the interface 

to the authoring appl ication , passing d ifferent parameters to the model layer depending 

on whether  it is being used for learning or authoring .  (See , for instance ,  the System 

Tree Manager class interface in Appendix F8). 

6.3 .6  Embedded o perati ng system 

The creation of an i ntermediate system layer between the Learn ing Shel l  interface and 

the operating system ,  successfu l ly  embedded operating system operations in the task 

domain .  In particu lar ,  by d i rect manipu lation of the Course Explorer, it was possible to 
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navigate to any point with in  the course ,  and to change from one study mode to a nother, 

with the system automatica l ly handl ing the necessary open ing and closing of f i les. 

However, du ring the course of prototyping the Shel l  i t  became clear that to manual ly 

define a course , and then correctly add learn ing materia ls ,  was a complex task 

requ i ring a thorough understanding of the Lea rn ing Shel l 's i mplementation .  For the 

learning computer approach to be a viable a lternative to conventional courseware , a 

method had to be demonstrated for a non-programmer to author and update a course 

without being exposed to the internal complex ities of the system . This i ssue is 

addressed further in  the section on the authoring p rototype (6.6) .  

Desktop 
Generic Learning Mode-Specific 

Enables user to User lnfo 
Component Learning Component 

interact with the Enables system to 
system controller directly collect info 

Tools available in any Accessible only by 

to change modes, from the user - lagon, 
mode. Managed by changing mode -

launch i nterface backup drive, . . .  
the user, e.g. Student managed by system 

components, etc. 
Notes e g Lecture Notes. 

System Controller JaliRiu 

Operating 
System API 

Called by 
components 

for their 
internal 

functionality 

All interactions between components are channelled through here. 
Manages the interface components - mode changes, etc. Interacts 

with system components via respective managers. 

Manager 

Student Model 
Holds student 

into needed by 
system & not 
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password 
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System Model 
Maps 

components to 
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completed, etc 

Learning shell d irectory system 
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Resources 
Model 

Maps stored 
files to 
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Figure 6 . 13 :  Learning Shel l  arch itecture. 

6.4 Interface Design 

� 
Handles 
leaming 

components 
interactions 

with database 

System 
Database 
Integrates 

messages & 
learning help 

Successfu l e-learn ing requ i res designing the computer environment for form as well as 

content (Smulders, 2003) .  In  th is section the overa l l  look and feel of the Learn ing Shel l  

is described . I mportant considerations shaping the design and refi nement of the 

interface are d iscussed using Nielsen's usabi l ity heuristics (F ig u re 6 . 1 4) as a 

framework. 

In the in itia l  stages of developing the Learn i ng Shel l ,  the primary focus was upon 

implementing the ind ividual interface com ponents and the underly ing mechanisms 
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needed to support the special learn ing computer functional ity . As new learning 

components were developed and tested ,  they were added to the prototype one-by-one. 

S imi la rly ,  new system functions and the i r  corresponding interface artefacts were added 

step-by-step. 

While consideration was g iven to the genera l  design of the interface duri ng these 

stages, it was inevitable that some i nconsistencies and redundancies would be 

introduced that inh ib ited usabi l ity. Therefore , once these objectives had been achieved , 

the prototyping e mphasis sh ifted to the desig n and refinement of the overa l l  

environment provided by the Shel l .  I n  th is phase ,  consideration had to be g iven to the 

genera l  pr inciples of good interface design and the special requirements for a learning 

com puter. 

1 .  Visibility of system status 

2 .  Match between system and real world 

3. User control and freedom 

4. Consistency and standards 

5. Help users recognise, diagnose recover 

from errors 

6. Error prevention 

7. Recognition rather than recall 

8. Flexibi lity and efficiency of use 

9. Aesthetic and minimal ist design 

1 0. Help and documentat ion 

F igure 6 . 1 4: N ie lsen's usabi l ity heuristics (Nielsen,  1 994). 

6.4.1  Learn i n g  Shel l  look a nd feel  

The concept of  the  learn ing computer enta i ls  a domain-specific, m in ima l ist interface in 

which many funct ions normal ly managed by the user a re managed by the system.  The 

emphasis is o n  usabi l ity and s impl icity. In l ine with th is min imal ist design ,  the Shel l  

does not provide many of the features and shortcuts that experienced Windows users 

have come to expect. 

The Learning Shel l  provides a d i rect manipulation graph ical user  interface 

(Shneiderman ,  1 998, p. 71 ), centred upon the use of a mouse pointing device. User 

interactions with the Learn ing Shel l  are documented i n  the scena rios outl ined in 

Appendix 01 . Additional  screen shots of the Shel l  can be found in Chapter 7 (F igures 

7 .2  - 7 . 1 3) and Appendix G .  

The Learn ing Shel l  replaces the Windows G U I  with its own specia l-purpose one. In th is 

way it provides a m in imal ist i nterface with just the functional ity that the student needs 

for h is/her current learn ing task. However, M icrosoft does not d i rectly support the 
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development of alternative G U is for its operating systems,  by provid ing programmers 

with source-code and kernel-on ly versions, as L inux does. Therefore , the Learn ing 

She l l  could only be implemented by "tricking" Windows. lt has been impleme nted as a 

Windows appl ication with some special properties that shut out, rather than replace, 

the Windows shel l  in the fo l lowing manner: 

• Upon opening , the Learn ing Shel l  overlays the Windows Desktop with its own 

Desktop screen ,  and d isables a l l  the special  Windows system keys on the 

keyboard .  In  this way, al l  keyboard and mouse interactions are confined within the 

Learning Shel l environ ment . The Desktop is implemented as a maximised , 

borderless window. Disabl ing the system keys is activated by a method i n  the 

System Uti l it ies un it (Append ix F4) and is ach ieved by a ca l l  to the Win32 AP I .  The 

keys are re-enabled by a s imi lar  method when the use r  exits the She l l .  

• To rema in visible and accessib le to the user, a l l  learn ing components within a study  

mode must remain above the  Desktop, even when they are not the immediate 

focus of the learner's attent ion.  This is  achieved using Windows forms' FormStyle 

property. The Desktop's form style is set to normal , and the style of the base form 

inherited by a l l  learn ing components is set to a lways stay on top , i .e .  above the 

Desktop (Appendix F1 0) . 

• Conventions for the design of components i n  the form of inheritance h iera rchies,  

templates and guidel ines have to be upheld by component programmers to avoid 

exposing the operating system ,  e .g .  through f i le saving d ia logues. 

Desktop 

The Learning Shel l  environment is entered by cl icking an icon on the Windows 

Desktop. The Windows Desktop is then replaced by the Shel l  Desktop disp laying a 

logon form . Once the user has logged on , the logon form is replaced by a User Opt ions 

form . From the User Options form the user can comp lete housekeeping tasks such as 

u pdating the course content, return to where they were in the course when they last 

logged off, or navigate to a new position via the Course Explorer. 

The Desktop (F igure 6 . 1 5 )  provides a plain background for the She l l .  The on ly items 

d isplayed on it are the u n iversity logo and course t itle ,  a help icon, and the current 

section , topic, study mode and t ime. All other features must be accessed th rough a 

Desktop Menu which pops up when the Desktop is rig ht-cl icked with the mouse. A key 

aspect of the Lea rning Shel l 's min imal ist interface is that a l l  its functional ity is 

accessible by memoris ing just three paths: 
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• Pressing the F1  key brings u p  a Help screen for the selected interface component 

(F igure 6 . 1 6) .  Cl icking on its Help icon has the same effect . Performing this action 

when the Shel l  Desktop is selected brings up help on the system as a whole.  

• Right-cl icking with the mouse on the Desktop pops up the Desktop Menu ,  from 

where the user can navigate forward and backward through the course, open the 

Course Explorer, access add it ional learning too ls l ike Student Notes ,  get Help , or 

exit the system . 

• From the Course Explorer (F igure 6 . 1 5) ,  the student can navigate to any topic, and 

change to any study mode with in that topic. 

Al l  system-re lated features except the Help icon are h idden when the user is engaged 

in  a learning task. 

Course Explorer 

1 .4 Modelling The Interaction 
Course Directory 

Sec110n 1 4  1 59 353 Human-Computer lnteractton 
- • 1 HCI Fundamentals 

• 1 1 Destgnmg for Usablltty 
Modelltng The lnteractton 

1 .2 Modellmg The User Interface 
a 1 3 The User Cog miNe Issues 

Status Attempted 

• ill$@ffll@liftMtp@fu 
T 2 Analysis and Conceptual Design Study Options 
.:t • 3 Phystcel Oestgn and lmplementatJon DoltYourself 
• • 4 User-centred Design end Evoluotton Exploratton 

+ • 5 Other Issues GroupWork -
Lectures 

1 59.353 Human-Com pute r Interact ion 
Section 1 .03 

TextBook 

Exploration Mode 

Figure 6 .1 5:  Desktop with Course Explorer open. 

Course Explorer 

The m ost important interface featu re is the Course Explorer (Appendix F2) , th rough 

which the learner navigates the i r  course .  lt has been implemented using Delphi 's 

TTreeView com ponent, which uses the g raphical control developed by Microsoft to 

display the Windows d i rectory system .  
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The Course Explorer provides an example of how the Learn ing Shel l  implements many 

of the qua l it ies emphasised by Nie lsen such as vis ibi l ity of system status,  user control 

and freedom,  recognition rather than reca l l ,  and flexib i l ity and efficiency of use. 

When the student opens the Explorer ,  the course table of contents is vis ible in the form 

of a co l lapsible tree . The student's current pos ition, i . e . topic, in the course is d isplayed. 

The current section node is expanded to show a l l  i ts chi ld (top ic) nodes (Figure 6 . 1 5) . 

The Explorer  a lso d isplays separate ly a l ist of al l  the study modes avai lable for that 

topic. Th is design d raws upon the findings of Larson et a l .  ( 1 998) that broader and 

shal lower menu structures are qu icker and easier to use than narrower and deeper 

ones, which have more levels to navigate . 

/ 

l ecture Notes 

Help on using Lecture 

Thrs component enables you to ¥rew or  hsten to a multrmedra present at ran 
such as a ¥Ideo or audro lec ture 

� JuJ.03 

1·e to start 

Lecture Cllck p>cture to I Tips on using Author: Chns Ptulhps 
To load the presentatron the lecturer's rmage should be doubte-cl rcked wrth 
the mouse Large vtdeo clips may take some trme to load Once loaded 
resr;::e the component to surt the presentatron by draggmg corner 'Mth 
mouse 

The buttons srmulate the funct rons of a vrdeo player The funct rons from left 
to nght are 

.21.2t Runs the lect ure present at ran 

Pause Pauses presentat ron If already paus ed when cl icked 
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51Qn Stops the presentatron 
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PreVIous Sk1ps to the prev10us track . or to  t h e  begmnmg 1f t h e  � 
�------n"_'•_nt-�t i_n n_rln_• ,_n '_"'-"-''"-' '-' ----------�� F=====���������� 

1 59 . 353 Human-Com puter Inte ract i on 
Topic 1 .02 Lee tu res Mode 

Figure 6 . 1 6 :  Help screen for Lecture component. 

Whenever  a topic is selected in the tree , the l ist of available study modes is updated by 

the contro l ler from information suppl ied by the Resource Manager. Cl icking an  OK 

button o r  double-cl icking a topic or study mode, passes the selected items to the 

contro l ler for processing as a Change Topic, Change Mode, or  Change Mode and 

Topic, event. Colour-cod ing , based on a traffic l ight metaphor, is used to show the 

student's progress through the course , in l ine with Najjar's  recommendations on the 

effective use of colour  (Najja r, 1 990) .  lt shows which sections and topics have been 
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previously attem pted (amber) ,  which have been successfu l ly completed (green) ,  and 

wh ich have not yet been attempted (red) .  The status codes are stored in the System 

Tree (Figure 6.7)  and a re updated whenever the student carries out some self­

assessment tasks, as is d iscussed in Section 6.4 .  

6.4.2 I nterface Refi ne ment 

The goal in ref in ing the Learn ing Shel l  interface design was to have the computer 

van ish as users become a bsorbed in their task domain (Shneiderman,  1 998, p 1 8) .  

This requires a user-centred-design that m in imises presumptive , contro l l ing ,  o r  

intrus ive features (Murray et a l . ,  2000) .  

The framework for refin ing the interface was a self-eval uation using Nielsen 's usabi l ity 

heuristics . As a result of the eva luation ,  a number of modifications were made to 

indiv idual interface objects , to how they appear in relat ion to one another, and to the 

u nderly ing system functiona l ity of the She l l .  

I n  the remainder of  th is section , some important features of the refined interface are 

d iscussed by reference to each of Nielsen's heuristics . 

Visibility of system status 

While the Lea rn ing Shel l  interface is min ima l ist, th is is not at the expense of 

transparency. The student's current position in  the course is displayed on the Shel l  

Desktop. This d isplay is updated , via the Contro l ler, whenever the screen is repainted .  

Visual  cues are used where ope rations may take seconds or even minutes to  complete 

(e . g .  loading a video fi le) . An egg-t imer cursor is wrapped around al l  such routines, and 

a sequence of messages conveying the status of the selected operation are d isplayed 

in the component window's status bar. 

Match between system and real world 

On the u nderstanding that "old media serve as metaphors for new ones" (Col l ins ,  1 995,  

p .  223) ,  the Learn ing She l l  i mplements , in  electronic form, the basic artefacts of the 

correspondence-based extramura l  course and of the core modes of un iversity study. In  

th is way, the She l l  seeks to  create a fam il iar  and intu itive environment for the student. 

H owever, elaborate g raphical representations of rea l  world objects have been rejected 

in  favour  of s imple ,  p la in screens .  
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User control and freedom 

A number of devices have been introduced to keep the user informed and in contro l ,  

and  to  extricate themselves from unexpected situat ions. The most important of  these is  

the  Course Explorer, which enables the user to  rapidly navigate to  and from any point 

i n  the course . 

The Shel l  strongly supports user-d riven self-learn ing .  But to max1m1se freedom of 

learn ing it places greater constra ints on what the learner can do as a compute r  user, 

compared to the Windows environment. Nevertheless, wh ile managing many tasks for 

the student, the user is always informed of any s ignificant change and g iven the 

chance to cancel the action before it becomes i rreversib le.  

lt is  sometimes essential that the user completes one task, encapsulated by a 

part icu lar  interface component, before moving onto another e .g .  when logging o n  to the 

course or completing a self-assessment to reg ister progress through a topic .  This 

requ i rement is  recorded in the System Model .  In  such cases, the user 's freedom of 

choice is constra ined by the Contro l ler  presenting the component's parent form in a 

modal state. This means that the user must do what is necessary to close the form , i . e .  

to  complete the task, before being able to  access anyth ing else on screen . 
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Figure 6 . 1 7 :  Mode components are colour-coded . 
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Consistency and standards 

A consistent, m in imalist look and fee l  to the interface has been enforced th rough 

constra ints bu i lt i nto the implementation of learn ing components. Th is  includes the size, 

posit ioning and label l ing of widgets, the caption ing of screen forms and the use of 

custom d ia logue boxes to d isplay system messages. Wherever possible , these 

constraints have been embedded in super classes with in the Lea rn ing Shel l  object 

h ierarchy . A new learn ing component then inherits these constra ints via a form 

template within the Delphi Object Repository. The source code for the learn ing 

component super class is included in Appendix F 1 0 .  

To help visual ly d istinguish study modes, it was decided to colour code their  

components (F ig u re 6 . 1 7) .  Research such as that of Wright et a l .  (2001 )  has shown 

that appropriate use of colour can aid user memory and faci l itate the formation of 

effective menta l models .  A colour-cod ing sche me is stored in the System Model and 

passed to a component at run-t ime . To a l low for a component to be shown in d ifferent 

modes, it obta ins its colour-code from the contro l ler whenever its pa int method is 

ca l led.  System interface objects have their own colour-code as wel l .  

Help users recognise, diagnose, recover from errors 

Because the Shel l  tracks the learner through the system, and has a s impl ified , 

transparent structure without a myriad of h idden features, it is able to uti l ise a few 

s imple strateg ies to prevent the user gett ing lost and to help them to identify and 

recover from errors. Th is includes a lways clea rly d isplaying the student's study mode 

and current posit ion in the course , visua l is ing the entire course in the Course Explorer, 

and providing just-in-t ime , just enough help for the interface component with which the 

user is currently interact ing.  

The Help screen for each component e mphasises a "handy h ints" approach for how to 

use that component. 

Error prevention 

To prevent errors , for a l l  crit ical actions - e .g .  the saving of student work such as an 

assignment before shutting down , or modify ing settings such as how the system wi l l  be 

u pdated from the Repository - dia logue boxes a re d isplayed that provide the user with 

a clear  description of the selected course of action and the option to confirm or cancel 

that act ion.  
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However, the major  error prevention strategy has been to manage the user's 

environment so as to min imise what the learner has to remember or do vis-a-vis basic 

computer tasks. All essentia l  functional ity can be accessed by right-cl icking the 

Desktop to pop-up the Desktop Menu,  or  by pressing the F1  key, or  cl icking the Help 

Icon on each component, to access context-sensitive help. 

Some functional ity requ i red by learn ing components (e .g .  word processing o r  web 

browsing) was avai lable ready-made as fu l ly-featured Windows ActiveX controls with 

which the Shel l  cou ld interface. However, mainta in ing the integrity and s impl icity of the 

Shel l was problematic because these contro ls  were separate applicat ions ,  which 

exposed the user to more features than were required for their learn ing ,  and could 

provide a path fo r exposing the user to the underlying Windows environment. Where 

possible it was found to be better to use a Delph i component which "wraps" an ActiveX 

contro l ,  h id ing its functions ,  or to produce a s impler version of the control by adapting 

and re-using sample code. These approaches enable the system developer to provide 

a custom ised component, making available to the user only those featu res needed to 

ach ieve the desired learn ing task. 

Recognition rather than recall 

To aid recogn ition rather than reca l l ,  a design consistency is ma inta ined across a l l  

interface components and study modes. Wherever possible the functions of  interface 

controls l i ke buttons a re suggested by appropriate icons and labels. Al l  featu res a re 

readi ly accessible from the Desktop, without the need to memorise o r  navigate 

complex pathways to them .  

Flexibility and efficiency of  use 

The most important way that flex ib i l ity and efficiency of use has been supported by the 

Shel l ,  is in  the abi l ity of the student to rapidly and effortlessly switch between study 

modes, between d ifferent topics in the course, and in and out of the system a ltogether. 

To mainta in s impl icity , there is general ly on ly  one way for the user to activate a 

particu lar  function , mostly through cl icking a screen item with the mouse . However, 

some standard shortcut features have been introduced . All learn ing components 

support the Help, Copy, Cut, and Paste accelerator keys. And the student may use the 

Desktop Menu to move back and forth between adjacent topics . 

Because each component of a study mode is opened in a separate window, the 

interface could appear  somewhat d isjointed . " Docking" was introduced to address th is 
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problem .  This i nvolved add ing the capab i l ity for ind ividual  components of a mode to be 

dragged into posit io n  with the mouse ,  and docked together into a s ing le composite 

window (Fig u re 6 . 1 8) .  

Aesthetic and minimalist design 

There are two categories of interactions the user  has with the Shel l  - those associated 

with learn ing tasks , and those associated with setti ng up and mainta in ing the system .  

T o  s impl ify the use r's environment, and min imise distractions during study, 

ma intenance tasks such as chang ing system settings, updating resources ,  and backing 

up the student's work, are embedded in the User Options component. This is on ly  

ava i lable to the student when entering or exit ing the Shel l .  
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Figure 6 . 1 8 :  Separate learning components may be docked together. 

Simpl i city is a lso ma intained by the Contro l ler opening and closing ind ividual  learn ing 

components whenever the user  changes topic or study mode. Users on ly open and 

close general-purpose learn ing tools,  which they access through the Desktop Menu 

(F igure 6 .20) . 
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Help and documentation 

A pop-up hint is attached to each interactive control such as a form button . This is 

d isplayed when the mouse cursor is on the widget. 

Al l  form templates include a Help component encapsulated in a tutor icon (button)  

(Figu re 6 . 1 6) .  The He lp  screen is organised to  first present qu ick hints for us ing the 

component, fo l lowed by more in-depth explanations. 

The Help f i le is written in r ich text format using a document template to enforce a 

consistent format and style.  These files are stored in  a Help folder under the name of 

its component. This provides a generic way for the system to match the help fi le to the 

ca l l ing component. If a correct he lp f i le has not been provided , then a defau lt screen 

wil l  be d isplayed when the user cl icks the Help icon ,  informing them that no help is  

ava i lable yet. 

The provision of addit ional hard copy tra in ing documentat ion is addressed in Chapter 7 .  

6.5 Integrated learning support and communications 

So far in this chapter, the aspects of IMMEDIATE's  prototyping that have been 

discussed focus on the standalone features of the Learning Shel l .  The remainder of 

th is chapter wi l l  address the Learn ing Shel l 's networked featu res to support 

col laborative learn ing and dynamic updating of learn ing resources, and the author ing 

appl ication . 

There were two main stages in prototyping IMMEDIATE ' s  networked featu res: 

• Developing the add it ional functional ity for the Learning Shel l ;  and 

• Developing the commun ications and networking services needed to support th is 

functional ity. 

The fi rst stage is discussed here. The second stage is d iscussed in the Commun ication 

Management section (6 .6) .  

The major prototyping tas k  addressed in th is section is to develop and evaluate a 

method for integrating the learning support ,  commun ications and col laborative work 

aspects of the Learn ing Shel l , by means of a re lational  database .  This was broken 

down into the fo l lowing steps: 

• Design and bu i ld the integrated database system .  

• Develop the communication and collaboration components . 
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• Refine and evaluate for usabi l ity and modularity . 

• Develop the learn ing support subsystem. 

• Refine and evaluate for usabi l ity and modularity. 

6 . 5 . 1  The system database 

1 42 

To meet the requ i rements for integrating commun ications and learning support a 

re lationa l  database is implemented at the system level of the Learn ing Shel l .  The 

integrated database model is shown in Figure 6 . 1 9. The database stores a l l  

commun ications to  and from the student in  the Messag ing table . "Section" and 'Topic" 

fie lds a l low these communicat ions to be organ ised by position in  the course. The 

"Gro upNo" fie ld enables commun ications to be organised as col laborative g roup 

discussions.  Keyword fields enab le the tutor to l ink commun ications received by 

h im/her to key concepts as wel l  as topics in the course to faci l itate mon itoring student 

learn i ng a nd u pdat ing the support database. Some tables, e .g . Concept, have only one 

attribute and function as look-up tables to ensure consistency in  terminology, and 

faci l itate l i nking ,  across the entire cou rse. 

The Connection table l inks individua l  concepts to broader themes to support more in­

depth querying and exploration of learn ing support by the student. I n  the prototype , 

student queries on a concept may return additional information on that or related 

concepts stored in the What table, further reading (References) ,  or related web urls 

(L inks) ,  depending on the type of query .  The QueryType table maps natura l  language 

phrases  selected by the student to the a l lowable query types. 

The UserStats table stores system-level data tracking student interactions with the 

support system ,  which can be used to improve responses to student queries. This and 

other system information can be sent anonymously across the network using a specia l  

user type stored in  the UserType table. The tutor receives a d ifferent view of the 

database , a lso determined by a d ifferent user type . 

The d atabase is repl icated on each user's computer and is  period ica l ly updated by and 

upd ates a centra l copy, as described in Section 6.6. lt has been implemented as a set 

of Paradox tables using Delphi 's Database Desktop uti l ity. The uti l ity a l lows featu res 

l ike indexes and foreign keys to be defined , and SQL queries to be developed and 

tested separate ly from the application .  

Learn ing components access the database through a Delphi  data module ,  which 

belongs in  the system layer of the Learn ing Shel l arch itecture (F igure 6 . 1 3) .  The 
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module i s  a non-visual form which enables d i rect database access to be sh ifted from 

individual  interface components to a n  intermediary layer for g reater modularity and 

easier maintenance .  
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Figure 6 . 1 9:  The integrated System Database model. 

6.5.2 Com m u n ications a nd G ro u p  Work 

Commun ications are handled in the Learning Shell through a Message L ist component 

(F igure 6 .20)  with a s im i lar look and feel - and functional ity - to an emai l  c l ient such as 

Microsoft's Outlook Express. The principal d ifferences are: 

• All messages are tied to a part icu lar topic in the course, and can on ly be viewed 

when the G roup Work study mode is selected for that topic. 

• I ncoming and outgoing messages can be shown together  i n  sequence to faci l itate 

co l laborative discussion .  

A l l  new messages are added to the System Database . To provide for working off l ine, 

new messages may be sent immed iate ly or later. When the student cl icks the Update 

button (or sends a new message immed iately) the Shell attempts to connect to the 

Course Repository via an FTP Cl ient, providing appropriate messages in the status bar 

of the Message List. The FTP Cl ient is implemented us ing a Thi rd Party Delphi 
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component. If the connection succeeds ,  then a l l  unsent messages are transmitted to 

the Course Repository ,  and a l l  new messages for the user are downloaded from the 

Repository. 
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Figure 6.20: Gro u p  Work component with Desktop Menu open.  

Refinements to Group Work component 

A refinement added during the pi lot study (Chapter 7) a l lows a l ist of a l l  new messages 

received to be viewed on a rriva l ,  from anywhere in the course. 

To faci l itate col laboration , some additional features have been added. Photos of each 

member of a student's work g roup and their tutor are d isplayed. By cl icking on a picture 

with the mouse, the user can access a short biography of that person or send them a 

message . Students may send a message to anyone i nvolved in the course by selecting 

from a look-up l ist .  Copies may be forwarded to the student's work g roup,  to the tutor or 

to a l l  students in the course .  

A method was outl ined for  the storing and sharing of  documents among g roup 

members to faci l itate co l laboration ,  but was not implemented in the prototype . In 

essence, th is involved storing the f i le path as a field in the Messaging table and 
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providing a shared storage space in the Repository . To observe the narrow bandwidth 

constra int of the e lectronic mai l  service, shared fi les would be l im ited to text-based d ata 

rather than large mu ltimedia executab les l ike Word documents , wh ich may run to 

severa l megabytes. 

Integration of basic communication and collaborative facilities 

The Message List component implements sufficient functional ity to demonstrate the 

viabi l ity of the method for integrating basic commun ication and col laborative facil ities 

into the Shel l  arch itecture , and for adding more sophisticated features where these wi l l  

assist learn ing .  Addit ional refinements to assist col laboration that cou ld be usefu l ly 

explored are an alternative format for d isplaying messages that better visua l ises the 

interactive d ia logue with in work groups, and directly incorporating a communication 

facil ity in  the Assignment mode. 

6.5 .3 Extra m u ra l  Support 

Learn ing support has been implemented in the form of an Extramura l  Support 

component (Appendix F 1 1 ) . Th is component has been developed using the approach 

of start ing s imple ,  but providing for the addition of more sophisticated features should 

they prove necessary .  Therefore ,  key aspects of the specification have been 

implemented at a basic leve l ,  but in a modu lar form that would easily accommodate 

new functiona l ity. These include: 

• The subject of queries. The point of entry to Extramural Support is select ing one of 

the key concepts or learn ing goals in a particu lar course module (topic) .  These 

have been defined by the course author, but can be updated by the tutor. Selecting 

a concept from the displayed l ist opens the Extramural Support window in itia l ised to 

that concept. The student may then query the system on that concept .  The 

database stores information on a greater range of subjects than a re l isted as key 

concepts or learning goals.  These can be accessed with in Extra mura l  Support by 

search ing re lated concepts as discussed under "Refinements". 

• Natural language-like querying and dialogue. This is currently l im ited to the user 

choosing o ne of three in it ial quest ions on a selected topic ("Explain . . .  " ,  "Who wrote 

more on . . .  " ,  "Where do I find more on . . .  ") and receiving a response. The student 

can then cont inue a dialogue with the Support system via a set of buttons ,  which 

a re enabled or d isabled accord ing to the state of the d ia logue (Appendix 04 and 

05). F igu re 6 .2 1  shows the top level methods for supporting th is d ia logue. 

Provision is  made for accommodating a wider range of query types. This would 
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requ i re adding a more sophisticated pars ing mechanism to enable translation into 

more deta i led specification of SOL queries. 

• A directed search algorithm to return the best avai lable resu lt to the use r. In the 

base implementat ion , the ranking of the resu lts is determined solely on proxim ity in 

the database to the current topic.  Add it ional ranking criteria could be easi ly added . 

For instance , provid ing for a ranking to be added to each database entry (e .g .  Level 

1 ,  2 or 3) would enable multi-level support to be offered .  Results cou ld then be 

based on a breadth-first or depth-fi rst search of the database, depending on the 

preference of the learner. 

procedure TExtram u raiSupport.  HelpUser; 
begin 

end;  

prepareHelp ;  
parseUserl nput; 
executeAsSQL; 
presentBestResultT oUser; 
waitForUserResponse; 

procedure TExtramuraiSupport .respondToUser; 
begin  

actionUserResponse; 
end;  

procedure TExtramuraiSupport .TryHelpingUserAgain; 
begin  

end ; 

presentNextBestResult; 
waitForUserResponse; 

Figure 6 .21 : Top level methods for interactive d ia logue with user. 

• Dynamic updating which improves the response to users' questions over t ime. The 

course tutor may update the items in the support database at any t ime. The tutor is  

automatica l ly  informed whenever a student rejects the system's  response to a 

query ( i . e .  cl icks the NO button ) .  In addit ion , the student can red i rect the question 

to the tutor with his or her own comments . The tutor may respond personal ly to the 

tutor, to al l  students, update the database, o r  al l  of the above. Provis ion has a lso 

been made to track students' d ialogues with the system and store them in a 

UserStats tab le .  These can be periodica l ly  transmitted to the tutor to help in 

ana lysing and u pdating the database entries .  

Concept Map 

An early refinement was to add the Concept Map (Appendix F 1 2) .  Th is  component 

uses  the techn ique of concept mapping (Novak et a l . ,  1 984) to ass ist learning th rough 

visual isat ion.  lt p rovides a user-centred avenue for exploring the Support database 
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more deeply in  a gu ided manner. When the student chooses to view a Concept Map for 

the current concept, a l l  related concepts in the database , and the re lationships 

between them a re g raphical ly d isplayed (Figure 6 .22) .  

Any related concept may be selected as the basis for a new query. Concepts and their 

relationships a re entered into the database by the tutor. The map itself is implemented 

as a graph ADT in wh ich the nodes are concepts and the a rcs are re lationsh ips. 

Drawing the map is then a matter of processing the g raph. 

Extramural Support was re-implemented to be accessible from any component through 

the Control ler, rather than as an independent learn ing component in  its own rig ht .  The 

student accesses Extramura l  Support via a Key Ideas component, which l ists the key 

concepts to be learnt in the current topic (Figure 6 . 1 7) .  A futu re refinement is to make 

context-sensitive learn ing support accessible from every learn ing component by 

opening Key Ideas via an icon on a l l  forms, in the same way that the Help feature 

currently is offered.  
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Figure 6.22: Concept Map for "conceptua l frameworks". 

Self-Assessment 
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I n  the Lea rn ing S hel l ,  Self-Assessment is  a separate learn ing component 

approximating to a revision qu iz in a textbook. lt assesses the learner's understanding 

of the key learn ing goals in a part icular topic. This information is passed to the 

Control ler wh ich stores it in the System Tree. lt is then avai lable to be used by the 

Course Explorer to visual ly d isplay the student's progress through the course as 

described earl ier (6.3 . 1 ) . 
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A further refinement takes  advantage of the abi l ity of the System Tree to store 

addit ional  levels of information (Figure 6 .7 ) .  The self-assessment information is used to 

d isplay to the student their progress in understanding individual concepts and learning 

goals .  An icon is d isplayed to the left of each concept in the Key Ideas component 

(Figu re 6 . 1 7) .  The traffic l ight metaphor is again used to colour-code this icon to show 

the student's level of confidence in  that idea - GREEN (fu l ly understood) ,  AMBER 

(partia l ly  understood but requ i res further revision) ,  or  RED (not understood at a l l ) .  

Self-assessment may be by any method that can be implemented o n  a computer. The 

prototype current ly provides for assessment via a mu lt ip le-choice qu iz - if the author 

has provided one - or by default , a q uest ionnaire through which the student expresses 

their  confidence in each concept. Concepts are presented to the student in random 

order. Once the student has completed the self-assessment, the results are saved via 

the Contro l ler .  They are then used by the Key Ideas component to update each 

concept icon ,  as well as by the Course Explorer  to update topic and section icons in the 

course Table of Contents . (This is i l lustrated in Figure 7 . 1 2 . )  

Se lf-assessment can a lso serve as a revision tool .  I n it ia l ising the Learn ing Shel l ,  for the 

purposes of revis ion,  is s imply a question of setting va lues for all topics and concepts i n  

the  model to  the default .  Th is sets their icons in the  Key Ideas and Course Explorer  

components to  RED.  

6 . 5 .4 Coarse-g ra i ned learning help 

As implemented ,  Extramura l  Support is  a coarse-grained form of learn ing help 

structured by topic and l imited to a few basic query types. In  the fi rst instance, it  

organises material that m ight appear in  a textbook's g lossary , cha pter summaries and 

b ib l iog raphy,  in a way that it can be accessed by topic. This base is  then bui lt upon by 

the tutor adding in and u pdating materia l  as requ i red , or as it becomes avai lable. 

I nteg ration with the communications system offers a number of advantages by 

combin ing both ind ividua l ised and col laborative forms of learn ing support ,  and by 

p roviding a mechan ism for dynamic updating of the content. Provis ion has been made , 

in  its modu la r  design and implementation ,  for the incorporation of more sophisticated 

q ue rying and search mechan isms on a n  as-needed basis .  
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6.5 .5  I n d ivid ual isation 

The learning computer was conceptual ised as support ing ind ividual isation along four 

d imensions:  sequencing ,  presentation, learning leve l ,  and learn ing support (4 .3 . 1 ) .  This 

section discusses how these have been addressed in the prototype. 

Sequencing 

Sequencing is concerned with the o rder in which parts of the course are presented to 

the student for study? In  the learn ing computer prototype this feature is adaptable , i . e .  

the  student can select any  topic i n  the course at  any t ime from with in the Course 

Explorer  component. Colour-cod ing associated with each section , topic and key 

concept, as described under System Tree (6 .3 . 1 )  and Self-Assessment (above) ,  gu ides 

the student in their choice .  This same mechanism would a l low more prescriptive 

sequencing (e.g .  h id i ng some sections and topics unt i l  prerequisites have been 

successfu l ly completed) although th is would confl ict with the learning compute r's 

student-centred explo ratory emphasis. 

Presentation 

Learn ing style, or  how the content of a particu lar topic is  presented to the student, is 

selected by the user through choosing from the different study modes supported by the 

course author. These are d isplayed in the Course Explorer for the currently-selected 

topic. The modular character of the Lea rning Shel l means that a new mode can easi ly 

be defined, and learn ing components can be added or modified to support any desired,  

computer-runnable functiona l ity for that mode . The new mode wi l l  then be d isplayed for 

any topic in  which the course author has provided the necessary fi les. These fi les may 

be learn ing content , they may provide l inks to learn ing content stored on a CD or a 

networked computer, or they may launch an independent appl ication instal led on the 

student's machine. 

Learning level 

The learn ing computer conce pt does not require that a l l  content be adapted to the 

student's current level of understanding .  However, the Student Model makes provision 

for storing the individua l  user's learn ing leve l ,  which would be determined through a 

s imi lar  se lf-assessment process as that used to assess understanding of ind ividual 

concepts and topics . This wou ld enable some individua l  learn ing components or study 

modes to accommodate d ifferent learning levels ,  using adaptive or adaptable 

strateg ies. Both these approaches have been wel l-evaluated (Brus i lovsky et a l . , 1 997 ; 
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Murray et a l . ,  2000) and were not in implemented in this prototype. Some components 

in  the prototype use their own internal mechanism to provide adaptive or adaptable 

content, e .g .  a Tutoria l  component that l i nks to a separate ITS appl ication.  

Learning support 

The most important d imension of individual isation to be prototyped is learning support 

(Section 6 .5) .  An adaptable mechan ism is provided through which students can in itiate 

a nd define queries from anywhere in the course . This is ind iv idual ised th rough user­

driven interactive d ia logue and exploration .  Important information is stored in  the 

Student Model and other system layer modules about the student's understanding of 

ind iv idual concepts and topics and h is/her  previous interactions with Extramura l  

Support. Th is  provides the basis for implementing more sophisticated search 

a lgorithms to better ta i lor  system responses to the i ndividual  student, as the need for 

th is is  demonstrated . 

6. 6 Communications management 

This section d iscusses the issues addressed in developing the communications and 

networking services needed to support the Learning Shel l .  

The requ i rements for an e-learn ing system (Table 4 .2 )  demand that students be ab le to 

exchange messages within the course , update the i r  course materia ls as needed, and 

receive up-to-date learn ing support .  Tutors , on the other hand, must be able to 

commun icate with students and update learn ing materia ls and the support database as 

req uired.  Al l  these tasks requ i re communication over the network. Some IMMEDIATE 

features ,  such as Extramura l  Support ,  also requ ire behind-the-scenes commun ication 

across the network at the system leve l .  

I n  the  network specification for IMMEDIATE (Figure 5 .9 ) ,  each Learning Shel l  connects 

to the Course Repository via a Communications Manager, using custom protocols on 

top of FTP. In the implemented version the Commun ications Manager has been broken 

down fu rthe r  into two components - an FTP Server (Appendix H 1 )  and a Repository 

Manager (Append ix H2)  - wh ich have been instal led together with the Repository on a 

s ing le computer. 

The i mplementation assumes that the Repository would be managed by an 

experienced systems admin istrator, who would set up new users, complete some tasks 

semi-manual ly ,  and optimise sett ings as required . Repository management services 

operate at two levels - the FTP Server and the Repository Manager. 
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The FTP server acts as the point of entry into the IMMEDIATE network. lt logs the user 

onto the network, assigns them to their  correct fo lders ,  and al lots them the permissions 

to complete the necessary fi le transfers. To support this, two separate user profi les 

have been created in the server - a tutor and a student. Al l tutors a re assigned a s ingle 

profi le and share a "Teachers" fo lder system.  Each student shares the same profi le ,  but 

is a lso al lotted their own root d i rectory (F igure 6 .23). 
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I 

C drive 

r--- VL M_Repository 

1---------------- Repository 

- Archive - Resou rces 
r---- Students 

� - Database � :::�::: _� :::,,,o,
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Figure 6.23: Repository folder structure. 

The FTP server used is War_FTP, developed by Jarle Aase and freely downloadable 

from his web s ite . 1 

For the IMMEDIATE network to be accessible, both the FTP Server and Repository 

Manager must be onl ine at a l l  t imes. Once launched , they remain running in the 

background in a min imised state , appearing as icons in the Windows task bar. The 

system admin istrator double-cl icks on these icons to bring the a ppl ications back into 

view. 

1 http://www.1gaa.com. 
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6 . 6 . 1  Repository Manager 

The Repository Manager implements those aspects of communications and data 

transfers un ique to IMMEDIATE . lt enables d ata on users' machines to be 

synchronised and updated across the network, wh i le a l lowing for s imultaneous access 

by mu lt i ple users,  and for the possibi l ity that the connection with any or a l l  users may 

be broken at any t ime during the process. To meet the requirements of the Learn ing 

She l l  three k inds of  data transfers a re managed : asynchronous electronic messaging 

between course partic ipants, period ic updating of the Extramural Support system on 

each student's computer, and the up loading of updated learning resources . This has 

requ i red : 

• an  appropriate Repository structure; 

• a set of communication protocols ,  implemented over the TCP/IP protoco l fami ly  

which ensure accurate synchron isation between sender and receiver; 

• a message-queuing mechanism, which ensures that the earl iest message received 

is the first processed; 

• a pars ing mechanism for reading/writing messages from/to a database; and 

• a separate set of p rotocols for updating learn ing resources on each student's 

mach ine.  

A deta iled , dai ly log is  provided to enable the admin istrator to monitor network traffic 

and troubleshoot problems, and opt imise settings. The main screen of the Repository 

Manager can be seen in F igure 6 .24. Its underlying arch itecture is shown in F igure 

6 .25 .  Selected source code is attached as Appendix H3 .  

Repository 

The Repository is a set of folders with the structure o ut l ined in Figure 6.23 . The folders 

conta in an arch ive of the ent ire course content includ ing a master copy of the Learn ing 

Shel l  System Database; a l l  commun ications amongst those involved in the course; 

u pdated course materia ls  for the students to upload ; and individual  folder systems for 

each student, including a mai lbox for new messages  and space for the Learning Shel l  

to store backups of the student's work if  desired . 
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Figure 6.24: The Repository Manager. 

ReQositor:y Manager Main Screen 
System Adm i nistrator m anages the repository from here. Module implements 

synchronisation prototcols for m anaging commun ications. 

UQdate HeiQ 
Database 

Message Mod u le HeiQ Screen 
Access Module 

Server Set-uQ Viewer Prepares G uides 
Customising Window to view updated 

manages 
administrator 

access to the 
monitoring messages to extram u ral 

Repository 
through various 

intervals,  log adm in istrator & support tables 
database by 

repository 
visibi l ity, etc a l l  messages in  for 

other 
management 

database transmission 
components 

tasks 
across network 

i t t 
ReQositor:y 

Course archive, updates, system database, mai lboxes 

Figure 6.25: Repository Manager arch itecture. 

1 53 

1 6  )g 



Chapter 6: P rototyping 1 54 

6 .6 . 2  Asy n c h ronous messag ing 

To meet IMMED IATE 's specification , asynchronous electronic messag ing has been 

implemented using a message-queuing techn ique that automatical ly handles 

communications from mu lt iple users on a fi rst- in ,  fi rst-out basis .  These messages may 

be between course participants, between the tutor and the system admin istrator, 

between system components and the tutor or administrator, or between constituent 

appl ications at the system-to-system leve l .  

Only the  admin istrator can view a l l  mai l  held in the database . 

Messaging protocols 

A set of communication protocols had to be designed and implemented at both the 

c l ient and server end ,  to ensure the integ rity of communications over an unre l iable 

network, to which mu ltiple users may be connected concurrently. These protocols  

operate on top of  the Fi le Transfer Protocol .  Messages are aggregated i nto a s ingle fi le 

for transmission ,  which is parsed into i ndiv idual messages by the receiving appl ication . 

The message transfer process entai ls a two-way exchange of messages between the 

user  and the Repository. 

Because messages a re stored in relational tab les they must preserve the constraints 

on a repl icated database d istributed over mult iple computers : 

• Each message is  un ique within a s ing le copy of the database so as to avoid 

redundancy or a primary key confl ict. 

• Dupl ication of messages between d ifferent copies of the database must be 

possible .  

• Copies of a l l  messages connected with a particu lar user must be stored on that 

use r's com puter. But all messages do n ot need to be stored on a l l  computers . 

At a min imum the protocols had to ensure that : 

• any message lost through a network interruption wi l l  be re-transmitted the next 

t ime that use r  connects; 

• transmissions from mult iple users can be interwoven without d ifficulty; and 

• no message wi l l  be transferred twice . 

A set of protocols has been designed to meet these requ i rements (Figure 6 .26) .  

These protocols ,  together with the messaging-queuing and file-parsing mechanisms 
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d iscussed next, proved sufficient to meet these requ i re ments. 

Central to the protocols is a two-step synchron isation  process to ensure that a l l  the 

messages that need to be sent, and only those that need to be sent, are transmitted 

from each end of the connection ,  while al lowing for overlapping commun icat ions from 

d ifferent users (F igure 6 . 27) .  

Message-queuing 

Message-queuing applicat ions commun icate by the cl ient pass ing a message to an 

intermediate structure in which incoming requests are queued unti l  the server is  ready 

and able to deal with them .  Any response from the server is retu rned via a s imi lar  

mechanism. Through the prototyping process, the fol lowing mechanisms were 

determined for implementing message-queuing in IMMEDIATE . 

Cl ient-to-server commun ications are hand led th rough a Repository fo lder  named 

'MessageQueue'  to which all users are assigned access. Al l i ncom ing commun ications 

a re placed in th is fo lder, which is monitored by the Repository Manager at a regu lar  

i nterva l .  The mon itoring interval is determ ined by a t imer component (thread ) to which 

a checkMsgQueue method is attached . The admin istrator can adjust th is interva l .  

Server-to-cl ient commun ications are handled through an individual 'MessageBox' fo lder 

located in each user's Repository root d i rectory . 

The MessageQueue fo lder is organ ised as a pr iority queue of messages in the 

fo l lowing manner: 

1 .  At the end of each monitoring interva l ,  the checkMsgQueue method is ca l led . The 

fi les in the MessageQueue fo lder are sorted by name. These file names wil l  look 

l ike '67888.txt' or  '67864 .txt' . 

2 .  The first item,  which wi l l  be the one with the earl iest date_time stamp (smal lest 

integer) , is processed . 

3 .  Once processed, the response is  named either 'answer. txt' or  ' messages.txt' in  l ine 

with the messaging protocols ,  and placed in the user's MessageBox. This naming 

convention ensures that any o lder versions of these responses inadvertently left 

behind wi l l  be overwritten by the new ones. 
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Precondition: 

The user has successfully established a connection via the FTP server. 

Message Format: 

• All transmissions are in the form of text files, in which the first five l ines constitute a header which 

must follow a set format as below. 

<TO RCVR> Who the transmission is addressed to. Must be 
the actual receiver of the transmission , and be the 
System , the Tutor or a name on the class list 

<FROM SNDR> Who has sent the transmission. Must be the 
System, the Tutor or a name on the class list. 

<MESSAGE TYPE> May be a last received request/answer, a l ist of 
messages or a test transmission 

<GROUP NUMBER> The Work G roup to which the user belongs. -1 
means the tutor. The defau lt g roup is 0. 

<DATETI ME STAMP O F  LAST Default = 0.0, which means send all messages for 
TRANSMISSION SNDR RECEIVED the sender i n  the repository database 
FROM RCVR> 

• Each message within the body of a communication is separated by a new l ine contain ing only the 

string ' [END] ' .  

• A transmission from a client application is named with the string form of an integer representing 

the date and time that the transmission was composed and sent, as in '<date_time_as_no> .txt'. 

• A transmission from the Repository Manager will be named either 'answer.txt' or 'messages.txt' i n  

l ine with the  steps in  the  handshake protocol 

Message Transfer 

Messages m ust be updated via a two-step synchronisation and transfer process: 

• The client application sends a transmission to the Repository requesting the date-time stamp of 

the last m essage successfully transferred from the client to the Repository. 

• The Repository sends a transmission to the client contain ing the date-tim e  stamp of the last 

m essage successfully transferred from the client to the Repository. This message must be 

named 'answer.txt'. 

• The client sends a transm ission containing the date-time stamp of the last m essage successfully 

transferred to the client from the Repository, and all the outgoing messages with a date-time 

stam p  later than the date-time received from the Repository. 

• The Repository sends the cl ient a transmission containing a l l  the incoming messages for that 

client having a date-time stamp later than the date-tim e  received from the client. This message 

wi l l  be named 'messages.txt'. 

Figure 6 .26: Messaging protocols 
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Figure 6.27 (b) :  Transmiss ion protocols accommodate overlapping users. 
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From the user end:  

1 .  The Learn ing Shel l  checks i ts Message Box in the Repository at  regular intervals 

for the requ i red fi le .  

2 .  When the fi le is  found i t  is moved to the user's machine and deleted from the 

server. 

3 .  I f  no fi le arrives with in a specified t ime period , or  the connection i s  broken , then the 

transaction is aborted by the Learn ing Shel l  and the user is notified and requested 

to try aga in later. 

File-Parsing 

Al l  transmissions with in the IMMEDIATE system are text fi les in  which the fi rst five l ines 

constitute a header and the rema inder the body, as defined in F igure 6 .26 .  These fi les 

m ust be composed at one end of the transmission and parsed at the other. The code 

for achieving this at the Repository Manager end of transmissions is included in 

Append ix H3.  

When the Repository Manager f inds a f i le  in the Message Queue end , i t  passes it to 

the processMsgList procedure .  The processing steps taken by this procedure are :  

1 .  Process the transmission header 

2 .  I f  transmission is  a message list, then 

a .  Update the  Repository with the  messages 

b .  Return a list o f  messages t o  sender based o n  Last_ Received information provided 

3 .  E lse i f  transmission is a Last_ Received request. then 

a .  Return Last_Received information to sender 

P rocessing the header is s imply a matter of parsing the first five l ines of the fi le for the 

necessary info rmation . 

Messages are stored in a relat ional database on each computer with in the IMMEDIATE 

network. They are not transm itted as i nd ividual text files but as a l ist of messages each 

separated by an ' [E N D] '  symbol . This l ist includes all the outgoing messages in the 

sender's d atabase that have not a l ready been successfu l ly added to the recipient's 

d atabase. 

All messages include a date_time stamp,  recording when they were composed ( i .e .  the 

" Entered" field in  the Messaging table in  F igure 6 . 1 9) .  A Last_Received request from a 

cl ient ,  v iz. a Learn ing Shel l  o r  authoring appl ication ,  is fulfi l led by the Repository finding 
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the incoming message from that cl ient with the most recent date_time stamp, using an  

SOL query l ike: 

select MAX( entered ) from Messaging where F _From = : F _From ; 

where the ' : From'  variable takes the value of the client user n a me.  And the user 

responds with a Last Received message to the Repository Manager based on the 

resu lt of: 

select MAX( entered ) from Messaging where F _From <> : F _From ; 

where ' : F  _From'  again takes the value of the cl ient user  name. 

To compose a message l ist, the sender uses the Last_Received data to run an SOL 

query on the local copy of the Messag ing table (Fig u re 6.28). The resu lt set is then 

written to a text f i le, with each f ield written to a new l ine and ' [END] '  separating the 

messages. Updating the Messaging table at the receiver end is just a matter of 

reversing this process. 

(a) Query run at cl ient end : 

select * 
from Messaging 
where ( F _From = : F _From or MsgType = "Q") 

and entered> :entered ; 

(b) Query run at Repository end : 

select * 

from Messaging 
where entered> :entered and F _From <> :F _From 
and( F _To = : F  _To or Copy To = "All" 

or ( CopyTo = "MyGroup" and GroupNo =:groupNo ) ) ;  

Figure 6 .28:  SQL queries for composing message l ists to be transmitted. 

However, the main body ("Text" f ie ld in the Messaging table in  Figure 6 . 1 9) of a 

message may be many (or zero) l ines long . Thus,  the primary role of the ' [END] '  

symbol is to mark the end of the Text fie ld .  

An advantage of transmitting messages as straight text files is that they are platform­

independent. lt is not necessary that the Repository and Learn ing Shel l  databases 

have the same physical implementat ion . lt is only necessary that they have the same 

log ica l  structu re . 

The key methods for implementing the messaging system at the Repository end are 

shown in  Appendix H3. Implementation at the Learn ing Shel l  end is s imi lar. The 

interface for the Shell messag ing m odu le is included as Appendix H6 .  
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6.6 .3  Proced u res for Resou rce U pdati n g  over the network 

The updating of resources over the network is a semi-automatic process involving the 

tutor, the system admin istrator, and the student. The primary cha l lenge has been to 

ensure the integrity of the update process - whi le minimising user intervention - by 

ensuring that all students receive all updates, and that more recent updates a re not 

overwritten by older ones .  

Database updates 

The updating of the Extramura l  Support system, which involves updating a d atabase, 

has been handled d ifferently from the updating of other Learning Resources, which 

invo lve add ing or replacing f i les. Th is was to s impl ify the transfer process at the 

Learn ing Shel l  and to m in im ise any demands placed upon the student. 

The Repository copy of the Support database is d i rectly updated by the course tutor. 

The admin istrator uses a Repository Manager faci l ity that converts each updated table 

into a text fi le  and transfers it to a HelpUpdates folder in the Repository ,  in preparation 

for down load ing to student mach ines with other  course updates. 

Data file updates 

The course authoring appl ication automatica l ly transfers updated resource f i les to a 

special location in the Repository . The updated resource fi les and updated Support 

tables a re then zipped (compressed) into an appropriate ly named executable 

resources fi le and placed in the UpdatesArchive folder. These zipped fi les are named 

consecutive ly in the format 'Resources_ <NextAvai lableNo>.exe ' .  In the prototyped 

version the zipping process is performed by the admin istrator. 

Learning Shell 

The operations  outl ined a bove greatly s implify the u pdating procedure from the student 

user's perspective. 

On logging on to the Learn ing Shel l  the user may choose to upd ate learn ing resources 

from the Internet or from a d isk (F ig u re 6 .29 ) .  Whenever the student opts to update 

fro m  the Internet the Learning Shel l  automatica l ly  connects to the Repository ,  checks 

for new updates, and then automatica l ly downloads and insta l ls any updates not 

previously instal led . 
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Figure 6.29: Learning Shel l  u pdate resources screen .  

This has involved implementing the fol lowing a lgorithm in the Learning Shel l  (Appendix 

H4) :  

1 . Connect to FTP server. 

2 .  Change d irectory to the Repository Updates_Arch ive fo lder. 

3 .  Get fi le number of last resource update stored i n  Student Mode l .  

4 .  Down load a l l  update files with more recent file numbers to  an Updates 

fo lder. 

5 .  Execute fi le with lowest update number. 

6 .  Wait fo r  the user to unzip the file by defau lt to  a temp folder. 

7. Move the updated resources to the Learning Shell and delete the temp 

fo lder. 

8. Repeat steps 5 to 7 unti l there are no more update files to unzip .  

9 .  Update the student model with the most recent f i le numbe r  successfu l ly 

unzipped . 
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1 0 . Return control to the user. 

As part of this process, updated Extramura l  Support fi les are placed in  the 

HelpUpdates folder (F igure 6 .9) .  At the end of the start-up procedures a nd before the 

course is opened, the Contro l ler's UpdateExtramuraiSupportFi les routine is 

automatica l ly  cal led.  If there are any fi les in the HelpUpdates fo lder, then they are used 

to update the Extramura l  Support database and then deleted (Appendix H5) .  

The most u rgent updates - e.g .  assignment resu lts or query responses - involve smal l  

text f i les su itable for transmission over a narrowband Internet connect ion .  Provision 

has been made for larger updates - e .g .  mu ltimedia fi les or executables - to be stored 

separately i n  the C D_Only folder to be d istributed by one-way broadband (e .g . CD, 

satell ite download or  fast internet) .  

The key to m ainta in ing the integrity of the update process was to ensure that update 

files were downloaded consecutively from o ldest to newest, and that the separate fi le 

zipping appl ication had successfu l ly completed its task and the updates had been 

instal led , before the Shel l  updated the Student Model .  The fi le naming system 

addressed the first issue, whi le the second was solved by attach ing the updating code 

to a Delph i  t imer component (Appendix H) .  

U pdating from a d isk is a s impl ified version of  th is procedure without the unzipping 

step, and only requ i res loading the d isk in the computer and cl icking an  on-screen 

button with the mouse. 

6.6 .4 A c h a l leng i n g  tas k  

Implementing the Commun ications Manager proved to b e  one o f  the more cha l lenging 

tasks in  the overa l l  imp lementation of IMMED IATE . This reflected both the inherent 

complexity in  getting mu ltiple separate appl ications to successfu l ly communicate and 

cooperate ove r  a network, and the need to s impl ify and minimise the associated tasks 

for the student user .  

The goal  of m in imis ing the load on the student has been successfu l .  In the 

implemented vers ion ,  the only requ i rement demanded of the student user is  to confirm 

the unzipping processing during the transfer of learning resources, by cl icking on an 

'OK' button to accept a l l  the default parameters . If, howeve r, the student does 

someth ing else then an e rror may occur and the transfer will not succeed and wil l  have 

to be repeated .  

The u pdating p rocess at  the student end should be completely a utomated by adding a 
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fi le compression/decompression uti l ity to the Learn ing Shel l s im i lar  to the ones 

developed for automatic f i le and folder manipulation .  This would a lso s impl ify the 

zipping process at the Repository end . Such uti l ities exist but were not ava i lable for th is 

project. 

The techniques developed for updating course resources could also be used to update 

the Learn ing Shel l  executable itself. This makes maintenance stra ightforward .  

Improvements to  Shel l  modules could be  incorporated , and the updated software 

d istributed , with course content. 

Further info rmation on the commun ications management implementation is included in 

Appendix H .  

6. 7 Authoring application 

This section sum marises the experience in developing IMMEDIATE's course autho ring 

and management appl ication . The primary prototyping goal was to demonstrate a 

mechanism by wh ich a teacher can author and update a course for the Lea rn ing She l l .  

G iven time constraints and IMMEDIATE's focus on proving the learning computer 

concept at the student interface, the design of the authoring appl ication was very much 

the RAD process itself. Wherever possible, code developed for the Learn ing Shel l  was 

re-used in this prototype. Nevertheless, it sti l l  requ i red a significant programming effort, 

with the functional  authoring prototype running to nearly 7000 l ines of source code .  Its 

ma in  components are depicted in Appendix I .  

The prototyping steps fol lowed were: 

• Define course authoring for IMMEDIATE . 

• Propose an authoring mechan ism.  

• Implement sufficient functional ity to demonstrate the mechanism. 

• Evaluate the resu lts . 

Each of these steps is now d iscussed in  turn. 

6.7 .1  Course Authoring a n d  Re-use 

For the learning computer approach to be feasible, there had to be a practical way for a 

teacher to author and update course materia ls ,  and maintain the learn ing support 

system,  without the teacher being requ i red to understand how the learning computer 

works. To solve th is problem it was useful to consider how a teacher prepares  an 
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extramura l  course. 

For IMMED IATE, extramural d istance teaching is viewed as an extension of internal  

un iversity teach ing .  The teacher, d rawing upon h is/her classroom experience, prepares 

a study gu ide for the extramura l  student. This study guide is fleshed out with additional 

materia ls  from the internal  course - lectu re notes and handouts, supplementary 

reading materia ls ,  etc - together with materia ls specifica l ly d i rected to external 

students . 

IMMEDIATE 's task was to transfer that authoring process to a computer-based 

extramura l  environment. In support of multid imensional learn ing ,  it should provide for 

add ing fu rther learn ing materials beyond what can be offered in a paper-based course. 

From this perspective , IMMEDIATE does not offer templates for improving the 

educationa l  effectiveness of ind ividua l  learn ing materials. lt offers a mechanism for 

q u ick assembly and effective organ isation of pre-authored materia l  into a complete 

extramura l  course. 

6.7.2  Authoring mechanism 

The proposed mechanism was a course authoring and  management appl ication bui lt 

a round the same core data structures and algorithms as the student appl ication, 

especia l ly  the System Tree . This p rovided a framework for the teacher to define a 

course structure and its study modes from the avai lable components, and to add or edit 

learn ing m ateria ls in the a ppropriate format and location, us ing a "drag and drop" 

g raph ical inte rface . 

A g reater level of complexity was permitted for the authoring appl ication than for the 

Learn ing Shel l .  lt could be assumed that while course authors a re not programmers, 

they a re more experienced computer users than extramural students, and are backed 

up by u n iversity computing support services. 

The authoring appl ication is bu i lt upon the complete separation of functional ity and data 

in the Lea rning Shel l .  Students would be supplied with a compi led version of the 

Learn ing She l l  with pre-insta l led learn ing components, and a folder system conta in ing 

the reference models ,  the learn ing support and messaging database , and a l l  learn ing 

materia ls for the particular course . 

A central copy of th is folder system is  stored on the un iversity repository server (F igure 

6 .23) .  The a uthoring fi les a re stored on the teacher's computer. At the end of each 

authoring session, u pdated files a re automatical ly transferred from the authoring 
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appl ication on the teacher's computer to the appropriate Shel l  d i rectory in the 

Repository .  From the Repository, the learning materials are transferred to the students' 

computers by CD or the Internet. 

This authori ng process was broken  down into three main stages: 

• define the overa l l  course structure (table of contents) .  

• define the study modes that wi l l  be avai lable to the student. 

• add the course learn ing materia ls .  

6.7.3 I m plementation 

The implementation of the pri ncipal components of the authoring appl ication is  now 

described .  Sample screen shots are attached as Appendix 1 1  & 12 .  

Table of  contents 

The authoring appl ication provides a d i rect man ipulation interface i n  wh ich the teacher 

creates a Table of Contents (TOC) . Th is is an instance of the Learn ing Shel l 's  System 

Tree data type wh ich models the basic structure of the extramura l  course . The 

appl icat ion then saves the TOC to fi le in the appropriate format to be read by the 

Learning Shel l ,  using the System Tree's operations. 

Study modes 

At the start of the authoring process, an interface is presented contain ing a System 

Model i n it ia l ised to the core study modes,  which must be included in  any course, and 

their constituent lean ing components. These approximate to the basic elements of a 

correspondence-based extramural paper. They are a lso necessary for the Learning 

Shel l  to function correctly.  

The teacher may then add components to these core modes or create new study 

modes, by selecting from a l ist of all the pre-insta lled learn ing components ava i lable in  

the compi led Learn ing She l l .  

Learning resources 

Once the TOC and Study Modes have been defined, learn ing materials may be added 

or updated using an Add Learn ing Material form (F igure 6 .30 ,  Appendix 12) .  

I MMEDIATE provides a s imple d rag and drop mechanism for correctly add ing ( re­

us ing) pre-authored learn ing materials such as lectures or tutoria l  programs without 
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requ i ring any special  programming ski l ls or understanding of how the system works. 

Tools and templates have been provided for authoring learn ing modules specific to the 

Learn ing Shel l ,  such as self-assessment tests and defin itions of key concepts and 

learn ing goals for each topic. These templates provide the vehicle for add ing such 

modu les to the course . 

The Add Learning Material screen displays the TOC,  the learning components 

avai lable to the course , and the teachers folder system where the pre-authored 

materia ls  a re stored . Selecting a topic in the TOC with the mouse causes a l ist of a l l  

t he  learn ing resources that have been added to  that topic to be  displayed in a separate 

box below. The nodes in the TOC are marked with co loured crosses and ticks to 

ind icate which sect ions and topics have had the min imum resources added for proper 

functional ity. A course is not ready for d istribution unti l  the root course node is marked 

with a g reen tick. 
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Figure 6.30: I nterface for adding and u pdating learning materials. 

To add a resource the author selects the topic and component for which the resource 

wi l l  be added , and then the appropriate data item in their d i rectory system.  This data 

item may be a f i le ,  or a fo lder with sub-folders.  If a fo lder is selected,  then the user is 
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asked to identify the index or start up fi le within it. 

The application stores info rmation about each component. If special processing is 

requ i red,  such as adding mu ltiple fi les or authoring a resource , the user is gu ided 

th rough that process. The system uses the Learning Shel l  Resources Model modu le to 

code the resources so they can be identified by the Shel l  and transfers them to the 

appropriate posit ion in the Repository a rch ive at the end of the authoring session . 

Authoring and Updating the Support System 

Several fac i l it ies have been provided to enable tutors to author and update the 

Extramura l  Support system:  When a course is authored,  the authoring tool requ i res 

that a Key Ideas resource be provided for every topic in the course. A faci l ity is 

provided for entering each key concept or learning goa l in  a topic, and its elaboration , 

into the cou rse database. From this faci l i ty, tools may be accessed for l i nking concepts 

to more genera l  themes ( i .e .  relationships)  which wi l l  be displayed in the Concept Map, 

and for add ing book and web references. 

While only the key learn ing goals are added to the Key Ideas component during the 

authoring stage ,  additional concepts can be added to the database or ed ited at any 

t ime v ia the Group Work interface , th rough which the tutor monitors and responds to 

course d iscussion and queries. From here the tutor may classify d iscussion items by up 

to th ree keyword phrases for easy reference . They may also be ed ited and added to 

the support database. 

6 .7 .4 Eval u ation of authori ng tool 

To fu lfi l the key requirements for a computer-based distance learn ing environment, 

IMMEDIATE must support authoring and re-use. 

The component-based arch itectu re of the Learning Shel l  supports  code re-use by a 

programmer. But it also provides a flexible means by which a teacher can select the 

components and define the study modes with wh ich he/she wishes to teach the course . 

This functional ity is ach ieved by bu i ld ing the authoring system a round the basic data 

structures of the Learn ing Shel l .  Us ing these data structu res the authoring tool embeds 

algorithms that automatical ly posit ion and name learn ing materia ls  so that the Learning 

Shel l  wi l l  funct ion correctly. 

For the teacher, authoring a course is primari ly a quest ion of systematical ly re­

organis ing the i r  teach ing materia ls  from existing internal and external courses into a 

su itable form to be integrated into the Lea rning Shel l .  Th is information engineering 
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does not requ i re any special ised programming or  other technical knowledge. 

The authoring process fol lows s imi lar  l ines to what is necessary to transform internal 

teach ing m ateria ls into a successfu l paper-based extramura l  course . Where it goes 

fu rther, is in the g reater range of materia ls and media that can be integrated into a 

computer-based cou rse, in provid ing a template for structu ring the course,  and in 

ensuring that the author provides all the essential learn ing elements for every module.  

At the teacher level ,  reusabi l ity primari ly means that a competent teacher without 

previous programming experience is able to author and update a course using a 

generic shel l  provided by a programmer. Reusabi l ity features supported include: 

• Modes can be defined and bui lt to templates using re-usable components 

with settable properties .  

• I n ternal teaching materia ls can be re-used . Lectures ,  for example , can be 

recorded in class and provided to externa l  students together with notes 

provided to internal students. 

• Tutoria ls  and other interactive learn ing programmes in a runnable format 

(e . g .  Web or Windows) can be p icked up and l inked into the course . 

• Discussions and queries can be ed ited and made available to students as 

part of the help system . 

• A faci l ity for updating courses is bui lt into both the authoring and learn ing 

a ppl ications at m in imal  effort for student or teacher. 

For the student, the Learn ing Shel l  works for any course . The Shel l is independent of 

the course content .  Us ing the Shel l  for a d ifferent course s imply involves l oading a 

d ifferent set of resource fi les. 

The current prototype operates with only one course at a t ime. However ,  with a 

separate fo lder structure for each paper's learn ing resources and database , a nd a few 

modifications to the source code so that the Shel l can be pointed to the correct folder 

system at lagon ,  it cou ld be used for s imu ltaneously studying several courses. 

The authoring appl ication was used successful ly to insta l l  a section of a rea l  extramura l  

cou rse for the user  testing of  IMMEDIATE d iscussed in Chapter 7 .  

6.8 The /M MEDIA TE prototype 

Once the constituent appl ications had been coded and tested ind ividual ly ,  they then 

needed to be tested in  relation to each other. An important part of the i ncrementa l 
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prototyping process has been assembl ing the appl ications into the overa l l  IMMED IATE 

system ,  and then testi ng and mod ifying them so that they worked togethe r  to support 

al l  the requ i red functional ity of the Learn ing She l l .  

To begin with , IMMEDIATE was assembled and debugged on a single computer. Then ,  

the un iversity-end components and the Learn ing Shel l  were insta l led o n  separate PCs 

and modified to run over a peer-to-peer LAN .  

This section concentrates on  the main cha l lenges to  get IMMED IATE to  run over a 

network. These were : 

• Integrating the three component appl ications (student, authoring and repository 

management) a nd the FTP server into a working prototype running on an Ethernet 

LAN .  On the network level th is was qu ite stra ightforward. lt involved l inking two PCs 

running Windows 98 using a 1 0Base2 Ethernet coaxial bus (Tanenbaum ,  1 996, p. 

277), and configuring the PCs to communicate over TCP/I P protocols .  With in  the 

cl ient appl ications (Shel l  and authoring) ,  the hard coding of the FTP server's lP  

address was changed to  a parameter to  be  read from a set-up f i le . 

As an appl icat ion, the Learn ing Shel l  was easi ly instal led , together  with its fo lder 

system and data fi les, from CD or the Internet. lt could then be accessed from an 

icon on the Windows Desktop. 

The Delphi insta l lat ion util ity was used to create a set of insta l lat ion f i les, which 

were used to i nsta l l  the Shel l on the second PC . This h igh l ighted some issues 

caused by variations in graphics capabi l it ies (e . g .  avai lable co lours)  and screen 

resolution .  A lowest common denominator a pproach has to be taken to the use of 

colour in the She l l .  In re lation to vary ing screen resolutions, a l l  interface 

components must be designed for the lowest resolution ,  an algorith m  has to be 

introduced to resize screen objects to match the resolution on the use r's computer, 

or the user has to be gu ided to set the screen resolution to the optima l  leve l .  For 

the purposes of this in it ia l  prototype, the latter strategy was assumed. 

• I nsta l l ing a section of an extramural computer science paper, using the authoring 

appl ication . Th is proceeded smooth ly .  But as the course author was a lso the 

system developer, it could only be a test of the appl ication's functiona l ity, not its 

usabi l ity. 

The main change introduced at this stage was to provide for a wider range of 

materials to be d isplayed by learn ing components, for instance, mult iple web pages 

instead of a s ingle document. This entai led a ltering the resources d i rectory 
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structure of the Learn ing Shel l .  And it requ i red addit ions and a lterations to the 

a uthoring system to support the functional ity added to the Lea rning Shel l  e .g .  

enabl ing a h iera rchy of  fo lders (as  with web pages) to  be added to course material 

in the same manner as a s ingle fi le .  

Improvements were a lso introduced at th is stage for updating the Extramura l  

S u pport database in  response to  student queries and communications .  This is  

d iscussed under  "Authoring and Updati ng the Support System" (6 .7 .3 ) .  

• A self-eva luat ion of the prototype for functiona l ity using the set of scenarios that 

defined the main functiona l  requ i rements of the Learn ing Shel l  (Appendix D) .  

• Mod ify ing and debugg ing the prototype unti l  it satisfied the essential functional 

req uirements i n  these scenarios. This is d iscussed in  the fol lowing sections .  

6 . 8 . 1  Mod ifications to the prototype 

Considerable effort was d irected at th is stage to perfecting the methods by which the 

three core appl ications commun icated with each other over the network so as to 

accurate ly transfer data and mainta in cons istency across the overa l l  system.  

Modifications of  a l l  th ree component appl ications were made to  s impl ify updating of 

course materia ls and the extramura l  support database by the student, and to provide 

more visual feedback. Many of these changes have a l ready been discussed. 

Some changes a lso had to be made at this stage that were requ i red by techn ica l 

l im itations of the tools used . For example, the database engine that Delphi provided for 

free d istri bution with an appl ication supported a smal ler subset of SQL functional ity 

than the version provided with the programming environment itself. 

(a) failed query: 

select MAX( entered ) from Messaging 
where F _From = :  F _From; 

(b) replaced by selecting the first member of result set from this alternative: 

select entered from Messaging 
where F _From = :F _From 
order by entered desc; 

Figure 6 .31 : SQL query rewritten to run outside Delphi  environment. 

For instance , updating of messages between the Lea rning Shel l  and Repository 

databases re l ied on use of the MAX function in  SQL (6.5 .2 ) .  But the cal l  to MAX 

functio n  fa i led in the d istributed vers ion .  Th is meant that when the Lea rning Shel l  was 
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instal led on a separate computer synchron isation of data between the databases fa i led.  

Because this problem only occurred outside the Delphi  IDE,  i t  was very d ifficu lt to 

locate . Once located , however, it was easi ly so lved by rephrasing SQL queries where 

necessary , as in  F igure 6 .3 1 .  

The final network specification for IMMEDIATE is shown in Figure 6 . 32 . 
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Figure 6 .32: IMMEDIATE prototype imp lementation. 

6.8 .2  Debugging 

The difficu lties in troubleshooting a relatively s imp le  SQL problem h igh l ights how 

chal lenging it can be to locate and fix errors in programming logic and semantics in a 

project of this scope. 

One of the advantages of software development in Delphi is the programming 

environment's comprehensive set of integrated debugging features , inc luding being 

able to step through sou rce code l ine by l ine whi le the program is runn ing .  H owever, 

implementing some of the requ i rements of the Learn ing  Shell inh ib ited debugging us ing 

the Delph i too ls .  

For example, shutt ing o ut Windows operating system features whi le the Learn ing  Shel l  

is being used had the s ide effect of shutting out Delphi 's debugg ing windows as  wel l .  

Th is  function of  the She l l  had to  be switched off duri ng  debugging sessions .  
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And, for debugging the complex log ic of the overal l  system - especial ly the interactions 

between the d ifferent appl ications -- it was often more helpful to trace component 

interact ions using the wel l-proven method of writ ing status messages d irect to the 

screen and to a log fi le as the appl ication ran ,  us ing the method : 

procedure tell User( component, msg: string; loglt, tell it: boolean ) ;overload; 

avai lable in  the Shel l 's System Uti l it ies un it (Appendix F) .  Specia l  debugg ing code is 

inherited or added to screen forms to support these features a nd enable Delphi 's own 

debugging tools to work un impeded. 

This code is  activated by a DEBUG variable in the control ler object which activates a 

DEBUG var iable in parent component forms, through which it is passed to its chi ld 

forms .  Alternative ly, by d i rectly act ivating the DEBUG variable in  a parent component 

form , the programmer can troubleshoot that part of the code , wh i le the rest of the 

appl ication functions norma l ly .  

The te i iUser  method has a lso been used to provide an application-specific standard 

format to d isp lay a message to the student user where necessary, such as if an 

unexpected e rror occurs . 

By us ing these debugging featu res to track user i nteractions with the Learning Shel l ,  

the Log F i le became a n  evaluation tool during user testing .  

6.9 Conclusion 

To implement IMMEDIATE for the purposes of eva luating the learn ing computer 

hypothesis ,  three separate appl icat ions have been bui lt and then networked with an 

FTP Server i nto a working system .  They are a Learn ing Shel l ,  a Course Autho ring and 

Manage ment Appl ication and a Repository Manager. This chapter has summarised 

that experience .  

Prototyping IMMED IATE proved t o  b e  a substantia l  programming task involving more 

than 25 ,000 l ines of source code .  Often ,  several d ifferent approaches needed to be 

tried before a satisfactory way of meeting a specification was foun d .  

Perhaps the most chal lenging aspect of this prototyping work was developing and 

imp lement ing a method for communicating and transferri ng data f i les over an unrel iable 

network, while shielding the complexit ies of th is process from the student user. 

Using incremental prototyping , a l l  the main requ i rements a nd functional ity were 

successfu l ly  implemented . F rom an in it ia l  evaluation over a LAN ,  it was concluded that 

the prototype has demonstrated the techn ical feas ibi l ity of the learn ing computer 
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concept, at least under laboratory conditions .  

Once IMMEDIATE was up, running and fu l ly functional over a LAN ,  the next task was 

to insta l l  and test it under real ist ic field condit ions. Th is aspect of prototyping and 

refi n ing IMMEDIATE was combined with the user testing and is covered in Chapter 7. 
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Cha pte r 7 

Use a n d  eval uation of IM M EDIAT E 

The focus of this chapter is the testing and evaluation of IMMEDIATE with users in a 

smal l  farming and fishing commun ity in  the North Is land of New Zealand.  Th is wi l l  be 

d iscussed under the fol lowing headings :  

• Goals 

• Strategy 

• I nstal lation and evaluation 

• Resu lts 

• Conclusion 

7. 1 Goals of evaluation phase 

Preece et a l .  (2002) define evaluation as "the process of systematical ly col lect ing data 

that informs us about what it is l ike for a part icu lar user or g roup of users to use a 

product for a particular task in  a certa in type of environment" (p .  3 1 7) .  In  an interv iew 

from the same book, Shneiderman d istingu ishes between an experiment and usabi l ity 

testing .  The goal of an experiment is to confirm or refute a hypothesis using repeatable, 

quantitative means, whi le the goal of usabi l ity testing is to refine a product as quickly as 

possib le ,  th rough identifying frequent problems ( ibid . ,  pp . 457-458) .  

I n  Chapter 3 it was hypothesised that to successfu l ly provide a computer-based 

un iversity-level d istance-learning environment on an anywhere , anytime basis ,  three 

student-centred design strategies should be emphasised. They are :  a d istributed , 

rather than a central ised , network a rch itecture; a user- in itiated adaptable and 

col laborative, rather than system-in itiated adaptive , approach to presentation and 

content; and a special-purpose , rather than a general-purpose, G U I  environment. In 

Chapter 4 a learn ing computer was proposed as a conceptual isation of these 

strategies, which was then partia l ly specified in Chapter 5 as the IMMEDIATE system .  

The  successfu l prototyping of  IMMED IATE was summarised in Chapter 6 .  This 

included testing the system on a peer-to-peer LAN. This experience fu rn ished a more 

detai led specification for a learn ing computer implementation and provided provisional 
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support for the unde rly ing hypothesis. To provide more conclusive evidence ,  it was 

important to evaluate IMMEDIATE under condit ions more closely a pproximating those 

faced by its target use rs .  

l t  was argued in  Chapter 3 that extramura l  e-learning environments should be 

evaluated along the three d imensions of functional ity, accessibi l ity and usabi l ity (3 .2) . 

The goal of the evaluation phase was to confirm or refute the hypothesis, by evaluating 

IMMEDIATE a long al l three d imensions . This would requ ire testing with users under 

real istic condit ions, us ing quantitative and qua l itative measures .  

7.2 The Evaluation Strategy 

Severa l key issues had to be decided in determin ing the evaluation strategy - what 

was to be evaluated,  h ow, where, and by whom .  In l ine with the goals, the evaluation 

would focus on assessing the completeness, accessib i l ity, and usabi l ity of the Learning 

S hel l  funct ional ity. The emphasis would be on the student as user rather than as 

learner. 

The evaluation wou ld  com bine aspects of a field tria l  and of more formal  usabi l ity 

testing .  lt would be conducted with volunteer users representative of extramura l  

students, who would work under field conditions reflecting the more chal lenging end of 

the spectru m  in which d istance learn ing takes place. If IMMEDIATE worked and was 

u sable under these condit ions, then it could reasonably be asserted that it would work 

and be usable anywhe re ,  anytime. At the same t ime, each volunteer wou ld be req uired 

to complete the same set of prescribed tasks under the same conditions. In th is way, 

their i nteractions with the system could be monito red and compared in  a measurable 

way. 

The testing with users wou ld have two facets. lt wou ld test the completeness and 

accessibi l ity of the system functiona l ity, primari ly  using quantitative data . And it would 

assess the usabi l ity of the Learning Shell i nterface , us ing quantitative and q ua l itative 

means.  lt would be important to demonstrate with q uantitative data that the system was 

accessible, funct ional and usable in the fie ld. But it would also be va luable to obta in  the 

views of the users on IMMEDIATE and how it compared with other com puter systems 

they have used . 

7 .2 . 1  Focus on student as user 

The eva luation wou ld focus on the student as user ,  i .e .  how eas i ly  he or she could 

learn to use the system and carry out all the requ i red tasks in the Learn ing Shel l  
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environment. lt wou ld not address the issue of the student as learner - i .e .  h ow wel l  the 

user could learn the course subject matter. 

IMMEDIATE has been designed to overcome the usabi l ity and accessibi l ity problems 

associated with web-based and standalone educational  software, by providing a 

system which makes  min imal  techn ical demands on the student user, both i n  terms of 

technolog ical platform and computing experience . lt does not introduce new learning o r  

teaching methods that need to  be eva luated.  

What needed to be eva luated was the abi l ity of the system to del iver a wide range of 

learn ing functional ity in a usable form to remote students , and therefore that it was a 

workable, un iversal  a lternative to correspondence-based extramura l  study. The 

emphasis was upon the completeness of the funct ional ity, on its form rather  than its 

content. 

7.2.2 Testing for fu nctional ity and accessib i l ity 

Evaluating IMMED IATE for functional ity and accessib i l ity invo lved testing whether the 

three core components of the system - the Learn ing Shel l ,  the Course Authoring and 

Management System,  and the Commun ications Manager - could del iver the 

appropriate functional ity in a t imely manner to remote users, and assessing the 

re l iabi l ity and perfo rmance of the system under these circumstances. For students to 

use IMMEDIATE for learn ing ,  all the three subsystems had to work togethe r  effectively .  

Th is requ i red insta l l ing and runn ing the entire IMMED IATE system in the field with 

actual users,  and observing the results. This wou ld be combined with the usabi l ity 

testing and observation .  

Event logs wou ld be used at both the cl ient a n d  server ends of the network to record 

quantitative data verifying that al l  functions worked and were accessible, and to identify 

and analyse any problems that might arise. 

7.2 .3  Usabi l ity testing 

The centrepiece of IMMEDIATE is the Learning Shel l .  Therefore , cons iderable 

emphasis in  the evaluation phase was placed upon assessing the Shel l  interface for 

usabi l ity .  Would an extramural student studying at home a lone be able to complete a 

set of typical tasks unaided (e .g .  attend a lectu re o r  partici pate in a g roup d iscussion)? 

How easi ly could t hey ach ieve th is? 
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The evaluation method selected was scenario-based usabi l ity testin g ,  because of its 

focus on what the user does (Pressman ,  1 997,  pp.654-55). This usabi l ity testing would 

not be d i rected to identifying improvements in the interface, but to provide evidence in 

support of the learn ing computer concept. The scenarios and use cases drawn up as 

part of the design process wou ld form the basis of the test scenarios. 

Two critic isms of usab i l ity testing a re that it emphasises fi rst-t ime usage and cannot 

cover a l l  the interface features in the space of a couple of hours (Shneiderman ,  1 998, 

pp. 1 32) .  However, in the Learn ing Shell eva luation ,  the primary objective was to test 

the ab i l ity of an  inexperienced user to get started with the system and complete the 

basic tasks in  a couple of hours with min imal  outside help.  

7.2 .4 Field testi ng 

Usabi l ity test ing would usual ly  be conducted in a specia l ly designed laboratory where 

the users can be carefu l ly monitored . However, for the purposes of testing for 

functional ity and accessib i l ity, as wel l  as usabi l ity, it wou ld be d ifficu lt to reproduce al l  

of the condit ions faced by extramura l  students in  a laboratory. Is the system runnable 

where the Internet i s  slow and unre l iable? Are its features usable when more 

experienced help is not immediately at hand? 

For th is reason , the fie ld  test approach to usabi l ity testing (Shneiderman ,  1 998, pp. 1 3 1 )  

- where the system i s  insta l led,  run and tested with users i n  a more real istic 

environment - was adopted . 

The field test would involve the instal lation of the system over a te lephone network , the 

se lection vo lunteers , a p i lot study with one user and an in-depth study with the 

remainder. Data would be col lected for ana lysis using observation , log fi les, and 

interv iews. 

The criteria decided upon for the field test environment was that it be conducted using 

o lder computer hardware in  a rura l a rea where slow and unrel iable Internet 

connections were the norm,  with volunteer  users working in isolation from one another. 

Equal ly important would be the choice of su itable volunteer users for the eva luation .  In  

th is  way ,  the Shel l  could be eva luated under  field cond itions approximating the more 

d ifficu lt environments faced by un iversity-level d istance students to determine the 

un iversa l ity of the underly ing approach. 
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7 .2 .5  Pu rposive sam p l i n g  

l t  is convenient t o  test educational software developed by un iversity resea rchers with 

volunteers d rawn from the university population at hand . Quite often these turn out to 

be undergraduate information science students. This choice of user wou ld have been 

problematic for th is evaluation , because the demograph ics of extramura l  student users 

d iffer i n  important respects from internal students - involving more who are "second­

chance" learners , older, studying in isolation from their peers, or  less computer-l iterate. 

lt was necessary to verify that IMMEDIATE met the requirements of extram u ral 

learners. 

lt was therefore important to select volunteer users who more closely-matched the 

profi le of the extramura l  student. lt was decided to select them on the basis that they 

l ived in a rural area, had d istance learning experience and some knowledge of 

computers. The re levant information wou ld be obtained by a quest ionnaire .  This is an 

example of purposive sampl ing (Yin ,  1 984; Patton, 1 990) where appropriate ind iv iduals 

who meet the specified requ i rements are selected . lt was necessary to find indiv iduals 

who had the potential to successfu lly complete the exercises under condit ions s im i lar  

to  those faced by a d istance student, working unassisted from a remote location . 

7.3 Installation and evaluation 

7 .3 . 1  Test environ ment 

During October 2003 the prototype was insta l led to run over the telephone network in 

an  isolated coasta l farming and fish ing community in New Zealand . Th is  ru ra l  

community was chosen for  the fie ld test because its p rofi le reflected some of the most 

d ifficult cond itions that may be faced by those who undertake d istance study from 

necessity rather than choice . From a te lecommunications standpoint, these cond it ions 

are often more remin iscent of those associated with towns and v i l lages in  developing 

countries than to the "wired" urban environment in  which the World Wide Web 

flou rishes. 

The selected commun ity cons ists of approximately 40 permanent fami l ies scattered 

a long a 1 0  ki lometre stretch of coastl ine and throughout the surrounding h i l l  country, 

about one hour's d rive (75 ki lometres) from the nearest town of some 5000 people .  The 

ma in  economic activities are fa rming,  fish ing and forestry. The community is centred on 

a smal l  school of 20-30 pupi ls located along a beach , and surrounded by a cou ple of 
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dozen hol iday homes mostly owned by people l iving outside the d istrict. H igh school 

students must board out of the district or  study by correspondence .  

From informal  d iscussions with res idents, i t  was evident that a number of adults , 

especia l ly  women , were involved i n  correspondence-based h ome study. In  part this 

reflected a situation in  which there were few local opportunities for female employment. 

Cond it ions typica l of many of the more remote parts of ru ra l New Zealand - hi l ly  

terra i n ,  stormy weather condit ions,  interference from agricu ltura l  equ ipment such as 

electric fences, and ageing ,  over-extended and unrel iable te lephone and electric power 

infrastructu re - created a d ifficult environment for Internet com puting .  There was l ittle 

advantage in obta in ing the latest computer equipment. Anecdota l evidence ind icated 

that whi le many fami l ies owned computers, they were often o lder models which they 

had taught themselves to use ,  if on ly to a l im ited extent . Often they were mainly uti l ised 

by the chi ldren in the household.  Adu lt usage was main ly for emai l ,  games, some farm 

management and study tasks, and - for the patient - I nternet browsing . 

A drive a round the d istrict would show that most homes have satel l ite TV dishes. 

Broadband sate l l ite reception for Internet downloading was therefore feasible. 

However, uploading by satel l ite broadcasting was sti l l  proh ibitively expensive . Even if 

the means was found to fund a fu l l  broadband Internet service for the school ,  which 

wou ld have to be sate l l ite-based , there wou ld sti l l  be no feasible means for l inking up 

most of the farm households to i t .  

7.3.2 I n sta l lation of the system 

I n  specify ing IMMED IATE (5 .7)  it was stressed that, whi le a wide variety of 

comm u nication media such as sate l l ite download were embraced by the learn ing 

computer concept, once the necessary hardware and their d rive rs were insta l led on a 

computer, a l l  these media appeared to the user as either an internet connection or a 

portab le sto rage device . Therefore , to s impl ify the prototyping process , the options 

implemented in  the Learning Shel l were updating by d ialup internet connection or by 

portable d isk .  This l imitation wou ld only have a min imal impact in assessing the 

usabi l ity of the Learn ing Shel l .  lt would only adversely affect the Shel l 's  performance 

for those few functions which involved rea l-time Web access such as searching the 

un iversity's l ibrary resources.  Most web-based material accessed by the Shell is stored 

on the use r's  computer and cou ld be u pdated by CD.  

For the experiment, a cl ient/server network was chosen with the commun ications 

manag ement system instal led on the network server, the teach ing appl ication insta l led 
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on a separate PC connecting to the server via a LAN ,  and the student appl ication 

connect ing from a remote locat ion via the te lephone network. 

lt was important that during the pilot study and the field test, both ends of the network 

be easi ly accessible to the researcher. Therefore, it was not feasible to insta l l  the 

server end at the researcher's u n iversity, several hour's  d rive from the fie ld test loca l ity . 

I nstead it was insta l led at a farm bu i ld ing several k i lometres in land from the user's 

loca l ity. The farm was chosen because the necessary hardware was avai lable there ,  

and because it offered no advantage in the speed o r  rel iabi l ity of the dia lup connection 

over an internet connection to the un iversity. 

However, for the Learning Shel l  to connect to the server via an ISP,  the server was 

requ i red to obtain its own publ icly-usable lP address. lt was not possible to o rganise 

this for the tria l .  Therefore , the Learn ing Shel l  had to be set up with two d ial-up 

connections - a connection to an  ISP for accessing web pages, and another to the 

IMMEDIATE server. Th is requ i red insta l l ing the un iversity end app l ications on a LAN to 

which the Learner Shel l  connected as a d ia l-up cl ient. The IMMEDIATE components 

cou ld then communicate with each other using lP addresses reserved for private 

networks . 

The instal lation steps were: 

• I nsta l l  the student appl ication at the local school on a PC runn ing Windows 95, 

using CD-ROM down load . Al l  volunteers wou ld use the one PC. To preserve the 

integrity of each volunteer's data, each would have the ir  own copy of the Shel l  and 

data fi les insta l led in a separate folder system. Th is would requ i re the re-setting of 

the computer between each user. 

• Establ ish a cl ient/server LAN at the farm bu i lding using an operating system that 

supports the server end of d ia lup networking .  Windows 2000 was chosen for this .  

• I nsta l l  the un iversity end appl ications on the Windows 2000 LAN .  The 

communications management subsystem (FTP server, Repository Manager) would 

be instal led on the PC runn ing the LAN server and the authoring appl ication  wou ld 

be instal led on another cl ient PC. 

• Set-up a d ial-up connection between the student and un iversity end over the local 

telephone l ines .  

Insta l l ing the Learning Shel l  at the school was a three-step process: 

• I nstal l  a fi le compression and decompression uti l ity. This is provided as a standa rd 

service in Windows XP, b ut earl ier versions of the Windows operating system 
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usual ly requ i re th i rd party software to provide this service . In  this case , WinZip was 

used . 

• Load a fu l l  version of the database tool provided with the Delphi development 

environment. Th is wou ld not normal ly be required because the database engine is 

part of the She l l  appl ication insta l lation . However, insta l l i ng the fu l l  database too l  

a l l owed d i rect access t o  the database independently of the Shel l  appl ication ,  to 

locate and fix any unexpected problems should they a rise during the pi lot study and 

subsequent usabi l ity experiment. 

• I nsta l l  the Learn ing Shel l  appl ication,  including the folder structu re and course 

materia ls .  This involved activating a se lf-extracting compressed fi le from a CD,  

us ing the previously insta l led decompression util ity. 

All the steps in  insta l l ing IMMEDIATE proceeded smooth ly .  The few m inor problems 

that a rose mostly re lated to the configuration and administration of the Windows 2000 

network. No outside techn ica l support was used at any point duri ng the prototyping , 

insta l l at ion and evaluation of IMMEDIATE , so a l ittle experimentation was needed on 

occasion .  

7 .3 .3 Pi lot stud y  

Four  members of the ru ra l commun ity serviced b y  the school made themselves 

avai lab le to assist i n  evaluating the prototype . They were provided with an information 

sheet (Append ix K 1 )  and signed a consent form. Each completed a copy of the 

q uestionna i re profi l ing h is o r  her computer and learn ing experience (Appendix K2) .  

Table 7 . 1  presents a summary of the questionnaire results . 

Al l  fou r  volunteers h ad studied at the tert iary level and th ree were current or very recent 

tertiary d istance students . One agreed to make herself avai lable for the p i lot study .  The 

objectives of this p i lot study were : 

• To ensure sufficient course material had been incorporated into the prototype to 

enable a l l  essential funct ional ity to be accessed and tested by the user. 

• To detect and fix as many usabi l ity problems as possible , that might otherwise 

impinge on evaluat ing the underlying conceptions of the Shel l .  

• To refine a set of exercises (scenarios) that takes the user th rough a l l  major 

aspects of the system.  
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1 .  Username:1 Pi lot User User 1 User 2 User 3 

2 .  Gender (circle one): Female I Male F M F F 

3. Are you currently studying at university or polytechnic y N N y 
level? (circle one) Y I N  

4 . If not, have you studied at university or polytechnic NA y y NA 

level? (circle one) Y I N  

5. Major subject Education Education Comm uni Marketing 

cation 

6. Have you ever studied by correspondence y N y y 
(extram urally)? (circle one) Y I N  

7. Computer usage: 

In what year did you first use MS Windows? 1 996 1 996 1 999 1 992 

In a typical week, how many hours, i ncluding work and 8 8 1 0  8- 1 0  

leisure use, would you spend at a computer? 

Now please detail how many hours per week on average 
Hours per Hours per Hours per Hours per 

over the last year you have used computers for the 
week week week week 

following tasks, by circling the appropriate num ber: 

Write and send emai ls 1 1 2 5 or more 

Browse the internet for news/information 1 1 4 5 or more 

Write letters or reports with a word processi ng program 3 3 4 5 or more 

(e.g. Word, WordPerfect, MS Works, etc.) 

Keep accounts and budgets with a spreadsheet program 0 0 0 0 

(e.g Excel, Lotus 1 23, etc ) 

For your own university or polytechnic studies 2 0 4 5 or more 

To help others (e.g. your children) with their education 2 3 2 5 or more 

Table 7 .1 : Summa ry of Participant P rofile Questionna ires. 2 

1 For the purposes of logging onto I MMEDIATE the participants used the aliases "Mike" , "Bob", "Mim" and 

"Pom". In the text, they are referred to as Pilot User, User 1 , User 2 and User 3 . 

2 All participants gave an estimate of the total t ime spent on the computer each week which was 

significantly less than the sum of the total time they estimated they spent on each task category. This 

suggested a considerable overlapping of tasks or that their estimates were very approximate. When asked 

about the d iscrepancy, two of the respondents expressed surprise and said it m eant that they probably 

spent more time on the com puter than they had thought. 
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Test scenarios 

The scenarios covered setting up the student Learn ing Shel l  and exploring a l l  aspects 

of its funct ional ity, inc luding accessing learn ing material in six d ifferent study modes: 

lectu re, g roup work, tutoria l ,  textbook,  col laboration ,  and assig n ment. The volunteers 

were expected to com plete these in two one-hour sessions spread over two days. The 

first exercises were qu ite detai led in  their  instructions ,  the later ones, progressively less 

so. The sequence of activit ies was as fol lows: 

1 .  I n it ia l ise Learn ing  Shel l  to own preferences 

2 .  Log on to  cou rse 

3. Jo in G roup Discussion 

4 .  Attend Lectures ,  Seek Help, a n d  Complete Self-Assessment 

5 .  Monitor The Assignment Discussion 

6 .  Explore On-l ine resources 

7 .  Complete Ind iv idual  Tutoria l  

The "Attend Lectures" scenario  is shown in  F igure 7 . 1 .  A walkthrough of  th is  scenario, 

demonstrating the use of the Learning Shell ,  is  provided by Figures 7 .2-7 . 1 3 . 

Al l  seven scenarios a re included in  Appendix J .  

To ensure that a l l  essential features were included in  the tria l ,  the scenarios were 

checked aga inst the n ine potent ia l  features of com puter-based learn ing systems (2 .3) 

and the s ix d imensions of un iversity learn ing (3 . 2 . 3) identified during the l iteratu re 

review phase of the p roject. The results have been summarised in Table 7 .2 .  

Out  o f  the p i lot study a number of modifications were made. Further materials were 

added to the course , so that a l l  scenarios were fu l ly  supported . Some inconsistencies 

between screens were identified and corrected , such as placing Help and other 

function buttons  in the same place on all interface components. 

A "Handy H ints" page (Appendix J 1 ) was prepared l ist ing key tips for navigating and 

using the system ,  the Help Screens were reorgan ised to emphasise h ints for using 

each learn ing component ,  and the exercises were ed ited to present each user task 

more clea rly and log ica l ly .  
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E-Lea rning Enha ncement Scenario 
Allowing learning material to be accessed from almost anywhere, at any time. All 

Facil itating communication. 3 ,  5 

Promoting co-operative work. 3,  5 

I ntegrating the various media used to deliver distance education (video, audio, 4 
telephone, mai l ,  graphics, and text) i nto a single mu lti-media envi ronment. 

Simulating real world situations, processes and problem s.  7 

I ntegrating materials from a variety of sources and locations. 6 

Allowing the presentation of material to be adapted to suit the ind ividual student. 2 ,  6 

Acting l i ke a human tutor. 7 ,  4 

Helping the teacher to author teaching material. 5 

Learning Dimension 

Learning by textbook 2 

Learning by lecture 4 

Learning by exploration 4 ,  6 

Learning by collaboration 3, 5 

Learning by doing 3,  7 

Learn ing by tutorial 7 

Table 7.2: Scenarios covered a l l  e-learn ing enhancements and d imensions. 

The docking fun ction ,  introduced during the latter stages of prototyping ,  was removed 

from the scenarios as it was clearly confusing to a less experienced user .  lt was felt 

that, whi le the idea of organis ing the components of a study mode into a coherent 

screen was worth investigating further, it wou ld only work if it were perfo rmed by the 

Shel l  itse lf. lt was a lso at th is point that a feature was added to the G roup Work 

component enabl ing a l l  newly received messages to be viewed immediate ly by the 

student , without their  having to navigate to the appropriate point in the course . 

7.3 .4 Orga n ising the fiel d  test 

The th ree remaining volunteers participated in the in-depth study. They were 

representative of the demographics of the p rimary target users for IMMED IATE, viz. 

mature students , studying alone from remote locations with l im ited commun ications 

infrastructu re ,  and with a range of largely-self-taught computing experience .  
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Access a Lectu re, Ask for Learning Support 
( Prerequisite: Ensure the computer is  connected to university) 

{ I n  this scenario, you access a video presentation, seek support in understanding one of the concepts 

raided in the lecture, and then evaluate your understanding of these concepts.} 

1 .  Log on to Massey Extramural 

2 .  Use the Course Explorer t o  navigate t o  the lecture a t  Topic 1 .2 . (Click the Help icon or press E.1 if 

you need guidance). 

3. Load and start the lecture (For this tria l  it is only a sample clip . I n  a real situation you would follow the 

presentation with the help of the slides contained in Lecture Notes. ) 

4 .  Use Desktop Menu t o  open Key Ideas. This i s  the gateway to Extramural Support. 

Getting help with Key Ideas 

5. You are confused about "metaphor". Select this concept and open Extramural Support. 

6. Press E.1 and read the Help page. 

7. Ask Extramu ral  Support to expla in  "metaphor". 

8. RETRY for further information. 

9. Response is i nadequate. Click NO. 

1 0. ASK the tutor for more information on "metaphor". 

1 1 .  Open the Concept Map 

12 .  Select the related item "conceptual models" there. 

1 3 . Ask Extramu ral  Support to expla in  "conceptual models" . 

1 4 .  RETRY. 

1 5. Click NO . 

1 6. Exit Help .  

Self-Assessment 

1 7 . You decide to register how wel l you understand Topic 1 .2 .  Note the colour of the icons next to each 

concept in Key Ideas . 

1 8 . Find and start the Self-Assessment questionnaire. Give a range of responses over the questions. 

Rate "metaphor" and "conceptual models" as poor. 

1 9 . Update Key Ideas. Note the changes to the colours of the faces to the left of the concepts. 

20. Open the Course Explorer. Note the changed colour at Topic 1 .2 .  

2 1 .  Change study mode to  Group Work. Update your messages. Wait until the process is  complete before 

continuing.  

22 .  Exit Massey Extramural. Do not backup you r  work. 

<End of Lecture a nd Ask for Help scenario> 

F igure 7 .1  : Attend Lectures scenario. 
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-�;- Massey PE!�!�Jty 
.......-. Extramural 

Welcome to 1 59.353 Human-Computer 19 
Interaction. 
Please enter your password 

Name jBob 
Password lililiiiilil 

Figure 7 .2 :  Logging on to the Learn ing Shel l .  

Starting 1 59.353 Human-Computer Interaction ... 

Se le et an optio n=:-:--"--::-'"":'7.::-:=-:-::��-� 

r Return to previous topic 

r- i$:�I�:��:::�:�.�:::!�:P.:i.:�! 
r Update course m aterial 

r Restore from backup 

Update system settings 

r Exit 

Figure 7.3:  User Options form. "Select new topic" selected. 
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Course Exploret drsplays the table o f  contents of the course m the 
of an expand able tree, together With the study chorces avculable for any 

ed toprc 

Tips on using 
To select a toprc . cild 11 wrth the mouse 

To nav�gate to a new toprc, use the mouse to double-click on that toprc 
m the Course Tree. or select the toprc and cl�eh � 

To change to a new study mode. double-chd the mode m the list 
drsplayed, or select the mode and then clock � 

To change toprc and mode, select the new toprc frrst , and then change 
the mode 

To expand an rtem m the Course Tree , click on the '+' srgn ne XI to rt To 
collapse child rtems back rnto the parent nem. chck on the ·-· next to rt 
To ·...,ew sectiOns rn the Tree, chck on the '+' srgn ne(! to the course 
ut le 

To VIew toprcs m a sectron , chck on the '+' s1gn next to that sectton 

59.353 Human-Computer Interact ion 
c 1 .04 As s i g n ment Mode 

F igure 7.4: Course Explorer. C l icking Help icon opens Help screen. 
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2. Model l ing the Usea· Interface 
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Al l  three were adults in  their late 20s to early 30s. Analysis of the questionnaire results 

(Table 7 . 1 )  showed that a l l  the volunteers had had at least some computing experience 

ranging from 3-4 years to a decade. One (User 3) had been studying as a d istance 

student with the NZ Open Polytechnic for a number  of years and used her home 

computer to support her hard-copy-based course wherever possible . Another (User 1 )  

had been an inte rna l  un ive rsity student who now used computers for h is work as a 

primary school teacher. The third and least-experienced computer user (User 2)  had 

recently enro l led at the Open Polytechn ic, but had subsequently put her studies on 

hold because of increased fam i ly responsib i l it ies . 

The three volunteers were asked to complete a l l  seven scenarios. To ensure that no 

user was advantaged by knowledge of the cou rse content, the material was taken from 

a th ird year  un iversity paper on a topic that none of them had studied . Th is was 

appropriate g iven the nature of the evaluation. 

One issue that had to be faced was of tra in ing . When the system was fu l ly developed , 

student users would be supplied with a CD-ROM conta ining the software and course 

materia ls ,  a demonstration  v ideo and a hardcopy gu ide . Since at th is stage there was 

no demonstration video , some tra in ing had to be provided to the users. 

Each user was g iven a demonstration of the student software as it wou ld be shown in 

the video, and then completed the fi rst two exercises under supervis ion .  They were 

then left to complete the scenarios unassisted,  except for the provision of the sheet of 

Handy H ints that wou ld form part of the hardcopy g u ide. 

Three forms of data col lection were used du ring the experiment - logg ing their 

activities ( Dix et a l . ,  1 993) ,  observation and interviews (Patton ,  1 990,  Scott et a l . ,  

1 99 1  ) .  Where ,  when a nd what each user did during the i r  sessions was tracked b y  the 

system and saved in a l og file, primari ly  to analyse users' navigation paths and 

completion t imes, and record where they ran into d ifficu lties,  and to record and trace 

any e rrors in the function ing of the system itself. Because the student software is 

designed to support user-centred exploration and mu ltiple navigation paths, a user 

should be a ble to complete a task even if they d iverge from the shortest path that an 

experienced user may be expected to fo l low. 

For each user, the fol lowing were observed whi le they worked through Scenarios 1 and 

2 :  

• Their genera l  demeanour before , during and after each scenario (confident, 

hesitant, anx ious ,  frustrated) .  
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• Their fami l iarity with the manipu lation of screen objects with the mouse and 

keyboard (confident, hesitant, unconfident) .  

• Where they hesitated , where they used the Help icon ,  and where they asked for 

another demonstration . 

Each participant was interviewed individual ly ,  immediately after they had completed 

each session ( i .e . twice) .  I nterviews were structured along the l i nes recommended in  

Scott et  a l .  ( 1 991 , Ch .  14 ) .  A set of questions was prepared as the starting point for 

exploring each person's experience with the prototype . Questions, such as the 

d ifficu lties faced , what aspects of the system they l iked, and what they would want 

changing,  were asked. At the same t ime, the interviews were al lowed to dig ress where 

it helped to clarify the interviewee's experience with IMMEDIATE or other computer 

systems. These interviews were recorded and transcribed by the interv iewer for 

subsequent analys is .  

7.4 Evaluation Results 

7.4.1 F u nctiona l ity and accessi b i l ity 

I M M ED IATE ran successfu l ly and without major incident during the ent ire eva luation . 

The results were very positive, with a l l  vo lunteers able to complete the exercises with in 

the two one-hour sessions.  Completion t imes, exclud ing wait t imes for downloads and 

updates over the network, ranged from just under 52 minutes for User 3 to a l ittle over 

89 m inutes for User 2. Al l three stated that by the end of the exercises they were 

confident that they were able to use the system unaided. 

The conclusion that a l l  the features tested were functional  and accessible was 

supported by the data collected in the log fi les .  

Log Files 

What each user  did during the i r  sessions was tracked by the Shel l  and saved in a log 

fi le. The log fi les traced the user's path th rough  the scenarios by record ing the state of 

the system after each s ign ificant interaction with the user. Th is included , the current 

time , topic, study mode and learn ing component, as well as the specific action called 

by the user and the system response to it (F igure 7 . 1 4) .  

A n  analysis of the log fi les revealed that, wh i lst each of the volunteers got held up at 

least once ,  they were al l  able to complete each scenario .  Most d ifficu lties were 

encountered in complet ing Scenario 3, which involved finding an Assignment, and then 
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asking the tutor a question concern ing it using the electronic messag ing system . User 3 

com pleted th is scenario in 1 6  minutes, which involved 1 9  logged events includ ing 

accessing Help 6 t imes for 2 m inutes in  tota l .  User 1 was only s l ightly s lower in 1 8  

m inutes, but logged 38 events and accessed Help 1 0  times for a duration of 4 minutes .  

On the other hand ,  U ser  2 took 27 minutes ,  logging 26 events but  on ly  spent I minute 

in  He lp ,  accessing it 5 t imes. This user a lso had d ifficu lties when accessing the 

Ass ignment mode the second time (Scena rio 5) .  

1 3/1 0/03 5: 1 7:07 P M :  System launched 

17 1 7  1 2 : Logon: Pom logged on 

17 17 24: UserOptions: Select new topic 

17 17 24: CourseExplorer: Show 

1 7  1 7  35:  Controller: C hange topic: 1 .02 

1 7  1 7  35: Controller: Change mode: Lectures 

1 7  1 7  47: LectureNotes : Help requested for this component 

17 17 52: LectureNotes: Help page closed 

17 19 23: Desktop Menu: Learning Aids 

1 7  1 9  25: Keyldeas: Show 

1 7  1 9  52:  ExtramuraiSupport: C oncept = metaphor 

1 7  19 5 3: ExtramuraiSupport: Show 

1 7  1 9  58: ExtramuraiSupport: Help requested for this component 

17 20 1 9: ExtramuraiSupport: Help page closed 

17 20 27: ExtramuraiSupport: qWhat 

17 20 40: ExtramuraiSupport: User action: Retry 

1 7  20 48: ExtramuraiSupport: N otifyTutor system message s aved. 

1 7  20 48: ExtramuraiSupport: User action: No 

Figure 7 . 1 4:  User interactions traced through log file (e.g.  from Scenario 4). 

G raphs were compi led to compare the t ime each user took to complete the scenarios 

(F igure 7 . 1 5) and the frequency with which they referred to the Help system whi lst 

completing each scenario (F igure 7 . 1 6) .  

The log fi les a lso helped to locate one or two bugs remaining in the system,  including 

an  i ncorrect system status message that in itia l ly caused the volunteers to wait 

unnecessari ly  when updating the i r  messages from the IMMEDIATE server. 
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Authoring system 

The f ield study provided an in it ia l  opportun ity to assess the functional ity of the 

un iversity end of IMMEDIATE in  a real istic setting . Supporting the three volunteer users 

involved: 

• Send ing messages from the authoring appl ication to the student users, in 

response to their messages and queries; 

• Updating the Extramura l  S upport database from the authoring appl ication , in 

response to student and system messages, for transfer to the Learning Shel l ;  

• Adding new resources (assignment g rades) to the Repository from the 

authoring appl ication for update by the Shel l .  

These activities involved logging on to the FTP server over the LAN as a teacher user 

in  order to send and receive messages from the authoring appl ication , including 

com mun icating with the System Admin istrator. Updated help and learning resources 

fi les then had to be zipped at the Repository Manager and made avai lable for 

down loading by the Lea rning She l l .  These tasks were accompl ished without any 

s ign ificant problems. 

Communications performance and reliability 

An important coro l lary of the user testing was to assess the performance and re l iabi l ity 

of IMMEDIATE when it was run in the real istic environment provided by a rural 

telephone network. At the cl ient end ,  all communications with the Repository server 

were recorded in  the Learn ing Shel l  log . At the server end, cl ient interactions with the 

Repository ,  including system responses,  were logged by the Repository Manager 

(F igure 7 . 1 7) and the FTP server (F igure 7 . 1 8)3 . 

Analysing these fi les revealed that IMMEDIATE was able to hand le communications 

between the students and the tutor, and a l low learning resources to be updated, 

efficiently and re l iab i l ity over  the two days of the testi ng . The on ly unexpected delays 

detected were traced to a bug at the interface design ,  rather than any problem in the 

commun ications technology. No other issues adversely affecting IMMEDIATE's 

performance and re l iabi l ity were identified.  

3 I n  F igurs 7. 1 7  and 7. 1 8, "Chris" is  the course tutor. 
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7 .4 . 2 Usa b i l ity 

The quantitative data provided by the logs, especial ly the comparable t imes taken by 

a l l  users to complete all scena rios, provide evidence for the usabi l ity of the Learning 

Shel l .  However, the qual itative data , from the observations and the interviews , provided 

even more compel l ing evidence support ing the Shel l 's usabi l ity , and contrasting it with 

the volunteers'  experiences using other computer systems. 

The users were only observed working through the first two scenarios. The data from 

this observation was of somewhat secondary value because these two exercises were 

part of the supervised demonstration .  However, it did reinforce the information from the 

volunteers' profile quest ionnaires regard ing their prev ious computing experience . 

1 3  06 57: Last received request from Mim 

13 06 57 :  Last received request processed for Mim:  14 1 0  03 13 01  22 

13 06 57 :  Deleting C:\VLM_Repository\Repository\MessageQueue\55099.txt . . .  

1 3  06 57: Deleted 

1 3  07 1 2: Message update requested by Mim 

13 07 1 2: 3 messages received from Mim 

1 3  07 1 2: 0 m essages transferred to Mim di rectory 

1 3  07 1 2: Deleting C:\VLM_Repository\Repository\MessageQueue\551 1 2.txt . .  

1 3  07 1 2: Deleted 

1 3  49 57: Last received request from Chr is 

13 49 57:  Last received request processed for Chris: 07 10 03 2 1  30 31 

1 3  49 57: Deleting C:\VLM_Repository\Repository\MessageQueue\57632.txt . . .  

1 3  4 9  57: Deleted 

1 3  50 1 2: Message update requested by Chris 

1 3  50 1 2: 4 messages received from Chris 

1 3  50 1 2: 4 messages transferred to Chris directory 

1 3  50 1 2: Deleting C:\VLM_Repository\Repository\MessageQueue\57638 . txt . . .  

1 3  5 0  1 2: Deleted 

Figure 7.1 7 :  Extract from Repository Manager log. 
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[L 2003 1 0  1 4 1 3:06) 00004 Mim cntr User from 1 92 . 1 68.0.4 1ogged in 

[F 2003 1 0  1 4  1 3:06) 00004 Mim data C:\VLM_Repository\Repository\MessageQueue\55099.txt 
Receiving. 

200 

[F  2003 10 1 4  1 3:06) 00004 Mim data C:\VLM_Repository\Repository\MessageQueue\55099.txt Received 
file successful ly .  Size: 44 bytes. 0 .043 Kbytes/sec 

[F 2003 1 0  1 4  1 3 :07) 00004 Mim data C:\VLM_Repository\Students\Mim\MessageBox\answer.txt Sending .  

[F 2003 10 1 4  1 3:07] 00004 Mim data C:\VLM_Repository\Students\Mim\MessageBox\answer.txt File sent 
successfully . Size: 44 bytes. 0.043 Kbytes/sec 

[F 2003 1 0  1 4  1 3:07) 00004 Mim data C:\VLM_Repository\Repository\MessageQueue\551 1 2 .txt 
Receiving.  

[F 2003 10 1 4  1 3:07) 00004 Mim data C:\VLM_Repository\Repository\MessageQueue\551 1 2.txt Received 
file  successful ly .  Size: 1 8 1 3  bytes. 1 .771  Kbytes/sec 

[F 2003 1 0  1 4  1 3:07) 00004 Mim data C:\VLM_Repository\Students\Mim\MessageBox\messages.txt 
Sending.  

[F 2003 10 1 4  1 3:07] 00004 Mim d ata C:\VLM_Repository\Students\Mim\MessageBox\messages.txt File 
sent successfully. Size: 44 bytes. 0.043 Kbytes/sec 

[L 2003 1 0  1 4  1 3:07] 00004 Mim cntr User from 1 92. 1 68.0.4 logged out 

[L 2003 1 0  14 1 3:49) 00005 Chris cntr User from 1 92 . 1 68 .0.2 logged in  

[F 2003 10  1 4  1 3:49) 00005 Chris  data C:\VLM_Repository\Repository\MessageQueue\57632.txt 
Receiving.  

[F 2003 10 1 4  1 3:49] 00005 Chris data C:\VLM_Repository\Repository\MessageQueue\57632.txt 
Received file successful ly. Size: 47 bytes. 0.046 Kbytes/sec 

[F 2003 1 0  1 4  1 3:49) 00005 Chris  data C:\VLM_Repository\Teachers\MessageBox\answer.txt Sending. 

[F 2003 10 14 1 3:49) 00005 Chris  data C:\VLM_Repository\Teachers\MessageBox\answer.txt Fi le sent 
successful ly .  Size: 46 bytes. 0.045 Kbytes/sec 

[F 2003 1 0  14 1 3:49) 00005 Chris data C:\VLM_Repository\Repository\MessageQueue\57638.txt 
Receiving .  

[F 2003 1 0  1 4  1 3:49) 00005 Chris data C:\VLM_Repository\Repository\MessageQueue\57638.txt 
Received fi le successfully. Size: 661 2  bytes. 6.457 Kbytes/sec 

[F 2003 1 0  1 4  1 3:50) 00005 Chris  data C:\VLM_Repository\Teachers\MessageBox\messages.txt Sending.  

[F 2003 10 1 4  1 3:50) 00005 Chris  data C:\VLM_Repository\Teachers\MessageBox\messages.txt F i le sent 
successfully. Size: 2477 bytes. 2 .4 1 9  Kbytes/sec 

[L 2003 1 0  1 4  1 3:50) 00005 Chris cntr User from 1 92 . 1 68 .0.2 logged out 

F igure 7.1 8:  Extract from FTP Server log. 

Users 1 and 2 were clearly i nh ibited by previous negative experiences with computers, 

includ ing the fear  of crash ing  the system if they did someth ing wrong . Interestingly ,  an  

a na lysis o f  the i r  interviews and log fi les show that, once they had gained some 

confidence in the robustness of the Learn ing Shel l ,  these two users took a very 

exploratory approach, popping in and out of th ings a lmost at wi l l .  
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For example, when interviewed , User 2 described her experience of "being ab le to go 

into the menu l ike that and surf around and see where everything is . . .  rather  than going 

to Help . "  

Al l  participants com pleted the first two scenarios without any major d ifficulties .  Whi le 

User 1 and User 3 were confident with their use of mouse and keyboard from the 

outset, User 2 was noticeably more hesitant. 

Al l  participants paused at what was the most chal leng ing task i n  these open ing 

scenarios (Scenario 2 .4) :  f inding the Course Explorer  immediately after logg ing on,  and 

then using it to navigate to a section of the course. User 3 opened Help , as suggested 

in the scenario ,  read it through unti l  she saw what to do, and carried on without further 

delay. User 1 fo l lowed the same path , but rather more s lowly and cautiously. User 2 

was even more hesitant, first trying to figu re out how to proceed from what she saw on 

the screen ,  without accessing Help. 

The data from this observation was of most value when correlated with data on the 

participants' previous learn i ng and computing experience supplied by the user profi le 

questionna ires ,  with the transcripts of the inte rviews , and with addit ional observations 

made during the course of the evaluation as a whole. lt confi rmed that they 

represented a range of computing experience with User 3 the most confident, and User 

2 the least so. 

In  addit ion , User 3 ,  the qu ickest in completing the scenarios, as the most experienced 

d istance learner of the th ree appeared to have the clearest menta l picture of the 

system and what she was tryi ng to accompl ish with it. She also appeared to make the 

most jud icious use of the Help faci l ity. 

Interviews 

The most valuable form of data co l lect ion , from the usabi l ity perspective , proved to be 

the interviews which were undertaken with each user i nd ividual ly at the end of each 

one-hour session .  These were semi-structured interviews (Preece et a l . , 2002, p.394) 

in  which each volunteer was asked the same set of questions as the start ing point for 

exp loring the i r  experience with the prototype (Appendix K3) .  The i nterviews averaged 

between 20 and 30 minutes .  

No  major usabi l ity problems were identified during the interviews. Those problems that 

did emerge were relatively minor i nterface design issues and e rrors missed (or 

introduced ! )  in  the pi lot study, and the odd technical h iccup related to l im itations in the 

test environment. An example of the former was a confusing status message displayed 
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after users' had down loaded the i r  messages from the server that has a l ready been 

a l luded to. Examples of the latter were using the same machine for each user, and 

requ i ring separate d ia l-up connections to access the "un iversity" ( i .e .  the fa rm bu i ld ing 

several k i lometres back in  the hi l ls where the Windows 2000 server was insta l led) and 

the Internet, when no rmal ly they wou ld be accessed through the same connection. 

The most substantia l  proposa l to improve usabi l ity came from User 1 who favoured a 

"Back" key or undo faci l ity. There were t imes, he said when he had made an error in 

working th rough a scenario and " I  knew that I had to go back but there was no way to 

g o  back except exit completely, but I [only] needed to go one step backwards . "  

An interesting point noted by User  2 was that her menta l picture of  what she could do 

in the Learning Shel l  was constra ined by her prior experience of what was and was not 

possible in Windows. For instance ,  she in itia l ly strugg led to understand how you could 

easi ly move between d ifferent sets of programs ( i .e .  study modes). "And that's the 

th ing , you can't do that general ly on a computer because you lose someth ing or you 've 

got to close it a l l  down completely and put it away before you open someth ing e lse up,  I 

find .  Wel l ,  at least, that's how I do th ings,  whereas this time I d idn't have to do that. I 

cou ld to and fro and I th ink I strugg led to adjust to that . "  

As  has a l ready been n oted , the most experienced distance student, User 3 ,  completed 

the scenarios cons istently faster than the other two volunteers and her observations on 

the Learning Shel l  often exhibited the clearest understand ing of its learning features. 

This supported the conclusion that there was a good match between many of the 

Shel l 's  features and the rea l  world of extramura l  study,  helping d istance students to 

understand these features intu itively ,  and improving its usabi l ity as a learn ing 

environment. 

The complete interviews were transcribed and then analysed for s ignificant,  common 

themes re lating to the goals of the evaluation . Ful l  transcripts a re attached as Appendix 

K4. Major themes identified were :  

• Frustration with the complexity of existing computer systems. 

• The problem of poor internet service .  

• The effects of personal isolat ion. 

• Support for the Learn ing Shel l . 

• The i mportan ce of tra in ing and help .  

• Simpl ifying searches to avoid information overload 
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Al l  participants were enthusiastic about the usabi l ity of the Lea rn ing Shel l ,  contrasting 

what they accompl ished th rough it with the d ifficu lties they often faced completing tasks 

in  the Windows/lnternet Explorer environment. 

Complexity of existing systems 

One of the most important themes to emerge from the interviews was the frustration of 

the interviewees when try ing to use the ir home computers for study and other tasks. At 

t imes the interviews read l ike a l itany of the problems users face negotiating the 

complexities of the Windows environment. The interviewees al luded to : 

• Feeling overloaded with unnecessary features and functions. User 2 observed that 

computers were "not as simple as they should be", whi le User 1 talked of "so many 

hidden things that you stumble across" in Windows and of sti l l  not knowing what 

many featu res were for. User 3 noted that "with a normal computer, and other 

software , there's a lot of stuff that you just don't need . And to get around to doing 

the task that you want to do, it's harder to get there because you've got obstacles in 

the way . "  

• Getting lost in a maze of too many open windows. User 1 summed this up in 

expla in ing h is resort to "a lt+ctrl+del" :  "You've got to get out to start aga in ,  because 

you have no idea where you have gone and what you've done and the computer 

won't te l l  you what you 've done . . .  " User 2 ta lked of running into problems by "be ing 

too busy, trying to go here and do th is and do that and not closing the boxes that 

need to be closed and running th ings on top of other things and stuff l ike that . "  User 

3 thought that people " lose patience, because you have to go d ifferent ways around 

to do d ifferent things. You have to close boxes down , you've got to go back to the 

start when you log off, you 've got to find your way back around agai n . "  

• Frustration at not being able to complete tasks. User 3: "Half the problem with 

doing a lot of th ings on a computer is that a lot of it is just i rre levant stuff, and you 

get s ick of waiting just to get to your orig ina l  stuff. I think that is where a lot of 

people th ink,  I can't be bothered doing that anymore . "  User 2 spoke of trying to do 

someth ing using her computer and just g iv ing up: " I  would end up tu rn ing it  off. " 

• Not getting the help they needed from the help system. User 3 explained how she 

was unable to find the appropriate help to complete a task in  a spreadsheet: "And I 

knew that I could do it ,  that it was possible to do it, but to actua l ly find out how to do 

it was real ly hard .  Especia l ly when the help is [supposed to be] desig ned to do 

that . "  In her experience, help systems often presented her with " i rre levant d rive l" .  
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User  1 found that accessing the help system on his home computer d idn 't so lve h is 

problem because "quite often it's not the scenario where you have got yourself . . .  

you have done something d ifferent . "  

• Being overwhelmed by too much information. The interv iewees found that general­

purpose too ls l i ke help systems and search engines presented too much 

information to the user, which they found d ifficult to narrow down for their specific 

purpose. "Especia l ly when you search the Internet, you type in say 5 key words or 

3 key word s  and then it comes up with 250,000 or  a mi l l ion possib i l it ies and you 

th ink 'Gee . I 'm not going to go through a l l  that"'(User 3). "I get 300 sites of wh ich 

275 of them are useless. it's a lot s lower on the internet the other way than your 

way, because I have to physica l ly open it and have a look at it to see if its relevant 

or not, and then go on to the next o ne and it's a long process" (User 1 ) .  

These experiences offer strong support for o n e  of the major premises on which the 

learn ing computer concept is based viz. existing computer systems a re too complex for 

effective d istance learn ing .  

Poor Internet seiVice 

Another theme to emerge related to the qual ity of rural Internet connections. The 

usabi l ity problems the interviewees faced in the general-purpose Windows environment 

were compounded by extremely poor Internet service .  This was especia l ly the case for 

User 2 and U ser  3 who l ived back on h i l l  country farms. User 3 spoke of "wait ing, 

waiting" for items to down load . User 2 told of waiting half an hour for two emai ls and 

being told to wait 3 1  hours for a web page :  " I  have seen it at 1 [ki lobit per second]. I 

know that it shou ld be 26 ,000 or 24 ,000 and it is 1 ,  l iteral ly just one. You can get a 

connection .  You can d ia lup and get on l ine .  But you can't get anyth ing .  Not even a 

home page.  And you're pay ing your $2 .50 per hour for noth ing ! "  

Any web-based learning system re lying upon downloading learn ing materia ls from a 

centra l  server s imply cannot work under the circumstances the interviewees described.  

Isolation 

These usabi l ity and accessib i l ity problems are especial ly chal lenging when it is 

comb ined with the pressures of study in  isolation from one's peers .  

User 3 ,  with more than 1 0  year's computer experience ,  reported how she would be 

unable to figu re out h ow to complete assignment tasks on the computer by herself. " l t  
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was real ly hard to find out what you were supposed to be doing .  So I just leave it. " lt 

was easier to shut down the computer and complete the assignment on paper. 

User  2 spoke of her frustrations try ing to obtain information for her course off the 

I nternet because "you 've got to be a brain box to use it . "  For her it was sometimes 

easier to drive the 70 ki lometres into town . " it's easier to do the basic stuff, do the hard 

yards,  l ike go to the l ibrary and th ings l ike that and photocopy pages out of a l ibrary 

book . . .  Because its just easier. But it should be easier o n  a computer but I f ind that it is 

not . "  

I n  an on-campus environment, the problems they confronted - how to copy text from 

one document to another, or how to format an Excel chart correctly - wou ld be q u ickly 

sorted out with the help of more experienced peers .  But in the ir  iso lated situation , these 

problems rendered their computers unusable. 

The experiences described by the volunteers strong ly supports the premise advanced 

in this thesis that the iso lation of d istance students compounds the usabi l ity problems 

of general-purpose computing environments. Standalone systems may overcome the 

de l ivery problems of web-based courseware . But they exacerbate the iso lation 

problem. 

Usability of Learning Shell 

The dominant theme to emerge from the interviews i n  relation to the Learn ing Shel l  

itself was an  overwhelming endorsement of i ts usab i l ity . In contrast to the genera l  

frustration the interviewees expressed with the i r  norma l  computing environment, they 

all embraced the Learn ing Shell enthusiastica l ly and indicated they wou ld be keen to 

use it for their own stud ies . 

User  1 thought the Shel l  was "user-friendly" ,  and that it would be especia l ly usefu l  for a 

new user who had purchased a computer to study on l i ne and "this is the first t ime they 

have had to come to g rips with a computer as well as their new course . it 's not 

int imidating at a l l . "  They would qu ickly grasp that they cou ld n 't do any damage by 

experimenting. 

For User 2 ,  " If I was to be studying at Massey and there was a program l ike that ,  that 

would probably be one of the main reasons why I would study on l ine . "  

User  3, the most experienced computer user and distance student, emphasised : "Wel l  I 

could see that I could use it for [my study] qu ite eas i ly .  I th ink. God . lt wou ld just make 

it a lot easier . "  
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The Learning Shel l  is d istinguished from a general-purpose window and web 

environment by its min imal ist, i ntegrated interface that manages many housekeeping 

tasks normal ly left to the user, and l im its what the user can do the mselves in order to 

free the user for learn ing.  The volunteers commented favourab ly on this approach in 

the course of thei r  interviews. 

User 3, for example, thought that compared to her own computer "th is is a lot easier 

because you just close everyth ing at the same t ime , you don't have to worry about 

clos ing boxes here and there ,  and when you log back on, it comes stra ight back exactly 

to where you started from .  lt was a lot easier " 

Use r  1 l iked it that there were " l im ited . . .  buttons , shal l  we say ,  that you can use" for 

navigating the system.  

Use r  2 observed : "And even when I went . . .  where I shouldn't have been i t  was very 

easy for me to get out and start aga in .  I just found it so easy, whereas normal ly ,  if I was 

on my com puter and someth ing l ike that happened ,  I would end up turn ing it off . . .  and 

go ing back to it a nother day because I'd get frustrated . "  

Some of  the  favourable characteristics of the Learn ing Shell the volunteers sing led out 

were : s impl icity, ease of use ,  speed , re levance ,  robustness, friendl iness, transparency, 

and consistency. 

• Simplicity. The interviewees l i ked the way the Shel l  s impl ified tasks they often 

struggled with in the Windows and Web environments ,  such as managing 

transitions between d ifferent screens and programs .  "If I wanted to [emai l  the tutor 

with a question on my course] , I had to close down , hook up to the Internet, bring 

up a l l  that. lt wou ld take a long t ime, and that's when I th i nk, I can't be bothered 

doing a l l  that. I ' l l  just struggle through .  Whereas with this one it was right there ,  and 

you cou ld just easi ly do it" (User 3 ) .  For User 2 ,  "Half the t ime I get frustrated when 

I have to work with my computer because it is not as simple as it should be . And 

th is is as s imple as it should be . "  User 3 noted that one of the advantages of this 

s impl icity is that "you don't have to remember a lot of things. " 

User 1 l i ked the way that complexity was hidden from the user. He would never 

have "gathered that it was a com plex computer program. "  Otherwise he "would 

have panicked stra ightaway. "  He a lso l iked the fact that only th ree basic operations 

had to be memorised to use the ent ire system :  "And that it's very easy to f ind your 

way a round the whole th ing with those th ree keys. To me that's the most appealing 

thing about it . "  
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• Ease of use. User 2 said that she had completed many tasks that she would have 

g iven up on at home as too hard :  "But I find it real ly odd that I 'm doing th is and it's 

so easy . "  User 3 l inked this ease of use to the simpl icity of the environment as "you 

don't have to worry about a l l  the bel ls and whistles and everything e lse going on 

because it is a l l  just there" .  

• Speed. " it's qu ick . . .  I 'm just th inking of computer programs in genera l ,  basica l ly .  

Some, when you are jumping from one field to another . . .  Oh I have got to shut that 

down, load that up. And not with chang ing d isks, but just in genera l .  But here, going 

from that one to the other was very qu ick to get from here to there. lt was a matter 

of with in 5 seconds I was gone from one to the other. There's no sitting and 'please 

wait' whi le it does this and that .  . .  " (User 1 ) .  

• Relevance. User 1 and User 3 particu larly contrasted the re levance of  the 

information they received from the help and search faci l it ies associated with the 

Shel l :  "At least here the content is re levant to what you are doing" (User  3) .  

• Robustness. In User 1 's view a new user "with in ha lf an hour wi l l  have the g rasp 

that they can't do any damage" and that "if you get yourself in  trouble, it 's very easy 

to get yourself out of trouble . "  User 3 "felt confident enough to whiz a round , 

because you've got a l l  the help th ings" .  User 2 "knew that I cou ld go into that and I 

could go wherever I wanted and I am not going to get stuck anywhere. "  

• Friendliness. User 1 fe lt "that it is real ly user-friendly compared to my computer" 

and "not intimidating at a l l " .  

• Transparency. User 1 noted that the interface is "very transparent. . . it's a l l  very 

clear what you use to do what you want it to do.  There's no hidden features . "  

• Consistency. " it's pretty much . . .  standard ised . Because you are using the same 

three keys for every area. So you go into a new area and these th ree keys are 

app l icable.  Whereas if you g o  into d ifferent things on say your normal computer, 

wel l  sometimes this is  for that and that is for that, and that and that . . .  " [User 1 ]  

Training and Help 

The interv iews also h ighl ighted the importance of the in itia l tra in ing and the help 

system to the overa l l  usabi l ity of the Learning Shel l .  

An important element in the success of the usabi l ity experiment was in  the tra in ing 

documentation that accompan ied the software: the demonstration (video) ,  the Handy 

H ints sheet, and the set of tra in ing exercises (scenarios) .  Each of the participants 



Chapter 7 :  User evaluation 208 

emphasised the importance of these , with the least experienced user (" I would be your 

best g u inea pig ever!") ,  User 2, being most enthusiast ic.  She repeatedly stressed the 

importance of the clear instruct ions making it possible for her to complete tasks in the 

She l l  beyond what she had thought herself capable of: "But obviously it's not over my 

head . . .  if someone g ives you instruction and its easy to fo l low you can pretty much do 

a nyth ing , can't you? You don't have to be extremely intel l igent to be able to do things 

l i ke th is . "  

The evaluation a lso showed the effectiveness of l inking Help to each component in the 

system and of emphasising  a "Handy H ints" approach. This provided a simple 

mechanism for del ivering just-in-time,  just-enough,  context-sensitive help to the user. 

User 1 and User  3 emphasised that the way the help system was organised , it was 

always re levant and easy to fi nd out what they needed to use a featu re of the Shel l :  For 

User 1 " if I cl ick on Help I have found every time what I need to do and its been able to 

solve it for me . "  User 3 noted , "the content is  relevant to what you are doing". 

For U ser  2, completing the scena rios on the Learn ing Shel l  was her first ever 

instruction in basic computing  ski l ls. Prior to the experiment she had "never, ever done" 

tasks l ike copying and pasting wh ich a re the ABCs of computing.  From th is 

perspective , the Learning Shel l  is a stripped-down version of genera l-purpose G U I  l i ke 

Windows that implements a subset of its functional ity. By train ing users in basic ski l l s  

that a lso apply in the genera l-pu rpose environment, such as copying and pasting 

between appl ications,  us ing the Shel l  has the s ide effect of introducing users to 

genera l-purpose G U is and providing a bridge to thei r  more complex environment. 

Many of the improvements to the Shel l ' s  tra in ing and help documentation,  such as the 

"handy h ints" emphasis,  were introduced as a result of the pi lot study. They had a big 

i m pact on the success of the usabi l ity test ing , which underscores the va lue of including 

a p i lot study in the overa l l  evaluation process.  

Simplified search mechanism 

Another theme emphasised by the users was the effective support the Shel l provided 

for f inding additiona l  learn ing materia l through Extramura l  Support. 

The e xtramura l  learning support system is one of the more complex aspects of the 

Learn ing Shel l .  lt is essent ia l ly  a database of usefu l  defin itions,  book references and 

web sites, and a mechan ism for searching that database to provide the student with 

mate ria l  relevant to what they a re currently studying . Interacting with th is  support 
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system was one of the more cha l leng ing tasks the volunteers were requ i red to do. Al l  

were able to complete these tasks. 

While they cou ld not judge the content of the search results, the i r  comments were 

nevertheless va luable in h ighl ighting some of the strengths of the learn ing computer 

a pproach , compared to the search mechanisms they normally would be faced with . 

For User 3 ,  " lt was easy and it was fast. And that is my two main th ings at home . . .  

Because you d idn 't have to waste a l l  that t ime i n  sorting through the information that 

you are g iven as to what's relevant and what's not . "  

User  1 a lso found i t  easier because "obviously it's trimming i t  down to what's re levant 

and what's not. So I presume for web sites that I have been g iven there ,  that they wi l l  

be usefu l for what I want, not may be usefu l ,  wi l l  be usefu l . "  

I n  future the completed system wi l l  a l so  need to be  used by students who a re actua l ly 

enro l led on a paper  whose content is included within the shel l .  This wi l l  prov ide a more 

mean ingful test of the effectiveness of the help and search faci l it ies.  lt wi l l  a lso a l low 

the issue of student learn ing to be addressed. 

7.5 Conclusion 

An evaluation of I M M E D IATE was carried out under real istic field cond itions in a 

remote farming and fish i ng community with the software runn ing over the te lephone 

network. lt was a major undertaking setting up an evaluation of this kind in  a rura l  area 

and finding su itable participants . Whi lst there were only three users in the in-depth 

evaluation , they were representative of d i stance learners in remote environments. 

The number  of users was sufficient to demonstrate the practicab i l ity of the concept. lt 

showed that the Repository Manager cou ld handle communicat ion between the 

un iversity and student end, that the Course Authoring and Management system could 

assist a remote student, and that the system was able to operate over a two day period 

without any problem. The system proved fu l ly functional and accessible to users ,  

providing speedy access in contrast to the long delays that occur when using the 

I nternet in s imi lar  circumstances. 

Whilst the users took varying lengths of time to accomplish the tasks, all were able to 

complete them even though the course material was unfami l iar. In their  comments the 

participants a l l  acknowledged the benefits of a system of th is kind .  They were able to 

run this d istributed system over a te lephone network and demonstrate that the main 

functions cou ld a l l  be used . 
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The user testing demonstrated that the learn ing computer approach was feas ible and 

offered accessib i l ity and usabi l ity advantages. By extension it can be presumed that it 

a lso offers learning advantages th rough the range of functional ity it offers , the 

min im isation of d istract ions and ease of use offered by the special ised interface, and 

the speed of access to learning materia l .  However, this was not able to be d i rectly 

tested in the course of the eva luation . 

Something h igh l ighted in  this study was the depth of frustration felt by isolated 

computer users at being often unable to complete what should be qu ite s imple tasks .  In  

contrast, the three volunteers who took part in the in-depth usabi lity eva luation were 

confident that in the two one-hour sessions, they had ga ined enough experience and 

confidence to be able to use IMMEDIATE effectively for their own study. Indeed the 

overwhelming level of enthusiasm shown by the participants had not been anticipated. 

The experiences and impressions of the volunteers captured in the interv iews strongly 

support the key thesis of the resea rch concern ing the advantages of organ ising a 

d istance learn ing environment as a special purpose computer, ta i loring the interface to 

the task, and managing transitions between tasks , so as to min imise the demands 

upon the user. 

The consensus of the volunteer users in favour of the Learning Shel l ,  summed up in 

User 2's comment: "If I could do my study using th is type of program it wou ld be so 

easy" is the most compel l ing argument in favour of the learn ing computer approach as 

rea l ised by IMMED IATE . 
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Cha pter 8 

Concl us ion 

I n  this chapter the research that has been conducted i s  reviewed i n  l ight of the in itia l  

objectives that were set . What has been achieved vis-a-vis these objectives? What has 

been learnt in the process? And what future work needs to be done to further advance 

these objectives? 

8. 1 Summary of research 

The start ing point for th is research was anecdotal evidence and personal observation 

that exist ing web-based e-learn ing systems are too d ifficu lt to use ,  and requ i re too 

much sophisticated technology, to work in  all distance learning situat ions,  and too 

l imited in  their functional ity to offer a sign ificant learn ing advantage over 

correspondence-based courses, especial ly when the latter are combined with course 

web-s ites and emai l .  This would be particu larly true for rural commun ities in the 

developed and developing countries for whom,  paradoxical ly ,  correspondence 

school ing was orig inal ly developed. 

Furthermore ,  it was observed that less experienced users frequently struggle to 

complete even basic computer tasks in an  unsupervised environment, and it was 

surmised that th is could be a serious imped iment to computer-based d istance learn ing .  

Prel im inary research, including informal meetings with experts and try ing out  some 

educational software, supported these concerns . This suggested that e-learn ing -

rather than offering new opportun ities to narrow the gap between the world 's haves and 

have-nots - may perpetuate and even widen educational inequal it ies, through 

introducing a two-tier system based on access to,  and abi l ity to use, soph isticated 

computer and commun ication technology. 

These observations in itiated a search for ways in which computer tech nology can be 

applied to d istance learn ing so as to offer a learn ing advantage over correspondence­

based courses, without incurring a d isadvantage in terms of accessib i l ity. The 

objectives for this research were : 



Chapter 8 :  Conclusion 2 1 2  

• To identify the ways in which computer  systems can assist d istance learn ing 

and to what extent th is potent ia l  has been real ised in  exist ing e-learn ing 

techno logies .  

• To identify th reads of current research relevant to overcoming the shortcomings 

of e-lea rn ing systems, drawing from the broad spectrum of Computer Science 

includ ing Artificial I nte l l igence , Software Eng ineering and Human Computer 

I nteraction ,  

• To develop new ideas, and extend existing ones, for fu lfi l l ing the potential for 

computers to effective ly support d istance learn ing .  

• To bui ld and test a prototype wh ich implements these key ideas.  

The resea rch conducted to meet these objectives can be broken into th ree main 

phases viz. investigating the problem through a l iteratu re review, conceptual is ing a 

solution ,  and testi ng the conceptual isation through prototyping and evaluation with 

users. A formal iterative research methodology was used , uti l is ing qua l itative and 

q uantitative methods .  

8 . 1 . 1  Literatu re review 

The fi rst two research objectives have been met through an extens ive l iteratu re review, 

which included conference papers, journa l  art icles, books, web s ites , industry 

publ ications and news reports. This began with a systematic review of the orig ins and 

evolution of d istance education and of computer-based learning research . From this 

review, it became clear that "distance learn ing" covered a broad range of scenarios -

from specia l ised in-house industria l  tra in ing to te levision-based, mass-oriented cu ltu ral  

improvement campaigns - with very d ifferent requirements. For the purposes of th is 

research , it was necessary to focus upon computer-based del ivery of extramura l  

courses - un iversity-run programmes for students unable to attend normal classes -

designed for ind ividual  home study. N ine contributions that networked computers can 

make to improve extramural learn ing were identified , rang ing from faci l itating 

commun ication among students to provid ing individua l ised tutoring help when a 

teacher  is not avai lable.  

In  the next step ,  the r ich record of contemporary computer-based , and especial ly web­

based ,  leam ing research was reviewed . From this review it was concluded that the 

potent ia l  for computers to improve the extramura l  study environment is far from being 

rea l ised. In  fact , very l ittle research was found that was expl icitly d i rected towards the 
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specific problems of this sector. Research tended to be weighted more towards the 

needs of the education provider than towards those of the d istance student. 

Much of the l iterature is critica l of the l im ited funct ional ity of commercial web-based 

courseware and learn ing management systems; a smal ler, but sign ificant body of 

research addresses usabi l ity problems; and a very smal l  section addresses 

accessibi l ity problems. But most research is centred upon innovations to web-based 

systems, which incorporate more sophisticated teaching or course management 

methods, which are more su ited to tra in ing scenarios than higher education , or  wh ich 

assume the hi-tech urban communications environment with in wh ich on ly a smal l  

m inority of the world's population res ides. From the student's standpoint ,  they tended 

to assume levels of computer l iteracy and access to high-end mu lti-med ia and 

broadband technology that was more i n  l ine with what can be expected for on-campus 

courses, than for individua l  students studying from home. 

8 . 1 .2  Conceptua l isation and specificatio n  of a computer for lea rn i ng 

From the review of current research , e ight gu idel ines were synthes ised for developing 

effective extramura l e-learn ing environments . In add ition ,  three broad user-centred 

strateg ies were identified as showing promise as possible ways to implement such an 

environment. These strategies emphasise loca l ised over centra l ised funct ional ity, 

special ised over general-purpose too ls ,  and user- in itiated adaptabi l ity over system­

in itiated adaptivity. lt was hypothesised that by fol lowing the design gu idel ines and 

combin ing these th ree strategies - without making any presumptions about 

technological p latform - a workable way could be found to meet all the requ i rements 

for an extramura l  e-learning environment that offers a s ignificant improvement over 

correspondence-based courses. 

In  order to meet the th i rd objective, the next step was to conceptual ise a learning 

system that could test o ut th is approach . The idea emerged of a learn ing computer -

which integrates a l l  the features a student needs for learning into a s impl ified , 

specia l ised , ind ividual ised, network user interface. I n  visual is ing the learn ing computer, 

ana log ies were drawn with many everyday objects and activities .  The central 

metaphor, however, was that of the multi-dimensional un iversity commun ity of learn ing ,  

which the learn ing computer extends to the extramural student. Within the learning 

computer, each learn ing d imension or study mode is defined by a set of e lements , 

each of which corresponds to a basic constituent of u n iversity study. 
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Having v isual ised the new system in  th is way, it was then necessary to specify a 

prototype in  more deta i l  that was in  l ine with the design strateg ies and gu idel ines of the 

underly ing hypothesis. In particular it meant specifying the technological platform on 

which it would be bu i lt ,  and the services that wou ld need to be employed at the 

un iversity end to support it .  The key decisions made at th is stage were: 

• That the learn ing computer would be implemented as the cl ient in a cl ient/server 

network, in wh ich most functional ity is d istributed to the cl ient side. 

Communications and learn ing content would be updated by periodica l ly l inking to a 

central repository of messages and learn ing resources via the Internet and , where 

necessary ,  via a lternative media  such as COs del ivered through the post; rather 

than as a b rowser cl ient downloading documents from a web server. 

• That the student i nterface would be implemented on the Windows platform as a 

special ised d i rect manipulation g raph ical Learn ing Shel l replacing the operating 

system G U I ;  rathe r  than using courseware's approach of adding functional ity to a 

genera l-purpose web browser. This Shel l  would be assembled on a modu lar basis,  

in  which each learn ing element o r  other interface object is i mplemented as a 

reusable software component, using the Delphi rapid appl ication development 

environment. 

• That user interactions with the Shel l ,  including navigation, would be simpl ified by 

manag i ng them through an intermediate system layer between the interface and 

the ope rating system ,  which references a tree data type that models the modular, 

h iera rch ical structu re of an extramura l  course. This layer would also model the 

student to provide the reference point for individual is ing the Shel l  to a specific user. 

• That learning assistance wou ld be provided to the student through integrating 

commun ications ,  co l laboration and support ,  by means of a repl icated SOL­

compl iant database which is maintained by the course tutor, and can be queried by 

the student via a user-friendly interface .  In this way, the student can obta in 

assistance through d iscussion with other students, asking the tutor, or  querying the 

support database ; and the outcomes can be logged , edited and incorporated into 

the database , as a means of dynamical ly improving the support system.  

To imp lement these decisions and prove the overa l l  concept , a course authoring and 

management appl ication and a commun ications management component needed to be 

bu i lt and i ntegrated with the learn ing computer into a network. This overa l l  prototype 
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has been ca l led IMMEDIATE ( I ntegrati ng MultiMEdia i n  a D istAnce learn ing and 

TEach ing environment) .  

8 . 1 .3 Eval uation through prototyping a nd user testing 

Incremental prototyping was used to evaluate and refine the main elements of the 

design specification and then to integrate them into the operational IMMEDIATE 

network. This prototyping confirmed that the method proposed for developing a 

computer-based learn ing environment was workable .  In  its simplest form , IMMEDIATE 

provides an integrated , easy-to-use , structured environment for the extramural student 

to navigate h is/her study gu ide, communicate with others electron ical ly ,  and access a 

database of helpfu l definitions ,  references and URLs.  At the same time it provides a 

framework in wh ich the fu l l  functional ity for e-learn ing - i .e .  the n ine ways i n  which 

networked computer systems can support extramura l  study - can be integrated as 

appropriate . IMMEDIATE provides a dynamic authoring and management system 

wh ich enables a cou rse to be u pdated , improved and re-used after it has been 

deployed . 

The second step in the evaluation and testing process was to get the IMMEDIATE 

network up and runn ing ,  fi rst over a LAN and then over a ru ra l te lephone-based 

communication system, so as to test it with users .  lt was especia l ly important to 

evaluate IMMEDIATE under as  real ist ic cond itions as possible - including lower-end 

technology, unrel iable commun ications infrastructu re , and users representative of the 

more inexperienced and geographical ly-isolated among extramural students. To 

ach ieve th is ,  the prototype was insta l led and tested over the rural telephone network 

with volunteer users in a smal l  New Zealand farming and fish ing community .  The 

evaluation here was for functional completeness, accessib i l ity and usabi lity , us ing 

scenario-based user testing .  This evaluation was prepared by a pi lot study. 

IMMEDIATE performed very favourably under these conditions.  The volunteers'  

response to the learn ing computer was enthusiastic, contrasting what they cou ld 

accomplish with i t  to  the d ifficu lties they faced with conventional  systems. lt was 

concluded that the user testing g ave strong support to the thesis that d istributive , 

specia l ised and adaptable strategies can be successfu l ly combined to provide a 

learn ing environment that is more widely-accessible and usable than web-based 

courseware , and that offers a learning advantage for extramural students over 

correspondence and emai l-based cou rses. 
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8.2 Contribution to knowledge 

The centra l contribution to knowledge of this research has been the development and 

demonstration of the learning computer as a new concept d istinct from e ither a LMS or 

a LCMS in  several important respects. 

F i rst, the learning computer d oes what the web-based LMS's and LCMS's have so far 

been unable to do viz . del iver d istance education on an anybody, anywhere , anytime 

basis .  lt demonstrates a method by which it is possible to combine the benefits and 

power of standalone computing with the col laborative potential of the network , in  an 

easy-to-use extramura l  study environment. Th is approach is un iversal ly-applicable,  and 

is especia l ly effective in supporting the ind ividual d istance student in circumstances 

where an LMS fa i ls ,  and the on ly rea l istic option has been correspondence study. 

Anybody. The learn ing computer combines the technological advances 

represented by networked PCs with the s implicity and ease of use of the earl ier 

dedicated computer systems l ike TICCIT or PLATO, provid ing a dedicated 

learn ing environment. The navigat ion,  fi le management , networking and other 

housekeeping functions the user would have to perform themselves in a system 

bui lt upon a general-purpose environment are embedded into the learning 

computer itself, requ i ring min imal  input from the student. 

Anywhere.  By d istributing most content and functional ity to the cl ient side, the 

IMMEDIATE a rch itecture enables the lean ing computer to be used a lmost 

anywhere, and min im ises the student's vulnerabi l ity to slow or unre l iable 

Internet connections. Because it on ly  requ i res period ic background updating 

and synchronisation when and where a network connection is avai lable, it is 

able to uti l i se the s peed and functional ity of standalone systems without 

sacrificing the commun ication and col laborative strengths of the internetworked 

PC . 

Anytime: Al l  the col laborative and communication functional ity of the learning 

computer, including g roup work and learn ing support,  is implemented using an 

asynchronous model a nd a repl icated database that can be accessed and used 

anytime, regardless of whether a network connection is currently avai lable . 

Students can access their  course content at anytime. 

The second and most fundamenta l d ifference from a LMS or LCMS is that the distance 

students themselves, rather than the education providers,  are the primary target users. 

lt d emonstrates the importance of designing e-learning systems with student 
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requ i rements paramount, and shows h ow this can be achieved .  The learn ing computer 

is first and foremost a special ised learning environment, in which network and 

education provider featu res are designed as support services rathe r  than as authoring , 

teach ing or course admin istration productiv ity tools .  An integrated ,  hol istic approach is 

taken to e-learn ing, in  which the usabi l ity of the student's overa l l  computing 

environment is considered as important to successful learn ing outcomes as the 

learn ing content itself. 

The learn ing computer embod ies a set of gu idel ines for design ing course-oriented 

educational software as a student-centred learning system. These gu idel ines have 

been successful ly fol lowed in the i mplementation of the IMMED IATE prototype . lt 

demonstrates the potential for specia l ised environments to address usabi l ity concerns 

resulting from the increasing complexity of general purpose environments l ike the PC 

as they encompass more and more fu nctions and features. 

The th ird un ique facet of the learn ing computer is its support for the trend towards 

ubiquitous computing, i .e .  invis ib ly integrating computer power into everyday l ife 

through embedd ing ded icated computing devices into common appl iances such as 

washing machines, automobiles or watches. The idea of special ised embedded 

computers to s impl ify and improve learning as found in Bork (200 1 a) and Hoppe et a l .  

(2000) ,  focuses upon the use of  specia l ised hardware. The IMMEDIATE prototype 

furn ishes addit ional support to th is approach.  At the same time , it contributes a method 

for implementing the approach with specia l ised software, as a g raph ical user shel l  over 

the most widely-used fami ly of operating systems, Microsoft Windows. The Lea rning 

Shel l  offers a method for implementing a "what" i nterface centred upon the task in the 

user's domain rather than a "how" interface focussed upon the mechan ism for 

achieving that task. This addresses a long-recogn ised chal lenge for s impl ifying and 

improving  the usabi l ity of computer  systems especial ly in industria l appl ications, as 

d iscussed in Gentner et al .  ( 1 990) . 

This research has also furn ished addit ional  support for other conclusions d rawn by 

researchers re lating to the efficacy of applying the strateg ies of specia l isation , 

local isation and adaptabi l ity to the development of e-learning systems. In  particu lar: 

• Interface design: This research has underscored the design principle that s impler is 

often better. IMMEDIATE was conceptual ised from the requ i rements for an 

extramura l  e-learn ing environment, without making any presumptions about 

technology. This opened the door to considering alternatives outside the prevai l ing 

web-based framework for e-learning,  and revisit ing some basic elements of user-
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o riented i nterface design that are at the core of the learn ing computer conception. 

By combin ing an emphasis on inte rface design - especial ly user-centred adaptable 

and col laborative strateg ies - with an emphasis on e-learn ing as an extension of 

the human teacher and the un iversity, the framework for an integrated , 

ind ividual ised , mu lti-d imensional ,  easy-to-use learn ing environment has been la id .  

Th is  supports the f indings of Murray e t  a l .  (2000) that "good interface design and 

pass ive but powerful user features can sometimes provide the benefits that are 

ascribed to more soph isticated or intel l igent featu res" (para .  4 1  ) . 

• Distributed functionality: Learning Management Systems conventional ly requ i re the 

student to ma intain a l ive connection to a centra l  web server, which dynamical ly 

generates learn ing m aterial and then uploads it as web pages to the student's 

browser appl ication . Supporting a student without a l ive l ink is complex because 

key functional ity resides on the server. T ILE (Gehne et a l . ,  200 1 )  addresses th is by 

dup l icating some web server functions on the student's computer so that some data 

can be updated via C Os ,  and the student can work offl ine when a connection to the 

server is unavai lable. IMMEDIATE extends th is  approach by re locating a l l  learn ing 

functional ity to the student machine so that only periodic updates a nd 

synchron isation with the server are needed, either by the Internet or CD.  

IMMEDIATE is innovative in us ing the Internet as  a del ivery mechanism rathe r  than 

as  an  integral part of student's interactions with their  learning materia l .  Web-based 

m ateria l  can be accessed and d isplayed alongside any other material ,  and a 

messag ing system s imi lar  to emai l  is i ntegrated into the Learning Shel l ,  but no key 

funct ional ity rel ies u pon mainta in ing a l ive connection to the Internet. This 

implementation enables the Learn ing Shel l  to uti l ise the fu l ler funct ional ity of a 

standalone computer whi le incorporating the communication and col laborative 

learn ing capabi l it ies of web-based systems.  

The IMMEDIATE network funct ionality is achieved us ing an FTP Server, a nd 

custom message-queuing and database synch ron isation protocols ,  wh ich requ i re 

on ly the exchange of compact text fi les .  Because there is no d i rect connection 

between the databases on the cl ient and the server, they need only be compatible 

at the log ical rather than the physica l leve l .  Large multimedia fi les can be sent via 

alternative med ia such as satel l ite or post if necessary .  IMMEDIATE's a rchitecture 

provides a s impler and more flexible fra mework than web-based learn ing 

management systems,  and can accommodate a lmost any kind of learn ing materia l ,  
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whi le g iving especial ly strong support to student-centred d iscovery and 

col laborative learn ing methods. 

• Form vs. content: Some educational software designers such as Smu lders (2003) 

have stressed the i mportance of design ing for form in order to make learn ing the 

content possible. Much current research into improving e-learning systems focuses 

upon ways of model l ing the content viz. the knowledge a course is  try ing to teach , 

how it is going to teach it, and what the student understands of it .  The success and 

s impl icity of IMMEDIATE is based upon model l ing form (structu re) in  the first 

instance, and then model l ing content only as necessary with in that framework. 

IMMEDIATE introduces the idea of reusable learning components as an extension 

of Delphi 's d rag and drop visual components . 

Learn ing components d iffer from software components (contro ls) in that they 

encapsulate a s ingle domain task rather  than a s ing le software task .  They d iffer 

from reusable learn ing objects in that they implement the form rather than the 

content of a learn ing module .  The learn ing components are the centrepiece of a 

modular construction which supports reuse on three levels - the student (mu lt iple 

courses) , the teacher (authoring ,  updating and re-using learning materia ls) ,  and the 

programmer (reusable code) .  

• Knowledge-base: Typica l ly ,  extramural un iversity courses are h igh ly modular, 

broken down into units and sub-units with learning goals and assessments 

attached to each . By using the form of the course to define a reference model for 

the Learn ing Shel l ,  a powerful mechan ism is created for navigation , i ntegration , 

synchron isation and ind ividual isation of the She l l .  Many courseware systems have 

a faci l ity for l i nking student d iscussions to a particu lar topic in a course . With 

I MMEDIATE ,  students can do more than view and contribute to d iscussions l inked 

with a particu lar  topic .  The reference model underpins a dynamic,  context-sensitive 

and adaptable system for helping the student to learn the course content, by 

providing a framework for organ is ing a database of d iscussions,  defin it ions,  

references and URLs, into a coarse-gra i ned knowledge-base. 

The student can query and search this knowledge-base through a user-friendly 

interface, and d iscuss the results with others . Through the Learn ing Shel l  t racking 

these d iscussions and record ing student satisfaction with the system's responses, 

and its integration with the course authoring and management appl ication ,  

IMMEDIATE supports dynamic updating of the knowledge-base by the  course tutor 
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in  l ight of those responses. This contribution bu ilds on research initia l ly  carried out 

with in the T ILE  g roup (He in rich et a l . ,  2000; He in rich et a l . , 2001 ) . 

8.3 Future Work 

Developing the I M MEDIATE prototype was a large and complex engineering task 

involving specifying  the system ,  writing thousands of l ines of source code , l ocating and 

customis ing reusab le  software components , instal l ing and configuring the elements of 

a cl ient/server network, insta l l ing modules of an actua l  extramural course ,  and 

eva luating the system with users.  During the course of this work it was necessary to 

keep clearly in m ind that the p rincipal objective of the project, despite its intensely 

practica l side ,  was to evaluate a hypothesis, rather than the development of a practical 

educational too l .  

The conclusion of  th is research is  that the prototyping and user testing of IMMEDIATE 

offers strong support for the underlying hypothesis,  and that this approach to providing 

an extramura l  e-lea rn ing environment merits further exploration and refinement. 

Because of the pervasively-modular structure of I MMEDIATE ,  the "nuts and bolts" of 

the current prototype provide the basis for further research , without preclud ing a 

systematic revision of a l l  existing elements and the incorporation of new ones. 

Three a reas of IMMEDIATE for further research and refinement are :  

• Learning Shell Interface: The heart o f  IMMEDIATE is the student interface 

represented by the Learning Shel l .  During the successful evaluation phase, some 

areas were noted where the interface cou ld be modified to improve usabi l ity, such 

as a g reater ab i l ity to step back from (undo) a particu lar course of action , and 

making the learn ing support facil ity accessible from any interface component in a 

s imi lar  manner  to the help facil ity. As part of developing an improved version of 

IMMEDIATE for fu rther  learning tria ls with students, a thorough review of the 

interface should be carried out, including drawing upon independent usabi l ity 

experts . 

• Individualisation: Evidence from the IMMEDIATE prototype supports the view that a 

special-pu rpose educational computer makes it easier to rea l ise many of the 

ind ividual isation goals of computer-based learn ing researchers. In l ine with the 

Learn ing Shel l 's  user-centred approach , ind ividual isation is main ly achieved 

through v isual  cues to gu ide students to adapt the system to their indiv idual needs .  

Most scope for increased ind ividua l isat ion re lates to  the learning help (Extramura l  
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Support) system. Th is  includes improving the mechanism for natura l- language 

query ing of the knowledge base, mapping text phrases to key learn ing concepts, 

and integrating more sophisticated algorithms and strateg ies for sea rch ing the 

knowledge base, including suggesting where help is needed based on the student's 

personal learn ing h istory . 

The learn ing help system is one of the more innovative aspects of the Learning 

Shel l .  lt needs to be tested in further trials by students who are actual ly enro l led in 

the paper whose content is included with in the Shel l .  This wi l l  provide a more 

mean ingful test of the learning effectiveness of the student support and search 

faci l it ies, and what advantage if any would be offered by adding these more 

soph isticated a lgorithms and tools. 

• Course authoring and management tool: This part of IMMEDIATE took fu l l  

advantage of the capabil i t ies of a Rapid Appl ication Development tool l ike Delphi  to 

qu ickly assemble an appl ication for the purposes of prototyp ing . The focus was on 

working out mechanisms by which a non-programming teacher could construct and 

manage a course , wherever possible re-using software modu les from the Learn ing 

Shel l .  The tool has not been tested with users beyond uti l is ing it for the authoring 

and updating tasks associated with the eva luation phase. A future task is to 

evaluate and refine the authoring appl ication for functional ity and usabi l ity, through 

testing it with non-programmer teachers. 

New directions 

Since th is research project began in 200 1 ,  new technolog ies have emerged or ga ined 

g reater prominence ,  as researchers have sought to improve the effectiveness of 

educational software or  raise teachers' productivity . For instance, the appl ication of 

XML to learn ing and the development of reusable learning objects based on XML are 

receiving increased attention. 

The component-based architecture of the Learn ing Shel l  makes the incorporation of 

new learning technologies straightforward.  As part of reviewing and refin ing the Shel l 's  

learn ing components for pedagog ica l effectiveness and usabi l ity, incorporating XML­

based techniques and modules should be explored . 

IMMEDIATE implements the learning computer concept for the Windows platform.  This 

involves hiding the Windows GUI from the learner, th rough d isabl ing some features, 

and through the programmer fo l lowing certain constra ints in developing new learn ing 

components. The next step is to customise the Learning Shel l so that it can be insta l led 
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on and run from a portable storage device as a mobile lea rn ing computer. The 

increasing ly-affordable USB-based "memory stick" portable storage devices - through 

their compact size ,  large storage capacity, speed and aesthetic look - offer promising 

possib i l it ies for imp lementing th is approach . 

A L inux-based implementation of a learn ing computer for the PC would carry a g reater 

p rogramming overhead wh i le offering a cleaner approach ,  because the learn ing shel l  

can be bui lt as  a G U I  d i rectly on top of the Linux kerne l .  Future work wi l l  investigate the 

feasib i l ity of implementing a L inux-based learning computer along two l ines: 

• As a s ing le-use learning computer. Because the learning computer works with 

lower end information technology, this has practical potentia l  for re-using older 

PCs that m ig ht otherwise be dumped . 

• As a self-booting portable device which can be plugged into any PC to 

temporari ly  convert it into a special ised learning computer. Th is offers a way for 

a learner to take fu l l  advantages of the learn ing computer approach , whi le 

sharing a general-purpose PC with other household members and other tasks. 

Kawato et a l .  (2003) have researched running Linux-based learning systems in 

a Windows environment, by launch ing them from a bootable , auto-configuring 

CD-ROM, based on the Knoppix system 1 .  Black Dog is a compact mobile Linux­

based computing device that attaches via USB to Linux, Windows, o r  Mac 

computers , commandeering the host's keyboard/video/mouse/modem functions 

to run it's own appl ications (L inuxDevices, 2005). Black Dog offers a promising 

technolog ica l  basis for implementing the mobile learn ing computer concept. 

I M ME D IATE 's approach to improving the usabi l ity and accessib i l ity of a complex 

software system has appl ication to other domains, wh ich wou ld benefit from 

specia l ised, easy-to-use, task-oriented interfaces,  e .g .  computerised systems for 

operating industria l  machinery ,  o r  integrated farm management systems.  Th is wi l l  a lso 

be explo red further in the futu re .  

1 http//www. knopper. neUknoppix/i ndex -en . htm I 
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A.2: Web References for Initial System Comparison2 

Tool 

BLACKBOARD I 

Courselnfo 

CALAT 

CATALYST. 

C ILE I Byzantium 

Project 

CNAP 

DIY 

DCG on \fi/\NW 

Eon 

GENTLE-WBT. 

References 

httQ:/ /cam Qan'i. blackboard. cam ; 

httQ://suQQort.b lackboard.com 

httQ://www.c2t2 .ca/landonl ine/shownote.asQ?aQQRow= 1 1 

httQ://www.cit.cornel l .edu/atc/cst 

httQ://www.cit. cornel l . edu/atc/csUwh'L.shtml 

httQ //www. nttlabs.com/text onl'i htm l/calat. html 

httQ://teis. virginla .edu/aace/conf/webnet/htm l/321 /321 . htm 

httQ:/ /catal'ist. was hi ngton. ed u/; 

httQ://deQts. washington .edu/-uweek/archives/2001 .03. MAR 

httQ://www.educause.edu/ir/l i brar'i/html/cem9934. htm l 

08/ article?. html 

httQ //f1ms-www masse'i ac nz/%7Eklnshuk!QaQersiletl97 htm l 

httQ://ifets .gmd .de/Qeriodical/vol 1 2000/Qatel .html; 

httQ://www.m gt. uea .a  c. uklcti/events/events Qast/B'izantium 

httQ://www.cisco.com/warQ/Qublic/779/edu/academ'i 

httQ://is1 57332 masse'i ac nz 

httQ://www.m acromedia.com/software/authorware 

httQ://jul ita. usask.ca 

WorkshoQ. html 

httQ://hel ios.hamQshire.edu/-tjm CCS/QaQers/J LSEon/JLS96.htm l 

httQ://wbt-2 . i icm .edu/Qroduct 

httQ://wbt-2 . i icm.edu/gentle/QaQers/edmedia98.Qdf 

httQ:/ /wbt -2 . i icm . edu/gentle/Gentlel ntro. htm 

2 Compiled between May 2001 and March 2002. 
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httQ:I /www. cos c. canterbur:t.ac nzl-tanja/sgl-tut. htm I 

httQ:I/www.nzedsoft .com 

httQ:I/www.wbts:tstems .com 

httQ:I/www.c2t2 .ca/landonl ine/shownote.asQ?aQQRow= 1 3  
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Key Ideas Study Guide 

Student Notes Lecture S l ides 

C ou rse Explorer  Lecture Presentation 

Help Interactive Tutorial 

Adm in istration Guide Task Workspace 

Main Menu Task Specification 

Web Explore r  

Every mode 
Library Explo rer 

Messages 

Single mode 

Learning e lements 

Change topic 

Get learn ing tool 

Set learning level 

He lp  

Exit 

· Main Menu 
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Study G uide 

Learn ing by textbook 
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Learn ing by doing 
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Menu 

Help 
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Standard web browser 

HTML HTML 
HITP : FTP Telnet i JPEG MPEG1 

: ______ _j_�: -------

Internet HTML Interpreter 

Operating System 

Based on Tanenbaum. 1996, p. 709 

Static Presentation Dynamic Presentation 

Standard web browser. Must be written for each platform. Presents static or dynamic web pages. 

I nteractive functional ity via CGI i nterface with application at server end. "Conceptual ly, a browser consists 

of a set of clients, a set of i nterpreters, and a control ler that manages them" (Corner, 1 999, p.427) 

Internet 
.... 

Java-based web browser 

I Presentation j I Presentation ] 
HTML HTML 

I Page Server I I Page Server 

Static Presentation Dynamic Presentation 

.. 
.... 

CGI Page I 
Compiler I Database 

I :1 HTIP FTP I Telnet JPEG MPEG1 
applet apple! I apple! apple! j apple! 

- - - - - - - _ _ _ _ _ _ _  j _ _ _ _ _ _ _  - - - - - - - - - - - - - - -
Java interpreter (JVM) 

Operating System 

Java-based web browser. Multi-platform . "At startup, the browser is effectively an em pty Java virtual 

m achine . . .  By loading HTML and HTTP applets, it becomes able to read standard Web pages. However, 

as new protocols and decoders are required , their classes are loaded dynamically, possibly over the 

network from sites specified in Web pages" (Tanenbaum , 1 996, p.708) 
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Web browser with external helper 

HTML 

DynamiC PresentatiOn 

External 
viewer 

259 

Web browser 

Operating System 

Helper application. Platform-specific. Standard browser passes new formats to external 

presentation programs instal led on mach ine (E I Isworth et al, 1 997, p.663) . 

I Presentation I 
HTML 

Internet 
.... 
..... 

I P�e �Ner I 
QIS!!ig Pr��!i::nH'!tiQn 

Web browser with plug-in 

I Presentation I 
HTML 

I P�e SeNer 
CGI 

Qyn�m� Pre:li:�n!S!!iQn 

.. 
... 

P�e 
rl Compiler Database 

r-----� 
I I 
I I 

I I 
I Plug-in I 
I I 

I I 

I I 

I I 
I 

Web browser 

Operating System 

Plug-in. Must be written for each platform. Standard browser "plugs-in" extram modules for presenting new 

formats within browser. Plug-ins are down loaded from server as needed and are instal led on machine and 

interface d irectly with operating system (Dewire, 1 998, p. 1 24). 
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Web browser enhanced with ActiveX 

r ---- - ·  
I 

r I 
AdiveX 

... .. 

Web browser 

Windows 
Operating System 

260 

ActiveX. Windows-specific. Mu lti-application. I n  contrast to Java applets, ActiveX controls d irect ly  i nterface 

with operating system enabl ing tasks l ike printing. (Goldman et a l ,  1 99 ,  pp. 337-38). "Think of Active X 

controls as self-instal l i ng p lug-ins for Windows-based systems" (Dewire, 1 998, pp. 206-09). 

Presentation 

Page 
Compiler 

Java + 
HTML 

In ternet 

..... 

I Actwe Page I Program 
Server 

Active Presentation 

Java-enabled web browser 

, - - - ------ - - - - - -' ' ' ' 
Java apple\ ; 

.---------·----· 
JVM 

Web browser � - -- - - - - - - - - • • •  

... 

Operating System 

(based upon Gold man et al. 1999, p.338) 

Java applets. Multi-platform . Application-specific. "Each applet is embedded within a web page b ut, un l ike 

ActiveX controls, can't access local files. Applets are not persistent - the applet is downloaded each t ime 

the Web page is . . .  A Java Bean is  analogous to an ActiveX control" (Dewire, 1 998, pp.2 1  0- 1 1 ) .  
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D1:  Distance learner scenarios 

1 Initia l isation S cena rio 

1.  1 Backgro und 

Mary i s  a young woman who has left a responsible job in  town to live on a large sheep and cattle station 

near Pongaroa, where her partner has been hired as a shepherd . Unable to find full-t ime employment in 

the surrounding district, Mary decides to study for a business degree through Massey University's 

extramural programme. 

Massey offers Mary the options of studying v ia traditional paper-based course m ateria l  or v ia their new 

computer based distance learning system . The min imum requirements for the computer-based option is 

a personal computer with a CD-ROM drive, a modem and a printer, running Windows 98, including 

Internet Explorer, 

an Internet conn ection; and 

a DVD or VHS player l inked to a TV set. 

Students enrol l ing for the course are also required to submit a passport photo and a short biography 

Mary, whose previous computer experience has been l im ited to some word processing ,  data entry and 

em ail correspondence in her last job, decides to purchase a computer and nominates the on-l i ne option. 

She buys a second-hand computer off a neighbour. it is a PC about three years old runn i ng Windows 98. 

The neighbour deletes his personal files from "My Documents", but otherwise leaves th ings untouched. 

He warns her that, whi le he can send and receive short email  messages with l ittle problem, he often has to 

wait a long time, and even loses his connection, when sending or receiving emai ls with l a rge attachments, 

or when trying to download materials off the I nternet. He has heard that this is because of hot-wires 

running along farmers boundary fences close to the phone cable. 

1 .2 Installation 

Shortly, Mary receives her course material in the mai l  from Massey. it consists of a course booklet, a CD­

ROM and a video tape. She wi l l  also be required to obtain the prescribed text book for the course, which is 

available through Massey . 

1 .2 . 1  Booklet 

The course booklet contains  

An introduction to  the  Virtual Learning Machine, out l in ing its various functions and features 

System requirements and installation instructions 

A hard-copy version of the course administration and study guide 
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1 .2.2 CD-ROM 

The CD-ROM contains fi les from which Mary can install the system software, the system fi le structure and 

course learning materia ls and resources. 

1 .2.3 Video 

The video tape/disk steps through the instal lation process includ ing 

Install ing the system from the CO-ROM 

Optimising hardware and operating system settings for the Learning Computer 

Personal is ing the Learning Computer for a particular learner 

1 .2.4 I nsta l l ing the Learning Computer 

Mary places the video in her player and starts the machine. The video begins with an overview of the 

Learning Computer, demonstrating its various functions and features. Mary can refer to this again later if 

she so wishes. She then fol lows step-by-step the instructions for instal l ing the system , i ncluding: 

Activating the executable on the CD-ROM which creates the Learning Computer file structure and 

decompresses and loads the learning resources into the correct locations 

Activating the set-up program on the CD-ROM which instal ls the Learning Computer software into the 

Learning Computer fi le structure 

1 .2 .5  Optimising Windows 

Next, Mary follows step-by-step the instructions for optimising hardware and operating system settings 

through the Control Panel , i ncluding: 

Sett ing up a user profi l e  with the name that she wil l  use when logging onto the Learning Computer 

Setting up an interne! connection for this user profi le which will start up automatical ly whenever 

required . 

Adjusting her monitor setti ngs for optimal viewing of the Learning Computer 

1 .2.6 Personal ising the Learning Computer 

After rebooting her PC, Mary logs in to Windows using her learner profile, and double-clicks the Learning 

Com puter icon to enter the learning system for the first t ime. The Windows desktop is replaced by the 

Learning Computer desktop. Mary is now presented with a login screen which welcomes her to 

Communication 1 01 and prompts her to enter a username and password. She enters the name and 

password created in her Windows profile, confirms her password by typing it again in a second box, and 

clicks the OK button (or hits enter). 

Mary is now presented with a screen which requests additional information needed to personal ise the 

Learning Computer to suit h er preferences, i ncluding the drives that she will use to update course m aterial ,  

backup course material, and run lectures, presenting default setti ngs that wil l  work for the most common 

situation. The training video guides Mary through the process and she chooses her CO-ROM (0) d rive for 

each task. 



Appendix D 266 

1 .2 .7  Starting the course 

Mary clicks OK and she is  presented with the Desktop Help screen providing an overview of the Learning 

Computer. After reading the overview Mary closes the screen reveal ing the Course Explorer component 

which displays 

The course title 

The course outline ( sections and subsections (topics)) in the form of an expandable tree. Each node 

has a red , amber or green status icon representing not attempted, attempted, or completed 

respectively 

A box d isplaying the currently selected section and topic, its title and its status 

A l ist box d isplaying the modes of study available for that particular topic 

A Learning Computer Help icon 

The Course Explorer is in it ial i sed to the start of the course. All nodes are set to the default status (not 

attempted) . The Desktop also d isplays the course title; the current section, topic and topic title; and the 

default study mode (Text Book). 

Mary clicks on the Help icon. A page opens outli ning the features of the Course Explorer. 

After perusing the features of the Course Explorer, Mary exits the Help and clicks the OK button on the 

Course Explorer. The Explorer component closes and the com ponents of the Text Book Mode open in  

Section 1 ,  Topic 1 .  

<End of initialisation scenario> 

2 Sta rt-up S cena rio 

2. 1 Logan 

Mary starts up her PC, logs on to Windows using her learner profile, and double-clicks the Learning 

Com puter icon to enter the learning system. The Windows desktop is replaced by the Learning Computer 

desktop. M ary is now presented with a login screen which welcomes her to Communication 1 01 ,  displays 

her username and prompts her to enter her password. She enters her password and clicks the OK button 

(or hits enter). 

Mary has m i styped her password. A m essage notifies her of this and she is  given the option of selecting 

CANCEL and quitting the Learning Computer, or OK, after which she can re-enter her password . Mary 

selects O K, enters her password correctly, and a screen appears offering Mary a number of options. She 

clicks on the Help icon and a page is displayed that explains each of these options thus: 

Return to previous topic The course w i l l  open in the study mode and topic that you were in when you 

last used the system 

Select new topic The Course Explorer wi l l  open from where you may choose to explore any available 

topic and study mode 
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Update course materia l .  You should select this option i f  you wish to update your course resources. 

You wi l l  be presented with the options of updating from a CD-ROM that has been mailed to you, or 

d i rectly from the University via the Internet 

Restore from backup You should select this option if your course m aterials have become corrupted . 

You wi l l  be presented with the options of updating your course m aterial from a CD-ROM that has been 

mai led to you, or d irectly from the University via the Internet 

Update system settings Select this option if you wish to change your personalised system settings, 

such as the drives you use for updating, backing up or accessing course materials. 

Exit Exit the course. 

Mary selects "Update Course Material" . She is asked to nominate whether she wi l l  update from a disk or 

from the Internet. Mary chooses the update form disk option and she is asked to place the d isk in the D 

d rive. She does so clicks OK and she returns to the user options screen. ( If she had chosen the update 

from the I nternet option , she would only have to click OK and wait for the Learning Computer to connect 

to the course repository and download any updates to her machine. If no updates are available the system 

wi l l  notify Mary of this.) 

If  Mary had chosen the "Restore from backup" option a simi lar process would be fol lowed. 

Now Mary chooses the "Update System Settings" option. A screen opens presenting Mary with her 

current personalised system settings and options for changing them . She opts to change her backup drive 

to the floppy drive (A) , clicks OK and is returned to the User Options screen again.  This time she h its 

ENTER and the course opens at Section 1 ,  Topic 2 in Text Book Mode, which is  where Mary was work ing 

when she last exited the course. 

<End of start-up scenario> 

3 Exiti ng the Cou rse S ce nario 

Mary has done enough for tonight. She right-clicks the Learning Computer desktop and a menu pops up ,  

She selects the exit option.  She is  asked to confirm that she wishes to exit the system now and is  g iven 

the options of YES or NO . She selects YES and is  prompted whether she wishes to backup her work, with 

the same options. Again she selects YES, and she is asked whether she wi l l  backup to a d isk or to the 

Repository. She selects the Repository. The system automatical ly attempts a modem connection to the 

University. 

Shortly a message appears advising Mary that the connection has failed and the backup was not able to 

be com pleted . Mary selects the backup to disk option and she is  prompted to place a d isk i n  the A d rive. 

Mary complies, the system saves any notes and other items edited by Mary to the floppy disk , the 

Learning Computer closes and she is returned to the Windows desktop. 

Alternatively, Mary simply switches off her machine, and goes off to watch television. 

<End of exit course scenario> 
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4 E xploring the course S cena rio 

While working in Text Book Mode Mary r ight clicks the desktop and a m enu pops up. She selects the 

EXPLORER option and the Course Explorer object opens displaying: 

Communication 1 01 

The course outline in the form of an expandable tree. Communication 1 0 1  has an amber icon next to 

it i ndicating the course has been previously attempted. 

Section 1 :  Modern Poets; Topic 2 :  Pete Brown; Status: Attempted. 

A l i st of study options: Text Book, Lectures, Exploration, Group Work. 

AVLM Help icon . 

Mary clicks on Communication 1 01 in the contents tree and the section titles appear below it . Modern 

Poets has an am ber icon by it. All the others have red icons indicating that they have not yet been 

attempted. She now clicks on Modern Poets and section one's subtopics now appear. Bob Dylan has a 

green icon beside it indicating that Topic 1 has been successfully completed. Pete Brown has an amber 

one. 

Mary decides to explore the course contents. She clicks on 2 .  I nvestigative Reporters (which is then 

d isplayed in the current topic box) . And then on "2 . 1  John Pi lger" which appears below it with a red icon. 

The current topic box d isplays " Section 2 . 1 ;  John Pi lger; Not attempted ." The l ist of study options now 

reads:  Text Book, Lectures, Tutorial ,  Exploration ,  Group Work, Do lt Yourself. 

4. 1 Lecture Mode 

Mary decides to explore the various study options. She double cl icks Lectures. An image of the course 

lecturer appears and a window displaying his/her lecture notes in the form of sl ides ( or as a Word or web 

document) . By clicking on the lecturer's image the lecture is loaded and a set of controls are activated. 

Mary m ay use the controls to l isten to the lecture at her leisure, and following through the notes. 

(Alternatively, a video presentation may be loaded which Mary can play in conjunction with the notes.)  

4. 2 Tutorial 

Mary selects Tutorial and then OK. A screen opens presenting excerpts and analysis of Pi lger's East 

Timor documentary. 

4. 3 Exploration 

When Mary selects this learning option she is presented with two options: 

Explore the Web; or 

Explore the Library. 

Mary selects "Explore the Web" and a screen opens for viewing web pages, contain ing a web references 

list, i ncluding the additional references she located through the Help System , and a workspace for Mary to 

enter notes . She chooses "John Pi lger's home page" and clicks GO. Mary finds the page unhelpful so 

she cl icks DELETE and the l i nk  is  deleted from the web references list. She also had the options of 
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printing the page, adding a new link, or saving her l ist. On exiting Mary is  given the opportunity of saving 

her l ist .  Any notes she has made are appended to her Student Notes. 

Mary then selects "Explore the Library" and a screen opens with a link to the Massey Library system . The 

recommended reading list for this topic is d isplayed, along with any titles she located trough the Help 

System . Mary has the options of adding or d eleting titles from the book l ist, printing or saving it. 

4.4 Do lt Yourself 

The current assignment is displayed, plus a space in which Mary can work on it 

4. 5 Group Work 

Mary was assigned to a work group when she enrolled for the course. Here she can see detai ls  about 

each m ember of her group. She can read a l l  thei r contributions to the discussion on this topic, plus that of 

the tutor and general points and queries m ade by students from other groups; and reply, forward or add 

contributions of her own. She can access notes on her current assignment if he wishes to discuss these 

with others in  her group. 

4. 6 Text Book 

Mary is  able to browse the study guide for Section 2 . 1  which guides her through relevant sections of the 

course text book. She also has in front of her a l ist of the key concepts ( learning goals) for this topic. 

Each of the concepts is pre-fixed by a red 'x', indicating that Mary has not yet demonstrated that she has 

mastered these concepts. 

5 Support Tools S cena rio 

With the right mouse button Mary clicks the desktop. A menu appears offering the following options: 

Topic => Next 

Topic => Previous 

Course Explorer 

Learning Support 

Course administration 

Help 

Exit 

Course Adm inistration opens a document which provides the administrative overview of the course. Help 

opens the Desktop Help page. 

Mary selects the Learning Support option  and she is presented with a l ist of al l  the learning components 

which are avai lable in any study mode. The include: 

Student Notes 

Key Concepts 

Self-Evaluation 
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Mary selects Student Notes and  an  editable document opens containing a l l  the notes she has  m ade in  any 

mode on the current topic. Mary then selects Self-Evaluation and she is i nvited to perform a short self 

evaluation. This may be either: 

A m ultiple-choice quiz on the concepts covered in the topic; or 

A questionnaire on the concepts covered in  the topic. 

The results of this self evaluation  is  used by the system to determ ine what sections and topic in the course 

Mary has completed, or is  working on, and what concepts/learning goals she has mastered, or sti l l  needs 

to work on. 

<End of exploring course scenario> 

6 Help System S cena rio 

While using the Learning Computer, Mary is able to access to k inds of help from any where in the system :  

Help with using Learning Computer components 

Help with mastering course concepts and learning goals 

6. 1 Component Help 

Every Learning Computer component has a Learning Computer icon. By clicking on this icon, (or select ing 

F1)  Mary is able to open a help page specific to that component which :  

Describes the main functions and features of the component 

Provides tips on using the component i ncluding any shortcuts 

6. 2 Concept Help 

A Key Ideas component may be accessed from any learning mode via the desktop menu. By double­

clicking a concept l i sted in this component ( or selecting it and pressing F1 ) the Help System opens 

displaying the selected concept and offering Mary several alternative queries she may select, i ncluding : 

Explain <SELECTED CONCEPT>? The system wi l l  search its database for its best explanation of the 

query. 

Where do I find more on <SELECTED CONCEPT>? The system will provide its best web reference. 

Who wrote m ore on <SELECTED CONCEPT>? The system wil l  provide its best book, journal or 

paper reference. 

Mary then selects OK and she is offered some or all of the following options as appropriate: 

O K - Mary's query has been answered to her satisfaction 

Elaborate further (find further answers) 

No - no helpful answer received ( The course tutor is automatical ly and anonymously notified when 

this option is selected so he/she may review the Help database) 
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View concept m a p  - Mary can view a m a p  of related concepts and choose o n e  that may help clarify 

her query . The Help system will then be rein itialised to the new <SELECTED CONCEPT>. 

Ask - a message form is opened with which Mary can send her query directly to the course tutor 

Copy - Mary may copy the Help System's responses to her query to the appropriate learning 

component - the Student Notes, Web Explorer or Library Explorer. [Alternatively this could be done 

automatical ly on ending a query. 

<End of Help scenario> 
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D2: Use Cases 

1 Sta rtup Use C ase 

1. 1 Brief description 

This use case is i nitiated by the system, and provides for the student to log onto the system and begin 

studying. 

1.2 Flow of events for use case 

1 .2 . 1  Precond ition s  

The student has logged onto the computer system and opened the learning application. 

1 .2 .2 Main F low 

1 .  The system displays the user's name and requests a password (A). The password is entered. The 

system val idates the password (B). 

2. User is presented with startup options of returning to previous position in course, selecting new topic 

(C) , providing additional i nformation ( 1 ) ,  updating course m aterial ( 1 1 ) ,  restoring course resources from 

backup( l l l) or exit ing the system. Student selects the default  option (previous posit ion). The system 

opens in the learning mode and course position that the student was in when they previously exited 

the system . The Desktop d isplays the current course title, section, topic and study mode. 

1 .2.3 Subflows 

Additional I nformation. The system requests the user provides any additional i nformation 

necessary to configure the system for that particular user. O nce the information has been provided , 

the system returns to (2) . 

1 1  Updating course materia l .  The user is presented with the options of updating via the I nternet or 

updating via removable disk. Once the the update has been com pleted , the system returns to (2) . 

I l l  Restoring course resources. The user is presented with the options of restoring the resources via 

the Internet or via removable disk.  Once the the restoration has been com pleted, the system returns 

to (2). 

1 .2.4 Alternative Flows 

A The user is entering the system for the first time. The system requests that the user enters a name 

and password. The user enters their  name and password. The system requests the user confirms 

their details (B) .  The Select New Topic Use case is i nitiated and the current use case closes. 

B The incorrect password is entered . ( 1 )  is repeated until the correct password is entered or the student 

selects close option and the system closes and the use case ends. 

C The student selects the new topic option. This i n itiates the Select New Topic use case. 

<end of start-up use case> 
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2 Shutdown U se C ase 

2. 1 Brief description 

The system initiates this use case to complete housekeeping tasks before the user closes the system . 

2. 2 Flow of events for use case 

2.2. 1 P recond itions 

The user has logged onto and begun using the system . 

2.2.2 Main F low 

1 .  The user selects the EXIT option from the course menu. 

2 .  The system requests that the user confirm they w ish  to  quit the system . The user confi rms.(A) If the 

course resources have been modified since the last backup, the user is notified of this and asked 

whether they wish to backup course materia l .  The user confirms ( 1 ) .  (B) . 

2.2 .3 Subflows 

I .  Backup. The user i s  presented with the options of backing up via the Internet or to another local drive. 

The backup is com pleted and the system closes, ending the use case 

2 .2.4 Alternative Flows 

A. The user cancels the shutdown and the system resumes, ending the use case. 

B. The user decl ines to back up and the system closes , ending the use case. 

<end of shutdown use case> 

3 Cha nge Mode Use Case 

3. 1 Brief description 

This use case provides the student with the capability of changing thei r mode of study from anywhere 

within the course. 

3. 2 Flow of events for use case 

3.2 .1  Preconditions 

The student is  logged onto the system. The u s e  case beg ins when the Student selects a learning 

resource in the Course Explorer. 



3.2 .2 Main F low 

1 .  The System Model is  updated. 
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2 .  A l l  components unique t o  the current mode are closed. 

3 . The appropriate resources are attached to al l avai lable components unique to the new mode. 

4 . Each unique component is opened. 

5. The Student Model is updated . 

6 .  The Desktop displays the  new mode, section and topic. 

7. The Explorer closes . 

3.2.3 Subflows 

3.2.4 Alternative F lows 

<end of change mode use topic> 

4 C hange Topi c Use Case 

4. 1 Brief description 

This use case provides the capabil ity for changing a topic within the same study mode 

4.2 Flow of events for use case 

4.2 .1  Preconditions 
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The user has successful ly logged onto the system , and has selected a new topic from within the Course 

Explorer. 

4.2.2 Main F low 

8. The appropriate resources are attached to al l  open components. 

9. The Student Model is updated. 

1 0 .  The Desktop displays the current mode, section and topic. 

1 1 .  The Explorer closes and the use case ends. 

4.2.3 Subflows 

4.2.4 Alternative F lows 

<End of change topic use case> 
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5. 1 Brief description 
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Enables the use to move to the next topic from anywhere within the course. 

5. 2 Flow of events for use case 

5.2 .1  Precond itions 

The user has selected the "Next Topic" option from within the system menu. 

5.2 .2 Main F low 

1 2 . The appropriate resources are attached to all open components. 

1 3. The Student Model is updated. 

1 4 .  The Desktop displays the current mode, section and topic. 

5.2.3 Subflows 

5.2.4 Alternative F lows 

<End of next topic use case> 

6 Select New Topic Use Case 

6. 1 Brief description 

Provides for the user to select a new topic· from anywhere within the course. 

6. 2 Flow of events for use case 

6.2 .1  Precond itions 
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The user has selected the "Select New Topic" option on logging on  o r  has selected the "Course Explorer" 

option in the system menu. 

6.2.2 Main F low 

1 .  The Course Explorer opens, d isplaying a n  outl ine of the course content i n  the form of a hierarchical 

tree ( Sect ion ,  Topic) .  The current position ( topic and m ode) in the course is highl ighted and the 

learning resources avai lable for that topic are displayed . Each tree node (Section ,  Topic) is colour­

coded to indicate whether the student has not commenced studying, commenced studying, or 

completed a particular section or topic 

2 .  The user selects a new topic and the learning resources available for that topic are displayed in the 

Explorer. 
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3. The system presents the student with several options: OPEN, CANCEL, o r  R EVISE. (A). 

• If the O PEN option is selected then ( i)  

• If CAN C EL then the Course Explorer closes. 

• If REVI SE then ( i i ) .  

6.2.3 S ubflows 
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(i) I f  the user has selected a learning resource then the Change Mode use case begins. Otherwise 

the Change Topic use case begins .  The current use case closes. 

( i i )  The system asks the user to confirm they wish to study in revision mode. The student confirms. 

The system tree is  re- initial ised. Al l  nodes display the "Not commenced studying" code. (B). 

6 .2.4 Alternative Flows 

A The user selects a new topic and (3) recommences. 

B The student cancels, and (3) recommences. 

<end of select new topic use case> 

---------
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D3: Sequence Diagrams 

Startup Use Case (Mai n  Fl ow) Sys Model Stud Mc.-Jel ResoLTce D�rect 

User lr4edace Ccntroller S'y"St Model Man StLt:i Model Man Resource Marager 

getUserNameo::-� 

!J"!Nome() 

<<(rem e) 

<<(name) 

<<reqw;sl paSSV\O·d(name) 

enter passv.ord� ... 

(P'SS>/\Ord)» • 
confirrn(pa5SV'.Qrd,rame)>> 

<<(comirmat•on) 

<<preS8"rtOpttcns 

select Ophon>> 

openP re.t rus ., .. 

getP re\olOUS'=>> 

getCurrert>> 
<-="(mode, sect1on, toptc) 

ch:lngeMode(Mode) >> 

[AS FOR CH."J\\GE MODE USE CASEI 

Shutdown Use Case (Mai n F low) 
Urer 

E>:lt>> 

exitConfirm>> 

lrierfa:::e Cent roller 

e>ltRe::!uesled>> 

<<(mode, sed1on, topc) 

Start-up Use Case 

Sys Model 

Sy;t Model Man 

Stud Mo:fel 

Sb.Jd Model Man 

backup?>> 

<<true 

<<true 

«suggestBad<up 

backupConfirm>> 

irnt1ate8adcup&ExH>> 

Shutdown Use Case 

Change Mode Use Case 
User Interface Controller 

selectMode(Mode) >> 

changeMo.-Je(Mode) >> 

updateMode(Mode)» 

<<laCtose (Complist) 

« close (Camp) 

<< toOpen(Complist) 

«open(Comp, File) 

«updateDesldop(Mode) 

Sys Model 

Mo�iel Man 

updateModel (Mode)» 

updateModei(Mode )» 

Change Mode Use Case 

Stud Moctel 

Stud Model Man 

getResource(Comp) » 

«Resource (file) 

updateMode » 

saveModel >> 

Resource Dnedo 

Re:rour�X Mareger 
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openGenerlc(component)>> 

<<showComponent(tilename) 

Open Generic Com ponent Use Case 



Appendix D 279 

D4: Extramural Support: Query Specification 

Query Precondition User Action System Response Implementation +I-
Ty pe 

What The Extram ural Selects 'Explain'  Displays an An elaboration of Locates information in 

Support screen from a combo box explanation of the every key the database most 

is displayed selected concept in concept/learning goal relevant to the current 

in itialised to a a memo box, or an in any topic is stored topic. 

concept selected appropriate in a database by 

by the user. message if none is sect ion & topic. This 

available. is located and 

returned using an 

SQL q uery. Provision 

is made for storing 

additional elaboration 

on the concept i n  this 

or other topics, and 

for adding other 

concepts i n  addition 

to the key ones. 

Who The Extramural Selects Who wrote D isplays a book or Book and paper 

Support screen more on' from a paper reference on references are stored 

is displayed combo box. the selected in a database by 

initialised to a concept in a memo concept, section and 

concept selected box, or an topic. The first of  the 

by the user. a ppropriate result set from an 

m essage if none is SQL query by the 

avai lable . current concept, 

sect ion and topic is 

returned. 

Where The Extramural Selects Where do I Displays a web site Web references are 

Support screen find more on' from relevant to the stored in a database 

is displayed a combo box. s elected concept in by concept, section 

initial ised to a a memo box, or an and topic. The first of 

concept selected appropriate the result set from an 

by the user. message if none is SOL query by the 

available. current concept, 

section and topic is 

retu rned. 
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Query Precondition User Action System Response Implementation +/-
Ty pe 

Why The Extramural Clicks the 'Retry' Displays further Relurns the next 

Support screen button on the help information on the result in the result sel 

is disp layed and screen. selected concept, from the previous 

the user has i .e. a further query, or if there is no 

already executed elaboration of the more, returns the 

a What, Who or concept, or an next result from an 

Where query. additional book or SOL query where the 

web reference, or topic precedes the 

an appropriate current topic, or if 

message if none is there is no more, 

available. returns the next result 

from an SOL query 

where the topic 

comes after the 

current topic. 
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D5: Extramural Support: Dialogue Specification 

User selects : System responds:  Next button options 

OK Presents user with the best result in the query OK, NO, RETRY 

(to action a new 
result set. 

query) 

OK None EXIT, MAP, COPY, NEW 

(to accept result of 

query) 

NO The tutor is notified that the help offered on If nor more results found in  

this concept was found unsatisfactory. database: ASK, EXIT, MAP, 

COPY, NEW; 

RETRY, ASK, EXIT ,  COPY, 

NEW 

RETRY The next best result in the query result set is If  nor more results found in 

returned database NO, ASK, EXIT, 

MAP, COPY N EW 

else: OK, NO, RETRY 

ASK A new message window appears, i nit ial ised to EX IT, MAP, COPY, NEW 

the tutor. 

MAP A window opens d isplaying a concept map ASK, EXIT, MAP, COPY, N EW 

showing all related concepts in the System 

Database. Any concept may be selected to 

launch a new query. 

COPY The results of the query, which may be EX IT, NEW 

explanatory text, book references or URLs, are 

copied to the appropriate component's data 

files, via the controller. 

NEW The Extram ural Support screen is cleared and OK, EXIT 

reinitia l ised to the current concept 

EXIT The Extramural Support window closes ---
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Append ix E 

Lea rn i ng She l l  p rototypi ng - cl asses a n d  

components 1 

283 

1 This appendix i ncludes documentation from the process of prototyping the Learn ing  Shel l 's 

classes and components. Only the Object Hierarchy ( E5) represents the final , complete, refi ned 

design.  
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E1:  Pro to typing basic component types 

Method Descri ption 

ActiveX(OLE) 1 Use a non-visual "drag-and-drop" component to launch an  

appl ication ,  e .g .  WORD, i n  background and utilise i t  to  provide 

services ( e.g . printing of a learning resource) not provided by 

the interface component. 

ActiveX (OLE) 2 Em bed a Delphi-independent control di rectly in the interface to 

provide ready-made, customisable functionality (e.g . an HTML 

browser without all the buttons and menus). 

. EXE Use a non-visual "drag-and-drop" component to  launch an 

appl ication in  the foreground to provide additional functionality 

not d irectly provided by the system , e .g .  a locally-installed or 

CD_ROM-based tutorial or dictionary. 

Custom-built web application launcher Bui ld a non-visual "drag-and-drop" component to launch a web-

based appl ication in the foreground to provide additional 

functional ity not di rectly provided by the system, e.g. a web-

based tutorial or search engine. 

Custom-built systems utility Bui ld a non-visual "drag-and-drop" component to provide 

interface components with services that would otherwise require 

com plex direct operating system calls, e .g .  file or folder 

manipulation routines. 

Customised Delphi  control Customise !DE-provided controls , e .g .  Rich Text editor, to 

provide just-enough functionality 

Form i nheritance Build a generic form (e.g .  HTML viewer) and install it in the 

Delph i  Repository as a component which can be inherited and 

customised for different interface components (e.g. study guide 

or lecture notes). 

Frame component Des ign a form layout and install it as a "d rag-and-drop" 

component which can be used to g ive different forms (screens) 

the same look and feel ,  but different functional ity (e.g.  Desktop 

with or without pop-up menus.) 

Multi-form component Build a form that provides the interface for functionality that is 

implem ented by multiple forms, which the master form creates 

and destroys as required. The rest of the system has no 

knowledge of these child forms. 
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E2: Component dependencies 

Object Creates Launches Via Controller HelpBtn 

Application Desktop, database Desktop 
module 

Desktop Controller, StartupDesktop, --.} 
CourseExplorer, ResourceMenu, Course 
StartUpDesktop, Explorer, System log 
UserOptions, 
ResourceMenu , 
System log, 
Extram uraiSupport, 

All learning com ponents 

Control ler system Model Manager, All learning 
studentModei Manager, components, 
resourceManager, UserOptions, Desktop, 
system TreeManager, ExtramuraiSupport, 
UpdateExtram uraiSu ppo CourseExplorer 
rt (via Desktop) 

StartUpDesktop UserOptions 

CourseExplorer All mode-based --.} 
learn ing 
components 

ResourceMenu All generic 
learn ing 
components 

System log 

UserOptions Logon, Logon,  Explorer, Desktop --.} 
UpdateResources, UpdateResources, 
RestoreResources, RestoreResources, 
BackupResources, BackupResources, 
Morelnfo Morel nfo 

Logon --.} 
UpdateResources --.} 
RestoreResource --.} 
s 

Backup Resources --.} 
Morel nfo 

UpdateExtram ural 
Support 

System ModeiMan System Model 
ager 

System Model 

ResourceManager Rootoirectory 
(ResourceModel) 

Rootoirectory 
(ResourceModel) 

SystemTreeMana System Tree 
ger 

System Tree 

StudentModeiMan StudentModel 
ager 
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O bj ect C reates Launches Via Control ler HelpBtn 

Student Model 

Tutorial Web Tutor WebTutor; [locally- � 
installed tutorial 
executable) 

Do lt Web Tutor WebTutor, [locally- � 
instal led executable) 

Web Tutor " 
Lecture " 
LectureNotes " 
StudentNotes " 
Self Assess Quiz, questionnaire Quiz, questionnaire " 
Q uiz 

Q uestionnaire 

StudyGuide " 
Assignment " 
AssignmentWorkS " 
pace 

Web Explorer ExploreTheWeb ExploreTheWeb " 
ExploreTheWeb " 
Libra ry Explorer Explore Theli brary ExploreThelibrary " 
ExploreThelibrary " 
Key I deas Extram uraiSuppor " 

t 

ExtramuraiSuppor ConceptMap, ConceptMap, " 
t AskForHelpMessage AskForHelpMessage 

ConceptMap " 
AskForHelpMessa " 
ge 

Drawlt " 
Feedback " 
Adm i nistrationGui " 
de 

PracticeAssignme " 
nt 

Messagelist MessageSystem , MessageSystem , " 
NewMessage, NewMessage, 
Reply Message, ReplyMessage, 
ForwardMessage, Forward Message, 
AI INewMessages, AI I NewMessages, 

MessageSystem NewMessage, NewMessage, � 
ReplyMessage, Reply Message, 
Forward Message ForwardMessage 

Forward Message " 
NewMessage � 
Reply Message � 
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Object Creates Lau nches Via Controller HelpBtn 

All New Messages ReplyMessage, Reply Message, � 
Forward Message Forward Message 

E3: Inheritance hierarchy 

Class Inherits Owned By Uses P ro perties Methods 
from 

lvlmObject I nterface 

TvlmCiass TObject via System Diet Debug : boolean Setoebugging( 
ionary, Abstract) 
via System Utili 
ties 

TModeiManager TvlmCiass TheController VIa Controller, Create (create 

via System Diet 
model) ;  
Setoebugg i ng 

ionary , 
(to 

via System Utili 
Control ler.debu 

ties g) 

TModel TvlmCiass A Model Manager <vlaAModei M Setoebugging 

anager>, (to 

via System Diet Amodelmanage 

ionary, r .debug) 

via System Uti l i  
ties 

TComponent TObject 

TvlaComponent TComponent via System Diet Createlearning 
ionary, Component 
via System Uti l i  (abstract) 
ties 

TvlaBaseCom po TvlaComponent via System Diet Com ponent: stri 
nent ionary, ng 

via System Uti l i  
ties 

TForm TWinControi (Tc 
omponent) 

Tvlm Form TForm vlaSystem Diet Debug : boolean Setcolour(Abstr 
ionary, act); 
via System Utili FormShow(pars 
ties e caption , 

Form Paint 
(setcolour) ; 

Setoebugging( 
Abstract); 

TSystem Form TvlmForm TheController VIa Controller, Setcolour (to 

via System Diet 
systemcolour) ; 

ionary, 
via System Util i 
ties 

TCom ponentF or TvlmForm vlaSystem Dict He I pBtn: TButto HelpBtnCiick 
m ionary, n (show help); 

via System Utili 
ties 
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C lass Inherits Owned By Uses Properties Methods 
from 

TMainCompone TComponentFor TheControl ler VIa Controller, Set Debug (to 
ntForm m 

vlaSystem Diet 
Controller.debu 

ionary, 
g) 

vlaSystem Utili 
ties 

TSecondaryCo TCom ponentFor <AMain Compon <vlaAMainCo Setcolour (to 
mponentForm m ent> mponent> owner's) ;  

v ia System Diet Set Debugging 

ionary, (to 

via System Utili AmainCompone 

ties nt.debug) 

TMainlearningC TMainCompone TheControl ler VlaController Setcolour (to 
om ponentF orm ntForm vlaSystem Diet mode) ; 

ionary, Load Resource; 
via System Utili FormShow(+loa 
ties dResource) ; 

TMainSystemCo TMainCompone TheController VlaController, Setcolour (to 
mponentForm ntForm 

via System Diet 
system colour); 
SetDebugging 

ionary, 
(to 

via System Utili 
Controller.debu ties 
g) 

E4: Class Hierarchy 

C lass Is a Has a Uses Properties Methods 

lv lmObject I nterface 

TvlmCiass TlnterfacedObj Debug:boolean SetDebugging(A 
ect, lv lmObject bstract) 

TModel Manager TvlmCiass TController Create (create 
model) ;  
SetDebugg i ng 
(to 
Controller. debug 
) 

TModel TvlmCiass (TModeiMa SetDebugging 
nager)? (to 

Amodelmanager 
.debug )  

TCom ponent TObject 

TvlaComponent TCom ponent Createlearning 
Component 
(abstract) 

TvlaBaseCompone TvlaCompone Component: stri ng 
nt nt 

TForm TWinControi(T 
component) 
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Class ls_a Has a Uses Properties Methods 

TvlmForm TForm Debug: boolean Setcolour(Abstra 
et) ; 

FormShow(pars 
e caption , 

Form Paint 
(setcolour); 

SetDebugging(A 
bstract); 

TSystem Form TvlmForm TController Setcolour (to 
system colour) ; 

TComponentForm Tvlm Form HelpBtn:TButton HelpBtnCiick 
(show help); 

TMainComponentF TCom ponentF TController SetDebug (to 
orm orm Controller.debug 

) 

TSecondaryCompo TComponentF TMainComp Setcolour (to 
nentForm orm onentForm owner's); 

SetDebugging 
(to 
AmainCompone 
nt.debug) 

TMainlearningCom TMainCompon TControl ler Setcolour (to 
ponentForm entForm mode) ; 

Load Resource; 

FormShow(+loa 
dResource); 

TMainSystemComp TMainCompon TController Setcolour (to 
onentForm entForm system colour); 

SetDebugging 
(to 
Control ler.debug 
) 

TDesktop StartUpDeskto CourseExplo 
p rer, 

StartUpDesk 
top, 
UserOptions, 
ResourceMe 
nu, 
System log, 
ExtramuraiS 
upport, 

All learning 
components 

TController TvlmCiass TDesktop TComplist Al l  learning 
System Mode components, 
I Manager, UserOptions, 
StudentMod Desktop, 
eiManager, ExtramuraiSupp 
ResourceMa ort, 
nager, CourseExplorer 
System Tree (via Desktop) 
Manager, 
UpdateExtra 
muraiSuppor 
t 
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C lass ls_a Has_a Uses Properties Methods 

TStartUpDesktop TvlmForm TController 

TCourseExplorer TMainSystem TController 
Com ponentFor 
m 

TResourceMenu TSystemForm TController 

TSystemlog TSystemForm TController 

TUserOptions TMainSystem Tlogon, TController 
Com ponent For TUpdateRes 
m ources, 

TRestoreRe 
sources, 
TBackupRes 
ources, 
TMorelnfo 

Tlogon TSecondaryCo 
m ponentForm 

TResource Transfer TSecondaryCo TvlaFolderM 
mponentForm anager, 

TvlaFileTran 
sfer, 
TnmFTP, 
TlmdStarter 

TUpdateResources TResourceTra 
nsfer 

TRestoreResource TResourceTra 
s nsfer 

TBackupResources TResourceTra 
nsfer 

TMorel nfo TSecondaryCo 
mponentForm 

TSystem ModeiMan TModeiManag TSystem Mo 
ager er del 

TSystem Model TModel 

TResourceManager TModeiManag TRootoirect 
er ory 

TRootDirectory TModel 
(ResourceModel) 

TSystem T reeMana TModeiManag TSystemTre 
ger er e 

TSystemTree TModel 

TStudentModeiMan TModeiManag TStudentMo 
ager er del 

TStudentModel TModel 

Tlauncher TMainlearning TvlaTutor 
Com ponentFor TMLDStarter 
m 

TvlaTutor TComponent 

TPiayer TMainlearning 
Corn ponentF or 
m 
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C lass Is a Has_a Uses Properties Methods 

TViewer TMainlearning 
ComponentFor 
m 

TEditor TMainlearning 
Component For 
m 

TSelfAssess TMainlearning TQuiz, 
ComponentFor TQuestionna 
m ire 

TQuiz TvlmCiass 

TQuestionnaire TvlmCiass 

T AssignmentWorkS TEditor TvlaFileMan 
pace ager 

TWeblauncher TMainlearning TWebResou 
Component For rceBrowser 
m 

TWebExplorer TWeblaunche TExploreThe 
r Web 

TWebResourceBro TSecondaryCo 
wser mponentForm 

TExploreTheWeb TWebResourc 
eBrowser 

TLibraryExplorer TWeblaunche TExploreThe 
r Library 

TExploreThelibrary TWebResourc 
eBrowser 

TKeyldeas TMainlearning Extram ural 
Com ponent For Support 
m 

TExtramuraiSuppor TMainSystem TConceptMa 
t Com ponent For p, 

m TAskForHelp 
Message 

TConceptMap TSecondaryCo 
mponentForm 

TAskForHelpMessa TMessageEdit 
ge or 

TDrawlt TMainlearning 
Com ponentF or 
m 

TFeedback TMainlearning 
Com ponentFor 
m 

TMessagelist TMainlearning TMessageSy 
Com ponentFor stem , 
m TNewMessa 

ge, 
TReplyMess 
age, 
TForwardMe 
ssage, 
TAI INewMes 
sages, 
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C lass ls_a Has_a Uses Properties Methods 

TMessageSystem TSecondaryCo TNewMessa 
mponentForm ge, 

TReplyMess 
age, 
TForwardMe 
ssage 

TMessageEditor TSecondaryCo 
mponentForm 

TForwardMessage TMessageEdit 
or 

TNewMessage TMessageEdit 
or 

TReplyMessage TMessageEdit 
or 

TAI INewMessages TSecondaryCo TReplyMess 
mponentForm age, 

TForwardMe 
ssage 

TvlaHelpBtn TBitBtn TCom ponent 
Help 

TvlaFolderManager TComponent 

TvlaFi leManager TComponent 

TComponentHelp TvlmForm TvlaHelpBtn 

TvlaComponent TComponent [TMainComp Createlearning 
onentForm Component; 
?] 

TvlaBaseCompone TvlaCompone Component: string; 
nt nt 

Tvlalauncher TvlaBaseCom Tlauncher 
ponent 

TvlaPiayer TvlaBaseCom TPiayer 
ponent 

TvlaViewer TvlaBaseCom TViewer 
ponent 

TvlaEditor TvlaBaseCom TEditor 
ponent 

TvlaResourceBrow TvlaBaseCom 1Weblaunc 
ser ponent her 

TvlmStudyGuide TvlaCompone TViewer 
nt 

T vim LectureNotes TvlaCompone TViewer 
nt 

TvlmAdministration TvlaCompone TViewer 
Guide nt  

TvlmAssignment TvlaCompone TViewer 
nt 

TvlmPracticeAssign TvlaCompone TViewer 
m ent nt 
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Class ls_a Has_a Uses P roperties Methods 

TvlmSelfTest TvlaCompone TSelfTest 
nt 

TvlmDiscussion TvlaCompone TMessageli 
nt st 

TvlmTutorial TvlaCompone TTutorial 
nt 

TvlmDo ltYourself TvlaCompone TDoltYoursel 
nt f 

TvlmWebExplorer TvlaCompone TWebExplor 
nt er 

Tvlm Library Explore TvlaCompone TLibraryExpl 
r nt or er 

TvlmDrawlt TvlaCompone TDrawlt 
nt 

TvlmFeedback TvlaCompone TFeedback 
nt 

TvlmKeyldeas TvlaCompone TKeyldeas 
nt 

Tvlmlecture TvlaCompone TPiayer 
nt 

TvlmStudentNotes TvlaCompone TEd itor 
nt 

TvlmAssignmentW TvlaCompone TAssignment 
orkSpace nt WorkS pace 
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E5: Delphi Object Hierarchy 

r---------------------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­ lvlmObject 
TObject 

i Tl nterfacedObject 
: I 

TvlmCiass 

t--- TController 

t--- TModeiManager 

E TSystemModeiManager 

TStudentModei Manager 

TResourceManager 

TSystem T reeManager 

r--- TModel 

L TSystemModel 

TStudentModel 

TSystemTree 

1- TComplist 

1- TMode 

1- TQuiz 

'--- TQuestionnaire 

�,.,"' I 
, / TComponent -------,7, .:..___---, 

I ,/
/ - TvlaFileManager 

TWinControl / - TvlaFolderManager 

I /
/ r- TvlaTutor 

TForm 

I 
TvlmForm 

__,// r-- TBitBtn 
/ L TvlaHelpBtn 

r- TNMFTP r-- TStartUpDesktop 

L TDesktop 
TLMDCustomComponent tTMLDStarter 

- TModeiForm 

L TResourceModel 

r-- TComponentHelp 

r-- TUpdateExtramuraiSupport 

I--
TMLDMsgBoxDig 

TMLDMessageHint 

,__ TvlaComponent 

TComponentForm L _ _ _  D1agram 3 

,__ TSystemForm t TMainComponentForm � TResourceMenu L _ _ _ Diagram 2 
TSystemMessage TSecondaryComponentForm 

- TSystemlog 
' 
'--- Diagram 5 

Diagram 1 :  Delphi Class Hierarchy, Learning Shell .  
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L TM ainC omponentFor 

1--- TMainlearningComponentFor 

1- TFeedBack f-- TP iayer 

f-- TKeyldeas 

1- TSe�Assess f-- TEditor 

1- TMessageUst L TAssign mentWorkSpac 

f-- TDrawlt 

1-- Tlauncher 

- TViewer L__ TWeblauncher 

'------- TMainSystemComponentFor 

tTWebExplorer 

TLibraryExplore 

D1agram 4 

Diagram 2: Delphi Class Hierarchy, Learn ing Shel l .  Main Fonns for Learning Components. 

j--- TvlaComponent 

f-------------------- TvlaBaseComponent 

f-- TvlmStudyGuide 

f-- TvlmAssignment 

1-- TAdministrationGuide 

1-- Tvlm lectureNotes 

1-- TvlmPracticeAssignment 

- TvlmSelfTest 

- TvlmDiscussion 

'- TvlmKeyldeas 

1- TvlmTutorial 

1- TvlmDoltYourself 

1-- TvlmWebExplorer 

1-- TvlmlibraryExplorer 

1-- TvlmDrawlt 

1- TvlmFeedBack 

1- TvlmStudentNotes 

'- TvlmAssignmentWorkSpace 

1- TvlaPiayer 

1- TvlaViewer 

1-- TvlaEditor 

f-- TvlaResourceBrowser 

c__ Tvlalauncher 

Diagram 3: Delphi Class Hierarchy, Learning Shel l .  "Drag & Drop" Learning Components. 
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� TMamSystemComponentForm � TUserOpbons �- TCourseExplorer 

TExtramuraiSu pport 

TResource Transfer t TUpdateResources 

TBackupResources 

TRestoreResources 

TvlaMessageEditor � TNewMessage 

TForwardMessage 

TReplyMessage 

TAskForHelpMessage 

TMorelnfo 

TWebResourceBrowser � TExploreTheWeb L TExploreThelibrary 

TMessageSystem 

T AIINewMessages 

TConceptMap 

296 

Diagram 5: Delphi Class Hiera rchy, Learning Shell .  Main Forms for System Components. 
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Appe n d i x  F 

Lea rn i ng S h e l l - sel ected class i nterfaces a nd 
sou rce code 
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F1: Controller object - interface and selected source code1 

unit vlaController; 
{ Th1s un1 t  def1nes a Control ler class that m anages mteract1ons between 
{ Shel l  components typ1cally between I nterface and systt>m coMponents 
{ These Interactions may Involve use of constants def1n ed m the System 
{ D1ct1onary 

interface 
uses 

vlaSystem Model M anager, vlaResourceManager, vlaStudentModel Manager, 
v laComponentlist , vlaPrintForm, vlaSelfTest, Dialogs, Messages, Controls, 
vlaSystemTreeManager, classes, comctrls, Forms, vlaUserOptions, vlaDesktop, 
vlaCi ipBoard, vla UpdateExtramuraiSupport; 

type 
path =record 

com ponent, filepath: stri ng; 
end; 
TControl ler = class (TObject) 
private 

sysModeiMan: TSystem ModeiManager; 
resMan:  TResourceManager; 
studModeiMan: TStudentModeiManager; 
sysTreeMan: TSystemTreeManager; 
path Table: array[1 . .  20] of path ;  
tableLength: i nteger; 
openGenericlist: TCompList; 
visibleCom ponents: integer; 
Pr intForm : TPrintForm ; 
U pdateExtram ural Support: TU pdateExtram uraiSupport; 
Desktop: TDesktop ;  
changingMode: boolean ;  

298 

I/ These operat1ons l i nk Learnmg Shel l learnmg components wtth the 

publ ic 
{ 
{ 
{ 
{ 

I! corresponding Wtndows forms 
function findForm (component: string) : i nteger; 
procedure processForm(component: str ing; action: char); 
procedure init ial isePathTable; 
//stores component's current fi lepath m Pathtable 
procedure setFilePath(component, fi lepath: string); 

These m ethods are provtded to manage all 1nteract1ons between Learnmg 
Shel l  com ponents I n  general programmers wnt1ng new tnterface learn tng 
com ponents. should only need to cal l  m ethods relatmg to fi le access 01 
current course sett t ngs 

I/ Settmg controller debug to true changes default behaviour of 
// interface components and extends mformatton collected in  log 
/I fi l e  to factlitate debuggmg 
debug: boolean ;  

Creates the  system component managers and l tnks controller 
w t th  mterface vta desktop component 
constructor Create(appDesktop: TDesktop); 

I nformation on current course settmgs 
function getCourseTitle: string; 
function getTopic: integer; 
function getSection: i nteger; 
function getMode: stri ng;  

1 Early versions of the Learn ing Shel l  prototype were called the Virtual  Learning Machine (VLM) and Virtual 
Learning Appl iance (VLA) . This is reflected in the naming conventions for components, files and other elements of 
the Shell structure. 
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ut • u ria1 nq IS. rl1 St ' I<; 'l c < 
1 ll c'c:1t 1 \I 11rr • tr f ,  f <;St:'':>S1� 11( 

procedure recordTestResult(status: i nteger) ; 

l I 
procedure updateSectionStatus; 
function getStatus: string; //of current topic 

1 • 

procedure makeTreeView(treeVi ew: TTreeView) ; 
function getTopicTitle: stri ng; 
procedure showExplorer; 

procedure setSection (section: i nteger) ; 
procedure setTopic (topic: i nteger) ;  
procedure changeMode (newMode: string) ; 
procedure changeTopic(section ,topic: integer) ; 
procedure changeTopicAndMode(section, topic: integer; mode: str ing) ;  
procedure getNextTopic( var VSection,  VTopic: i nteger) ; 
procedure getPreviousTopic( var VSection, VTopic: integer) ; 

function alwaysAvailable(component: stri ng) :  boolean; 
function modeChangeUnderway: boolean; 

1 

function ComponentsShowing: boolean; 
function getColourScheme(mode: string) : integer; 

function includes(mode, component: str ing) :  boolean; 

function getAvai lableModes( section ,  topic: integer) : TStringlist; 

. t 
R ·t, rn 1 t r • "  urr< t f I< r 1t L. • ' h 1 s  f .,-•1 r 1 n  

T j 
function getFilePath(component: string) : string; 

function copyTo (component: string) :  stri ng;  

function getldeasFilepath: str ing;  

r I' x'r 1n· 1 Srl()iJOr t L p 1. L1 d1splay to US•·• 

procedure getSupportOn(concept: stri ng); 

Start up 
Loggrng on rout1nes 

procedure startUp; 'the logan process 
Retu rns true 1f log or and sta ·tup procedur-;s are not completed 

function isStartingUp: boolean ;  
function getUserName: string;  
function getUserPassword: string ;  
function confirm Password(password : string) : boolean ;  
procedure setNewlogon( name, password: string); 
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//d1splay help overv1ew for the Learn1ng Shell to user Normally accessed through 
/ma 1n  desktop menu 

procedure showHelp; 
/start ing course 
procedure openPrevious; //Mode and top1c 
procedure openCourse; I show ma1n desktop 

Shutdown 



end; 

var 

Appendix F 

procedure performExitRoutine; 

Messagmg manage1 1 ent mformat 1on 
function getlastReceived: TDateTime; 
procedure setlastReceived( lastReceived: TDateTime) ;  
function getMsgCount: i nteger; 
procedure setMsgCount(msgCount: i nteger); 
function getMyGroup: i nteger; 
procedure setMyGroup(myGroup:  integer) ; preset m prototype 

Rout1nes for m anag1ng com ponents ava i lable 1 11 all modes 
and opened and closed by user d 1 1ectly 
procedure showGenericComp(component: string) ; 
procedure closeGenericComp(component: string); 
function open lnGeneric(component: string): boolean; 
11  Returns I 1st or  al l  com pone1  ·ts that can be opened 

and closed by user d irectly} 
function getGenericlist: TComplist; 

Manag 1 '1 g  co1 ponents for vhld' u- u se1 can :r�ate ed I resources 
function userCanEdit(component: stri ng): boolean; 
function getUserEditlist: TComplist; 

I nformat1on on u ser custom 1sable set1111gs 
procedure setDrive (drive: char; BackupOrUpdate: integer) ; 
function getDrive(BackupOrUpdate: integer) char; 

I nformation on system determ med settmgs 
//returns U R L  of un1vers1ly l i b rary 
function locatelibrary: stri ng ;  

returns l P  address of  repository FTP server 
function getRepository iP :  string;  

Rout 1nes for updatmg co urse resou rces from repository 
procedure setUpdateFileNo(fileNo: integer) ; 
function getUpdateFileNo: i nteger; 
//update Extramural Support d atabase 
procedure UpdateExtramuraiSupportFiles; 

control ler: TController; 

implementation 
uses Sysuti ls ,  vlalecture. vlalogon. vlaSystemDictionary, 

vlaStartUpDesktop, vlaStudentNotes, via System Utilities. 
v laMorel nfo. LMDMSG. vlaStudyGuide, vlaHelpSystem ; 

{ TController } 

*.,. * ** **.,. ** ** ****** **** *** ** ** *** **** **** ** ****' * ***** ** 
* I ni t ia l isation rout1nes 

} 
constructor TControl ler .Create(appDesktop: TDesktop); 
begin  

DEBUG : =false; // true 11 
i n itialiselog ; 
sys T reeMan :  = TSystem T reeManager. Create(vSTUDENT); 
resMan := TResourceManager .Create(vSTUDENT); 
stud Model Man :=  TStudentModel Manager. Create; 
sysModel Man : =  TSystem Model Manager. Create( stud Model Man. getMode) ; 
openGenericlist : =TComplist.Create; 
U pdateExtram uraiSupport :=  TUpdateExtramu ra iSupport.create(Application) ;  
i n itialisePathTable; 
visibleCom ponents:=O; 
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Desktop:= appDesktop; 
end ; 

t I 

procedure TController.changeMode(newMode: stri ng); 
var 

beg in  

end; 

toCiose, toOpen: TComplist; 

teiiUser('Controller' , 'Change mode '+newMode, LOG_IT, false) ; 
changingMode : = true; 
try 

fi nally 

end; 

toCiose :=TCom plist. Create; 
toOpen := TComplist.Create; 
sysModeiMan.updateMode(newMode, toCiose, toOpen) ;  

StudModeiMan. updateModel(newMode) ; 

Desktop.FormShow (n i l ) ;  
Desktop. synchroniseMenu( newMod e) ; 

if not toCiose. isEmpty then 
processF orm (toCiose. getFi rstltem , 'c') 

else tei iUser('Controller', 'Nothing to close', LOG_IT, false); 
whi le toCiose. isMore do 

processForm(toCiose.getNextltem , 'c') ; 

s 1 • n , ,  • n 
if not toOpen . isEmpty then 

processForm(toOpen .getFirstltem , 's') ; 
whi le toOpen . isMore do 

processForm(toOpen.getNextltem , 's') ; 

se '"'' 
Desktop. ExplorerCiose; 

toOpen . F ree; 
toCiose. Free; 
changingMode:=false; 

{*******************"********•*.,..********* "* "' "* If  * * * * 

* Th1s rout1ne processes the form assoc1ated w1th each 
component passed to 1 t  If the act1on requ 1 red IS 'c' 
the form 1s closed 1f 's the associated fi le IS 
1 dent 1fied and the form 1s  shown w1th the f1 le opened 

procedure TController.processForm( component: string; action : char) ;  
var  

i :  integer; 
begin 
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try 

except 

end ; 

Appendix F 302 

check that component s form ex1sts 
if (findForm(component)<Screen. FormCount) then 

if action = 's' then beg in  //open component 
If add to open component .ot nt 
inc(visibleCom ponents); 

get Resou rce 

setFi lePath(  component, resMan. getResource(getSection, getTopic, 
component, sysModeiMan. userCanEd it( component), 
sysModeiMan. isAiwaysTheSame( component), 

sysModel Man . isSectionWide( component))) ;  

i : = findForm(component) ; 110 of screen torms may have changed 
parseCaption(  Screen . Forms[i ] ) ;  
tel l  User (Screen. Forms[i] . Name, 

'Virtual F i le: '+getFi lePath(component), debug, debug) ;  

/O nly open com ponent 1f resource avai lab le 
or c, m ponent I S user mod 1f1a b le 

if (getFi lePath(component)<> NO_FI LE) or 
( sysModel Man . isAiwaysAvaila ble( component)) then 
if sysModeiMan. DisplayAsModal(component) then begin 

i : =  findForm(com ponent) ; 

end 

tei iUser (Screen .Forms[i] . Name, 'Show Modal ' ,  
LOG_IT, debug) ;  

Screen. Form s[i]. ShowModal ; 

else beg in 
i := findForm(component) ; 
tei iUser (Screen . Forms[i] . Name, 'Show', 

LOG_IT, debug); 
Screen . Form s[i]. Show; 

end 
else I/ so 1f we want someth lllg to happen when no resource //avai l able 

tei i User(Screen Forms[i] . Name, 'Not shown: '+NO_F ILE, 
LOG_IT, debug) 

end //of open1ng com ponent 

else begin //act1on IS  ' c '  so  cl ose component 
i := findForm(component); 
//subtract from open com ponents cou nt 
dec(visibleCom ponents) ; 

if sysModeiM a n . DisplayAsModal(component) then begin 
tei i U ser (Screen . Forms[i]. Name, 'Close Modal', 

LOG_IT, debug); 
Screen .Forms[i] . Moda1Result:=1 ; 

end 
else begin 

end; 

tei iUser (Screen . Forms[findForm(component)] . Name, 'Hide' , 
LOG_IT, debug); 

Screen . F orms[i]. hide; 

end ; //of close com ponent 

on Exception do 
raise If for appl ication to log 

end; { of processForm 
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t ' 

procedu re TController. perform Exit Routine; 
begin 

end; 

if LMDMessageDig('Exit course now?' , 
mtConfi rmation , [m bYes, mbNo] , O)=mrYes then begin 

i f  not openGenericlist . isEmpty then 
Screen . Forms[findForm( openGenericlist . getFi rstltem)).close ; 

whi le openGenericlist . isMore do 
Screen . Forms[findForm( openGenericlist.getNextltem)) .close ; 

if LMDMessageDig(' Backup data before closing?' , 
mtConfi rmation,  [mbYes, mbNo] , 0) = mrYes 

then UserOptions. startBackupAndTerminate 
else 

appl ication . Term inate; 
end ; 

function TController.findForm (component: stri ng): i nteger; 
var i: i nteger; 

begin 

end; 

i : =O ;  
while ( ( i  < Screen.FormCount- 1 )  

and (component <> Screen . Forms[i] . Name) do 
inc(i ) ;  

Result :=  i ;  

procedure TControl ler.changeTopic(section, topic: integer); 
var 

begin  

modeComps,genComps:TComplist; 
com ponent: string; 

tei i User('Control ler ' ,  
'Change topic: '+ parseSection(section, topic), LOG_IT, false) ; 

1 update studPr rt rr ode 
studModeiMan.updateModel(section, topic); 

I get l rst of all generrc components 
genCom ps := sysModeiMan.getGenericComponents; 
11 close all open generrc components 
if not genComps. isEmpty then begin 

end; 

component :=  genComps.getFirstltem ; 
if openGenericlist.contains(component) then 

closeGenericCom p( component) ; 

whi le genComps. isMore do begin 

end; 

com ponent :=  genComps.getNextltem ; 
if openGenericlist.contains(component) then 

closeGenericCom p( component) ; 
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end ; 
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get l ist of al l  components assoc1ated w1th current mode 
modeComps:=sysModeiMan .getComponents(getMode) ; 
//and close them 
if not modeCom ps.isEmpty then 

processForm(modeCom ps.getFirstltem , 'c'); 
whi le modeCom ps.isMore do 

processForm(modeComps.getNextltem , 'c'); 

I reopen all components 1 11 current mode 
if not modeCom ps. i sEmpty then 

processForm(modeComps.getFirstltem , 's'); 
while modeCom ps . i sMore do 

processForm(modeComps.getNextltem , 's'); 

·close Explorer 
Desktop. ExplorerCiose; 

update Desktop 
Desktop. F ormShow( ni l) ;  

procedure TController. showExplorer; 
begin  

Desktop. Explorerlaunch; 
end ;  

procedure TControl ler.changeTopicAndMode(section, topic: integer; 
mode: string); 

var 

beg in  

modeCom ps,genCom ps:TComplist; 
component: string; 

close al l open components 

get l ist of al l  generrc components 
genComps := sysModeiMan.getGenericComponents; 
!I close all open generrc components 
if not genComps. isEmpty then begin 

end;  

component : =  genComps.getFirstltem ; 
if openGenericlist.contains(component) then 

closeGenericComp(component) ; 

whi le genComps. isMore do beg i n  

end; 

component : =  genComps.getNextltem ; 
if openGenericlist.contains(component) then 

closeGenericCom p( component) ; 

I! get l ist of al l  components assoc1ated w1th current mode 
modeCom ps: =sysModeiMan .getCom ponents(getMode); 
//and close them 
if not modeCom ps.isEmpty then 

processF or m (modeCom ps. getFirstltem , 'c') ; 
whi le modeComps.isMore do 

processForm(modeCom ps.getNext ltem , 'c') ; 

a l l  components closed 

11 set the new sect1on and top1c 
studModeiMan.updateModel(sect ion, topic); 
tel l User('Controller' , 

'Change topic: '+ parseSection(section, topic), LOG_IT, false) ; 
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end ; 

g 
changeMode(mode) ; 
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l l  t pi 

procedure TControl ler. in it ial isePathTable; 
var 

begin 

end; 

a i iComps TComplist; 
i : i nteger; 

a i iComps := sysModeiMan.getAI ICom ponents; 

i : = 1 ; 
pathTable[i] . component :=ai iComps.getFirstltem ; 

whi le aiiComps. isMore do begin 
i nc(i) ; 
pathTable[i] . component:= ai iComps.getNext ltem ; 

end; 
tablelength := i ;  

procedure TController.getPrevious Topic(var VSection, VTopic: integer); 
beg in 

sysTreeMan.getPreviousTopic( VSection ,  VTopic) ; 
end; 

function TController.getldeasFilepath: str ing; 
begin 

end; 

Result :=  resMan.getResource(getSection ,  getTopic, vi DEAS, 
sysModeiMan . userCanEdit(v i DEAS) , 
sysModeiMan. isAiwaysTheSame(vi DEAS) , 
sysModeiMan. isSectionWide(v iDEAS)); 

function TController.copyTo (component: string): stri ng; 
begin 

end; 

Result := resMan.getResource(getSection, getTopic, component, 
sysModei Man . userCanEdit(component) , 
sysModel Man .  i sAiways TheSam e( component) , 
sysModel Man . isSectionWide( component)) ; 

procedure TController. U pdateExtram ural SupportFiles; 
begin 

UpdateExtram ural Support . UpdateExtram uraiSupport; 
end; 

procedure TController.getSupportOn( concept: string) ; 
begin 

end ; 

Extram uraiSupport. selectConcept( concept); 
Extram uraiSupport. show; 

end. //end of vlaController 
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F2: Course Explorer object - class interface and selected source 
code 

un it vlaCourseExplorer; 
{ This unrt provrdes the functrona. rty for navrgat rng anywhere wrth1n the course 
{ The user accesses th rs  functronality thr ough the CourseExplorer obJect or 

{ from the Desktop Menu 
interface 

uses 
Windows, Messages, SysUti ls ,  Classes, Graphics, Controls, Forms, Dialogs, 
StdCtrls , ComCtrls ,  FileCtrl, lmglist , ExtCtrls, Buttons, vlaHelpBtn; 

type 
TCourseExplorer = class(TForm) 

lbxResources: TListBox; 

vlaHelpBtn 1 :  TvlaHelpBtn; 
procedure btCanceiCiick(Sender: TObject) ; 
procedure btOKCiick(Sender: TObject); 
procedure vlaHelpBtn 1 Click( Sender: TObject) ; 
procedure FormShow(Sender: TObject) ; 
procedure FormCiose(Sender: TObject; var Action : TCioseAction) ;  
procedure FormCreate(Sender: TObject); 
procedure lbxResourcesDbiCi ick(Sender: TObject) ; 
procedure TreeView1 MouseDown(Sender: TObject; Button: TMouseButton; 

Shift: TShiftState; X, Y:  I nteger); 
procedure TreeView 1 DbiC i ick(Sender: TObject) ; 
procedure FormKeyDown(Sender: TObject; var Key: Word; Shift: TSh iftState) ; 

private 

publ ic 

end; 

var 

procedure selectMode; 
procedure clearResources; 
procedure openTopic; 
function findTopic(title: str ing) :  TTreeNode; 
procedu re expandCurrentSection; 1/rn Tree Vrew 

procedure getNext( currentSection,  currentTopic: integer ) ;  
procedure getPrevious( currentSection, currentTopic: integer ) ;  

CourseExplorer: TCourseExplorer; 

I m plem entation 

uses vlaController, vlaSystem Dictionary, vlaDesktop, vlaSystemUtil ities, 
LMDMSG; 

{$R * . DFM} 

procedure TCourseExplorer . Form Show( Sender: TObject ) ;  
begin  

tei iUser(self. name, 'Show', LOG_IT, false) ; 
I bCourse Title. Caption : =  controller. getCourse Title; 
I bSection . Caption:= i ntT oStr( controller. get Section) ; 
l bTopic.Caption := intToStr(control ler.getTopic); 
l bTopicTitle.caption:=control ler.getTopicTitle; 
l bStatus.Caption :=  control ler .getStatus; 

//get l rst of avar lable resources and drsplay rn l rst box 
lbxResources. ltem s: = controller .getAvai lableModes( control ler. getSection, controller. getT opic) ; 
control ler .updateSectionStatus; 
control ler.makeTreeView(TreeView1 ) ;  
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expand Current Section ; 
end; 

procedure TCourseExplorer. l bxResourcesDbiCiick(Sender: TObject) ; 
begin 

selectMode; 
end ; 

procedure TCourseExplorer. selectMode; 
var 

begin 

end; 

i : i nteger; 
newSection, newTopic: i nteger; 
oldSection, oldTopic: i nteger; 
newMode, oldMode : stri ng;  
sameTopic, sameMode, somethingShowing : boolean; 

sameTopic: =false; 
sameMode := false; 
newSection := strTo l nt( lbSection.caption) ; 
newTopic := strTol nt ( l bTopic. Caption); 
oldSection := control ler.getSection; 
o ldTopic := control ler.getTopic; 
o ldMode := control ler.getMode; 
somethingShowing := control ler.ComponentsShowing; 

if ( (newSection = oldSection) and (newTopic = oldTopic)) then sameTopic := true; 

i : =O;  
whi le (( i  <= lbxResources . ltems. Count- 1 )  and not lbxResources .Selected(i]) do 

inc(i ) ;  
if i<>  lbxResources. l tems.Count then 

newMode:= lbxResources . l tem s .Strings[i] 
else newMode :=oldMode; 

f newMode =oldMode then sameMode:=true; 

f same Topic and sameMode and somethingShowing then 
self. Hide 

else if sameTopic then 
control ler.changeMode(newMode) 

else if sameMode then 
control ler.change Topic(newSection, new Topic) 

else rJ 1 e' tc � 1 1 ' d 
controller.changeTopicAndMode( newSection, newTopic, newMode ) ;  

procedure TCourseExplorer.TreeView1 MouseDown(Sender: TObject; 

var 

begin 

Button: TMouseButton ; Shift: TShiftState; X, Y :  I nteger) ; 

Anltem: TireeNode; 
str, st: stri ng ;  
i :  i nteger; 
newSection, newTopic: integer; 

newSection:=-1 ; 'mrtra l isatron 
newTopic : =- 1 ;  
i f  TreeView1 .Selected = ni l  then 

Exit; 

Anltem := TreeView1 .GetNodeAt(X, Y) ;  
TreeView1 . Selected :=  Anltem ; //synchronrse with cursor posrtron 
lbTitle.caption : =  Anltem .Text; 
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if Anltem .text = controller.getCourseTitle then beg in  
lbSection .caption:=" ;  

end; 

i : = 1 ; 
str:="; 

l bTopic.caption :="; 
l bTopicTitle .caption:="; 
l bStatus.caption : =  Whole course' ; 
clearResources; 
Exit ;  

st := lb  Title. caption; 
wh i le st[i]<>' . '  do begin  

str: = str + st[i] ; 
i nc( i ) ;  

end; 
lbSection.caption :=  str; 
if str <> " then 

newSect ion:= strTol nt(str) ; 

str:=" ;  
st :=lb Title. caption ;  
inc(i) ; 
wh i le  st[i] in ['0' . .  '9'] do begin 

str: = str + st[i] ; 
inc( i ) ;  

end; 
l bTopic.caption :=  str; 
if str<> " then 

newTopic := strTol nt(str) ; 

str:=" ;  
st :=lb Title. caption; 
inc(i ) ;  
whi le i<= length(st) do begin 

str: = str + st[i] ; 
inc(i ) ;  

end; 
lbTopicTitle.caption := str; 

case( Anltem .Statelndex ) of 

end ; 

- 1 :  l bStatus.caption:= ' Unknown'; 
1 :  l bStatus.caption : =  NOT _ATTEM PTED; 
2: lbStatus.caption : = ATTEMPTED; 
3: lbStatus.caption:= COMPLETED; 

//update Resources box 1 f  top1c selected 
if newTopic >=0 then 

lbxResources. ltems:= control ler.getAvai lableModes( newSection, newTopic ) 
else clearResources; 

procedure TCourseExplorer.getNext( currentSection, currentTopic : integer) ; 
var 

begin  

end; 

VSection, VTopic: i nteger; 

VSection: =  currentSection; 
VTopic:= currentTopic; 
controller.getNextTopic( VSection, VTopic ); 11 passmg var parameters 
if Vsection = E N D_OF _COURSE then begin 

showVLAMessage( 'End of course!' ) ;  
end 
else beg in  

control ler.changeTopic( VSection, VTopic ) ;  
end; 
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procedure TCourseExplorer .clearResources; 
beg in 

lbxResources. ltems.C iear; 
end; 

procedure TCourseExplorer .openTopic; 
var 

begin 

end; 

newSection, newTopic: integer; 

if lbTopic.Caption <>" then begin 

end 

newSection := strTol nt( lbSection .caption ) ;  
newTopic : =  strTolnt ( lbTopic.Caption ) ;  
controller .changeTopic( newSection, newTopic ) ;  

else showVLAMessage( 'Please select topic.' ) ;  

procedure TCourseExplorer. TreeView1 DbiCi ick( Sender TObject ) ;  
begin 

open Topic; 
end; 

procedure TCourseExplorer. btOKCiick(Sender: TObject); 
begin 

selectMode 
end; 

procedure TCourseExplorer. FormCiose(Sender: TObject; var Action: TCioseAction); 
begin 

action:=caHide; 
end; 

procedure TCourseExplorer .getPrevious( currentSection, currentTopic: integer ) ;  
var 

begin 
VSection, VTopic: i nteger; 

VSection: = currentSection; 
VTopic: = currentTopic; 
controller.getPreviousTopic( VSection, VTopic ) ;  r d 'i q v t rar 11 et 
if VSection=START _OF _COURSE then begin 

end 
else 

showVLAMessage('Start of course I') ; 

control ler.changeTopic( VSection , VTopic ) ;  
end; t l 'f r 

procedure TCourseExplorer.vlaHelpBtn1 Cl ick( Sender: TObject ) ;  
begin 

vlaHel pBtn 1 .  Execute( self ) ; 
end; 

procedure TCourseExplorer. Form KeyDown(Sender: TObject; var Key: Word; Shift: TshiftState ) ;  
begin 

end ; 

if Key = VK_F1 then 
vlaHelpBtn1 . Execute (self ) ;  

procedure TCourseExplorer.FormCreate(Sender: TObject) ; 
begin 

end; 

if controller.debug then 
Self. FormStyle:= fsNormal 

else Self. FormStyle := fsStayOnTop; 

function TCourseExplorer.findTopic( title: string ) :  TTreeNode; 
var 
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curltem: TTreeNode; 

Curltem := TreeView1 . 1 tems.GetFirstNode; 
whi le Curltem .Text <> title do begin 

Curltem := Curltem .GetNext; 
end; 
Result : =  curltem ; 

procedure TCourseExplorer.expandCurrentSection ;  
var 

beg in 

end; 

str: string ;  
curTopic: TireeNode; 

TreeView1 . 1tems[O] . Expand(false) ; 
str :=lbSection .Caption+'. '+lbTopic . Caption+' '+ lbTopicTitle .Caption; 
curTopic: =findTopic(str); 
curTopic. Parent . Expand( true ) ;  

end. �1 CourseExplorer un 1 t  
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F3: System Dictionary - constants 

unit vlaSystemDictionary; 

interface 
const 

ROOTPATH = 'c:\Program Files\VLM\'; 
RESOURCE_DI R  = ROOTPATH+ 'Resources\' ; 
PR_RESOURCE_DIR  = RESOURCE_DIR + 'Print_Resources\' ; 
LECTURE_DIR  = RESOURCE_D I R+ 'Lecture\'; 
I MAGE_DIR = LECTURE_DI R;// ROOTPATH+ 'Lecture\' ; 
SYSTEM_DI R  = ROOTPATH + 'System\'; 
SYSTEM_MODELS_DI R  = SYSTEM_DIR + 'Models\'; 
U PDATE_DI R  = 'Update\' ; 
U PDATES_ TEMP = 'C:\VLM'; 
U PDATES_ARCHIVE = 'UpdatesArchive'; 
BACKUP _RESOURCE_DIR  = 'Backup\Resources\' ; 

• I 

BACKUP _PR_RESO URCE_DIR = BACKUP _RESOURCE_DI R  +'Pri nt_Resources\'; 
I M PORT _DI R = 'C :\WINDOWS\Oesktop\lmports\' ; 
EXPORT _DI R = 'C \WINDOWS\Desktop\Exports\'; 
TUTORIAL_DI R  = RESOURCE_DIR+ 'Tutorial\'; 
DB_UPDATES = SYSTEM_DI R  + 'DB_Updates\'; 
SYSTEM_LOG_DI R = SYSTEM_DI R  + 'Log\' ; 
TEMP _DI R = SYSTEM_DI R  + 'Tem p\' ; 
HELP _DI R  = SYSTEM_DI R  + 'Help\' ; 
HELP _UPDATES= ROOTPATH+ 'HelpUpdates'; 
HELP _UPDATE_DIR  = ROOTPATH+ 'HelpUpdates\'; 

VI S ITED = 'visited . txt' ; 

j t y > 

'>lude>n' f'v1 Je 

DEFAULT _NAME = 'STUDENTNAME'; 
vBACKUP = 1 ;  
vUPDATE = 2 ;  
vLECTURE = 3 ;  
NO_DEFAUL T S  = - 1 ; 

end of student model constants 

RESTO RING BACKUPS 

vPR_RESOU RCE = 1 ;  
vRESOURCE =2; 

end of RESTORING 
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R ES O U RCES MANAG E M F N f  

NO_FILE = 'No Resource Avai lable' ;  
SUCCESS = 'Resources successful ly transferred . ' ;  
SUFFIXES = 'suffixes.txt'; 

end of R ESOURCES 

USER SUPPORT SYSTEM 

type 
Q uType = (qHow, qWhat, qWhere, qWho, qWhy); 
const 

HP _ENDI NGS = 'endings.txt' ; 
MAX_CONCEPTS = 1 0; 
MAX_THEMES = 1 0; 

end of S U F' PO R T  SYSTEM 

RTF ed1tors 

H EAD = 1 6; 
S UBHEAD = 1 4; 
NORMAL = 1 2; 

end of R T F  ed1!01S 

Q U IZ 

ALL_QU ESTIONS = 1 0; 
SELECTIONS = 6 ;  
O PTIONS =4; 
R EPEATS = 4; 
type 

const 

TQuizResult= record 
concept: stri ng; 
count: i nteger; 
responses: array [ 1 . . REPEATS] of integer; 

end; 
TQuizResults = array [ 1 . .SELECTIONS] of TQuizResult; 

end of QUIZ 

Q U ESTIONNAI R E  

TQuestionnaireResult= record 
concept: string; 
count: i nteger; 
responses: array [1 . .  REPEATS] of integer; 

end; 
TQuestionnaireResults = array [ 1  . .  MAX_CONCEPTS] of TQuestionnai reResult; 

end of Q U E ST I O N NA I R E  

LECTU R E  

DEFAULT _I MAGE = 'bmpLecture. bmp' ;  

end of LECTURE 
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N 'J 

vLI N KS = 'WebExplorer'; 
vBOOKS = 'LibraryExplorer'; 
vNOTES = 'StudentNotes' ; 
vi DEAS = 'Keyldeas'; 

MAX_MODES = 1 0; 
MAX_COMP = 20; 
htG ENERIC = 220 ; 

vtHandWriting ='Connecticut'; 

vRED = 1 ;  
vAMBER = 2;  
vGREEN= 3; 
MAX_ TOPICS = 1 2 ;  
MAX_SECTI ONS = 1 2 ;  

j ' 

END_OF _COURSE = -1 ; 
START_OF _COURSE = -2; 
NONE_FOUND = -3; 
NOT_ATTEMPTED ='Not attem pted' ; 
ATTEM PTED = 'Attem pted' ;  
COMPLETED = 'Completed' ; 
vSTUDENT =1 ; 
vTEACHER = 2 ;  

r1 f TE � T 

H ·� E-

AUTHOR_DI R  = 'C :\VLM_Repository\Teachers\'; 
AU_WORK_DI R  = AUTHOR_DI R + 'Working_Files\'; 
AU_DATABASE_DI R  = AUTHOR_DIR + 'Database\'; 
AU_DB_UPDATES = AUTHOR_DIR +'Updates\'; 
AU_SYSTEM_DI R = AUTHOR_DI R + 'System\'; 
AU_MODELS_DI R  = AU_SYSTEM_DI R + 'Models\' ; 
AU_SYSTEM_LOG_DIR = AU_SYSTEM_DI R  +'Log\'; 
AU_ TEMP _DI R = AU_SYSTEM_DI R  + 'Temp\'; 
BASI C = 'basicmodel . txt'; 
OUTLINE = ' i nit ialoutl ine.txt'; 
REPOSITORY _DI R = 'C :\VLM_Repository\Repository\' ; 
COURSE_OUTLINE = 'contents.txt'; 
AU_RESOURCE_DIR = REPOSITORY _DI R+ 'VLM\Resources\'; 
AU_PR_RESOURCE_DIR  = AU_RESOURCE_DI R  + 'Print_Resources\'; 
AU_LECTURE_DI R  = AU_RESOURC E_DIR+'Lecture\' ; 
AU_ TUTORIAL_DI R  = AU_RESOURCE_DI R+'Tutorial\'; 
AU_ARCHIVE_DIR  = REPOSITORY _DIR +'Archive\'; 
AU_ARCHIVE = REPOSITORY _DI R  +'Archive'; 
AU_CD_UPDATE_ONLY_DI R = REPOSITO RY_DI R+ 'CD_Only\'; 
IMAGE_SELECTED = 1 ;  
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NO_I MAGE = 2; 

end of AUTHO R I NG I NTlRF-ACE sect1on 

REPOSI TORY MANAG E R  sert1•1l 

RP _MESSAGE_DI R  = REPOSITORY _DI R  + 'MessageQueue\'; 
RP _DATABASE_D I R  = REPOSITORY _DI R +'Database\'; 
R P_ TEMP _DI R  = REPOSITORY _DI R  +'Temp\'; 
STUDENT _DI R  = 'C :\VLM_Repository\Students\' ; 
RP _SYSTEM_DIR = R E POSITO RY _DI R  +'System\'; 
RP _SYSTEM_LOG_DI R = RP _SYSTEM_DIR  + 'Log\'; 
RP _HELP _F ILE = REPO SITORY _DI R + 'Help.txt'; 
RP _UPDATE_DIR = REPOSITORY _DI R + 'VLM\'; 
RP _HELP _UPDATE_DI R  = RP _UPDATE_DIR +'HelpUpdates\'; 
RP _UPDATED_ TABLES_LIST = RP _SYSTEM_D I R  +'updatedtables.txt'; 

TRAN S M I S S I O N  HEADER F O R MAT 
* 1< 1<: 1< * >'�" * *  * " * * * " * * 1t * "" * * * * * * * * * * * * * • * lt  --- * * * * * * * • * * * * * * * * • " • * * * * ;..* * * * * *  * *' * * * * Ir k * * * * • * * * * * * * * . * " ""' *  * * * *  

TO RCVR> 
r RO M  SNDR , 

< M E SSAG E TY PE> 
G RO U P  N U M B E R  
DATETI M E  STA M P  OF LAST TRA N S M I SSION R EC E IVED F ROM R CVR- dd1-1lt = 0 ( Se' d a i i J  

TransmiSSIOn types 

tsLAST _RCVD = 1 ; 
tsMSG_LST = 2 ; 
tsTEST = 3; 

ANSWER ='answer.txt'; 
M ESSAGE_LIST = 'm essages.txt' ; 
REPOSITO RY = 'System' ;  
TUTOR = 'Tutor'; 
DEFAULT_GROU P  = 0; 

end of R E POSI TO R Y  MANAG E R  sect1on 

implementation 

end.  11 of System D1ct1onary 
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F4: System Utilities - class interface 

unit via System Uti l it ies; 

i nterface 
uses vlaSystem Message, Forms, Windows; 

function max ( x,y : double) : double; 

procedu re DisableSystem Buttons; 
procedu re EnableSystem Buttons; 

const 
LOG_IT = true; 
TELL_IT = true; 

procedure init ial iselog; 
procedure closelog; 
procedu re tell User( component, msg: stri ng; debug: boolean ); overload; 
procedu re tell User( component, msg : string;  loglt, tel l lt :  boolean ); overload; 
procedure tei iUser( component, msg :  string ;  loglt ,  tel l lt , is Teacher: boolean ) ;  overload; 
procedure showVLAMessage ( msg : string); overload; 
procedure showVLAMessage ( component, msg :  stri ng) ; overload; 

procedure parseCaption( vlaForm: TForm ) ;  
function parselabel( caption: string ) :  stri ng; 

function getSuffix( f i lename: string ) :  string;  

function parseSection( section, topic: i nteger ) :  string ;  

function stripBrackets( str: string) : string; 

function getFi leNumber( fi lename: stri ng ) :  integer; 

E rror d'eckl llg 

check for va 1d sect t •plc a Jl 
function isValid( sectionOrTopic: stri ng) : boolean ;  

implem entation 

.. 

uses Dialogs, vlaSystemDictionary, SysUti ls, vlaController; 

end. 

: 
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F5: Resource Model Manager - interface and selected source code 

unit vlaResourceManager; 
\ T rs .I Jss  enca p s ulates and provrdes an mterface to the resou rces model 

{ enablmg the un pl< n' entatr or of the resou rces m ode' to be h rdden from the 

{ rest of tt1e Learr r ng Shel  Other corn poner'ts of the L ea rn rng Shell  rnteract 

{ v a the Control ler  o bJ ect 

interface 
uses vlaResources, classes, vlaComponentlist; 

type 
TResourceManager = class 
private 

publ ic 

end ; 

RootDirectory :TRootDirectory; //the Resources model 
userType: i nteger; 

{ Crea, .. •s a reso ur.es nbrect !flat ercap5u late� tile drrectory struct ue 

{ o' the cun nt .use f· 'r ertt er a t 1 j nt or a teacher a Jthor 
constructor Create( studentOrT each er: i nteger) ; 
{ Ret .nn s  tr full fl pa t for the rl., assocrated wrth the 
{ �nF>r.,f·F>d sect :m toprc and un,pu,,t. 1 or a NO F LE n'essag" 

{ rro r sor11 .e formd 
function getResource(section, topic: i nteger; com ponent: stri ng; 

canEdit, alwaysTheSame, sectionWide:boolean) :  stri ng; 
RelLJri'S tr l r s  or or lpo erts 1 r r €  1 es a lab e r� the 

{ s pecrfr ed sec I ron and toprc 
function getResourcelist( section, topic: i nteger) : TStringlist;overload ; 
function getResourcelist(section : integer; 

sectionWidelist: TComplist): TStringlist; overload ;  
{ Retu rns tr cor 1poner ·t assocrated wr h a  g rven Learnrng Shel l fr enarne 
function getComponent(fi lename:string) : string; 
{ Ret u rn s tr Learnr ng Shel l fi l e  cod e  a ssocrated wrth the rnput sectron toprc 

{ a rd or'lr or er 

function getFi leCode(section, topic: integer; component: string): stri ng; 
{ Ret urns tro re rf con P' 'nent shoul j be d is p laye j •ven no resour e rs 

{ avar lable U sed by RootDr rectory to access system model r nformatron 
{ via t h e  Control ler 
function alwaysAvai lable(component : stri ng) : boolean ;  

implementation 

uses sysuti ls, vlaSystem Dictionary, vlaController; 

{ TResourceManager } 

{ . . .  } 

function TResourceManager .getResource (section ,  topic: i nteger; component: stri ng;  

var 

begin  

end ; 

end. 

canEdit, alwaysTheSame, sectionWide: boolean): string; 

str: string ;  

str:= RootDirectory.getFile(section, topic, component, false, 
canEdit,a lways TheSame, sectionWide) ; 

if NO_FILE = str then 

else 
Resul t :=  str 

if user Type = vSTUDENT then 
Resu lt : =  RESOURCE_DI R  + str 

else Result :=AU_RESOURCE_DIR + str; 
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F6: Student Model Manager - class interface 

unit vlaStudentModeiManager; 

interface 
uses vlaStudentModel ;  

type 
logan = record 

name, password :string ; 
end; 
TStudentModeiManager = class 

private 

public 
studentModel : TStudentModel ; 

constructor Create; 

procedure updateModel (mode:string) ;  overload; 
procedure updateModel (section , topic integer) ; overload; 

• f 

procedure updateModel(section , topic integer; mode: stri ng); overload; 

implementation 

function getMode: stri ng; //current study mode 
function getSection : i nteger; //current section 
procedure setSection( section: i  nteger) ; 
function getTopic: integer; //current topic 
procedure setT opic(topic: integer) ; 
procedure setlogon(name, password :string) ;  
function getStudName:string ; 
function getStudPassword: string ;  

I I 

function confi rm Password( password : string) : boolean ; 

procedure setDrive (drive:char; BackupOrUpdate: i nteger) ; 
function getDrive(BackupO rUpdate: integer) :char; 
procedure setUpdateFi leNo(fileNo integer) ; 
function getUpdateFi leNo : i nteger; 

end ; 

E. s) l t ] 1 s er s t n :JS 
function getlastReceived: TDateTime; 
procedure setlastReceived( lastReceived:TDateTime); 
function getMyGroup: integer; 
procedure setMyGroup(myGroup:  i nteger) ; 
function getMsgCount: integer; 
procedure setMsgCount(msgCount: integer) ; 

uses SysUti ls ,  vlaSystemDictionary; 

{ TStudentModeiManager } 

{ . . .  } 
end . 
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F7: System Model Manager - class interface and selected code 

unit vlaSystem Modei Manager; 
{ Prov1des t h e  funct 1onal 1ty  needed to m amtam t h e  system model 1 e study modes a nd the1  
{ l earnmg com ponents Other comporents of t h e  Shed 1 11teract v1a the Controller obJect 

i nterface 
uses vlaComponentlist, vlaSystem Model , dialogs, classes, Messages; 

Type 
TSystemModeiManager = class 

private 

publ ic 

end; 

implementation 

{ TSystem ModeiManager } 

uses vlaSystemUti l i t ies ;  

sysModel : TSystem Model ; 
startingUp: boolean ;  

{ Creates a systen n odel 1 111t ,a1 1sed to 'mt1aiMode study modf 
constructor Create(initiaiMode: string); 
{ Updates s ystem model w1th the :1ew Mode a n d  1 eturns a I st of } 
{ com ponents to close and a l 1st to open to co1r plete the change } 
{ of study m ode } 
procedure updateMode( newMode: stri ng; 

toCioselist, toOpenlist: TComplist ) ;  
Returns true 1 f  resources a ssociated w1th com ponent'  may be 

{ ed1ted by the student 
function userCanEdit(component: string): boolean; 
{ Returns l ist  of a l l  com ponents whose res0urces can be ed1'ed 
{ by the student 
function getUserEditlist: TComplist; 
{ Returns true f COI'l ponent' IS always di splayed to the user 
{ even wh ere no resou rce IS aval i3ble 
function isAiwaysAvai lable(component: string): boolean ;  
{ Returns true 1f com ponent' displays the sam e resource 
{ at any pos,t 1on 1n the course 
function isAiwaysTheSame(component: string) : boolean ;  
{ Returns t rue 1f the same 'component' resource should be 
{ d i splayed at any top1c w1thm a section 
function isSectionWide(component: string) : boolean; 
{ Returns l 1 st of a l l  sect 1onw1de com ponents 
function getSectionWidelist: TComplist; 
function getlibraryURL: string; 
{ Returns t h e  l P  address of the System FTP server 
function getServeri P: string;  
{ Returns t rue 1f 'component' should be d isplayed as a modal 
{ form 
function displayAsModal (component: string): boolean; 
{ Takes a l i st of components and returns a list of a l l  the 
{ modes t h at can be di splayed w1th those com ponents 
function getAvai lableModelist(resourcelist: TStringlist) : TStringlist; 
{ Return l 1st  of al l  com ponents assoc1ated w1th 'mode' 
function getComponents(mode: string): TComplist; 
{ Returns a l ist a l l  components the user can open from 
{ w1thm any mode 
function getGenericComponents:TComplist ;  
function getAI ICom ponents:TComplist; 
{Returns true 1f 'mode' contams 'component 
function includes(mode, component:stri ng) :boolean ;  
function getColourScheme(mode:string) : integer; 



Appendix F 3 1 9  

{ . . .  } 
procedure TSystem ModeiManager. updateMode( newMode: string; toCioselist, toOpenlist: TComplist) ; 
var 

beg in 

end; 

item : string;  
l ist:TComplist; 

if not sysModel .openComponents. isEmpty then 
begin 

end 

item : = sysModel . openCom ponents.getFirstltem ; 
if not sysModel.contains(newMode,item) then 
beg in  

toCioselist. i nsertCom ponent(item) ; 
end; 

wh i le  sysModel . openCom ponents. isMore do 
begin 

end 

item := sysModel .openComponents.getNext ltem ; 
if not sysModel .contains(newMode, item) then 
begin 

toC ioselist.i nsertComponent(item) ;  
end 

else tei i User('System Model Manager', 
'Nothing in Open Components l ist ' ,  LOG_IT,false) ; 

if not toCioselist . isEmpty then 
sysModel . open Components .deleteCom ponent(toCioseli st. getFirstltem ) ; 

while toCioselist . isMore do 
sysModel . openCom ponents.deleteComponent(toCioselist.getNextltem ) ;  

t 
t PE 1t 

,t 
l ist :=  sysModel .getComplist(newMode); 
item : =  l ist. getFirstltem ; 

toO pen List .  i nsertCom ponent(item) ; 
if starting Up then 

sysModel . openCom ponents. insertCom ponent(item); 
whi le l ist . isMore do 
begin 

end; 

item : =  l ist .getNextltem ; 
toO pen List . insertComponent(item) ; 
if starting Up then 

sysModel .openComponents. insertComponent(item) ;  

i f  starting Up then 
starting Up:  =false; 

end. 11 of System Model Manager 
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FB: System Tree Manager - class interface 

unit vlaSystemTreeManager; 
{ Th 1s  c lass encapsu lates an':l provides a n  mterface to the system tree. 
{ wh1ch represents the course table of contents enabl ing the 
{ Imp lem entation of the system t ree to be h idden from the rest of the Learn�ng Shf 1 1  
{ Other com ponents of the l earnmg S he l l  111teract v1a the Cont1ol ler obJeCt 

i nterface 

uses comctrls, vlaSystemTree; 

type 
TSystemTreeManager = class(TObject) 

private 
sysTree: TSystemTree; 

public 
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Creares a systeiT' tree 1n lt 1ai 1Sed w1th the current course contents 
{ fo e1ther a student or a teacher author 

end; 

implem entation 

constructor Create(studentOrTeacher: i nteger); 
function getCourseTitle: stri ng; 
{ D1splays system tree 1 11 a TreeV1ew compone1 t 
procedure createTreeView(treeView: TTreeView) ; 
{ Updates the slat 1s  of  ea J sect 1or (and the course tree as a 
{ whole 1 1  lme  w1tr thL status of ts component top1cs 
procedure updateSectionStatus; 
procedure getNextTopic( var VSection, VTopic: integer) ; 
procedure getPreviousTopic( var VSection, VTopic: integer) ; 
{ Returns the stnng form of the current status of the 1nput top1c 
function getStatusString(section, topic: integer): string; 
procedure setStatus(section, topic, status: integer) ; 
{ Returns pos1t 1on of the next top1c offenng the 'mode study 
{ opt1on 
function getCiosestNext( var VSection, VTopic: integer; mode: string): integer; 
{ Retu rns pos1t 1on of the closest prev1ous top1c offenng the 
{ 'mode' study option } 
function getCiosestPrevious( var VSection , VTopic: integer; mode: string): integer; 
{ Returns pos1t 1on of the closest top1c offenng the 'm ode' study } 
{ option } 
procedure getCiosest( var VSection, VTopic: integer; mode: string) ; 
function getTopicTitle( section, topic: integer): string;  

uses vlaController, vlaSystem Dictionary ,  Classes; 

{ TSystemTreeManager } 

{ . . .  } 

end. //of System Tree Manager 
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F9: Sample reference model implementation - System Tree 

unit vlaSystemTree; 

i nterface 
uses comctrls ,  vlaSystem Dictionary; 

type 
TTopicNode= record 

end ; 

title :  string; 
status: integer; 

TSectionNode = record 
title: stri ng; 
status: integer; 

end; 

topics array [L MAX_TOPICS] of TTopicNode; 
topicCount: i nteger; 

TSystemTree = class(TObject) 
private 

public 

end ; 

title stri ng; 
sections: array [1 . .  MAX_SECTIONS] of TSectionNode; 
sectionCount: i nteger; 
status: integer; 
SYSTEM_ TREE_DI R: string; 

constructor Create ( studentOrTeacher: integer ) ;  
function getCourse Title: string; 
procedure nextTopic ( var section , topic integer ) ;  
procedure previous Topic ( var section , topic: i nteger ) ;  
function getSectionTitle( section: integer ) :  stri ng; 
function getTopicTitle( section , topic integer ) :  string; 
function getStatus( section, topic: integer ) :  integer; 
procedure setStatus( section, topic, status :  i nteger); 
procedure createTreeView( TreeView: TTreeView ) ;  
procedure saveTree; 
procedure updateSectionStatus; 
procedure updateStatus; 

implementation 
uses sysutils, Dialogs, LMDMSG ,  vlaSystem Utilities; 

{ TSystemTree } 

constructor TSystemTree.Create( studentOrTeacher: integer ) ;  
var 

begin 

i nfile text; 
i ,  j : i nteger; 
l i ne: string ; 

if studentOrTeacher = vSTUDENT then 
SYSTEM_ TREE_D I R  := SYSTEM_MODELS_DIR 

else SYSTEM_TREE_D I R  : =  AU_MODELS_DIR;  
sectionCount:= 0; 
for i : =  1 to MAX_SECTIONS do 

try 
sections[i ] . topicCount : =0; 

AssignFile( infile, SYSTEM_ TREE_DIR  + 'contents .txt'); 
Reset (infi le) ; 
readln( infile,title); 
read I n( infi le, status); 
readln(infile, l ine); // throw away SECTION marker 
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end ;  

end; 

Append ix F 

i : = 1 ; 
whi le not eof(infile) do begin 

inc(sectionCount) ;  
read I n(i nfile, sections[i] . title) ; 
read ln( infile, sections[i] . status) ; 
j : = 1 ; 
read ln( infile , l ine) ;  
repeat 

inc( sections[i] . topicCount) ; 
sections[i] . topicsO] . title :=l ine; 
readln( infile, sections[i] .topicsO] .status); 
readln( infile, l ine); 
i ncU) ; 

unti l  (( l ine='SECTION') or(eof(infi le) ) ) ;  
i nc( i ) ;  

end; 
close(infile) ; 

except 
if studentOrTeacher = vSTUDENT then 

tei iUser( 'System Tree' , ' Read error. Could not create! ' ,  true, true ) 
else 

tei iUser( 'System Tree' , 'Read error. Could not create!' ,  true, true, true ) ;  

Read-; System Tree 1nto Delphi TreeV1ew object 
l 1n . lu  .i1 1 1g current status of each n ')de 
procedure TSystemTree.createTreeView( TreeView:TTreeView ) ;  
var 

begin  

i ,j :  i nteger; 
MyTreeNode1 , MyTreeNode2 : TTreeNode; 
//items:  TTreeNodes; 

with TreeView.items do 
begin 

{ remove any ex1stlllg nodes } 
Clear; 

{ Add course as  root node } 
MyTreeNode1 := Add(n i l ,  title) ; 
MyTreeNode1 . Statel ndex:= status; 11 1 

for i : = 1  to sectionCount do begin 
{add section to course} 
MyTreeNode1 : =TreeView. items[O]; 
MyTreeNode2 : =AddChi ld(MyTreeNode1 , i ntToStr(i)+'. '+sections[i].title); 
MyTreeNode2.Statelndex:=sections[i] .status; 
{Add topics to section} 
for j : =  1 to sections[i] . topicCount do begin 
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MyTreeNode1 := AddChi ld(MyTreeNode2 , intToStr(i)+ 
' . '+ intToStrU)+' ' +sections[i]. topicsU] .title) ; 

My T reeNode1 . State Index: =sections[i] . topicsO]. status; 
end 

end; 
end ;  

end; 

{ Return the sect 1on topic values of the next top1c or else vEND_ OF COURSE 
procedure TSystemTree.nextTopic(var section, topic: integer) ; 
begin 

if topic< sections[section]. topicCount 
then inc(topic) 



end ;  
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else if section < section Count 
then begin 

inc(section ) ;  
topic:= 1 ;  

end 
else section: = END_OF _COURSE;  

procedure TSystemTree.previousTopic( var  section , topic: integer ) ;  
beg in 

end ; 

if topic >1  
then dec(topic) 

else if section > 1  
then begin 

dec(section) ; 
topic := sections[section] .topicCount; 

end 
else section :=  START_OF _CO URSE; 

procedure TSystemTree. saveTree; 
var 

begin 

end ; 

outfile: text; 
i , j: i nteger; 

try 

except 

end; 

AssignFi le(outfi le, SYSTEM_ TREE_D I R  + 'contents.txt') ;  
Rewrite (outfile) ; 
write! n( outfile, title) ; 
writeln(outfile, status) ; 
for i : = 1  to sectionCount do beg in  

writeln (outfi le, 'SECTION') ;// insert SECTION marker 
write! n ( outfile, sections[i] . title) ; 
writeln (  outfi le, sections(i] . status) ;  
for j :=  1 to  sections[i] . topicCount do  beg in 

end 
end; 
close(outfi le); 

write! n( outfi le, sections[i] . topics(j] . title) ; 
writeln (  outfile , sections[i] . topics[j] . status) ; 

LMDMessageDig ('Write error l ' ,  mtConfirmation, [mbYes], 0) ; 

procedure TSystemTree.setStatus(section , topic, status: integer) ; 
beg in 

sect ions[ section]. topics[topic]. Status: = status; 
end ; 

Update sect1on status to bPng l 'l 1 1 ne w1th the status 
{ of 1ts subtop1cs 
procedure TSystem Tree. updateSectionStatus; 
var 

begin  
i ,j ,  s um Status:integer; 

for i:= 1 to sectionCount do begin 
sumStatus : =0; 
for j :=1 to sections[i] .topicCount do 

sum Status : = sumStatus+sections[i]. topics[j]. status ;  
if (sumStatus*1 0)/sections[i]. topicCount = vRED*1 0 

then sections[i] .status:=vRED 
else if (sumStatus*1 0)/sections[i] .topicCount = vGREEN*1 0 

then sections[i] .status:= vGREEN 
else sections[i] . status:= vAMBER; 
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end; 

end; ''of u pdate sect1on status 

procedure TSystemTree. updateStatus; of ent1re course 
var 

begin 
i ,j , sumStatus : integer; 

sumStatus : =0; 
for i : =  1 to sectionCount do begin 

sum Status : =  sumStatus+sections[i] . status; 
if (sumStatus*1 0)/sectionCount = vRED* 1 0 

then status :=vRED 
else if (sumStatus*1 0)/sectionCount = vGREEN*1 0 

then status :=  vGREEN 
else status :=  vAMBER; 

end; 

end; of update course status 

end. 
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F10: Sample learning component implementation 

interface 

uses 
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs, 
StdCtrls, Buttons , vlaHelpBtn, ComCtrls ; 

type 
TComponentForm = class(TForm) 

vlaHelpBtn1 :  TvlaHelpBtn ;  
StatusBar1 : TStatusBar; 
procedu re vlaHelpBtn1  Cl ick(Sender: TObject) ; 
procedu re FormPaint(Sender: TObject); 
procedure FormShow(Sender TObject) ; 
procedure FormCreate(Sender: TObject); 

private 
resourcePath: stri ng; 

publ ic 
debug: boolean;  
procedure DisplayHint(Sender:TObject) ; 

end ;  

var 
ComponentForm : TComponentForm; 

implementation 

uses vlaController, vlaSystem Utilities, vlaSystem Dictionary; 

{$R * .DFM} 

procedure TComponentF orm . vlaHelpBtn 1 Cl ick( Sender TObject) ;  
begin 

vlaHelpBtn 1 . Execute(self) ; 
end ;  

procedure TComponentForm .FormPaint(Sender: TObject); 
begin 

end ;  

i f  control ler.open l nGeneric(self. name) then 
color := control ler.getColourScheme(mdGENERIC) 

else Calor: = controller.getColourScheme(controller.getMode) ; 

procedure TComponentForm. FormShow(Sender: TObject); 
var 

begin 

output : textFi le;  
filepath: string ; 
Save_ Cursor:TCursor; 

Show hourg lass cu rsor 
Save_Cursor : =  Screen .Cursor; 
Screen .Cursor := crHourglass; 

//get resource filepath 
filepath := controller.getFilePath(self. name) ;  
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I ' load resource locatron 
try try 

except 

end ; 
fi nal ly 

end; 

AssignFile( output, filepath); 
reset( output) ; 
readln(output,resourcePath) ;  
tei iUser(self. name,'Resource: '+ resourcePath, controller.debug, true) ; 

tei iUser(self. name, 'Could not load resource', controller.debug , true) ; 

I Always close F I L E  and restore CURSOR to norwal 
closeFi le( output) ; 
Screen .Cursor := Save_Cursor; 

procedu re TComponentForm . FormCreate(Sender: TObject) ;  
beg in 

end ; 

if control ler.debug then 
Self. FormStyle:= fsNormal 

else Self.FormStyle := fsStayOnTop; 
Application .OnHi nt = DisplayHint ;  

chr ld form a re created l l  ·re 

procedu re TComponentForm . DisplayHint(Sender: TObject) ; 
begin 

StatusBar1 .SimpleText := GetlongHint(Application .H int); 
end; 

end . //of v laMarnCornponentForrr 
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F1 1:  Extramural Support - class interface and selected source code 

unit vlaHelpSystem ; 

interface 

uses 

const 

type 

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs, 
Db, DBCtrls, StdCtrls, DBTables, Buttons, ComCtrls, vlaSystemDictionary, 
vlaSystem Utilities, vlaAskForHelp,  vlaHelpBtn; 

OK = 'OK'; 
NOK= ' NOK'; 

TUserStat = record 
concept: stri ng; 
quType: string; 
rsOK, rsNo,  rsRetry, rsAsk, rsGiveUp: integer; 

end; 

TExtramuraiSupport = class(TForm) 
edConcept: TEdit; 
dsQuType: TDataSource; 
dsEiaborate: TDataSource; 
gbUserResponse: TGroupBox; 

dsMsg: TDataSource; 
dsQuNextBefore: TDataSource; 
dsQuNextAhead :  TDataSource; 
cbConcept: TDBLookupComboBox; 
dsConcept: TDataSource; 
cbQuType: TDBLookupComboBox; 
meEiaboration: TMemo; 
melinks: TMemo; 
meBooks: TMemo; 
meCi ipbrd: TMemo;  
reCi ipbrd :  TRichEdit; 
meMsg: TMemo;  

procedure Form Show(Sender: TObject); 
procedure FormCreate(Sender: TObject) ; 

private 

procedure FormCiose(Sender: TObject; var Action: TCioseAction); 
procedure Form Paint(Sender: TObject) ; 
procedure Form KeyDown(Sender: TObject; var Key: Word; Shift: TShiftState) ; 

d1 1 og11 butt' 'S 
procedure btOKCiick(Sender: TObject) ; 
procedure btNoCiick(Sender: TObject) ;  
procedu re btRetryCiick(Sender: TObject) ; 
procedure btAskCi ick(Sender: TObject) ; 
procedure btExitCiick(Sender: TObject) ; 
procedure btMapCi ick(Sender: TObject) ;  
procedure btNewCiick(Sender: TObject) ;  
procedure btCopyCiick(Sender: TObject) ; 

procedure edConceptCiick(Sender: TObject) ;  
procedure edConceptExit(Sender: TObject) ; 

procedure vlaHelpBtn1 Cl ick( Sender: TObject); 

qu_ Type: QuType; 
userStat: TUserStat; 
userResponse: char; 



publ ic 

end ; 

var 
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underway, waiting : boolean ;  
checkAhead,  checkPrevious: i nteger; 
anotherQuestion ,  noMoreResults: boolean; 
tOK, tNO, tRETRY, tASK, tEXIT, tNEW, tCOPY, tMAP: boolean ;  
fOK, fNO, fRETRY, fASK, fEXIT, fNEW, fCOPY, fMAP: boolean ;  
checkThemePrevious, checkThemeAhead: integer; 
firstResponse, lastResponse: stri ng;  
responseCount: integer; 
copyNotesPath, copyBooksPath, copylinksPath: string; 
AskForHelp: TAskForHelp; // message form 

procedure HelpUser; 
procedure prepareHelp ;  
procedure parseUserlnput; 
procedure executeAsSQL; 
procedure rankResults; 
procedure presentBestResultT oUser; 
procedure waitForUserResponse; 
procedure doHousekeeping ;  
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procedure resetUserResponse( bOK, bNo, bRetry, bAsk, bExit, bMap , bCopy, bNew: boolean); 
procedure actionUserResponse; 

procedure updateStatisticsDB; 
procedure in it ial iseUserStat( selectedConcept, selectedQueryType: string ) ;  
procedure updateUserStat( bOK, b N o ,  bRetry, bAsk, bGiveup: boolean ) ;  
procedure presentNextBestResult ;  
procedure TryHelpingUserAgain;  
procedure askTutor; 
procedure notifyTutor; 
function getSystem MsgCount: i nteger; 
procedure setSystemMsgCount( msgCount: integer ) ; 
function getNextCiosestBefore( var concept: stri ng; var section, topic: i nteger ) :  stri ng; 
function getNextCiosestAhead( var concept: stri ng; var section , topic: i nteger ) :  stri ng; 
function getNextCiosestThemeBefore( var concept: stri ng; var section, topic: i nteger ) :  string; 
function getNextCiosestThemeAhead( var concept: string; var section , topic: i nteger ) :  stri ng; 
procedure copyToNotes; 
procedu re setupConceptlist; 
procedu re setupQuTypel ist; 
procedure in itialiseBtnValues; 
procedure d isplayResult( elaboration ,  concept: string ;  section, topic: integer; 

isFirst: boolean ) ;  
procedure init ial iseHelpScreen ; 
procedure in itial iseResultlists; 
procedure recordUserResponse( O KorNO K: string ); 
p rocedure copyTolinks; 
procedure copyToBooks; 

d ebug : boolean ;  
procedure DisplayHint( Sender: TObject ) ;  
function getUsername: string; 
function getSection: integer; 
function getTopic: i nteger; 
function getMyGroup: integer; 
function getMsgCount: integer; 
procedure setMsgCount( msgCount : integer ) ;  
procedure selectAnotherConcept( concept : string ) ;  
procedure selectConcept( concept: stri ng ) ;  

ExtramuraiSupport: TExtramuraiSupport; 

implementation 

uses vlaMsg Data, v laConceptMap, vlaControl ler; 

{$R * .DFM} 
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procedure TExtramuraiSupport.FormCreate(Sender: TObject); 
beg in 

end ; 

debug :=  false; 
if controller.debug then 

Self. Form Style: = fsNormal 
else Self. Form Style: = fsStayOnTop; 
Application .OnHint := DisplayHint; 
in itialiseBtnValues; 
color:= control ler.getColourScheme( mdSYSTEM ) ;  

procedure TExtram ural Support. selectConcept( concept: string); 
beg in 

end ; 

with edConcept do begin 
ReadOnly :=false; 
Text : =  concept; 
ReadOnly:=true; 

end; 
tei iUser( self. name, 'Concept = '+ concept, LOG_IT, false ) ; 

procedure TExtramuraiSupport. Form Show( Sender: TObject) ; 
begin 

tei iUser( self .name, 'Show' , LOG_IT, false ) ;  
parseCaption( self ) ;  
copyNotesPath := control ler.copyTo( vNOTES ) ;  
copyBookspath := controller.copyTo ( vBOOKS ) ;  
copylinksPath = control ler .copyTo( vLI NKS ) ;  
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tei iUser( self. name, copyNotesPath + ' ;  '+copyBooksPath + ' ;  '+copylinksPath, LOG_IT, false ) ;  
setupQuTypelist ;  
in itial iseHelpScreen ; 
in itial iseResultlists; 

end ;  

procedure TExtramuraiSupport.setupConceptlist; 
begin  

end; 

with dmMsgData .quConcept do begin 
close; 

end; 

Params[O) . value:= getSection; 
params[ 1 ) .value: = getTopic; 
open; 

with cbConcept do beg in  
ListSource:= dsConcept; 
KeyField := 'Concept'; 
ListField:= 'Concept' ; 
enabled :=  true; 

end; 

KeyValue: = edConcept. Text; 
enabled :=  false; 

procedure TExtramuraiSupport. setupQuTypel ist; 
begin 

end ; 

cbQuType. Enabled := true; 
cbQuType. KeyValue: = 'qWhat' ; 
cbQuType. DropDown; 

procedure TExtramuraiSupport. in itialiseBtnValues; 
begin 

tOK:=true; 
tNO : =true; 
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fNEW:= false; 
end ; 

procedu re TExtramuraiSupport.initialiseResultlists; 
begin 

end ; 

with m eEiaboration do beg in 
Clear; 
modified := false; 

end ;  
wi th Melinks do begin 

Clear; 

end ;  

modified := false; 
v isible :=false; 

with m eBooks do begin  
Clear; 

end ;  

modified : =  false; 
visible :=false; 

procedure TExtramuraiSupport. in itia l iseHelpScreen ; 
beg in 

end ;  

underway : = false; 
cbQuType. SetFocus; 
cbQuType. Drop Down; 
resetUserResponse( !OK, false, false, false, !EXIT, false, false, false) ; 
btOK.hint:='Submit the question' ;  

I NTERAC T I O N  WITH U S E R  

procedure TExtramuraiSupport.edConceptExit(Sender: TObject) ; 
begin 

end ; 

cbQuType. SetFocus; 
edConcept. Enabled : =false; 
resetUserResponse(tOK, false,false, false, tEXIT,false, false, false) ; 

procedure TExtramural Support. btOKCiick(Sender: TObject); 
begin 

end ;  

if not underway then 
Help User 

else beg in  

end 

userResponse:='O' ;  
actionUserResponse; 

procedure TExtramuraiSupport .btNoCi ick(Sender: TObject); 
begin 

end ;  

userResponse:= 'N ' ;  
actionUserResponse; 

procedure TExtramuraiSupport.btExitCiick(Sender: TObject) ; 
begin  

close; 
end ;  

procedu re TExtramuraiSupport. FormCiose(Sender: TObject; var Action: TCioseAction) ;  
begin  

if underway then begin 
userResponse:= 'X' ; 
actionUserResponse; 
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end ; 
end ; 

procedu re TExtramuraiSupport.actionUserResponse; 
var 

begin 
btn : string ; 

waiting :=false; 
inc(responseCount) ; 
meMsg. Ciear; 

case userResponse of 

'A': begin 
btn :=  'Ask'; 
record UserResponse( NO K) ; 
ask Tutor; 
resetUserResponse( fOK, fNO, fRETRY, fASK, tEXIT, tMAP, tCOPY, tNEW); 

end ; 

'C' : begin 
btn : =  'Copy'; 
if m elinks. Modified then 

copyTolinks; 
if m eBooks. Modified then 

copyToBooks; 
if m eEiaboration .modified then 

copyToNotes; 
in itial i seResultlists; 
resetUserResponse( fOK, fNO, fRETRY, fASK, tEXIT, fMAP, fCOPY, tNEW) ; 
dec(responseCount) ; 

end ; 

'M' :  begin 
btn := 'Map' ;  
ConceptMap := TConceptMap.create(Application) ; 
with ConceptMap do begin 

setConcept( edConcept. Text) ; 
show Modal ;  
if modal Result<> 5 then 

resetUserResponse( fOK, fNO, fRETRY, tASK, tEXIT, tMAP, 
tCOPY, tNEW ) ;  

end ; 
end ; 

'N' :  begin 

end; 

btn := ' No' ; 
notify Tutor; 
if noMoreResults then 

resetUserResponse( fOK, fNO , fRETRY, tASK, tEXIT, tMAP, tCOPY, tNEW ) 
else 

resetUserResponse( fOK, fNO, tRETRY, tASK, tEXIT, tMAP, tCOPY, tNEW ) ;  
recordUserResponse(NOK) ;  

'0' :  begin 
btn := 'OK'; 
resetUserResponse( fOK, fNO, fRETRY, fASK, tEXIT, tMAP, tCOPY, tNEW ) ;  
recordUserResponse( OK ) ;  

end ; 

'R' :  begin 
btn := 'RETRY' ; 
recordUserResponse( NOK ) ;  
TryHelpingUserAgain ;  
if noMoreResults then 

resetUserResponse( fNO,tNO, fRETRY, tASK, tEXIT, tMAP, tCOPY, tNEW ) 
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else 
resetUserResponse( tOK, tNO, tRETRY, fASK, fEXIT, fMAP, fCOPY, fNEW ) ;  

end; 

end ; 

end ; 

'W: beg in  
btn := 'New'; 
cbQuType. Enabled : =true; 
anotherQuestion :=  true; 
i n itial iseHelpScreen ; 
cbQuType.SetFocus; 
cbQuType. DropDown; 

end; 

'X' : begin 
btn := 'Exit' ; 
dec( ResponseCount ) ;  
updateStatisticsDB; 
doHousekeeping ;  

end; 

tei iUser( self. name, 'User action :  '+  btn, LOG_IT , false ) ;  

procedure TExtramuraiSupport.resetUserResponse( bOK, bNo, bRetry, bAsk, bExit, bMap, 

begin 
btOK.enabled : =  bOK; 

btNew. Enabled : =  bNew; 
end ; 

end of I NTERACTION WITH USER 

H IGH LEVEL O PERATIONS 

procedure TExtramuraiSupport. He I pUser; 
begin 

end ; 

prepareHelp ;  
parseUser lnput; 
executeAsSQL ;  
presentBestResultT oUser; 
waitForUserResponse; 

procedure TExtramuraiSupport.TryHelpingUserAgain;  
begi n  

end; 

presentNextBestResult; 
waitForUserResponse; 

{ end of H IGH-LEVEL OPERATIO N S  

{ E N G I N E  ROOM 

procedure TExtramuraiSupport. prepareHelp ;  
begin 

underway: =true; 
noMoreResults :=  false; 
firstResponse:="; 
lastResponse:=" ;  
responseCount: =0; 
if not anotherQuestion then 

meEiaboration.Ciear; 
anotherQuestion := false; 
in itial iseUserStat( edConcept. Text ,cbQuType. Text) ; 
cbQuType.Enabled:=false; 
checkPrevious:=O; 
checkAhead :=O;  

bCopy, bNew: boolean) ;  
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btO K. Hint: = 'Accept the answer'; 
end; 

procedure TExt ram uraiSupport. parseUserl nput;  
var 

begin 

end ; 

qtp : str ing; 

qtp = cbQuType. KeyValue; 
if qtp = 'qHow' then qu_ Type:= qHow 
else if qtp = 'qWhat' then qu_ Type: = qWhat 
else if qtp = 'qWhere' then qu_ Type = qWhere 
else if qtp = 'qWho' then qu_ Type = qWho 
else qu_ Type:= qWhy; 
tei i User( self.name, qtp, LOG_IT, false ) ; 

procedure TExtramuraiSupport .executeAsSQL; 
begin 

end ; 

with dsEiaborate do begin 

end ; 

Data Set Close; 
case ( qu_ Type ) of 

qWhat: begin 

end; 
qWhere: begin 

end ; 
qWho: begin 

end; 
Dataset .open ; 

end ; 

DataSet:= dm MsgData .quWhat; 
dm MsgData .quWhat. Params[O]. Value = edConcept. Text; 
dmMsgData .quWhat. Params[1 ] .Value: =  getSection; 
dmMsgData .quWhat. Params[2].Va lue := getTopic; 

DataSet :=  dm MsgData.quWhere; 
dm MsgData .quWhere. Params[O]. Value:= edConcept. Text; 
dm MsgData .quWhere. Params[1] .  Value:= getSection;  
dm MsgData .quWhere. Params[2]. Value: = getT opic; 

DataSet := dm MsgData.quWho; 
dm MsgData.quWho. Params[O]. Value := edConcept. Text ; 
dmMsgData .quWho.Params[ 1 ] .Value := getSection; 
dm MsgData .quWho. Params[2]. Value:= getT opic; 

procedure TExtram ural Support. presentBestResult T oUser; 
var 

begin 

end ; 

quResult: stri ng;  

with dsEiaborate. Data Set do begin 
F i rst; 
quResult:= Fields[O] .AsStr ing;  
d isplayResult( quResult, edConcept.text ,getSection,getTopic, true ) 

end ; 

procedure TExtramuraiSupport.presentNextBestResult ;  
var 

begin 

concept, ElabText: stri ng; 
sec, top :  i nteger; 
i sCncpt: boolean ; 

concept : =  edConcept.Text; 
sec :=  getSection; 
top := getTopic; 

//f 1rst check that no more results 1n current top1c 



end; 
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with dsEiaborate.DataSet do begin 
Next; 

end ; 

if not eof then beg in  

end; 

ElabText :=  Fields[O] .AsString; 
displayResult( ElabText, concept, sec, top, true ) ;  
Exit ; I t h e  p rocedure 

//if no m ore resu l ts 1 r1 cu1 rent top1c then look 1 11 
I prev 1ous top1cs 
ElabText :=  getNextCiosestBefore( concept, sec, top ) ;  

' I f  sti l l  no more resr 11 s then l ook 1 11 u pr.om1ng top1cs 
if ElabText = " then 

ElabText := getNextCiosestAhead( concept, sec, top ) ;  
i f  not noMoreResults then 

displayResult( ElabText concept, sec, top, false ) ;  
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procedu re TExtramuraiSupport .d isplayResult( elaboration, concept: string ; section, topic: integer; 
isFirst :boolean ) ; 

var 

beg in  

end; 

header: string; 

meEiaboration. l ines .append(") ; 
if elaboration <> " then begin I ElabText 

meEiaboration .modified : = true; 

end 

meEiaboration . l ines. append( "" + concept+'" ;  Section '+ intToStr(section)+ ' . '+ intToStr(topic) ) ;  
m eEiaboration. l ines.Append( elaboration) ; 
if qu_type = qWhere then begin 

end 

melinks.modified := true; 
melinks .Lines.Append(elaboration)/1 for saving as l inks 

else if qu_type = qWho then beg in 

end; 

eBooks.modified := true; 
meBooks.Lines.Append(elaboration)/1 for saving as books 

else begin 

end ; 

if isFi rst then beg i n  

end 

meMsg. l i nes.Append('- NO USEFUL ANSWER FOUND IN SECTION '+ 
i ntT o( section)+'. '+intT oStr(topic)) ;  

meMsg. l ines .Append( '- SELECT "RETRY" FOR A BROADER SEARCH. ') ;  

else begin 
noMoreResults:=true; 

end; 

meMsg. l ines.Append( '- NO FURTHER USEFUL ANSWERS FOUND') ;  
meMsg . l i nes.Append( '- FOR FURTHER H ELP SELECT A RELATED CONCEPT 

FROM THE CONCEPT MAP') ; 
meMsg . l i nes.Append( '- O R  TRY ASKI NG THE TUTOR. ' ) ;  

function TExtramu raiSupport.getNextCiosestBefore( var concept: string ;  var section, topic: integer) : string ;  
beg in  

i nc( checkPrevious); 
Result :=" ;  
case (qu_ Type) of 

qWhat: with dmMsg Data.quWhatBefore do begin 
if checkPrevious = 1 then begin 

close; 
Params[O] .Value:= concept; 
Params[1 ] .Value:= section; 
Params[2] .Value:= topic; 
Params[3].Value:= section ; 



end;  

end 
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open; 
if not eof then begin 

Fi rst; 

end; 

concept= Fields[O] .AsString; 
section :=  Fields[1 ] .Aslnteger; 
topic : =  Fields[2].Asl nteger; 
Result := Fields[3] .AsString; 

else begin 
Next; 

end ; 

if not Eof then begin 

end; 

concept= Fields[O] .AsString; 
section:= Fields[1 ] .Aslnteger; 
topic := Fields[2].Aslnteger; 
Result = Fields[3] .AsString; 

qWhere: with dmMsgData .quWhereBefore do begin 

end ; 

if checkPrevious = 1 then begin 
close; 

end 

Params[O] .Value:= concept; 
Params[1 ] .Va lue:= section; 
Params[2] .Value: = topic; 
Params[3] .Value: = section; 
open ; 
if not eof then begin 

First; 

end ; 

concept = Fields[O].AsString; 
sect ion:= Fields[ 1 ] .Aslnteger; 
topic = Fields[2] .Aslnteger; 
Result :=  F ields[3] .AsString;  

else begin 
Next; 

end ; 

if not Eof then begin 

end; 

concept :=  Fields[O] .AsString; 
section :=  Fields[ 1 ] .Aslnteger; 
topic = Fields[2].Asl nteger; 
Result : =  Fields[3] .AsString;  

qWho: with dm MsgData.quWhoBefore do begin 
if checkPrevious = 1 then begin 

close; 
Params[O] . Value:= concept; 
Params[1 ] .Value:= section; 
Params[2] . Value:= topic; 
Params[3] . Value:= section; 
open ; 
if not eof then begin 

Fi rst; 
concept = Fields[O].AsString; 
section:= Fields[1 ] .Aslnteger; 
topic : =  Fields[2].Asl nteger; 
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Result : =  Fields[5] .AsString +', '+ F ields[4] .AsString 

end ; 
end 
else begin 

Next; 

+', '+ Fields[6].AsString +' ,  '+ Fields[3] .AsString; 

if not eof then begin 
concept: =  Fields[O] .AsString; 
section:= Fields[ 1 ] .Aslnteger; 
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topic : =  Fields[2] .Aslnteger; 
Result :=  F ields[5] .AsString +' , '+ Fiel ds[4].AsString 

+', '+ Fields[6].AsString +', '+ Fields(3] .AsString; 
end; 

end; 
end ; 

end ; 
end ; 

function TExtramuraiSupport.getNextCiosestAhead( var concept: string; var section, topic: integer) : string; 
begin 

end ; 

procedu re TExtramuraiSupport.waitForUserResponse; 
begin 

end ; 

waiting :=true; I 1 n lt la l 1se 
resetUserResponse( tOK, tNO , tRETRY, fASK, fEX I T, fMAP, fCOPY, fNEW ) ;  
btOK. Hint: = 'Accept the  answer' ; 

procedure TExtramuraiSupport.doHousekeeping; 
begin  

end; 

underway: =  false; 
waiting :=  false; 

{' enj "lf E N�" N E  ROOM 

Rout1nes to log use1 s d ia logues w1tt1 support system Th1s 1nformat1on can tren oe se • as 
;=jnnnymm s stat 1SI 1cs to help idPnt  fy  where query respon"-P"- need 1rnprovmg 

procedure TExtrarn uraiSupport. recordUserResponse(OKorNO K: string) ; 
beg in 

end; 

if responseCount = 1 then begin 
firstResponse:= OKorNOK; 
lastResponse :=  firstResponse; 
end 

else 
lastResponse := OKorNOK; 

procedure TExtrarn uraiSupport. updateStatisticsDB; 
var 

begin 

end ; 

thisMoment: TDateTime; 

thisMoment:= Now; 
with dmMsgData .tbUserStats do begin 

end; 

Append Record( [thisMoment, edConcept.text, getSection, getTopic, 
F irstResponse, LastResponse, ResponseCount ]) ; 

procedure TExtramuraiSupport . in itial iseUserStat( selectedConcept, selectedQueryType: string ) ;  
begin  

end ; 

userStat.concept : =  selectedConcept; 
userStat .quType:= selectedQueryType; 
userStat . rsOK:= 0 ;  
userStat . rsNo : =  0 ;  
userStat. rsRetry: = 0 ;  
userStat. rsAsk:= 0; 
userStat. rsGiveUp :=0; 

procedure TExtramuraiSupport .updateUserStat( bOK, bNo, bRetry, bAsk, bGiveup: Boolean ) ;  



begin 

end ; 

if bOK then 
inc(userStat. rsOK) ; 

if bNo then 
inc(userStat. rsNo) ; 

if bReTry then 
inc(userStat. rsRetry);  

if bAsk then 
inc(userStat. rsAsk) ; 

if bGiveup then 
inc(userStat. rsGiveUp) ; 
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procedure TExt ram uraiSupport. ask Tutor; 
begin 

end ; 

AskForHelp := TAskForHelp.Create(self); 
AskForHelp .edHeader.Text : = 'Section '+ intToStr(getSection)+' . ' 

+intToStr(getTopic)+ ' "'+ edConcept.Text +"'. Please help me on this . ' ;  
AskForHelp. ShowModa l ;  

procedure TExtram ural Support. notify Tutor; 
var 

beg in 

headerText: stri ng;  
msgCount: i nteger ; 

try 
dsMsg. Data Set. Last; 
msgCount: = ExtramuraiSupport.getMsgCount + 1 ;  
Extram ural Support setMsgCount(msgCou nt) ; 
headerText: ='Section '+ intToStr(getSection)+' . '  

+intToStr(getTopic)+ ' :  '+cbQuType.Text+' " '+ edConcept.Text +"'. ' 
+'System response was rejected . ' ;  
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dsMsg. DataSet.AppendRecord( [msgCount, control ler.getUsername, TUTOR , " ,  0, getSection, 
getTopic, 'Q', Now, " , ", " ,  headerText, meEiaborat ion .text] ) ;  

Moda1Result : = 1 ; 

except 

end 
end ; 

tei !User( self. name, 'NotifyTutor system m essage saved . ' ,  LOG_IT, false ) ;  

tei !User( self. name, 'Error savi ng system message. ', LOG_IT, false ) ;  
Moda1Result :=2; 

procedure TExtramuraiSupport.copyToNotes; 
begin 

end ; 

with meEiaboration do begin 
ReadOnly := false; 
SelectAI I ;  
CutToCiipboard; 
ReadOnly := true; 

end ;  
with reCiipbrd d o  begin 

Clear; 

end ; 

Lines. Load From File( copyNotesPath); 
PasteFromCiipboard; 
Lines. Save T oFi le( copyNotesPath); 

end .// of Extramural Support un1t 
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F12: Concept Map - class interface and selected source code 

unit vlaConceptMap;  

{ Takes Inputs 1 n  the form of ordered pa 1 1  s ( CONCEPT THEME) and displays them as 

{ a concept map 1 e a graph 1n wh1ch concepts are nodes and themes are arcs connect1ng 
{ related concepts Th1s enables the user to explore al l  concepts m the database related tc the 
{ the 1 n it 1al concept 

interface 

uses 
Windows, Messages, SysUti ls, Classes, G raphics, Controls, Forms, Dialogs, StdCtrls, vlaSystem Dictionary, 

vlaSystem Uti l ities , lmdmsg, Buttons, vlaHelpBtn ; 

const 

type 

TPOS = 50; 'top of map 
MPOS = 200; 'm1ddle 
BPOS = 350; b )tlom 
LPOS = 1 00; leftmost concept 
L TPOS = 200 ; 'leftmost theme 
CON_OFF = 1 50 ;  concept offset 
THM_OFF = 200; themt offset 
X_ OFF = 20; 
Y_OFF = 20; 

TConceptMap = class( TForm ) 
lbVisited : TListBox; 'h ·1de1 
vlaHelpBtn 1 :  TvlaHelpBtn; 
procedu re FormCreate( Sender: TObject ) ;  
procedu re FormShow( Sender: TObject ) ;  
procedure Form MouseDown( Sender: TObject; Button :  TMouseButton; 

Shift: TShiftState; X ,  Y: I nteger ) ;  
procedu re FormPaint( Sender: TObject ) ;  
procedu re FormCiose( Sender: TObject; var Action: TCioseAction ) ;  
procedure vlaHelpBtn1 Click( Sender: TObject ) ;  

private 
debug: boolean; 
concept: string;  
ctConcept, ctTheme: integer; 
Concepts : array [1 . .  MAX_CONCEPTS] of TLabel ; 
Themes : array [1 . .  MAX_THEMES] of TLabel ; 
Connected :array [1 . .  MAX_CONCEPTS, 1 . .  MAX_ THEMES] of boolean; 

11  In i t ia l i sation 
procedure initialiseTables; 
procedure populateTables; 

I! drawmg and updatmg the graph (nodes and arcs) 
function insertConcept( concept: string ): integer; 
function insertTheme( theme: string ): i nteger; 
function conceptPos( concept: string ) :  i nteger; 
function themePos( theme: string ) :  i nteger; 
procedure showConnections; 
function i sAbove( lab:Tlabel ) :  boolean ; 
procedure highl ightSelectedConcept( labi :Tlabel ) ;  
procedure highlightVisitedConcepts; 

//fmd1ng wh1ch concept ( node) has been selected 
function SelectedConcept( X, Y: i nteger ) :  Tlabel ; 
procedure setSelectArea( X, Y: integer; var XMin, XMax, YMin, YMax: i nteger ) ;  

//mamtammg the  l 1st o f  previously v1s1ted concepts 
procedure populateVisitedlist; 
function notVisitedBefore( concept: string ): boolean; 
procedure updateVisitedlist( concept: string ) ;  
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procedure saveVisitedlist; 

publ ic 

procedure setConcept( concept: stri ng ) ;  
end ;  

var 
ConceptMap TConceptMap; 

implementation 

uses vlaMsgData, vlaHelpSystem ; 

{$R *. DFM} 

procedure TConceptMap. FormCreate( Sender: TObject ) ; 
var 

begin 

end ; 

i :  i nteger; 

debug:= true; 

for i :=  1 to MAX_CONCEPTS do beg in  
concepts[i] : =  TLabeL Create( self ) ;  
concepts[i]. Font Style = O ;  

end ; 
for i := 1 to MAX_ THEMES do begin 

themes[i] = TLabeL Create( self ) ;  
themes[i] . Font.Style : =  O ;  
themes[i] . Font.Color : =  ciNavy; 

end; 

procedu re TConceptMap. setConcept( concept: string ) ;  
beg in 

self. concept: =concept; 
end; 

procedure TConceptMap. FormShow( Sender TObject ) ;  
begin 

end; 

tei iUser( self. name, 'Show' ,  LOG_IT, false ) ;  
i n it ial ise Tables; 
populate Tables; 
populateVisitedlist; 

procedure TConceptMap. in itial iseTables; t tl1e1l18S r;onr:epts ard r. c  n nE.. • ;ne, 
var 
i ,  j : integer; 

begin 

end ; 

ctConcept:=O; m1t1a l  se r:oncept cou nt to 0 
ctTheme:= 0; l llt lal ise ther1e count to 0 
for i :=  1 to MAX_CONCEPTS do 

for j : =  1 to MAX_ THEMES do 
Connected[i ,j] : = false; 

procedure TConceptMap. populateTables; 'w1th themes concepts and connections 
var 

begin 
i ,  j : integer; 

with dmMsgData .quConnected do begin 
11  run query 
close; 
Pararns[O] .Value:= concept; 
open ; 
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end; 
end ; 
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/'load result set mto tables 
if not eof then begin  

end; 

First; 
i : =  insertConcept( F ields[O].AsString ) ;  
j : =  insertTheme( F ields[1] .AsString ) ;  
Connected[ i ,  j] := true; 
Next; 

whi le not eof do begin 

end ; 

i : =  insertConcept( F ields[O].AsString ) ;  
j :=  insertTheme( F ields[ 1 ] .AsString ) ;  
Connected[ i ,  j ]  := true; 
Next; 

procedure TConceptMap. populateVisitedlist ;  
beg in 

try 
lbVisited . ltems. LoadFromFi le( SYSTEM_MODELS_DIR + VISITED ) ;  

except 
tei iUser( self. name, 'Could not load VISITED file', LOG_IT, debug) ;  

end; 

end; 

Jpdate g1 a t wheneve1 s .ree1 s red aw 
procedure TConceptMap. Form Paint( Sender: TObject ) ; 
begi n  

end ; 

showConnections; 
h ighl ightVisitedConcepts; 

DRAWING THE CONCEPT MAP (GRAPH, 

1 nsert concept node 1 11 map and add to concept table 
function TConceptMap.insertConcept( concept: stri ng ) :  integer; 
beg in 

end; 

Result := conceptPos( concept ) ;  
i f  Result > ctConcept then begin /not a l ready 1n table so 

inc( ctConcept ) ;  

end; 

with concepts[ctConcept] do begin  
parent := self; 

end ; 

Caption :=  concept; 
if ( ctConcept m od 2 ) = 1 then begin 

end 

if (( ctConcept div 2 ) mod 2 ) = 1 then 
top : =TPOS 

else top : =TPOS - 25; 
if ctConcept =1 then 

Left :=  LPOS 
else Left := concepts[ctConcept-2].Left + CON_ OFF;  

e lse begin  

end ; 

if (( ctConcept div 2 ) mod 2 )=0 then 
top : =BPOS 

else top : =BPOS + 25; 
Left :=  concepts[ctConcept- 1 ] . Left ; 

visible : = true; 

Result := ctConcept; 

function TConceptMap.conceptPos( concept: string ) :  i nteger; 
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var 

begin 

end ; 
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i :  i nteger; 

i : =  1 ;  
whi le ( (  i<= ctConcept ) and ( concept <> concepts[i] .Caption ))  do 

inc( i ) ;  
Result : =  i ; 

function TConceptMap. i nsertTheme( theme: string ): integer; 
begin 

end; 

Result : =  themePos( theme ) ;  
if  Result > ctTheme then begin 

inc( ctTheme ) ;  

end; 

with themes[ctTheme] do begin 
parent : =  self; 
Caption : =  theme; 

end ; 

top : =MPOS; 
if et Theme = 1 then 

Left :=  L TPOS 
else Left :=  themes[ctTheme- 1 ] . Left + THM_OFF; 
visible := true; 

Result : =  ctTheme; 

function TConceptMap.themePos( theme: string ) :  i nteger; 
var 

begin 

end; 

i :  integer; 

i : =  1 ;  
whi le ( (  I <= ctTheme ) and ( theme <> themes[i] .Caption )) do 

inc( i ) ;  
Result := i ; 

1 T n 1 , 
procedure TConceptMap.showConnections; 
var 

i, j :  i nteger; 
beg in 

for i : =  1 to ctConcept do 
for j :=1 to ctTheme do 

if connected[ i ,j] then begin 
with self. Canvas do begin 

if isAbove( concepts[i] ) then begin 
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MoveTo(concepts[i] . Left+X_OFF, concepts[i] .Top+Y _OFF) ;  
LineTo( themes[j] . left+ X_ OFF, themes[j] .Top ) ;  

end ;  
end ; 

end; 

end 
else begin 

end ; 

MoveTo( concepts[i] . Left+X_OFF,  concepts[i] .Top ) ;  
LineTo(themes[j] . left+X_OFF, themes[j] .Top+Y _OFF);  

function TConceptMap. isAbove( lab: TLabel ) :  boolean ;  
beg in 

Result : =  lab . Top < M POS; //= T POS; 
end ; 

procedure TConceptMap.highl ightSelectedConcept( labl : TLabel ) ;  
beg in  

//reset label fonts 



end; 

h ighl ightVisitedConcepts; 

//h1g l 1ght sel ected node to red bold 
with labl do beg in  

end; 

Font.color :=  ciRed; 
Font.Style := [fsBold) 
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procedure TConceptMap. highl ightVisitedConcepts; 
var 

begin 

end ; 

i :  i nteger; 

sPt v1sited label fonts to Red 1tal 1c  
for i :=1 to ctConcept do 
with concepts(i]do begin 

end ; 

if notVisitedBefore( caption ) then 
Font.Color: = ciBiack 

else Font.Color: = ciRed ; 
if concepts[i] . Font. Style= [fsBold) 

then concepts[i ] .Font. Style := [fsltalic]; 

end of rnap draw1ng routmes 

IN fERA\.TI O N  VV I � H  U S E R  

procedure TConceptMap. FormMouseDown(Sender: TObject; Button: TMouseButton; 
Shift: TShiftState; X, Y: I nteger); 

var 

beg i n  

end; 

lab:Tiabel ; 

lab := SelectedConcept( X, Y ) ;  
if lab < >  n i l  then beg in  

h ighl ightSelectedConcept(lab) ;  

end; 

if LMDMessageDig (  'Search for help on "'+ lab. Caption +'"?', 
mtConfirmation, [mbYes, mbNo) . 0 )  = mrYes 
then begin 

end 
else 

Extram uraiSupport. selectAnotherConcept( lab.caption ); 
updateVisitedlist( lab.caption ) ;  
modaiResult : =  5; 

h igh l ightVisitedConcepts; 

end of I NT ERACT I O N  WITH U S E R  

Rout ines t o  fi nd concept t h a t  h a s  been selected with t h e  m ouse by  u ser 

function TConceptMap.SelectedConcept( X, Y: integer ) :  Tlabel ;  
var 

beg i n  

end ;  

i :  i nteger; 
XMin ,  XMax, YMin , YMax: i nteger; 

setSelectArea( X ,  Y, XMin ,  XMax, YMin,  YMax ) ;  
i : =  1 ;  
whi le ((  i <= ctConcept ) and not ((  concepts[i ) . Left > Xmin ) and (concepts[i). Left <Xmax) 

and (concepts[i ) .Top>YMin) and ( concepts[i) .Top < YMax ))) do 
inc(i); 

if i > ctConcept then 
Result := n i l  

else Result : =  concepts[i) ; 
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procedure TConceptMap.setSelectArea( X, Y: integer; var XMin ,XMax,YMin ,  YMax: integer) ; 
begin 

end ; 

Xmin : = X - ( X_ OFF * 2 ); 
XMax : = X +  ( X_ OFF ) ;  
YMin = Y - Y _OFF; 
YMax : =  Y + Y _OFF; 

procedu re TConceptMap. FormCiose( Sender: TObject; var Action: TCioseAction ) ;  
begin 

end ; 

save Visited List; 
Action : =caFree; 

procedure TConceptMap. updateVisitedlist( concept: string ) ;  
begin 

end; 

if notVisitedBefore( concept ) then 
lbVisited . ltems Append( concept ) ;  

function TConceptMap.notVisitedBefore(concept: string) :  boolean; 
begin 

Result : =  ( lbVisited . ltems. l ndexOf( concept ) = - 1 ) ; 
end; 

procedure TConceptMap. saveVisitedlist ;  
begin 

try 
l bVisited Items SaveToFile( SYSTEM_MODELS_DIR + VISITED ) ;  

except 
tei iUser(self. name,'Could not save VISITED fi le' , LOG)_IT , debug) ; 

end ; 
end; 

I 1 I • 1  \ '\J �' 

end. f v 1 o r ,. 1 
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F13: System Models - Models directory and selected model files 

Qi C:\Progrnm Files\ VLM\System\Models 1!1� 13 
Eile Edit �iew Go F!!vorites Help 

.. 
Back Forward 

[hJ 
Up Cut 

C:\ Pro g ram Fi l e s \  VLtv1 \System W o d e l s  

lhl :e:i tmod8s �1 1 
@J 

'Ei:ivvB:ysB:vail�b l e  txt 
ihl alwaysthe same .txt 
lhl cl ip b o ard .txt 
hl codes .txt 
hl colo urs .txt 
lffi comp o n ents .txt 
hl contents .txt 
hl contentsDefaulttxt 
@) endings .txt 
ihl gencomp.txt 
hl m odald isp lay .txt 
@) sedionwide .txt 
1hl studrn o d e l .txt 
lhl stu d m o d e iDefaulttxt 
lhl suffixes txt 
lhl sysrnode l .txt 
ihl systernsettings.txt 
@) systemsettingsDefau lttxt 
@) u s eredittxt 
@) visited .txt 
@) visitedD efaulttxt 

J22 object(s) J3 .95KB 

� i;; 
Copy 

� 
Paste 

1 KB Text D o cument 
1 KB Text Document 
1 KB Text D o cument 

1 KB Texi Document 
1 KB Text Document 
1 KB Text Document 

1 KB Text Docu m e nt 
1 KB Text Docu me nt 
1 KB Text Docume nt 
1 KB Text Docu ment 
1 KB Texi Document 
1 KB Text Document 
1 KB Text Document 
1 KB Texi Docum ent 

1 KB Text Document 
1 KB Text Document 
1 KB Text Document 
1 KB Text Docu m e nt 
1 KB Text Document 
1 KB Text Dowment 

1 KB Text D o cum ent 
1 KB Text D ocum ent 

rr'J 
Undo 

Modified 

09-0c1-03 1 2  30 
1 0-0d-03 1 2 38 
1 �-Jul-03 1 � �6 
25-M ay-03 1 8  28 

09-0ct-0 3  1 2  31  
29-Sep-03 1 � 2 8  
09-0 d-03 1 2 3 2  
01 -Dec-03 1 5 3 6  
26-Sep-03 1 � 3 0  
09-0ct-03 1 2  1 9  

09-0 d-03 1 2  31  
09-0d-03 1 2 31 
2�-Jun-03 1 5  �3 

01 -Dec-03 1 536 
02-0 ct-03 1 5  3 9  
1 3-Jun-03 1 8 : 0 7  
09-0d-03 1 2  3 2  
1 0-0d-03 1 1 0 6  

1 0-0ct-03 1 0 0 1  
26-J u n-03 1 7  � 7  
1 0-0d-03 1 30 6  
1 0-0d-03 1 2  � 2  

J� M y  Computer 
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a studmodel - Notepad ��rg) 
Eile !;.dit FQrmat :iiew t!elp 

u p r ov i d e s  p e r s i s t e nt st o r a g e  of d a� a h e l d by st u d ent M o d e l  
STU D E NTNAfo,l E =  

B o b  
PAS S'w'O R D =  

b o b  
U P DAT E D R I VE =  

D 

BAC K U P  D R I \/ E =  

D 
L EC T U R E  D R I VE =  
c 
C U R R E NT rulO D E =  

P r a ct i c e 
C U R R E NT S EC T I O N =  

1 
C U R R E NT TO P I C =  

2 
L EAR N I NG L EV E L =  

1 
LAST rul E S SAG E R E C E I VE D =  O . OOOOOOOOOOOOOOE+OOOO 
G RO U P  N UruJ B E R =  

4 
r•.•l E S SAGE CO U N T =  

11 
U P D AT E  F I L E N Urul B E R =  

0 

< > 

�---- --------��·----- � �------�-�- �-�----

• suffixes - Notepad ��� 
Eile !;.dit FQrmat �iew t!elp 

u u s e d  by R e s o u r c e s  t o  b u i l d  l i s t of c om p o n e nt f i l e  s uff i x e s  
• f o r  wh e n  t h e u s e r  c a n  c r eat e r e s o u r c e  f i l e s 
St u d e nt N ot e s  
t"t f  
\•leb E x p  1 O t" e t" 
t xt 
L i b r  a t" yE x p 1 o r· e r  
t xt 

< > 
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- - �-� -- � - - - - � - ��� -- - � �- -- -------- - - -

• sysmodel - Notepad rg(QJ(8] 
Eile �dit Fg_rrnat �iew t.J.elp 

* s t o r e s sys t em Model of s t u dy m o d e s  
* a n d  t h e i r l e a r n i ng c om p n e nt s 
f"lO D E  
Al l �� o d e s  
st u d e nt Not e s  
s e l fAs s e s s  
K eyr d e a s  
Adm i n i s t r at i onG u i d e  
�,lODE 
T e xt B o o k  
st u dyG u i  d e  
K eyr d e a s  
1•10 DE 
L e ct u r e s 
L e ct u r e 
L e ct u r  e N ot e s  
r•,lODE 
T ut or· i a l 
T ut or· i a l 
f'JlO D E  
E x p l o r- at i o n 
we b E x p  l o r· e r  
L i br- a r yE x p  l or e r· 

, rvlO D E  
G r  ou p'1•Jo r  k 
1•1 es s a g e L  i s t  
r•,lO D E  
A.s s i  gnm e nt 
As s i q nm e nt 
As s i �nmentwo r k s p a c e  
F e e d B a c k  
1•10 D E  
P r· act i c e  
P r a ct i c eAs s i g nm e nt 
D o r t  

< 

us e d  b y  sys t em Model t o  
f o r  whi ch t h e u s e r  c a n  

st u d e nt Not e s  
\1/ebExp l o r  e r  
L i b r  a r- yExp l o r  e r· 

bui l d  l i s t of compon ent s 
c r e at e a n d  edi t r e s our c e  f i l e s 

> 
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---- ---------- -- ---- ---�- -- � - --- ---- - - - - - - -
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l' codes - Notepad ��� 
EJie !;dit Fg_rmat �iew t!elp 

* u s e d  by R e s o u r c e s  M o d e l  t o  b u i l d  t a b l e of l e ar n i n g  
* c om p o n e nt s a n d  t h e i r m at c h i n g  f i l e  n am i n g  � o d e s  
s q  
st u dyG u i  d e  
ce 
co ur- s e E x p  l o t- e t­
s n  
st u d e nt N ot e s  
s t  
s e l fA.s s e s s  
h e  
H e l p 
l e  
Lect u r e 
l n  
Lect w- e N ot e s  
t u  
T ut cw i a l 
m e  
r•,l e s s a g e L  i s t  
a s  
As s i g nm e nt 
a\•/ 
As s i g nm e nt wo r k s p a c e  
\•le 
\•le b E x p  l o r  e t­
l b  
L i b r a r yE x p l  ew e r  
k i  
Kej/I d e a s  
m g  
r'1)1G t' o u p  
d r  
cw awr t 
f e  
F e e d b a c k  
a d  
Adm i n i s t r at i o nG u i d e  
do 
D O  I t  
p t­
P r a ct i c eAs s i g nm e nt 

< > 

-·� - L-oo - --------------------------

• allmodes - Notepad �rg)� 
E.ile !;dit Fg_rrnat �iew t!elp 

* u s e d  by sys t em M o d e l  t o  p r ov i d e  l i s t of c om p o n e nt s 
� whi c h  c a n  b e  a c c e s s e d  f r om a ny s t u dy m o d el 
st u d e nt N ot e s 
s e l fAs s e s s  
K eyr d e a s  
Admi n i s t r at i o nG u i d e  

V 
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------- --------------��-------��� -- --

. components - Notepad �LQJ� 
Eile [;dit Fg_rmat :iiew tJ.elp 

* p r ov i des l i s t of a l l i n s t a l l e d l e a r n i n g  component s 
* a v a i l ab l e t o s ::lS t em I 
st u dyG u i  d e  
st u d e nt Not es 
s e l fAs s e s s  
L e ct u r e  
L e ct u r  eNot es 
T Ut o t' i a l 
rvl e s  s a q e L  i st 
As s i gnm e nt 
As s i gnmentWor k s p a c e  
\•le b E x p  l or er 
L i b r- a r yExpl  or- e r· 
K eyr d e a s  
r•llyG r o u p  
D r  a\VI t 
F e e d b a c k  
Adm i n i s t r at i onGui d e  
D a r t  
P r a ct i c eAs s i gnment 

- ---- ------- - - -------- --��-- ---- - - - -

• colours - Notepad �©J� 
Eile [;dit Fg_rmat :iiew tJ.elp 

* s t o r e s  t h e c o l our a s s o c i at ed wi t h  a pa r t i cul ar s t u dy mode A 
$ 0 0 8 0 8 0 8 0  
Al l M o d e s  
$ 0 0 B 3 AF6F 
sys t em 
$ 0 04 0 8 0 8 0  
T e xt B o o k  
$ 0 0 5 B 91 F F  
L e ct u r e s  
$ 0 0 0 B 5 78A 
T ut o r i a l 
$ 0 0 6 6 9C4 9 
E x p l o r at i o n 
$ 0 0 5 7 F F F F  
As s i gnm e nt 
$ 0 0 8 0 F F 8 0  
P r· a ct i  c e  
$ 0 0 9 F B E F F  
G r o u p\'l'o r k 

V 
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-------------- ------ - - - -- � � -� --- - - - -- --- - --- - -� 

• contents - Notepad ��� 
EJie �dit Fg_rmat �iew t:J.elp 

* s t o r e s  c o u r s e  t a b l e of c o nt ent s 
* n um b e r  i n d i c at e s  c o m p l et i o n s t at u s of e a c h  n o d e  
1 5 9 . 3 5 3 H um a n -c om p ut e r  I nt e r a ct i o n 
2 
S ECT I O N 
HC I F u n d am e n t a l s 
2 
D e s i q ni n q  f o r  u s a b i l i t y 
1 

- -

M o d e l l i n g T h e  u s e r  I nt e r f a c e  
3 
T h e  u s e r : c o g n i t i v e I s s u e s  
1 
M o d e l l i n q T h e  I nt e r a ct i o n 
1 

-

S ECT I O N  
An a l ys i s  a n d  c o n c e pt u a l  D e s i g n 
1 
D e s i gn I s s u e s  
1 
L i f e - cycl e ;  R e q u i r em e nt s  a n a l ys i s  
1 
T a s k  d e s c r i pt i o n ;  s c e n a r i o - b a s e d  m o d e l l i n g 
1 
T a s k  An a l ys i s ,  HTA 
1 
L o -f i  a n d  H i -fi P r ot otyp i n g ;  P owe r P o i nt 
1 
c o n c e pt u a l  D e s i g n :  R ev i ew 
1 
SECT I O N  
P hys i c a l  D e s i g n a n d  I m p l ement at i o n 
1 
N E\•1 TO P I C1 

< 

A 

V 

> 

----------------------------------------------------------------

• visited - Notepad ��� 
Eile �dit Fg_rmat �iew t:J.elp 

* r e c o r d s  ev e r y  n o d e  t h at t h e u s e r h a s  v i s i t e d 
* �ri t h i n t h e c o n c e pt M a p  
c o n c ept u a l  m o d e l s 
m et a p h o r  

-- ---�- -- - - - -- -- -------- -- --- - --- - -- � - - -- . 

A 

V 

8 systemsettings - Notepad �rg]� 
Eile �dit Fg_rmat �iew t:J.elp 

Jlt t p : //l i b r a r y . m a s s ey . a c . nz/ 
1 9 2 . 1 6 8 . 0 . 1  

A 

V 
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A p pe n d i x  G 

Lea rn i ng Shell - scre e n  s h ots 1 

1 The screens i l lustrated here are in addition to those included in Chapter 7 (Figures 7.2 - 7. 1 3) .  



Appendix G 

Massey University 
T•K�'-1"'-•"-o• 

Extramural 
Lo on 

Welcome to 1 59.353 Human-computer 
Interaction. 
Please enter your password 

Name JBob 
Password J""""'" 

159 353 Human-Computer InteractiOn E3 
� lnconed password 01ck OK to re-enter or CANCEL to ex�t? 

un�Computer InteractiOn 

Please seled the CD_ROM dnve the! you will use 
to UPOA TE your course material 

Please select the d1sk dnve that you wdl use 
to BAO<UP your course metenal 

Please &elect the d1sk. dnve that you will use 
tt> run LECTURES from 

� You have selected the "0" drrve for UPOA TES the "0" drrve for BAO<UPS and the "C" drive for LECTURES 

JL9£ _jj Cancel 

User Option s  - incorrect password & u pdate system settings 

352 
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r--- : 
1 59 .353 H u m a n -Com pute r Inte ract i on 
Topic 1 .02 Tutor i a l  Mode 

dWeb Tutor 1!1(';) El 
!ntroduct•an t'"'lose wtndow 

Interactive Heuristic Evaluation Toolkit 

A heunstlc rs a gu•dehne whtch t S  used when c onduct1ng a usabtltt l evaluat•on (or 'heuusttc. evaluatton') 

Thts tnteracttve tool� tt  enables you to do etther of the followtng a) vtew a list of the sugges te d heunsttcs for a parttcular tvpe of electrontc devtce, or 
b) selec t your own heunsttcs for a type of devtce and then compare your select•ons agatns t a hst of sugges ted heunst tcs 

Please follow the three s teps below: 

1 Select a type of devtce for whrch to studv evaluatron heunsttcs (roll over the op tto ns wtth the mouse to see a desc npt ton ) 

Devrce type r r .r , _ r  1 

r ;n .::>r rtl.!f.f:.. I 

r j..·- ' 

r IntRrdCtlye tq, 

Interactr�e tovs. e!J Barnev 
Ac m�t� an.::! A.bc dog 
Non-star:dard 1nteract1on 
May �tscond to audto !1Qht 
anCl touCh G1vts auCl'c and 

2 I f  you need to cons1der any spec 1fic type of user or spec1f1c apphc at 1on area, please select the appropnate opt1ons below 

users: I All people Apphc at1on I All types 

3.  Either • loaf at the sugge�ted heunst1cc for thiS dev1ce, or 

• �!?J�!!£!9_tour own heunst•c� for th1s dev1ce 

Tutorial  mode 
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� 

Extramural 

Appendix G 

Click to explore 
the Web 

m 
Click to explore 

the Library 
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1 59 .353 H u m a n -Compute r  I nteract i o n  
Topic 1 .02 Explorat i on Mode 

lmao�ne y o u  have been asked t o  de suJn a n  apohcatlon t o  l e t  people oroan 1ze, store, 
and retneve the1r ema1l 1n a fast, effic1ent and enjoyable way, What would you do? How 
would you start? Would you beom by s�etch1no out how the Interface m11;1ht look, worr 
out how the system architecture w1tl be structured, or even JUSt start cod1ng ? 
Alternatr�ely , would you start by ask1no users about their current expenences of sav1ng 
emall, look at ex1stmo ema11 tools and, based on th1s, beo1n thmk1ng about why, what, 
and how you were QOIOQ to des1Qn the apphca!Jon? 

Interaction des1Qners would beo1n b y  d01no the latter. lt ts Important to realize that 
hav1ng a dear understandmg of what, why, and how you are QOing to des•gn 
som eth•no, before wnt1ng any code, can save enormous amounts of !Jme and effort 
later on rn the des•gn process . Ill thought out 1deas, Incompatible and unusable des1gns 
can be 1roned out wh1le 1t 1s relat•vely ea sy and pa1nless to do. Once 1deas are 
comm1tted to code (wh1ch typtca lly takes cons•derable effort, ttme, and money), they 
become much harder to throw away -and much more pa1nful .  Such pre lrmrnary th1nk1no 
throuQh of tdeas about user needs (User needs here are the ranQe of possrble 
requrrements, 1nclud rno user wants and e)(penences) and what kinds of des1Qns mtoht 
be approprrate IS, however, a skill that needs to be learned. lt is not someth1no that 
can be done overn1Qht throuoh follow1ng a checklist, but requrres practrce rn learn1nQ to 
rdent•fv , understand, and examrne the rs sues-Just hke learn1ng to wnte an essay or to 
prooram .  In th1s chapter we descnbe what IS Involved In particular, we focus on what •t 
takes to understand and co nceptualize rnteractton. The m arn arms of th1s chapter are to: 

Expla1n what IS meant b y  the problem space. 

E)(plarn how to conceptualize 1nteract1on .  

Descnbe what a conceptual model rs a n d  exola1n t h e  d1fferent k1nds. 

Orscuss the pros and cons of us•ng rnterface metaphors as conceptual models . 

Debate the pros and cons of us1ng realism versus abstract•on at the rnterface. 

Exploration Mode - exploring the Web 
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Ass1 nmenl -..-· ti1' Massey P.!!l�e 
� 159.353 Hmnan-Computer Interaction 

Assignment 1 :  

Conceptual Design & Early Prototyping 
Assignment Work Space 

INSTITUTE OF INFORM.ATIOll Sr�IEITCES & TECHNOLOGY 

1e C'f papers at the conunencement of each 

ubject areas A ma:runum. ·:.f five pa�·er.> 1s 

on. the Uruverslty p!a.f'Js to mstall an on-hne 

and early prvtotypU1g .;of a grar .. hlcal user 
sb.vJents are computer hterate 

Cover· Sheet 

159.353 
Hwnan-Computer Interaction 

(£..\:tn.mu.nll 

1 59.353 Human-Computer Interact ion 
Topic 1 .04 

Ass1 nment 

nng e::erose 

;:. third year of study He enter.> lus sn1dent j '' ""' ,-.� .. � .... 1 .- ; .. ... . ...� ...... � ... ....... ... ... ... . ...� ..... � ...... ..., �.-.. ..... ..:J ' 

As s i gnment Mode 

159.353 Htuna.JJ-Computer Interaction 

J 
Comments 

another look at the quest1on at 
lrncr>rpcuanrno mete.pho1 mto the des1gn of the 

to help shape the user's conceptual 
of the system 

.:J 

1 59.353 Human-eo 
Topic 1 .04 

Assignment 1 :  
Ass1gnment Work Sp_n_ce______ _ __________________ _ 

Assigtmlent 1 :  
ConceJltual Design & Early Pt·ototyJJing 

Due: 28 April 2003 

STUDENT NAME: . . .  Bob . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Assignment mode - before and after assignment feedback rece ived 
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Practice Ass•qnment ' ' · · •. : ' • ' 

Section 1 . 2  Pract ice Assign ment 

6 Do Preece Activity 2 . 1  

Wi\.P-enabled mobile phones have not been entll"ely successti.il Ths exerctse asks you t o  constder the 
asswnpnons wh.tch preceded theU" mtroducnon 

" D p A .; · .; 2 2 2 3 , 4 "0" StudentNotes Sa\le work before dosing? Cf:7 o reece Cl>�Vlues • , . , • .  

1 5 9  353 Human-Computer Interaction EJ 

1�1 � These exerctses deal Wlth vanous aspects
�,.

�'�
=,...,

;����
=

=
=�--

_j 'ls Try at least some 

of them They are destgned to make you e ts sues 

356 

�Stud .. nt Notea __ :.._ ·• • · '._, - •· " Ei 
B 

6 Do Preece Activity 2.9 

You should be farruhar W1th at least one web 

employed ul browser destgn 

Interact10n p arachgrns (patterns) have e:-asted for user mtelfaces throughout the hlstory of the 

<hg!.tal computer, for example hypertext (the basts of the Web mterface) The \VTh1P 'desktop' 

interface ctted u1 Section 2.5 has donll!lated over recent years The paracU.grns discussed are 

largely experunental One of the drivmg forces behmd the search for new para<hgms tS the 
mcreasmg e:·:pectanon on the part of users that they should not have to be constrained to sitt:m,g tn 

front of a desktop computer m order to mteract wtth mformabon. Some of the early attempts to 
"----------------- reahse tlus have however been far from usable, e g WA.P-enabled mobile phones as a means of ----------------- accessmg the Internet (see Activity 2.1) 

1 59.353 H u ma n -Compute 
Topic 1 .02 

lnteracbon p aracUgms (patterns) have eYJsted for user mterfaces throughout the h1story of the 

digital computer, for example h;rpertext (the bas1s of the Web mterface) The WIMP 'desktop' 
interface ctted in Section 2.5 has dorrunated over recent years The parachgms discussed are 

largely experunental One of the driiiUlg forces be!und the search for new paradt.gms ts the 
mcreasm.g expectatlon on the part of users that they shotild not have to be constramed to stltlng m 

front of a desktop computer m order to mteract Wlth mfonnabon. Some of the early attempts to 

P ractice Assignment mode - showing use of Student Notes 
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Appe n d i x  H 

Com m u n ications Ma nagement 
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H1:  FTP Server - Screen shots 

�·Idle - WAR-FTPD 1 .65 l!llill3 
Eroperties 'lliew .t!elp 

System Attributes-..,...,�--�---...., 
r ���g�\Tne-;;;6��!i� r and effi 
r Qeny all logins (except for administrator) 
P' �o anonymous log ins 

Max Users I 5° cp number and port 11 92.1 68.0.1 

� &�on. j ' " 

Messages from the users ---�---.-,� 1 

�drt Message 

[L 2004 1 2  1 5  1 7:24) 00001 Bob cntr User from 1 92. 1 68.0.1 logged out 
[F 2004 1 2 1 5 1 7:24) 00001 Bob data C:\VLM_Repository\Students\Bob\MessageBox\messages.txt File sent successfully. Size: 593 byte! 
[F 2004 1 2  1 5  1 7:24) 00001 Bob data C:\VLM_Repository\Students\Bob\MessageBox\messages.txt Sending. 
[F 2004 1 2  1 5 1 7:24) 00001 Bob data C:\ VLM_Repository\Repository\Message0ueue\72539.txt Received file successfully. Size: 6407 byt£..:J 
. � 

F- ION LINE 1 of 32767 sockets 0 of SO (1 6381)  Users p file xfers 

Main screen after Bob logged out. 
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Group maintenance - Student 13 

Group j 
I Disable (deny login) 

Tutor 

Add Copy 

Delete 

Security J History File Access j Greeting J Banned Files J Access List J 
Path 

[defau lt permissions] 
. - . .  . . - . . . 

C \  Vllvt_Repository\Repository\ UpdatesArcl 

I 
I 

Add Delete 

Alias IReposttory 

�:e�:i�: � I � :::::.._ J 
D irectories ­
P List (dir) 
P Create 
P Remove ------' 

Special 
I DENY 
I Root 
I Home 
P Mapping 
P Recursive 

OK 

Apply 

Cancel 

Root/Home I 

R:�::cess� 
Access I 

- --===�� 

User maintenance - Bob 13 
User 

P Disable (deny log in) 

anon mous 

Browser 
Chris 
JohnSmtth 
Mike 
rsjohnso 
Russell 

Add 

Rename 

Copy 

Delete 

Security J History Rle Access j Personai J Greeting J Banned Files J Access List J 
------ --I .---- -- --

Path 

[default permisstons] 
• = • • . · - . .. I 

I 

I 

b l Add I Delete I 

Files 
P Read 
P Write 
P Delete 
P Execute 

Directories -
P List (dir) 
P Create 
P Remove 

r Special -
I DENY 
P Root 
P Home 
P Mopping 
P Recursive 

I OK 

Apply 

Cancel 

Reports 

Dir Access I 
Root/Home I I Access I 

FTP Server. Defi n ing Bob's access permiss ions as student 

I 
I 
I 
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H2: Repository Manager - Screen shots 

.. � • 
. .  � . . . . .  - 0 X 

�--f<ep Entered IF From IF_ To ICopyTo IMsgT)'PoiiD IGroupNo ISectron IToptc �-
� I . - I I Bob Tutor 0 1 0 1 1 

1 0-0CI-03 21 30 31 Mrre Tutor 0 5 4 1 ;. 1 5-Dec-04 16 54 38 Bob Tutor 0 7 0 1 

ll 1 5-Dec-04 16 56 18 Bob Tutor 0 8 0 1 
1 5-Dec-04 1 6  58 1 7  Bob Tutor M 9 4 1 
1 5-Dec-04 1 7 09 52 Bob Tutor 0 1 0  0 1 : · 1 5-Dec-04 1 7  1 1  21 Bob Tutor 0 1 1  0 1 

Stop Server 07-QCI-03 21 27 48 Chrrs Mtm M 85 -1 1 ;. 
07-QCI-03 21 28 49 Chrrs Pom M 86 -1 1 1 

Hide Server 07-QCI-03 21 29 47 Chr�s Bob M 87 -1 1 1 
07-QCI-03 21 30 31 Oms M1ke M 88 -1 1 '-
09-QCI-03 1 6  01 31 Chr�s Bob All M 89 -1 1 ' 

!\ Settings 
09-0CI-03 16 01 35 Polly Bob MyGroup M 89 4 I ' 

! I Messages 

Update Help Fi 

Zip Resource 
�J � 

Help 

Exit � 

Clear r I Print 1 1� 
-

View of Repository message database. 



. . , ,  . . . -

Stop Server 

ll Hide Server 

I Settings 

I Messages 

Update Help Files 

Zip Resources 

I 
I 

Appendix H 

1 7  24 43 Deleted 

1 8  45 24 serverlog_1 5_1 2_04 t •t already e·· 1sts 
1 8  45 24 SeiVer mrtJohsed Momtor rntervol • 1 5  seconds 
1 8  45 24 SeNer leunched 
1 8  47 1 3  25 reco rds transterred to conn eC1ron tile 
18 47 1 3  2 records tlonslerred to hn� hie 
1 8  47 1 3 1 2  records tronstened to reierence lrle 
1 8  47 1 3  1 5  records tronsterted to what hie 
18 47 1 3  Help Database tiles successfullv creote d  

Main Screen showing log after Extramural  Support u pdated 

. .. 

Stop Server 

Hide Server 

Settings 

Messages 

Update Help Files 

Zip Resources 

� I� 

rf!anager 
� Help Seteen 1!1� 13 
Setungs J Messages I Ztp Resources � Help Updates J FTP Server j 

Help ror z1ppmg resource updates 

1 H thece rs no VLM folder then there ore no new resource up dotes 11 o 
message hes been receiVed thot Help hos been updated then chclc "Update 
Help Files " 

2 Checlo' the conte nts ot the ''VLM\R.esources" folder 11 there ere large 
Lecture or T utorral resources then move them to the CO_Only folder 

3 Zrp the VLM !olde-r rnto ''\ILM zrp" 

� C onve rt r nto arr " 8•.8" tr!e wrth e default urwpprng poth of "C \" ond move rt 
to 'LipdotesArchNe' folder 

5 Rename rt "Resources_ <NeotAva.rfe.bleNo> e o::e" 

6 De lete the YLM tolder 

Accessing Help to zip resources. 

361 
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H3: Repository Manager - interface and selected source code 

un it RepositoryManager; 

i nterface 

uses 

type 

Main un1t Conta 1ns the code Implementing the messaging protocols 
message queue. and file-parsing techniques 

Windows, Messages, SysUti ls, Classes, Graphics, Controls, Forms, Dialogs, StdCtrls, F i leCtrl, 
ExtCtrls , vlaFi leManager, Db, lmdcompo, lmdclass, lmdnwgui, ComCtrls, DBTables, lmdnonvS, 
Buttons; 

TRepositoryManager = class( TForm ) 
Label 1 :  Tlabel; 

ZipStarter: TLMDStarter; 
btHelp: TBitBtn; 
btUpdateHelp :  TBitBtn; 
btView: TButton ;  

procedure btlaunchCi ick( Sender: TObject ) ;  
procedure btExitCi ick( Sender: TObject ) ;  
procedure Form Create( Sender TObject ) ;  
procedure TimerTimer( Sender: TObject ) ;  
procedure btSett ingsCi ick( Sender: TObject ) ;  
procedure TraylconDbiCi ick( Sender: TObject ) ;  
procedure btlogCi ick( Sender: TObject ) ;  
procedure Form Show( Sender : TObject ) ;  
procedure Form Paint( Sender: TObject ) ;  
procedure btCiearCi ick( Sender: TObject ) ;  
procedure btPrintCi ick( Sender: TObject ) ;  
procedure btSaveCi ick( Sender: TObject ) ;  
procedu re Fi leManagerFailure( Sender: TObject ) ;  
procedure FileManagerSuccess( Sender: TObject ) ;  
procedu re btOKCiick( Sender: TObject ) ;  
procedure btMessageDBCi ick( Sender: TObject ) ;  
procedure btZipCi ick( Sender: TObject ) ;  

procedure btHelpCi ick( Sender: TObject ) ;  
procedure btUpdateHelpCi ick( Sender: TObject ) ;  
procedure btViewCiick( Sender: TObject ) ;  
private 

running: boolean ;  
autoSave: boolean ;  
appendlog: boolean; 
isTutor: boolea n ;  
username: string ;  
lastRcvdByUser: TDateTime; 
groupNo: i nteger; 
monitorlnterval: i nteger; 
procedure p rocessMsglist ( msgFile: string ) ;  
procedure u pdateRepository( msgsOnlyFile: string ) ;  
procedure deleteFile( fullpath: stri ng ) ;  
procedure checkMsgQueue; 
procedure updateUsersMessages; 
procedure saveMsgQueryResult; 
procedure cleanUpMsgQueue; 
procedure setUpServer; 
procedure saveThelog; 
function getlogFileName: str ing; 
function fileExists( fi lenm : string ) :  boolean;  
function getlastReceived: double; 
function processTransHeader( var tmpfile: textfi le; const tnsfile: textfile; 
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var transType: integer ) :  boolean ;  
procedure processlastRecvdRequest; 
function addTransHeader( var tnsfi le :  textfi le;  transType: integer ) :  boolean ;  
procedure launchServer; 
procedu re appendTolog( msgText: string ) ;  
function getNext iD :  integer; 
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procedu re resetServer( monlnterval: integer; viewQueue, viewlog , savelog: string ) ;  
procedure addTolog( msg: string ) ;  

var 

end; 

procedu re getCurrentSettings( var monlntervaiAsStr: string; var viewQueue, 
viewlog, savelog : boolean ) ;  

RepositoryManager: TRepositoryManager; 

implementation 
uses via System Dictionary, rpDataMod , rpServerSetup, vlaSystemUti l ities, 

rpMessageDataBase, rpHelpScreen, rpUpdateHelpDB; 

{SR * DFM} 

//ass1gn d irectory for m es sage-q ueue 
procedure TRepositoryManager. FormCreate( Sender: TObject ) ;  
begin 

end; 

flblogDir .Directory: = RP _SYSTEM_LOG_DI R ;  
appendlog : = fileExists ( getlogFileName ) ;  
appendTolog( " ) ;  
if appendlog then addTolog( getlogFi leName +' already exists' ) 
else begin 

addTolog( getlogFileName +' created' ) ; 
append log: =true; 

end; 
setupServer; 
launch Server; 

procedure TRepositoryManager. FormShow( Sender: TObject ) ;  
beg in 

end; 

flbMsgQueue. U pdate; 
self. paint; 

procedure TRepositoryManager .FormPaint( Sender: TObject ) ;  
begin 

end ; 

if melog.Visible then 
Self.WindowState: = wsMaxim ized 

else Self.WindowState: = wsNormal ; 

{* **** ** ** ******** ********* *********** *** *** *****•*********************************** ********************** 

I NTERFACE 
* * **. ** ** * ** ** 

•• 
* ** *** **** * ***** ** ** *** * *** **** * **** * ****** * ** *** * ****** ***. * *** •• **. ** ** * •• ** * ** *. *** ** *** ** **} 

procedure TRepositoryManager.btlaunchCiick( Sender: TObject ) ;  
beg in 

launchServer; 
end; 

procedure TRepositoryManager. btExitCiick( Sender: TObject ) ;  
begin  

end; 

cleanUpMsgQueue; 
application. Term inate; 

procedure TRepositoryManager.btSettingsCiick( Sender: TObject ) ;  
begin 

ServerSetu p. sh owMod al; 



end; 
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if ServerSetup. ModaiResult = 1 then begin 
setUpServer ; 
self. paint; 

end ; 

procedure TRepositoryManager. TraylconDbiCiick( Sender: TObject ) ;  
begin  

Self.Show; 
end; 

procedure TRepositoryManager .btlogCiick( Sender: TObject ) ;  
begin  

melog.Ciear; 
end ; 

procedure TRepositoryManager .btCiearCiick( Sender: TObject ) ;  
beg in  

melog.clear 
end; 

procedure TRepositoryManager.btPrintCiick( Sender: TObject ) ;  
beg in  

end ; 

rePrint . Li nes.Assign ( melog . Lines ) ;  
rePrint. Print( 'Log Window' ) ;  

procedure TRepositoryManager.btSaveCi ick( Sender: TObjec t ) ;  
beg in  

melog. Lines.SaveToFi le( RP _SYSTEM_LOG_D I R  + getlogFi leName ) ;  
end; 
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{* **** * **** * ** ** * ** ** * ** ** ** * ** ** * ** **** *** * * * ** ** * **** * **** *** ** * ** *** * *** ** ** * ** **** * ** ** * ** *** **** * ** ** ** * **** ** 
END OF I NTERFACE 

* *** * ** * ** ** ** ** *** ** * ** ** * * * ** * ** * * *** ** ** * **** * ** ***** * ****** ** * ** ******* ** ** * **** ** * ** ** * ** *** ** ** * ** ** ** ***** **} 

{******************************************************************************************************************* 

UTILI TI ES 
*******************************************************************************************************************} 

11 at end of each mterval 
procedure TRepositoryManager.TimerTimer( Sender: TObject ) ;  
begin 

checkMsgQ ueue; 
end; 

procedure TRepositoryManager.deleteFi le( ful lpath :  string ) ;  
begin 

end ; 

addTolog( ' Delet ing '+fullpath +' . .  ' ) ;  

with Fi leManager do begin 
Source : = ful lpath; 
Action : = vDELETE; 
Execute; 

end; 

procedure TRepositoryManager. FileManagerFai lure( Sender: TObject ); 
begin 

addTolog( 'Could not delete file' ) ;  
end; 

procedure TRepositoryManager. Fi leManagerSuccess( Sender: TObject ); 
begin  

addTolog( 'Deleted' ) ;  
end ; 
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procedure TRepositoryManager.addTolog( msg: string ) ;  
var 

begin 

end; 

currentTime: string ; 

DateTimeToString( currentTime,'hh mm ss' , Time ) ; 
melog. Lines.Append( currentTime + ': ' +  msg ) ;  
appendTolog( currentTime + ' : ' + msg ) ;  

procedure TRepositoryManager.appendTolog ( msgText: string ) ;  
var 

begin 

end; 

outfi le: textfile; 
filename string; 

filenam e :  = getlogFi leName; 
AssignFile( outfile, RP _SYSTEM_LOG_DIR + filename ) ;  

if append log then 
Append( outfi le ) 

else rewrite( outfi le ) ;  
writeln (  outfi le, msgText ) ;  
closefi le( outfi le ) ;  

function TRepositoryManager.getlogFileName: stri ng; 

var 
today : string; 

begin 
DateTimeToString( today, 'dd mm yy' , Now ) ; 
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Result : = 'serverlog_'+ today[1 ]+today[2]+'_' +today[4]+today[5]+'_'+ today[7]+today[8]+ ' .txt'; 
end; 

procedure TRepositoryManager. save Thelog; 
var 

begin 

end; 

outfi le: textfile; 
fi lename: string;  
i :  integer; 

filename : = getlogFi leName; 
AssignFi le( outfi le, RP _SYSTEM_LOG_DIR + fi lename ) ;  
if append log then 

Append( outfi le ) 
else rewrite( outfi le ) ;  
for i :  =0 to melog . Lines . Count- 1 do 

writeln (  outfi le ,  melog. Lines[i] ) ;  
closefi le( outfi le ) ;  
melog.Ciear; 

function TRepositoryManager.fi leExists( filenm : string ) :  boolean ;  
var 

i: i nteger; 
begin 

i: =0; 
while( ( i < flblog Dir. l tems .count ) 

and ( flblogDir. ltems[i] <> filenm ) )  do 
inc( i ) ;  

Result : = i<> flblogDir. ltems.count; 
end ; 

{********************************************************************************************************************* 
end of UTI LITY ROUTINES *********************************************************************************************************************} 

{****** ** ** *** ** * ** *** ** ** ** * ** ***** ** * **** * **** ** * **** * **** * ** *** ** * ** * ** * ** ** * ** ** ** * ** ** * ** *** ** ** k** ** *** **** * ** 
SERVER SET-UP 
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********************************************************************************************************************} 
procedure TRepositoryManager.setUpServer; 
var 

begin 

i nfi le: textfile; 
v iewQueue, viewlog, savelog: stri ng ;  

flb MsgQueueOirectory: = RP _MESSAGE_DIR;  
try 

except 

end ; 

assignFi le( i nfile, RP _SYSTE M_DI R + 'settings.txt' ) ;  
reset( infi le ) ;  

11 monitonng Interval 
readln (  i nfile, monitorlnterval ) ;  
Timer. I nterval : = monitor! nterval*1 000 ; 

//v1ew Message Queue 
readln(  i nfile , viewQueue ) ;  
i f  viewQueue = 'True' then beg in 

lbQueue.Visible : = true; 
flbMsgQueue.Visible : = true; 
ServerSetup.cbQueue.Checked : = true; 

end 
else begin 

lbQueue.Visible : = fa lse; 
flbMsgQueue. Visible : = false; 
ServerSetup.cbQueue.Checked : = false; 

end ; 

//v1ew activity log 
readln (  i nfile, viewlog ) ;  
if viewlog = 'True' then begin 

end 

lblog.Visible : = true; 
melog.Visible : = true; 
pllog.Visible: = true ; 
ServerSetup.cblog .Checked : =true; 

else begin 

end ; 

lblog.Visible : = false; 
melog.Vi sible : = fa lse; 
p llog.Visible : = false; 
ServerSetup.cblog. Checked : =false; 

11 automatically save log 
readln (  i nfile, savelog ) ;  
if savelog = 'True' then beg in  

btSave.Visible : = fa l se;  
self.autoSave : =true; 
ServerSetup.cbSave .Checked : =true; 

end 
else begin  

btSave.Visible : = true; 
autoSave: =false; 
ServerSetup.cbSave.Checked : =false; 

end ; 

closefi le( i nfi le  ) ;  
addTolog( 'Server i nitial ised . Monitor interval = '+ 

on e: exception do begin 
addTolog( e.Message ) ;  

intToStr( monitorlnterval ) + ' seconds' ) ;  

addTolog( 'Could not i nitial ise server. Try resetting . ' ) ; 
end; 

end; // end of setupServer 
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procedure TRepositoryManager. resetServer( monl nterval :  i nteger; viewQueue, 

var 

beg in  

end ;  

viewlog, savelog: string ) ;  

outfile: textfi le; 

try 

except 

end 

assignFi le( outfi le, RP _SYSTEM_DI R  + 'settings .txt' ) ;  
rewrite( outfi le ) ;  
writeln (  outfile, monlnterval ) ;  
writeln (  outfile, viewQueue ) ;  
writeln (  outfile, viewlog ) ;  
writeln (  outfile, savelog ) ;  
closefile( outfi le ) ;  

o n  e:  exception do begin 
addTolog( e. Message ) ;  
addTolog( 'Could not reset Message Server. Contact system support . ' ) ;  

end ; 

procedure TRepositoryManager.getCurrentSettings( var mon l ntervaiAsStr: stri ng; 

var 

begin 

end ;  

var viewQueue, viewlog,  savelog : boolean ) ;  

infile: textfi le ;  
num:  integer; 
vwQueue, vwlog, svlog : stri ng; 

try 

except 

end 

assignFi le( i nfi le ,  RP _SYSTEM_DI R  + 'settings.txt' ) ;  
reset( infi le ) ;  
readln (  infile, num ) ;  
monl ntervaiAsStr : = intToStr( num ) ;  
readln(  infile, vwQueue ) ;  
viewQueue : = vwQueue='True' ; 
readln(  i nfi le ,vwlog ) ;  
viewlog : = vwlog='True'; 
read ln(  infile, svlog ) ;  
savelog : = svlog ='True' ; 
closefile( i nfi le ) ;  

addTolog( 'Could not get current settings. Contact system support. ' ) ;  
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{*'���'*** ********** ** .............. **** *** ** **********************"*********•************••••••***"'**•********** 
END OF SETUP SERVER routmes 

******* ************* ********'***** *********• ** * * ******* • ., • ********** *********** ************ .... * ********************} 
{*** ***** ** *** ** * ** *** ** ** *** ** **. * ** ** ** * ** ** ** ****** ** *** ** ** * ***** * *** •••• * ** ** * * **** * ** ** ** *** ** ** ** * ******** 

ENGINE ROOM Transm1ss1on managem ent routmes 

**** * ** ** *** **** *** * * * ** •• * * * * * ** ***** **** ***** ******** **** * ** ******** *** * ********* ***** ** * ** ** *** ** *** ** ** *** •• *** *} 
//message server's mon1tonng routine 
procedure TRepositoryManager.checkMsgQueue; 
var 

begin  

files 

i : integer; 

with flbMsgQueue do begin 
Update; //sort the message queue 
if items.Count<>O then begin 

i: =0; 
while ( ( i <items.Count ) and ( items[i] ( 1 ]='_' ) )  do 11 remove database tem p 

inc( i ) ;  



end ; 
end; 
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if i< items. Count then 
processMsglist( ltems[i] ) ;  

end; // end of checkMsgQueue 

//PROCESS THE MESSAGE L IST 
procedure TRepositoryManager.processMsglist( msgFile: stri ng ) ;  
var 

begi n  

end; 

infi le, outfile: textfile; 
tempfile : string ;  
tnsType: integer; 

tnsType: =0; 
try 

except 

end; 

msgFi le :  = RP _MESSAGE_DI R+ msgFile; 
assignFile( i nfile, msgFi le ); 
tempfi le :  = REPOSITORY _DI R+ 'tem pfi le' ; 
assignFile( outfile, tempfile ) ;  

i f  not ( processTransHeader( outfi le, infile, tnsType ) ) then 
begin 

end; 

addTolog( 'Header Error: Wrong Receiver' ) ;  
deleteFile msgFi le ) ;  
exit; //1 1  

//process message update request 
if tnsType =tsMSG_LST then begin 

end 

addTolog( 'Message update requested by '+ username ) ;  
updateRepository( tempfile ) ;  
updateUsersMessages; 

//process last update rece1ved request 
else begin 

end ;  

addTolog( 'Last received request from '+ username ) ;  
processlastRecvdRequest; 

addTolog( 'Could not process message l ist from: ' +  username ) ;  

11 always delete processed file from message queue 
deleteFile( msgFile ) ;  

//update central message database 
procedu re TRepositoryManager. updateRepository( msgsOnlyFi le: string ) ;  
var 

begi n  

i nfile: textfi le; 
l ine:  stri ng; 
u i D: integer; 
uFrom, uTo, uCopyTo: stri ng;  
uGroupNo, uSection, uTopic: i nteger; 
uMsgType: string; 
uEntered, latestEntry: TDateTime ;  
uKeyword1 ,  uKeyword2, uKeyword3: string; 
uHeader, uText: string ;  
msgCount: i nteger; 

latestEntry: =0; 
msgCount: =0; 
u i D: =0; 
try 

assignFile( i nfile, msgsOnlyFile ) ;  
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reset( infi l e  ) ;  
readln( infi le ,  l i ne ) ;  
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while ( ( not eof( infile ) ) and ( l ine <>" ) ) do begin 
u i D : =strTolnt( l ine ) ;  
readln(  i nfile, u From ) ;  
readln(  infile, uTo ) ;  
readln(  infi le, u CopyTo ) ;  
readln(  infile, uGroupNo ) ;  
readln(  infi le, uSection ) ;  
readln(  infi le, uTopic ) ;  
readln(  infi le, u MsgType ) ;  
readln(  infile, u Entered ) ;  
latestEntry : = max( latestEntry, uEntered ) ;  
readln( infi le ,uKeyword 1 ) ;  
readln( infi le ,uKeyword2 ) ;  
readln( infi le ,uKeyword3 ) ;  
readln( infile, u Header ) ;  
uText: =" ; 
readln(  infile, l i ne ) ;  
wh i le l ine <> '(END]'  d o  begin 

uText: = uText+l ine + #10 ;  
read ln (  i nfi le, l ine ) ;  

end; 
readln(  infi le ,  l i ne ) ;  
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dsMsg. DataSet.AppendRecord( [u iD,  uFrom, uTo, uCopyTo, uGroupNo, 
uSection, uTopic, uMsgType, uEntered, u Keyword 1 ,  uKeyword2 ,  

uKeyword3, u Header, uText] ) ;  

except 

end ; 

end; 

inc( msgCount ) ;  
end ;  

addTolog( 'Could not complete update repository from ' + username+ 
' . From: '+uFrom + ' . Message Type: '+ uMsgType + ' . I D: '+intToStr( u i D ) ) ;  

addTolog( ntToStr( msgCount ) +' messages received from '+  username ) ;  
closeFile( i nfile  ) ;  

procedure TRepository Manager. updateUsersMessages; 
begi n  

else 

11 run query on central database 
if is Tutor then 
with DataMod .quUpdateTutorMsgs do begin 

close; 

end 

Params[O) .Value: =lastRcvdByUser; // from processTransHeader 
Params[1 ) .Value: = username; 
Params[2] .Value: = username; 
open ; 

with DataMod.quUpdateMsgs do begin  
close; 
Params[O) Value =lastRcvdByUser 11 from processTransHeader 
Params[1 ) .Value: = username; 
Params[2) .Value: = username; 
Params[3].Value : = groupNo; 
open; 

end; 
saveMsgQueryResult; 

end; //of updateUsersMessages 

//savmg query result as file  'newMsg txt" 1n user's message directory 
procedure TRepositoryManager.saveMsgQueryResult; 
var 

outfi le: textfile ;  
queryFile: string;  
l i ne: string; 
fline: double; 



begin 

Appendix H 

i, msgCount: i nteger; 
query: TQuery; 

if is Tutor then begin 

end 

queryFile : =AUTHOR_DIR+'\MessageBox\' +MESSAGE_LIST ; 
query : = DataMod.quUpdateTutorMsgs; 

else begin 

end ; 

queryFi le : =STUDENT_DI R+username+ '\MessageBox\' +MESSAGE_LIST ; 
query : = DataMod . quUpdateMsgs ; 

msgCount : =0; 
try 

except 

end ; 

AssignFile( outfi le, queryFi le ) ;  
addTransHeader( outfi le, tsMSG_LST ) ;  
a ppend( outfi le ) ;  

with query d o  beg in  
whi le  not Eof do begin 

end; 
end; 
closefi le( outfi le ) ;  

for i :  =0 to FieldCount-1 d o  begin 

end; 

if ( Fields[i] . FieldName <> 'Entered' )then begin 
l ine:  = Fields[i ] .AsString; 
writeln( outfi le, l ine ) ;  

end 
else begin 

end 

fline: = Fields[i] .AsDateTime; 
writeln( outfi le, fline ) ;  

writeln (  outfile, ' [END]' ) ;  
i nc( msgCount ) ;  
Next; 

addTolog( intToStr( msgCount ) +' messages transferred to ' 

+ username +' di rectory' ) ;  

addTolog( Write error: Unable to  update m essages for '+ username ) ;  
closefile( outfi le ) ;  

end; //of saveQueryResult 

procedure TRepositoryManager .cleanUpMsgQueue; 
beg in 

end ;  

DataMod.quUpdateMsgs.Ciose; // or else 
DataMod.quUpdateTutorMsgs.Ciose; 
with flbMsgQueue do begin  

end 

u pdate; 
whi le( ( items. Count<>O ) and ( items[0] [ 1 ]='_' ) ) do begin 

//showMessage( 'delete: '+ items[O] ) ;  

end; 

deleteFi le  ( RP _MESSAGE_DI R+Items[O] ) ;  
u pdate; 

function TRepositoryManager.getlastReceived: double; 
begin 

try 
with DataMod .qulastRecvd do begin 

close; 
Params[O].Value: = username; 
open; 
if not eof then begin 

F i rst; 
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end ; 

except 

end; 
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Result: = Fields[O] .AsFioat; 
end 
else begin  

Result : = 0 .0;  
addTolog( 'No stored m essages for "'+ username+"" ) ;  

end; 
end; 

addTolog( 'Could not retrieve last received for '+ username ) ;  
Result : = - 1 .0; 

Processes the header rnformat1on 1n 'tnsflle' returnrng true rf 1t rs a val rd 
transm rss1on false otherwrse Returns the transmrssron str rpped of the 
header rnformatron as tmpfile' and the transmrssron type as ·transtype· 
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function TRepositoryManager. processTransHeader( var tmpfile: textfi le; 
const tnsfile: textfi le; var transType: integer ) :  boolean ;  

var 

begin 

end ;  

l ine: string; 
fl ine : double; 

Result : = true; 
reset( tnsfile ) ; 

readln(  tnsfi le, l ine ) ;  
i f  l ine <> REPOSITORY then // wrong rece1ver so 

Result : =false 
else begin 

end ; 

readln (  tnsfile, username ) ;  
readln( tnsfile , transType ) ;  
readln( tnsfile, groupNo ) ;  
i f  groupNo = - 1  then 

is Tutor : = true 
else isTutor : = false; 
if transType <> tsLAST _RCVD then begin // else rest of transmission i rrelevant 

end; 

readln(  tnsfile, fl ine ) ;  
lastRcvdByUser : = fline; //used by updateUsersMessges 

ends header } 
/return transmrssron stnpped of header 

rewrite( tmpfile ) ;  
while not eof( tnsfi le ) do  
begin 

end ;  

readln( tnsfi le, l ine ) ;  
writeln( tmpfi le ,  l ine ) ;  

closefi le( tmpfile ) 

closefi le ( tnsfile ) ;  

procedure TRepositoryManager. processlastRecvd Request; 
var 

begin 

outfi le: textfi le; 
lastReceived : stri ng; 

if is Tutor then 
assignfile ( outfi le, AUTHOR_DIR+'\MessageBox\' + ANSWER ) 

else 
assignfile ( outfi le, STU DENT_DI R  +username+'\MessageBox\' + ANSWER ) ;  

i f  addTransHeader( outfi le, tsLAST _RCVD ) then begin 

else 

DateTimeToString( lastReceived , 'dd mm yy hh mm ss', getlastReceived ) ;  
addTolog( 'Last received request processed for ' +username+ ' :  ' +  lastReceived ) ; 
end 
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addToLog( 'Could not process last request for '+ username ) ;  
end; 

......... ************** * * *  **** * ... .. * * * * *  *********** ******* * *  * *  ************************************* 

ADD HEADER TO F I LE BEFORE TRANSM ITII NG WITH FORMAT 
<TO RCVR> 
<FROM SNDR> 
<MESSAG E TYPE> 
<GROUP N UMBER> 
<DATETIME STAMP O F  LAST TRANSMISSION RECEIVED FROM RCVR> default = 0 ( send al l ) 

* ** ** * ** ** * ** ** * * * ** * **** ** * * * * *  * *** * ** * ** ** * ** **** *** ** *** ** * ** ** *** ** * *  ** ** * * * **} 
function TRepositoryManager.addTransHeader( var tnsfi le :  textfi le; transType: integer ) :  boolean; 
beg in 

try 

except 

end; 
end; 

rewrite( tnsfile ) ;  
writeln  ( tnsfi le, username ) ;  
write ln (  tnsfi le, REPOSITO RY ) ;  
write ln (  tnsfile, transType ) ;  
write ln (  tnsfi le ,  DEFAULT_GROUP ) ;  
writeln ( tnsfi le ,  getLastReceived ) ;  
closefi le( tnsfile ) ;  
Result : =true; 

addToLog ( 'Could not add header . ' ) ;  
Result :  = false; 

{ * * * *  ************************ * * • * * *  *********** *********************** 

end of Transmtsston mangement routtnes 
* * * * * * * * *  * **** * * .  * * * *  * * *  ** * • •  * * * ** * * ** * **** * * *  * * *  **** * ** * *  * *  * * *  • •  * ** **** ** *** * *  * ** * *  * *  * * *  * *  * ** ** * * * *  * * ** **** k * lr * *  * * *  *} 

procedure TRepository Manager.btOKCiick( Sender: TObject ) ;  
begin  

self. Hide; 
end; 

procedure TRepositoryM anager. launchServer; 
beg in 

end; 

if not running then beg in  

end 

running : = true; 
Timer. Enabled: = true; 
btLau nch .Caption: = 'Stop Server' ; 
btLaunch .H int :  = 'Halt Message Server'; 
self. Hide; 
addToLog( 'Server launched' ) ;  

else begin 

end 

running : = fa lse; 
Timer. Enabled: = false; 
btLaunch.Caption: = 'Launch Server'; 
btLau nch. Hint: = 'Start Message Server' ;  

addToLog( 'Server halted' ) ;  

function TRepositoryM anager .getNext iD :  i nteger; 
begin 

with dsNext iD .DataSet do begin 
Close; 
Open ; 
Last; 
Result :  =Fields[O].Asl nteger + 1 ; 

end; 
addToLog( 'Next I D: ' +  i ntToStr( Result ) ) ;  
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end ; 

procedure TRepositoryManager .btMessageDBCiick( Sender: TObject ) ;  
begin 

MessageDatabase.show; 
end ; 

procedure TRepositoryManager. btZipCiick( Sender: TObject ) ;  
begin 

end ; 

with ZipStarter do begin 

end; 

command: = Winzip32 .exe' ; 
Execute; 

procedure TRepositoryManager. btHelpCiick( Sender TObject ) ;  
beg in 

Help Screen . Show; 
end ; 

procedure TRepositoryManager. btUpdateHelpCi ick( Sender: TObject ) ;  
begin 

RM UpdateHel pDB . prepareHel pUpdateF older; 
end ;  

procedure TRepository Manager. btViewCi ick( Sender TObject ) ;  
begin 

end; 

end. 

with melog do begin 
Clear; 
Lines . LoadFromFile( RP _SYSTEM_LOG_DI R  + getlogFi leName ) ;  

end ; 
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H4: Learning Shell: Update Resources - interface and selected 

code 

un it vlaUpdateResources; {********************************************************************************************************************* 
* Th1s unit im plements the funct1onal 1ty for updating the Learning Shel l 's  * 
**** ***** * ** ** ** * ** ** ** * ** * ** * * * **** ** * ** ** * ** * * **** * ** **** * ** ** * ***** * ** * ** ** * ** ** *** ** ** * ** ** * ** ** * ** ** ** * ** ** * ** *} 

interface 

uses 
Windows, Messages, SysUti ls, Classes, Graphics, Controls, Forms, Dialogs, 
StdCtrls, lmdcompo, lmdclass, lmdnonvS, Psock, N MFtp, ExtCtrls, Buttons, 
vlaHelpBtn, F i leCtrl, vlaFileManager, vlaFolderManager; 

const 
DEBUG = false ; //true // 

type 
TUpdateResources = class( TForm ) 
LMDStarter1 : TLMDStarter; 
NMFTP1 : TNMFTP; 
btCancel : TButton; 
Rad ioGroup1 : TRadioGroup; 
btOK: TButton ;  
vlaHelpBtn1 :  TvlaHelpBtn; 
Filelist: TFi lelistBox; 
FileManager: TvlaFi leManager; 
FolderManager: TvlaFolderManager; 
Timer: TTimer; 
tmWhenToCiose: TTimer; 
procedure btC anceiCi ick( Sender: TObject ) ;  
procedure Form Hide( Sender TObject ) ;  
procedure btOKCiick( Sender: TObject ) ;  
procedure FormShow( Sender: TObject ) ;  
procedure FormKeyDown( Sender: TObject; var Key: Word; 

Shift: TShiftState ) ;  
procedure FormCiose( Sender: TObject; var Action :  TCioseAction ) ;  
procedure vlaHelpBtn 1 Click( Sender: TObject ) ;  
procedure TimerTim er( Sender: TObject ) ;  
procedure FolderManagerFai lure( Sender: TObject ) ;  
procedure FolderManagerSuccess( Sender: TObject ) ;  
procedure tmWhenToCioseTimer( Sender: TObject ) ;  

private 

publ ic 

end; 

var 

closeNow : boolean;  
latestUpdateFile: i nteger; 
Save_ Cursor: TCursor; 
procedu re updateCaption( msg: string ) ;  
procedu re createUpdateDir ;  
//update VLM & remove tem p folder 
procedure updateResources; 

procedure unZipResources( dr: char ) ; 
procedure transferResources; 
procedu re updateFrom l nternet; 
procedure updateFromDisk; 

UpdateResources: TUpdateResources; 
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implem entation 

uses LMDMSG , vlaSystem Dictionary, vlaUserOptions, vlaSystem Utilities; 

{SR DFM} 

{ TUpdateResources } 

procedure TUpdateResources. unZipResources( dr: char ) ;  
var 

begin  

end ; 

i :  i nteger; 

tei iUser( self. name, 'Dri ve = '+ d r, debug ) ;  
with Fi lelist d o  begin 

end ; 

Drive: = dr; 
Di rectory: = ExtractFi leDir( drive + ' : \'+UPDATE_DIR +'dummy.txt' ) ;  
tei iUser( self. name, 'Directory = '+ directory,debug ) ;  
for i : =0 to Items. Count- 1 do 

if getF ileNumber( items[i] )>UserOptions.getUpdateFi leNo then begin 
tei iUser( self. name, ' item s[i] = '+items[i]+ ' ,  UpdateFileNo = 

end; 

'+intToStr( UserOptions.getUpdateFileNo ), debug ) ;  
1 1  Unzip resource f1 les from update d 1 1  
I f  to tem p folder on c dnve 
LMDStarter1 . Command : = D irectory+'\'+item s[i ] ;  
LMDStarter1 . Execute; 

get number of latest f 1 le update 
latestUpdateFile = getFi leNum ber( items[i] ) ; 

{ Timer wa1ts unti l unz1pp1ng IS fimshed 
and then calls updateResources procedure} 
Timer. Enabled : =true; 

procedure TUpdateResources .UpdateFromDisk; 
var 

beg in 

end; 

d rive: char; 

Save_Cursor : = Screen .Cursor; 
drive : = UserOptions.getDrive( vUPDATE ) ;  
//createUpdateD1r 
i f  LMDMessageDig( 'Place disk in drive "'+ drive+'" and then cl ick, "OK". ' ,  

mtConfirmation ,  [m bOK, mbCancel], 0 )  = mrOK 

end ; 

then begin 

try 

final ly 

Screen . Cursor : = crHourglass; If Show hourglass cursor 

unZipResources( drive ) ;  

Screen. Cursor : = Save_ Cursor; // Always restore to  normal 
end; 
tei iUser( self. name ,  'Resources have been updated . ' ,  true, false ) ;  
updateCaption( 'Resources have been updated . ' ) ;  

self. close; 

procedure TUpdateResources. U pdateFrom Internet; 
var 

begin 

NoUpdates: boolean ;  
Save_Cursor: TCursor; 

Save_Cursor : = Screen.Cursor; 
btOK.enabled: = false; 
NoUpdates: =false; 
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end; 
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createUpdateDir; 
Screen.Cursor : = crHourglass; // Show hourglass cursor 
try 

final ly 

end ;  

try 

except 

end ; 

with NMFTP1 do begin 

end; 

Host: = UserOptions. getRepository iP ;  
Useri D :  = UserOptions.getUserName; 
Password: = UserOptions.getUserPassword ; 
Connect; 
ChangeDir( UPDATES_ARCHIVE ); 
List; 
if FTPDi rectorylist .name. Count =0 then 

NoUpdates : =true 
else 

transferResources; 

if NoUpdates then begin 

end; 

tei iUser( self. name, 'No updates available', LOG_IT, false ) ; 
updateCaption( 'No updates available' ) ;  

updateCaption( 'Connection Failed ! Could not update resources . ' ) ; 
tei iUser( self. name, 'Connection Failed I Could not update resources. ' ,  

LOG_IT, true ) ;  
NoUpdates: =true; 
raise; 

if NoUpdates then beg in  

end 

Screen. Cursor : = Save_ Cursor; // restore to normal before closmg 
closeNow: =true; 

procedu re TUpdateResources. transferResou rces; 
var 

begin 

end; 

i :  i nteger; 
d ir :  TFTPDirectorylist; 
fi leNo: integer; 

tei iUser( self. name, 'Transferring resources . . .  ' ,  LOG_IT,  false ) ;  
updateCaption ( 'Transferring resources . . .  ' ) ;  
fileNo: = UserOptions.getUpdateFi leNo; 
If  for each file m remote update d i rectory 
//download to local directory 
d i r : = NMFTP 1 . FTPDirectorylist; 
for i :  =0 to d ir. name.Count- 1 do beg in  

if getFi leNum ber( d i r .name[i] ) >fileNo then 
NMFTP 1 . Down load( dir.name[i],'c: \'+UPDATE_DI R+ dir .name[i] ) ;  

end ;  
unZipResources( 'C' ) ;  

procedu re TUpdateResources . FormHide( Sender: TObject ) ;  
begin 

end ; 

User0ptions . RadioGroup1 .enabled : =true; 
U ser0ptions. RadioGroup1 . 1tem lndex: = 0; 
U serOptions.btOK. Enabled: = true; 

procedu re TUpdateResources . btOKCiick( Sender: TObject ); 
var 

str: string; 
begin  
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end ; 
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case RadioGroup1 . 1tem l ndex of 
0: begin 

end ; 

end ; 

str : = 'Connecting to university . . .  '; 
tei iUser( self. name, str, LOG_IT, false ) ;  
updateCaption( 'Please wait. '+str ) ;  
updateFrom lnternet ; 

else begin 

end ; 

str : ='Updating from Disk . . .  ' ;  
tei iUser( self. name, str, LOG_IT, false ) ; 
updateCaption( str ) ;  
updateFrom Disk; 

procedure TUpdateResources. FormShow( Sender: TObject ) ;  
beg in  

end ; 

closeNow: =false; 
btOKSetFocus; 
RadioGroup1 . 1tem I ndex: =0; 
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procedure TUpdateResources. FormKeyDown( Sender: TObject; var  Key: Word; Shift: TShiftState ) ;  
beg in  

end ; 

if Key = VK_Return then 
btOKCiick( nil ) 

else if ( Key=VK_F1 ) then 
vlaHelpBtn 1 .execute ( self ) ;  

procedu re TUpdateResources . FormCiose( Sender: TObject; var Action: TCioseAction ) ;  
beg i n  

end ; 

UserOptions. RadioGroup1 .enabled : =true; 
UserOptions. RadioGroup 1 . 1tem Index: = 0; 
UserOptions .btOK. Enabled : = true; 
Action: =caFree; 

procedu re TUpdateResources.vlaHelpBtn1 Ciick( Sender: TObject ) ;  
beg in 

vlaHelpBtn 1 .execute( self ) ;  
end ;  

procedure TUpdateResources . createU pdateDi r; 
var 

beg in 

end ;  

str: string;  

Str : = 'c : \'+UPDATE_DI R  + 'DUMMY.TXT'; 
str: = ExtractFi leDir( str ) ; 
if not DirectoryExists( str )then 

MkDir( str ) ;  

//update VLM & remove tem p folder 
procedure TUpdateResou rces.updateResources; 
begin 

tei i User( self. name, 'Updating resource files . . .  ' ,  LOG_IT, false ) ;  
updateCaption( 'Updating resource files . . .  ' ) ; 
try 

finally 

with FolderManager do begin 

end ; 

Source: = UPDATES_ TEMP; 
Destination:  =ExtractFi leDir( ROOTPATH + 'dummy.txt' ) ;  
Action: = vMOVE; 
Execute; 



end; 
end ; 

Appendix H 

Screen .Cursor : = Save_Cursor; 11 restore to normal before closing 
closeNow: =true; 

//check whether resouces have been unzipped 
If 1f they have t hen update resource folder 
procedure TUpdateResources. Timer Timer( Sender: TObject ) ;  
begi 

end; 

if FolderManager.di rExists( UPDATES_ TEMP ) 

end; 

and not FolderManager. isEmptyFolder( UPDATES_ TEMP )then begin 
updateResources; 
Timer. Enabled: =false; 

procedure TUpdateResources. FolderManagerFailu re( Sender: TObject ) ;  
begin 

end ; 

tei iUser( self. name, 'Could not update resource files . ' ,  LOG_IT, false ) ;  
updateCaption( 'Could not update resource fi les. ' ) ;  

procedure TUpdateResources . FolderManagerSuccess( Sender: TObject ) ;  
begin 

end ; 

//update studentModel 
UserOptions.setUpdateFi leNo( latestUpdateFi le  ); 
tei iUser( self. name, 'Resource files updated. '+ 

'F i le  no: '+intToStr( latestUpdateFile ) , LOG_IT, false ) ;  
updateCaption( 'Resource files updated . '+ 

'Fi le no: '+intToStr( latestUpdateFile ) ) ;  

procedure TUpdateResources.tmWhenToCioseTimer( Sender: TObject ) ;  
beg in  

end;  

i f  closeNow then 
self. close; 

procedure TUpdateResources. updateCaption( msg: stri ng ) ;  
beg in  

self.caption : = msg ;  
end;  

end.  //vlaUpdateResources 
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H5: Learning Shell: Update Extramural Support - interface and 

selected code 

unit vlaUpdateExtramuraiSupport; 
j l' 

interface 

uses 
Windows, Messages, SysUtils, Classes, G raphics, Controls, Forms, Dialogs, 

StdCtrls, Fi leCtrl, Db, vlaFolderManager, vlaFileManager, dbtables; 

type 

var 

TUpdateExtramuraiSupport = class( TForm ) 
DataSource: TDataSource; 
Fi leListBox: TFi leListBox; 
FolderManager: TvlaFolderManager; 
F i leManager: TvlaFi leManager; 

private 

publ ic 

end; 

procedure FormCreate( Sender: TObject ) ; 

procedure deleteOidRecords( table: TT able ) ;  
procedure updateConnection;  
procedure updateLink; 
procedure updateReference; 
procedure updateWhat ; 
procedure deleteFi le( fi lepath string ) ;  
procedure activateTables; 

procedure UpdateExtram uraiSupport; 

U pdateExtram uraiSu pport: TUpdateExtram uraiSupport; 

implementation 

uses vlaSystemDictionary, vlaController, vlaSystem Utilities, vlaMsgData; 

{ TLpdateE:.xt1 a mu ;:JISupoor• 1 
procedure TUpdateExtramuraiSupport. FormCreate( Sender: TObject ) ;  
begin  

Fi lelistBox.Directory = HELP _UPDATES; 
end; 

procedure TUpdateExtram uraiSupport. U pdateExtram uraiSupport; 
begin 

· f  HelpUpdates folde' •s not '"m pty tlle1 
if not FolderManager. isEmptyFolder( HELP _UPDATES ) then begin 

tei iUser( self. name, 'Updating Help . . .  ' ,  true , false ) ;  
{update each table 1 n  turn by deletmg all cu r rent records 
appendtng all ecords m update file } 

deleteOidRecords( dmMsgData.tbConnection ) ;  
updateConnection; 



end ; 

end 
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deleteOidRecords( dmMsgData.tbWhere ) ;  
updateli nk; 

deleteOidRecords( dmMsgData .tbWho ) ;  
updateReference; 

deleteOidRecords( dmMsgData .tbWhat ) ;  
updateWhat ; 

tei iUser( self.name, 'Help updated', true, false ) ;  

else begin  

end; 

tei iUser( self .name, 'No help updates available. ' ,true,false ); 
activate Tables; 

procedure TUpdateExtram uraiSupport.deleteOidRecords( table: TTable ) ; 
beg in 

try 

except 

end; 
end; 

with table do begin  
active: =false; 
Exclusive: =true; 
active: =true; 
Em pty Table; 

end ; 

tei iUser( self.name, 'Could not delete records from '+table. Name, true, false ) ;  
raise; 

procedure TUpdateExtram uraiSu pport. u pdateWhat; 

var 

begin  

infile: textfile; 
tableFile: string; 
l ine: string; 
recCount: integer; 
concept: string;  
section, topic: integer; 
elaboration, keyldea: string ;  
entered: double; //TDateT1me 

tableFi le : =HELP _UP DATE_DIR +'What.txt'; 
recCount: =0; 
try 

assignFile( infile, tableFi le ) ;  
reset( infile ) ; 
whi le not eof( i nfi le ) do beg in  

readl n (  i nfile, concept ) ;  
read ln (  i nfile, section ) ;  
read In (  i nfile,topic ) ;  
e laboration: ="; 
readln(  infi le, l i ne ) ;  
while( l ine < >  'True' ) and ( l ine<>'False' ) do begin //keyl dea 

elaboration: = elaboration+l ine+ #10;  
readln(  infi le, l ine ) ;  

end; 
key ldea :  =li ne; 
read ln (  i nfile,entered ) ;  
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dmMsgData.tbWhat.AppendRecord( [concept, section, topic, elaboration, 
keyldea, entered) ) ;  

i nc( recCount ) ;  
readln(  i nfi le ) ;  1 1  chuck away '[END]' of record 

end; 
closeFile( i nfi le ) ;  
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'� 
deleteFi le( tableFile ) ;  
Tei i User( self. name, intToStr( recCount ) + 

table' , true, false ) ;  
except 

Tei iUser( self. name,'Read error: U nable to update '+ 
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' records transferred to What 

'WHAT table; record count = '+ i ntToStr( recCount ), true, 
controller.debug ) ;  

closefi le( infile ) ;  
end; 

end; 

procedure TUpdateExtram uraiSupportdeleteFi le( filepath: string ) ;  
beg in  

end ; 

with Fi leManager do begin 
source : =fi lepath; 
action:  = vDELETE; 
execute; 

end; 

procedure TU pdateExtram ural Support. activate T abies; 
beg in  

end; 

end . 

with dm MsgData do begin 
tbConnection.Active: =true; 
tbWhere.Active: =true; 
tbWhat.Active: =true; 
tbWho.Active: =true; 

end; 
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H6: Learning Shell: Messaging - interface 

unit vlaMessaging; 
{ Th1s un1t  prov1d es the m essage system functi onal i ty  for the Lea rn 1 11g Shell I ts 

{ unplern e'ltat lon closely pa a l le ls  that for the Repos1tc, y end 

i nterface 

uses 

const 

type 

Windows, Messages, SysUtils, Classes, G raphics, Controls, Forms, Dialogs, 
Db, Grids, DBGrids, DBTables, StdCtrls, DBCtrls ,  ExtCtrls, Mask, ComCtrls, 
lmdcompo, lmdclass, lmdnonvS, Psock, NMFtp, vlaFi leManager, vlaForwardMessage, 
vlaMessagelist ,  Buttons, vlaHelpBtn; 

DEBUG = true; Tal se ' 

TMessageSystem = class( TForm ) 
dsMsg: TDataSource; 

private 

dsUpdateMsg: TDataSource; 
FTP _Server: TNMFTP; 
Fi leManager: TvlaFi leManager; 

tmKeepTry ing :  TTimer; 
tmGiveUp: TTimer; 
vla HelpBtn 1 :  TvlaHelpBtn ; 
procedure btNewCiick( Sender: TObject ) ;  
procedure btUpdateCi ick( Sender: TObject ) ;  
procedure btCioseCiick( Sender: TObject ) ;  
procedure btReplyCiick( Sender: TObject ) ;  
procedure FTP _ServerConnectionFailed( Sender: TObject ) ;  
procedure Form Show( Sender: TObject ) ;  
procedure StatusBarCiick( Sender: TObject ) ;  
procedure btDeleteCiick( Sender: TObject ) ;  
procedure btForwardCi ick( Sender: TObject ) ;  
procedure btPrintCiick( Sender: TObject ) ;  
procedure FormCreate( Sender: TObject ) ;  
procedure Form Paint( Sender: TObject ) ;  
procedure tmKeepTryingTimer( Sender: TObject ) ;  
procedure FileManagerFailure( Sender: TObject ) ;  
procedure Fi leManagerSuccess( Sender: TObject ) ;  
procedure tmGiveUpTimer( Sender: TObject ) ;  
procedure vlaHelpBtn1 Click( Sender: TObject ) ;  
procedure Form KeyDown( Sender: TObject; var Key: Word; 

Shift: TShiftState ) ;  

sendMsgFi le :  string ; 
lastRcvdByRepository: TDateTime; 
Save_Cu rsor: TCursor; 
Messagelist: TMessagelist; 
procedure saveToSendlist; 
procedure updateMessages; 
procedure sendNewMsgs; 
procedure fetchTransmission( transName: string ) ;  
procedure openNewMessage; 
function getMsgName: string;  
procedure createToSendlist ( lastUpdate: TDateTime ) ;  
procedu re requestlastRcvd; 
function processTransHeader( var tmpfile: textfile; const tnsfile: textfi le; 

var transType: integer ) :  boolean ;  
procedure addTransHeader( var  tnsfile: textfile; transType: i nteger ) ;  
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publ ic 

end ; 

var 

procedure SendAndWait; 
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procedure sendTransmission( tns: string ) ;  
procedure deleteFile( fu l l  path: string ) ;  
procedure WaitForReply( transType: i nteger ) ;  
procedure synchroniseWithRepository; 
procedure clearMessageBox; 
function messageBoxContains( someth i ng:  stri ng ) : boolean;  
function processAnswer: boolean ;  
procedure connectToFTPServer; 
procedure FetchAndFinish; 

procedure setMsglist( Msglist: TMessagelist ) ;  
procedure replyToMsg; 
procedure tell User( pas: i nteger; msg : string ) ;  
procedure clearUserMsg ; 
procedure forwardMsg( F Msg: TForwardMessage ) ;  
procedure printMsg; 
procedure addTolog( msg: string ) ;  
procedure connectToRepository; 
procedure enableUpdates; 

MessageSystem : TMessageSystem; 

implementation 

uses vlaMsgData, vlaAddMessage, vlaSystem Dictionary, vlaReplyMessage, 
vlaSystem Utilities; 



Appendix H 384 



Appendix I 385 

A ppen d ix I 

Co u rse a uthori ng a n d  management a p p l icat ion 
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11 :  A uthoring application - screen shots 

Vi rtual Learn i ng Mach ine 
Authoring  Appl ication 

I 
L._ 

)If Define Course 

Define System 

lJ Add Resources 

� Communication and Help 
Mone..gement 

'j Help 

0 Exit Application 

Authoring appl ication in itial screen .  
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Message L1s1 

I From To Cc Date Subject ��ystem Tutor 04-Moy-03 1 1  02 1 4  Sectlan 1 2 Etplorn "query'' System response \ � Russell Tutor 24-Mar-D3 1 5  5547 Sectron 1 2 E}pl�w• "query" System response \ � Chns Mrm 07-0ct-03 11 27 48 Welcom� to 159 353 Extramural � Chr r s Pom 07-0ct-03 21 28 49 Welco me to 1 59 353 E·o:�ramural 

Chrrs Bob 07-0ct-01 2 1  29 47 Welcome to 3S3 E •lr�mural 
1-; Chns Mrl-..e 07-0tt-0 3 2 1 30 ]1 Welcome to 353 E •tromurol J r. Chrrs Bob AJI 09-0ct-0 3  1 6  01 31) Asstgnment 1 � Chns Bob 1 1-0ct-OJ 1 1 43 06 Aie you ready to rumble? � 
Get gomgt 

Reply New Update Delete Forward Print aose 

Debug 

Tutor's message l ist 

From System 

To 

Cc 

Date: 04-Moy-03 IS 02 1 4  

SubJect ISedron 1 2 E ·.pla�n "query" System response wos reteoed 
Section IJ Toprc:: 12 
'·JO USEFIJL ANS\NER FOUND IN SECTION 1 2 
SELECT "RETR't'" FOR A BRO.A.DER SEARCH 

•• I 

Ooss l.Jst Add To Help I EdrtHelp 

Reply I New I Update Delete , Forward I Print I aose I 
Extramural S upport system notification. Database may be ed ited 

from Message List. 
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Elllb!Wtion. 

Conceptual fram eworks 2 True 

Conceptual frameworks 3 False 

Conceptual m odels 2 True 

Design process 1 True 

2 False 
lnterad1on paradigms 2 True 

lnterad1on styles 2 True 

� True 

Add ing  to Extramural Support database. 

Add References 

Add references for 'Towards physical design" 

Chapter. page numbers: I chapter 2. Section 2 .6 

11. ' 
Add Finish 

Add ing to E xtramural Support database. 
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(MEMO) 

(MEMO) 

(MEMO) 

(MEMO) 22-Auo 

(MEMO) 1 9-Auo 

(MEMO) 

(MEMO) 

,.'"'!\ 

.,. r '' ..,., 



From � 
To: [Bob 
Cc jt!l 
Date [0 
Subject p 
Sedlon I 
Ho Bob 

Oon·t be afro 

Chr�s. 
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Add themes for "Conceptual frameworks" 
Theme: _ijl----

Theme 

._ hrgh·level model 

mformotron processmg 

mentel models 

models 

• � � e Map I 

..:J 
Concept M11p 1!11!1 D 

�� erec ran pare 
n te r odr on style 

No r m on's moch 
'..lJ 

Add n 
I 

, ... 

Conceptuol fromeworks 

;I\ / metaphor 
Conceptual models 

Tutor can view Concept Map after ed iting Extramural  Support database. 
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0 1 -Jan-03 

C1 i d d ay. I arn B o b  Th o rn p s o n  and I h ave b e e n  studyi n g  extram u ral ly fo r te n 
· ars . I n e e d  to p a s s  Co rn rn u n i cati o n  1 01 i n  o rd e r  to b e  p romoted frorn po l ice 
co n sta.b l e .  

Class L ist can also be managed from Message List 
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Define Course 
Course Structure 

.- First Section title 
FirstTopic title 

Course Structure 

1 59.353 Humen--Computerlntera.dion 

- Ha Fundamentals 
Designmg for Usabilrty 

Modelling The User Interface 
The User Cognrtive Issues 
Modelling The Interaction 

- Analysis & Conceptual Design 
Des1gn Issues 
LitfK¥de. Requirements onotys1s 

Task description;: Scenario-based modelling 
TaskAilalysis. HTA 
LO"'fi and Hl"fi Prototypmg. Paw-erPomt 

Conceptual Oestgn Review 
Physical Design & lmplementetcon 

• UseN::entred Design &. Evaluation 
• Other Issues 

- i§i#@ijiU!eW 
NEW TOPIC 
NEW TOPIC 
NEW TOPIC 

ln•tielise ) 
Add Section! 
Add Topic I 

Delete 

Save 

Initialise I 
Add Sedlonl 
Add Topic I 

� 
� 

� l t:  

Defin ing course table of contents (System Tree). I n itia l ised screen 

(Top). Partia l ly defined course (Bottom). 
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Define Model 

Learn1ng System Model 

- AIIModes 
SelfTest 
Keyldeas 

- TextBook 
StudyGuide 

Defme Model 

Learmng System Model 

- Virtual Leornmg System 
• AJIModes 
• TextBook 
+ Ass1gnment 
+ DoltYoursetf 
• Exploration 
• GroupWork 
- Ledures 

Ledure 
• Tutorial 
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lnibelise 

Delete 

Se.ve 

� 
� 
� 

Modes-�----, 

0� I AIIModes 
Assignment 
Doi!Yourse� 
Exploration 
GroupWork 
Lectures 
TextBook 
Tutorial 

Add I �  
Components-----­

Adm•nistrationGuide 
Assignment 
Ass1gnment'NorkSpace 
Dolt 
Drewlt 
FeedBack 
Keyldeas 
Lecture 
LectureNotes 
Libraryfxplorer 
MessageUst 
MyGroup 
SelfTest 
StudentNotes 
StudyGutde 
TutoneJ 
WebExclorer .:J 

Add I �  

All Modes 
Assignment 
DoltYourself 
Exploration 
GroupWork 
Lectures 
TextBook 
Tutonal 

Components,...,.,_,.--,.,.,., 

Ass1gnment 
Ass1gnment'WorkSpace 
Do� 
Drawlt 
FeedBack 
Keyldeas 
Lecture 

Libre.ryExplorer 
Messagel.Jst 
MyGroup 
SelfTest 
StudentNotes 
StudyGUide 
Tutonal 
WebExplorer 

e 

Defin ing course study modes (System Model). In itial ised screen (Top). 

Partia l ly defined model ( Bottom). 
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12: Add Learning Material - screen shot and class interface 

Add leMnon Material 
Course Struc1ure 

- )( 1 59 353 Human-Computer lnt 

- V' 1 HCI Fundamentals 

)( 2 2 L1fe-cycle Requ1re 

)( 2 3 Task desc11pl1on � 
X 2 4 Task AnalySIS. HT 

)( 2 5 Lo-fi end H1-f1 Prate 
)( 2 6 Conceptual DeS1g1 

• )( 3 PhySICOJ Design a lmpl 

• )( 4 User-centred Des1gn & 
• )( 5 Other Issues 

Keyldeos 
LectureNotes 
L1broryExp lorer 
SludyGu1de 
Web Exp lorer 

unit docAddlearningMaterial ; 

i nterface 

uses 

Delete 

Update 

Author's File System 

I !El c [system] 

E'? C \  E') VLM_RepoSitory 12:7 Teochers 
LJ Evoluot1on 

MvLectureNotes html 
MYLectureNotes_2_ 1 htrn l 
sOOtOOcst �1 
[ ] 
[ ]  
[Evaluation] 

jMyAss1gnment_ 1 _2 doe 

Learmnq Cam onents 
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Windows, Messages, SysUtils, Classes, G raphics, Controls, Forms, Dialogs, StdCtrls, ComCtrls ,  
Buttons, lmdcompo, lmdclass, lmdnonvS, ExtCtrls, F i leCtrl, vlaSystemTreeManager, 
vlaResourceManager, vlaFi leManager, vlaComponentlist, lmglist, vlaFolderManager; 

type 
TAddlearningMaterial = class(TForm) 

vlaFolderManager1 : TvlaFolderManager; 
procedure FormShow(Sender: TObject); 
procedure btHelpCi ick(Sender: TObject) ; 
procedure btExitCi ick(Sender: TObject) ; 
procedure TreeViewCiick(Sender: TObject) ; 
procedure FormCiose(Sender: TObject; var Action: TCioseAction); 
procedure lbxNodeViewCiick(Sender: TObject); 
procedure btAddResourceCiick(Sender: TObject) ; 
procedure Button 1 Click( Sender: TObject); 
procedure FileManagerSuccess(Sender: TObject) ;  
procedure btDeleteCi ick(Sender: TObject) ; 
procedure FileManagerFailure(Sender: TObject) ; 
procedure btUpdateCiick(Sender: TObject); 
procedure btKeyldeasCi ick(Sender: TObject) ; 
procedure btSelffestCiick(Sender: TObject); 
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procedure btUpdateStatusCiick(Sender: TObject) ; 
procedure vlaFolderManager1 Fail ure(Sender: TObject) ; 
procedure vlaFolderManager1 Success(Sender: TObject) ; 

private 

public 

end; 

courseTree: TSystemTreeManager; 
res Man : TResourceManager; 
section, topic: integer; 
virtuaiFi le :  string ;  
selectedTopic:  string;  
studentOnly:  TComplist; 
noSpecia i Di rComp: TComplist; 
speciaiWriteComp :  TComplist; 
basicComp:  TComplist; 
add lmage: boolean ;  
imageFile: stri ng; 
statusDefaultsProcessing: boolean; 
resourceUpdated: boolean ;  
function folderSelected : integer; 
procedure addFolderResource( component: string ) ;  
procedure addStartUpFile( vi rFile, startFi le: string ) ;  
procedure createCourse Tree; 
function isSection( tnode: TTreeNode ) :boolean ;  
function isTopic (tnode: TTreeNode ) :  boolean ;  
function contains (tparent,tnode: TTreeNode) : boolean; overload; 
procedure loadComponents; 
procedu re parseTopic (title :string) ; 
procedure addResource(component: string) ; 
function getSuffix(fi lename: string): stri ng; 
function getComponent(lbx:TListBox) : stri ng; 
procedure deleteResource; 
procedu re updateNodeView; 
procedure loadStudentOnly; 
procedure loadNoSpeciaiDirComp; 
procedure loadSpeciaiWriteComp; 
procedure loadBasicComp; 
procedure updateTopicStatus ( sect, top: integer ) ;  
procedure updateCourseTree; 

procedure addSpeciaiDirRes( virFile, auFi le,  component: string ) ;  
procedure addSpeciaiWriteRes ( virFile, component: string ) ;  
function getStartFile( component: string ) :string; 

procedure set lmageFile(imgFile: stri ng) ; 
function getVirtuaiFi le:string;  
function getSelectedTopic: stri ng;  
procedure getSectionTopic(var sect, top: integer); 
{copy all updates of course material to the Respository archive} 
procedure updateCourseArchive; 
procedure in it ial iseForm ; 

var Addlearn ingMaterial :  TAddlearningMateria l ;  

implementation 

uses vlaSystemDictionary, auCourseModeiEditor, auSelect lmageDig, auAddSelfTest, 
vlaSystem Util it ies, au lndexFi leDig; 

end. 
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J1:  Handy Hints sheet 

Confused? 

If you become confused whi le using Massey Extramural, keep these options uppermost i n  your mind: 

1 . Get help by pressing F1 or by clicking on the Tutor (Help) icon on a component, and read the tips on 

using that component. 

2 .  Open t h e  Desktop Menu by right-cl icking with the mouse o n  the desktop (background screen) . This 

m enu provides access to many of the additional tools you need to complete a task. 

3. Open the Course Explorer from the Desktop Menu. You can shift to any topic or any study mode in 

the course by selecting it i n  the Explorer. 

U se of the mouse 

1 .  Click m eans hold the mouse pointer over the screen object and press the left-hand button on the 

mouse. 

2 .  Right-cl ick m eans hold the m ouse pointer over the screen object and press the right-hand button on 

the m ouse. 

3 .  Double-cl ick m eans hold the m ouse pointer over the screen object and press the left-hand button on 

the mou se twice in  quick succession. 

4. Select text in  a document by placing the m ouse pointer at the beginning of the text to be selected , 

hold down the left-hand button on the m ouse and drag the pointer to the end of the text to be 

selected . The selected text wil l  be highl ighted on the screen. 

5 .  Select an item in  a l ist b y  cl icking anywhere o n  that item . The selected item wil l b e  highl ighted on 

the screen. 

Use of keyboard shortcuts 

The following  key board shortcuts can be used wherever appropriate throughout the system . 

1 .  Help (F1  ) . Click on a component to select it (the bar across the top turns blue). Locate the F1 key 

(somet imes labelled "Help") i n  the top left-hand corner of the keyboard, and press it down firmly to 

access the help page on the selected component. 

2. Copy (Ctri+C). Select the text to be copied with the mouse. Locate the CTRL key in the bottom left­

hand corner of the keyboard. While holding the CTRL key down, press the C key. 

3 .  Paste (Ctri+V). Cl ick the position for the text t o  b e  pasted with the mouse. Locate the CTRL key in the 

bottom left-hand corner of the keyboard. While holding the CTRL key down, press the V key. 

4 .  Cut (Ctri+X). Select the text to be cut with the mouse. Locate the CTRL key i n  the bottom left-hand 

corner of the keyboard. While holding the CTRL key down, press the X key. 
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J2: Initialisation (Scenario 1) 

{I n this scenario you set up  the course software for your personal use, and fami l iarise yourself with three of 

the most important features of the system - the Course Explorer, the Desktop Menu,  and the Help 

system.}  

1 .  Cl ick the Massey Extramural icon on the Desktop. The Windows Desktop i s  replaced by the Massey 

Extramural Desktop. You are presented with a Logon screen which welcomes you to the 1 59 .353 

Human-Computer I nteraction course, and prompts you to enter a username and password. 

2 .  Enter your assigned username and password (Use your username without any capital letters as the 

password). 

3 .  Confirm your password by re-entering it . 

4 .  C l ick the OK button (or h i t  ENTER) .  You are now asked to  confirm your username. 

5 .  C l ick OK. You are now presented with a screen which requests additional information the system 

needs to run Massey Extramural on your machine. 

6 .  C l ick the O K  button o r  hit ENTER to accept the default computer settings. 

7 .  C l ick O K  again to confirm your setti ngs. You are now presented with the Desktop Help screen 

providing an overview of Massey Extramural. 

Open the Cou rse Explorer 

8 .  After reading the overview close it by  clicking on  [R] .  You a re now presented with the  Course 

Explorer. The Course Explorer is set to the start of the course. 

9 .  C l ick o n  the Help (Tutor) icon. A page opens outlining the features of the Course Explorer. After 

reading this, click on [R] to exit Help. 

1 0 . Now try pressing the E1 key on the keyboard . This wil l  also access Help. In general ,  you can open a 

Help screen for any component by using the mouse to click the Tutor icon in the right-hand top corner 

of a component or by pressing the F1 key on the keyboard 

1 1 .  Exit Help as before by clicking on [R]. The system closes most components for you when you move 

around in the course. Any component that you can close yourself wi l l  have [R] in the right-hand top 

corner and possibly also a Close button 

1 2 .  Use the mouse to explore the Course Tree. The left side of the Course Explorer d isplays the 

contents of the course. If  you cl ick on a [+] sign to the left of a section it will expand to show its topics. 

If your click on a [-) sign next to a section , its topics wi l l  be hidden. The coloured squares next to each 

item in the contents indicate the status of that part of the course: RED means you have not yet 

attempted it, AMBER that you have attempted but not completed it, and GREEN that you have 

completed al l  the material with in it. 

1 3. Select Topic 1 .3. Note how the top right-hand box changes to d isplay i nformation about the currently 

selected topic. The bottom r ight-hand box changes to display the avai lable study modes for the 

selected topic. 
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1 4. Select Topic 1 . 1 .  Select TextBook Mode. 

1 5. Click on the OK button. The Explorer component closes and the components of the Text Book Mode 

open at Topic1 . 1 .  Note that the Desktop also displays the course title; the current section, topic and 

topic title ;  and the current study m ode. 

Access the Ad m i n istration G u ide 

1 6. Right click ( i .e. use the right-hand button o n  the mouse) o n  the Desktop a n d  a Menu o f  options pops­

up. This Menu provides a means of accessing general learning aids and other features available in 

any study mode. 

1 7 . Select Learning Aids with the mouse. 

1 8 . C l ick on Admin istrationGuide. A screen opens displaying the Administration Guide which provides 

detai ls of the requirements for com pleting the course. 

1 9 . F ind out who the teaching staff for this paper are. 

20. Cl ick on the I:RI in the top right-hand corner to close the Guide. 

2 1 . Open the Desktop Menu again and click on Exit. A box appears asking you to confirm that you wish 

to exit the course. 

22. C l ick on Yes. A box appears asking if you wish to backup your work. 

23.  C l ick on No to exit Massey Extramural .  

<End of in itial i sation scenario> 
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J3: Start-up, browse the Study guide (Scenario 2) 

(Prerequ i site: Ensure the computer is connected to the university) 
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{ In  this scenario you access the Study G uide, change study modes, and famil iarise yourself with two of the 

tools for supporting your learning in any mode.} 

Log on 

1 .  Launch Massey Extramural 

2 .  Enter your username and try "1 234" a s  password. 

3 .  Enter your correct password and continue. A User Options form appears offering a number of 

choices. 

Browse the Study G u ide 

4.  Use the Course Explorer to navigate to Section 1 .2 of the Study Guide (Textbook Mode) . (Click the 

Help icon if  you need guidance) . 

5 .  Open your Student Notes. 

6 .  Browse the  Study Guide for a few m inutes. F ind  the paragraph on  " I nteraction Paradigms". 

7. Copy the paragraph on " I nteraction Paradigms" into your notes. 

8 .  Close your Notes. When prompted, save your changes. 

9. Each item in Key Ideas represents a key concept or learning goal for th is topic in the course. The face 

to its left indicates the status of th is concept: RED, means that you have not yet demonstrated an 

understanding of this concept, AMBER, means you have indicated partial understanding, and 

GREEN,  a good understanding. 

1 0. Open Course Explorer and double-click Lectures in Study Options. You are now in Lecture Mode. 

The same Key Ideas and Student Notes can also be accessed from here. 

1 1 .  Open Key Ideas and Student Notes using the Desktop Menu. 

1 2 . Exit Massey Extramural .  Do not backup your work. 

<End of start-up and browse scenario> 
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J4: Work on an A ssignment (Scenario 3) 

( Prerequisite: Ensure the computer is  connected to university) 

{ I n  this scenario, you fami l iarise yourself with the aspects of the system for communicating and 

collaborating with others, and practise copying and pasting data between components.} 

Log o n  

1 .  Launch Massey Extramural.  

2. Enter your username and password. 

3 .  Return to where you left off i n  the course previously. (Cl ick the Help icon if you need guidance). 

Access a n d  print y o u r  assign ment 

4 .  Use the Course Explorer t o  change to the Practice mode. 

5. This is only a practice assignment. Use the Course Explorer to search the topics in Section 1 for the 

Assignment study option. O pen it . 

6 .  F ind the  section of the  Assignment requiring you to  produce a PowerPoint simulation.  Copy this 

section to your Student Notes. 

7 .  I n  the  Assignment Work Space enter your username on the  cover sheet. 

8 .  You wil l  submit your assignment b y  mail .  Print the Assignment cover sheet. 

Discuss the assign ment i n  you r  g roup 

9 .  C hange to  Group Work m ode. (Each student is  assigned to  a workgroup with whom you col laborate 

on assignments and other tasks.) 

1 0. Press the E.1 key . Read the Help page. 

1 1 .  Find out where your group leader works. 

1 2 .  Update your m essages. This wil l  take a few m inutes. Be sure to wait until the process is completed 

before continuing. 

1 3. View All you r  new messages. 

1 4. Delete the Welcome message from Chris . 

1 5  . .B.!m!Y. to your group leader's query. C . C. a copy to members of your 9!:Qill!. Send this message Later. 

C lose All New Messages. 

1 6. Open Student Notes. Use the m ouse to select (highl ight) the section on the Power Point simulation. 

Use CTRL +C to copy this section (Hold down the CTRL key and then press the C key) . 

1 7 . Use CTRL +V to paste this into a new message to Chris. Ask Chris what he means by this. C .  C .  a 

copy to a l l  m embers of the class. Send this message now� 

1 8 .  Exit Massey Extramural .  Do not backup your work. 

<End of Assignment scenario> 
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J5: Access a Lecture, Ask for Learning Support (Scenario 4) 

(Prerequisite: Ensure the computer is connected to university) 

{ In this scenario, you access a video presentation, seek support in understanding one of the concepts 

raided in the lecture, and then evaluate your understanding of these concepts.} 

1 .  Log on to Massey Extramural 

2 .  Use the  Course Explorer to navigate to  the  lecture at  Topic 1 .2 . (Cl ick the  Help icon or  press E1 if 

you need guidance) . 

3. Load and start the lecture (For this tria l  it is only a sample clip .  In a real situation you would follow the 

presentation with the help of the slides contained in Lecture Notes. ) 

4 .  Use Desktop Menu t o  open Key Ideas . This is the gateway to Extramural Support. 

Getting help  with Key Ideas 

5. You are confused about "metaphor". Select this concept and open Extramural Support. 

6 .  Press E1 and read the  Help page. 

7 .  Ask Extramural Support to  explain "metaphor". 

8 .  RETRY for further information. 

9. Response is inadequate. Cl ick NO. 

1 0 . ASK the tutor for more information on "metaphor". 

1 1 .  Open the Concept Map 

1 2 . Select the related item "conceptual models" there. 

1 3. Ask Extramural  Support to explain "conceptual models". 

1 4 .  RETRY. 

1 5 . C l ick NO . 

1 6 . Exit Help . 

Self Assessment 

1 7. You decide to register how well you understand Topic 1 .2.  Note the colour of the icons next to each 

concept in Key Ideas . .  

1 8 . Find and start the Self-Assessment questionnaire. Give a range of responses over the  questions. 

Rate "metaphor" and "conceptual models" as poor. 

1 9. Update Key Ideas . Note the changes to the colours of the faces to the left of the concepts. 

20. Open the Course Explorer. Note the changed colour at Topic 1 .2 . 

2 1 .  Change study mode to Group Work. Update your messages. Wait until the process is complete before 

continuing.  

22.  Exit Massey Extramural. Do not backup your work. 

<End of Lecture and Ask for Help scenario> 
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J6: Monitor group discussion, get assignment feedback 

(Scenario 5) 

(Prerequisite: Ensure the computer is connected to university) 
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{ In this scenario you use the internet to update your course material and messages from the un iversity.} 

1 .  Logon to Massey Extram ural . 

U pdate course m aterial 

2 .  From User Options ,  select the  option for updating your course material and  click OK.  

3 .  C l ick the Help icon and read careful ly the instructions for updating your course material from the 

I nternet. 

4 .  When you are clear how to proceed, close Help a n d  click O K .  A screen appears from where you wil l  

"unzip" ( unload) m aterial received from the university. 

5. C l ick UNZI P .  Wait for the unzipping process to complete. 

6 .  C l ick CLOSE. Wait for the updating process t o  complete a n d  return you t o  User Options. 

U pdate your messages 

7 .  Navigate t o  Topic 1 .3 i n  G roup Work mode 

8 .  Update your messages. Wait for the process to com plete before continuing. 

9. Read a l l  the new m essages you have received. 

1 0. C lose All New Messages. 

1 1 .  Find and open Assignment mode again . 

1 2 .  Check your grade. 

1 3. Exit Massey Extramural .  Do not backup your work. 

<End of monitor scenario> 
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J7: Exploring a Topic (Scenario 6) 

(Prerequisite: Close the connection to university, so that you can access the Internet automatically) 

{In this scenario you will explore learning resources on the Internet .} 

Log on 

1 .  Log onto Massey Extramural .  

2 .  Return to  where you left off in the course last t ime. 

Explori ng the I nternet 

3. Change to Exploration mode. You are presented with two components: 

Explore the Web; and 

Explore the Library. 

4. Use the Desktop Menu to move to Topic 1 . 1  
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5. Cl ick Explore the Web. A screen opens contain ing a web page viewer, a l ist of web page references 

and a workspace for you to enter notes. 

6. Choose the Usabil ityFirst item in the l ist and click GO.  Wait for the web page to load. 

7 .  You find the page unhelpful Click DELETE and the l ink is deleted from the web references l i st. 

8. C lose the com ponent. Save your changes. 

9.  Use Key Ideas to search for help on "Usabil ity adoption by industry". 

1 0 . Ask ''Where do I find more on usabi l ity adoption by industry?" RETRY unti l no additional information is 

available. 

1 1 .  C l ick COPY and then EXIT. 

1 2 . C l ick on the Explore the Web option again.  The web references l ist wil l  now include the additional 

references you located through Extramural Support. 

1 3 . Go to the Bad Designs item you located through Extramural Support. Copy a paragraph to your 

notes, and then close the component. 

1 4. Open your Student Notes . Your new notes have been added. 

1 5 . Try the Explore the Library option. This l i nks you to the Massey University Library web site where you 

may search for and borrow many books relevant to the course. 

1 6. C lose the com ponent. 

<End of Ex�oring scenario> 



Append ix J 404 

JB: Completing an interactive tutorial (Scenario 7) 

{ In  this scenario you try the option of learning through an  interactive tutorial .} 

1 .  Yesterday you had d ifficulties with Topic 1 .2 ,  especial ly "metaphors" and asked for help from the 

course tutor. Today you decide to look at the topic from a new angle. U se Course Explorer to 

navigate to Topic 1 .2 and select Tutoria l .  

2 .  Open Key Ideas. Select "metaphors" again and re-explore the available help. Note the  update of 

Extramural Support. The course tutor has responded to your request for extra help on this concept 

3. C l ick OK and then EXIT. 

4.  Launch the tutoria l .  Explore its features . 

5. Close the tutoria l .  

6 .  Update the Self-Assessment. Rate yourself with a good understanding of al l  concepts. Update Key 

Ideas and note the changes. 

7. Use the Desktop Menu to move back to Topic 1 . 1 .  No tutorial is available here. 

8 .  Com plete the  self-assessment for Topic 1 . 1 . Check the  status updates in Key I deas and Course 

Explorer. 

9. Exit Massey Extramural .  Do not backup your work. 

<End of Tutorial scenario> 
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K1: Information sheet for participating volunteers 

What is the study about? 

RESEARCH PROJECT ON COMPUTER-BASED 

DISTANCE LEARNING 

IN FORMA T/ON SHEET 
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This experiment is investigating a potential m eans for delivering university-level distance education as an 

alternative both to traditional paper-based correspondence courses and to computer-based systems which 

require fast and rel iable I nternet service to work. We are testing the viabil ity of what we call the Virtual 

Lea rning M achine as a m ethod for delivering computer-based courses that works as well in remote 

districts as it does in the cities. Thi s  is why we are carrying out the experiment at Akitio. 

Who is conducting the study? 

The study i s  being conducted by Russell Johnson as a part of h is  Ph.D. research at Massey University. 

The research supervisor is Associate Professor Elizabeth Kemp from the Institute of I nformation Sciences 

and Technology, supported by Associate Professor Ray Kemp from the I nstitute of I nformation Sciences 

and Technology and Mr. Peter Blakey from the College of Business, at the Turitea Campus of Massey 

University in Palmerston North.  (See contact details at the end of this document.) 

What will participants do? 

The experiment wi l l  be held at Akitio School. You wil l  complete a short questionnaire summarising your 

previous computing experience. You will then be asked to complete several tasks using the VLM program 

over two sessions of up to an hour each. Fol lowing that I will conduct a short i nterview with you to gather 

your impressions of the experience. 

By agreeing to take part in this study, you wil l  be g iving perm ission for me to analyse your data for these 

tasks as part of this PhD experiment. 

How much time is involved? 

I expect that participants wil l  spend 2-4 hours on the experiment. This will i nvolve two sessions spread out 

over a week. 

What will happen to the information? 
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The results wi ll be anonymous, and wi l l  be used only for the purpose of th is  study. The results wi l l  be 

publ ished in the researcher's PhD thesis, and in addition may be publ ished in professional journals or 

conference proceedings. A brief report of the init ial results wi l l  be sent to every participant who is  

i nterested . When the research is completed , the raw data wil l  be held securely for a suitable t ime period, 

and then destroyed . 

Summary of your rights 

While participating in  this research project you have the right to: 

refuse to answer any particular question 

withdraw from the experiment at any time 

ask questions about the experiment at any time 

provide infonnation on the understanding that your name wi l l  not be used 

receive a summary of the findings from the experiment when it is completed 

If you have any questions or concerns about the experiment, or would like further i nformation about the 

experim ent , please contact any of the people whose names appear below. 

Contact details: 

Researcher: Russell Johnson 

Institute of Information Sciences and Technology 

Tel 374 3898 Emai l :  R. S.Johnson@ma ssey.ac. nz 

Principal Supervisor: 

Or E. A . Kem p 

Institute of Information Sciences and Technology 

Tel :  350 5799 x 2469 Email: e . kemp@massey. ac.nz 
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K2: Questionnaire for participants 

Participant Profi le 

1 .  Username: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2 .  G ender (circle one): Female I Male 

3 .  Are you currently studying at university or polytechnic level? (circle one) Y I N 

4. If not, have you studied at university or  polytechnic level? (circle one) Y I N  

5. Major subject . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

6 .  Have you ever studied by  correspondence ( extramura l ly)? (circle one) Y I N 

7. Com puter usage. 

In what year did you first use MS Windows? . . . . . . . . . . . . . . . . . . . .  . 
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In a typical week, how many hours, including work and leisure use, would you spend at a 

com puter? 

Now please detail how many hours per week on average over the last year you have used 

com puters for the following tasks, by circl ing the appropriate num ber. 

Write and send emails 

Browse the interne! for news/information 

Write letters or reports with a word processing program (e.g.  

Word, WordPerfect, MS Works, etc . )  

Keep accounts a n d  budgets. with a spreadsheet program 

(e.g.  Excel, Lotus 1 23, etc.)  

For your own u n iversity or polytechnic studies 

To help others( e.g.  you r children) with their education 

Other (please indicate) 

. . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  

0 

0 

0 

0 

0 

0 

0 

0 

E N D  OF QUESTIONNAIRE 

(Hours per week) 

2 3 4 5 or more 

2 3 4 5 or more 

2 3 4 5 or more 

2 3 4 5 or more 

2 3 4 5 or more 

2 3 4 5 or more 

2 3 4 5 or more 

2 3 4 5 or more 
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K3: Outline for semi-structured interviews with each participant 

(Each participant i nterviewed at the end of each session) 

Day 1 

1 .  Go through each scenario ( I nitialise, Start-up, Assignment, & Lecture) using the written guide. Were 

you able to complete? Did you have any difficulties? Where? Major/minor? 

2. Today you carried out a number of computer tasks, including 

Set-up  a complex computer program on your machine 

Searched the computer di rectory system to find the correct programs to run 

Opened files for those programs 

Browsed web pages 

Created a document, edited and saved it in a word processor 

Printed a document 

Received , composed and sent messages across the internet 

Manipulated multimedia files 

Updated a database 

"Talked" with interactive software 

Were you aware you were doing these things? Have you done any of these things on your own computer 

before? Did you find it harder/easier with this special-purpose system? 

3. What aspects of Massey Extramu ral did you l ike compared to doing things with your own computer? 

4. What aspects of Massey Extram ural did you not l ike compared to doing things with your own 

computer? 

5. What things would you l ike to see added? 

6.  What things would you l ike to see removed? 

Day 2 

1 .  G o  through each scenario (Monitor, Explore, Tutorial) using the written guide. Were you able to 

complete? Did you have any difficulties? Where? Major/minor? 

2.  Today, i n  addition to those you carried out yesterday, you have completed a number of new computer 

tasks, i ncluding 

Transferred data files from a remote computer to your computer 

Synchronised a database on your machine with a database on a remote computer 

Searched a database for information on a particular subject 
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Searched for and located a web-site on a particular subject 

Worked with an interactive software programme on a remote computer 

Were you aware you were doing these things? Have you done any of these things on your own 

com puter before? Did you find it harder/easier with this specia l-purpose system? 

3 .  What aspects of Massey Extramural d id you l ike compared to doing things with your own computer? 

4 . What aspects of Massey Extramural did you not l ike compared to doing things with you r  own 

com puter? 

5 .  What things would you l ike to see added? 

6 .  What things would you l ike to  see removed? 

7 .  Do you feel able to  use the  system by  yourself now? 
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K4: Interviews with participants 

First Interview with User 1 ,  1 3/1 0/03 

Q: What I want to do is ask you just to go through your experience working through the scenarios. Were 

you able to complete initialisation one? 

A: Yes 

Did you have any difficulties? 

No. 

Q: That was the one we went through together. The second one that we went through together was Start­

up and Browse. Did you have any difficulties with this? 

A: Yes 

Q. Was there anything that you got caught up on? 

A: No. I d id m ake a mistake, but I was aware that I had made a mistake. lt was just about how to go back 

and fix my mistake. lt was step 5, Open your student notes . I had skipped that and gone into the notes and 

when it became tim e  to put it into your student notes I realised that I hadn't opened it and that there was 

nowhere to put it. lt wasn't a problem lt was just a matter of sitting and thinking where I had to go back to 

and starting from there 

Q: The next scenario is where you were working it through on your own. I understand we had a couple of 

technical problems with the computer .. You should try to put that aside. But if it was a problem anywhere 

you should mention that. Were you able to complete the assignment scenario? 

A: Yes 

Q.· Did you have any difficulties? 

A: No. And I thought there, especially when it asks you to click on Help at the start, to read about how to 

go about it. Say if you go down to discuss the a ssignment and you go click F1 and read the Help page. 

Well, there you didn't need to commit that to memory either, because I knew then that if I had problems I 

could still go back to that, which I d id .  So I had a quick flick, then felt confident enough to go on. And then 

when I did need to check some things, then F 1  and it was very easy to follow and go about it, especially 

l ike when we went i nto the Group work mode and then I had to find out about the lecturer. I didn't real ly 

look at how to do that .  I just knew that when I go to something I didn't know then F1 and it was there. And I 
found it very easy. Quick, too. The fact that I didn't have to read a l l  that and commit it to memory. Just, 

Hey! F1 will help me when I have got a query. lt was very straightforward . 

. . . Down at Step 1 5 . Close All New Messages. T hat was where it did take me a couple of "figuring it outs" 

because in the other things, there is no Close in them , and you know I figured I had to go to (All) New 

Messages to get that close button because the others didn't have close on them so I just whipped along 

the bottom there to have a look to see where my close option was because there is  no X, but there on New 

Messages I saw C lose, 

But you would have preferred to have seen the X on that one as well? 
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Well. If it's not going t o  alter anything,  I think it would be easier. Because otherwise you are opening up 

new fields that m aybe you don't have to open up. Like that New Messages. l t  says View All but then you 

have to open up Al l  New Messages 

So you actually did the delete and reply from with All New Messages and then you closed that, you had to 

close that to go back to the part of the course you were in . . .  

. . .  because then I had to g o  back to Student Notes and then add that message in .  lt took m e  a m inute or 

two to figure out how to close it. I went along each icon [button] to see what they had in them . As soon as I 

saw Close I knew I was on the right track then . . .  

And, any other difficulties . . .  

That was where there was a technical difficulty [in which a n  image from a previous screen stayed on 

screen], so I could not see what I was typing . .  But then, after I completed that task and did my next click, I 

could see m y  message. So it was working beh ind it , I just cou ldn't see it .  So I had to rely on the fact that it 

was going in .  

Yes that was unfortunate it was a question of  the {memory} capacities of the computer. So then you 

accessed the lecture and the learning support system? 

Yes. 

How did that go? 

Good. Again .  F 1 , Help page. I think by that stage I had figured out how to use this so I didn't really need 

the F1 . There were only three choices there anyway so it was pretty much straightforward . You've got 

Retry, you've got your Ask underli ned here [in the scenario] . . .  what you needed to use. So it was quite 

straightforward. I think that [scenario] 4 was easier than 3 .  Then, I know I wasn't supposed to, I did 5, 

which was also easier than the 3 .  I think it got easier. Whether that was because I had figured out how to 

do it I am not sure, but I found 4 and 5 easier than 3 to be quite honest . .  

I think that is very likely because there is a learning curve with this like with anything. But there are only a 

few basic moves with this system, and once you have got those it will be interesting to see when you do 

the next part tomorrow, whether you fly through or what have you. Another way of looking at what we 're 

doing today . . .  

You know with your ticks down there at the bottom. This is on access the lecturer, about the metaphor. Do 

you remember the Retry's ,  the  tick for the  OK's, so  there i t  could be F1 that I had  to  look at. l t  took me a 

couple of seconds to figure out that I had to tick everything.  So you know how when you have got, you 

have to click No or something,  there was one there that in particular that it wasn't showing up as an option 

unti l  I cl icked on that tick box, then they all come up again. But that was again straightforward. You know 

why isn't this showing up it 's a process of el imination basical ly. If I tick that . . .  But I was a little worried that 

if I tick that box I was going to exit out of it [Extramural Support] , but no I figured after I had ticked it once 

that No. obviously you stay in there. And all those options com e  up . .  

What you're doing with all those buttons is that you are having a dialogue with the system - you give them 

a question and they give you an answer and you give them a response and they give you another 

response and that interchange is going on . .  

And again i t  i s  one o f  those th ings that once you have used i t  once, you know what that tick box is  for, as 

you say, it is like a sentence, it 's like a ful l  stop to me. I have finished doing that and then . . . .  
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Fine. We 'll come back to some of those things . . .  This extramural /earning prototype is a simplified system 

computer-wise, but it is not the same thing as a simple system because the tasks are quite complex. In 

fact I will just go through a number of the things which you actually did computer-wise today. You set up a 

complex computer program on your machine, you searched the computer directory system to find the 

correct programs to run, you opened files for those programs so they could run; you browsed ,  you created 

a document, you edited and saved it on a word processor, you browsed web pages, you printed a 

document, you received composed and sent messages across the internet, you manipulated multimedia 

files, you updated a database and you "talked" with some interactive software. My question on this is: were 

you aware your were doing these things? 

Some, but not a l l .  

Like which? 

Like right back at the start you were creat ing and. I was aware I was talking to the com puter obviously 

because I was getting  replies and reading what it was doing.  Printing a document was straightforward. 

Right at the start. Yes I wouldn't have gathered that it was a complex computer program .  lt seemed too 

easy to be doing that to be quite honest. If  you told me that you wanted me to create a complex program, 

then I would have panicked straightaway. 

Yes, because the system is doing most of the work for you. But have you done any of these things on your 

own computer before ? 

A l ittle bit. But not everyday. As you say it is pretty wel l done for you. I mean:  Type in what you want and 

here it all comes sort of thing.  So you are not real ly searching the same way . For exam ple, if I am using 

Encarta or something, I don't really have to do much at a l l .  If I want to find out about Botswana, then type it 

in and bang, it all comes up. So different. 

Yes the way the system is set up it is to keep uppermost what you have to do rather than how you have to 

do it. So you are opening a tutorial, not a particular piece of software . .  Did you find doing these things 

harder or easier with this system than when you have done it before ? 

I 'd say easier . And the fact that you have highl ighted the keys that you need to use. And sti l l ,  on that 

keyboard I don't think that I know all the controls when it comes to using it for Microsoft or something l ike 

that. There's so many . .  hold two keys down to do this or that and that's not clearly explained. But as you 

have set it out this key wi l l  do this and this key this. And its again remembering what key wil l  do what task 

but there is only th ree to choose from. If one doesn't work we go to the other one and pretty m uch 

eliminate each key and one of them wi l l  get you to where you want to go. So I th ink easier to be quite 

honest and,  once you get the hang of it, very straightforward as to how to do it. As I say again to go from 

activity 1 to 5, I felt a lot more confident as I went and I didn't need to use the F1 or the little lecturer to help 

me so m uch because I could figure it out myself. 

OK. So .. What do you like about this extramural system, what aspect of it, compared to doing things with 

your own computer? 

lt is pretty m uch , what would you say, standardised . Because you are using the same three keys for every 

area. So you go i nto a new area and these three keys are appl icable. Whereas if you go into different 

things on say your normal  computer, well sometimes this for that and that is for that, and that and that . .  it's 

not l ike a standardised . . .  

So it's the consistency across the whole thing . . .  
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Yes. 

Was there anything else that comes to mind? 

Well ,  I'd call it user-friendly . The instructions are pretty wel l . .  I think the Help,  the Handy Hints are great, 

because it's all there for you and anything you need to do is on the Handy Hints. So I would suggest that if 

I had that at home as an extramural student, well, you can't go wrong. I feel quite confident that I have got 

it a l l ,  so it's l ike my Help Phone number. Whereas with my own computer here, I have had problems and 

rung up  and that was six m onths ago and I still haven't had a reply and now they have gone under, the PC 

Com pany, so I 'l l  never f ind out why the machine was doing these things. 

What about aspects that you didn 't like compare to doing things with your own computer? 

Nothing really. You have got to think while you are doing it, which is not a bad thing. Whereas with 

Microsoft Word it's just word, font, type .. basical ly .  Other than that I am not using my computer in the same 

way here [ when working at school]. I'm not using it as a learning tool .  it's more of a processing tool . . .  it's 

d ifferent for me, because I just have to make sure that the information is on that computer for the kids to 

access it, and show them how to get it. Whereas here I have got to think because it is something new. But 

again, once you get the hang of it, it would be straightforward. 

So if I understand you, you are saying that you havenY really used a computer for a task so broad . .  

Well one . .  something different and someth ing which I have had to  think through step by  step to  do. 

Because there are actually many tasks aren 't there ? From a computer point of view, it is just about 

everything that you would normally do separately . . .  

There a couple of bits of language i n  the scenarios. , I ' l l  find it exactly: Find and open Assignment mode 

again. Like what do you mean again. But I thought. I will go find this and I found it. But I had a quick look 

back and Where's Assignment Mode, and it wasn't on here, except for when I printed that . . .  But it actually 

wasn't too hard to find . So I thought it was quite good that I could do that, from only spending half an hour 

on it, now I can find m ost things on there. 

Anything you would like to see added from that first experience? From the point of making it easier to use? 

The only thing where I did panic, well not panic, I knew that I had to rethink about how to keep out of 

somewhere and I knew that I had to go back but there was no way to go back except exit completely, but I 

needed to go one step backwards. 

in the scenario . . .  

Yes . But then again .  If I thought about them I think that I went into the Course Explorer and that helped me 

through to where I wanted to go But a couple of times I wished there was a back key so I cou ld just go . . .  I 

know there is one, but it didn't come up as an option . .  

lt's not a back key in the sense that you are talking about . . .  

No. Just can I g o  back t o  m y  last move. Because you pretty much know when you have gone too far the 

wrong way, but it's not until you get there that you rea lise that Hey . I shouldn't have gone there. But I didn't 

want to exit and have to start al l over again. 

Yes. If you exit you will always come back exactly to where you were unless you choose not to. The way to 

go back is through the Course Explorer as you discovered. 
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As you say it took me exactly where I wanted to go. But I was wondering there whether this is going to 

remove where I am ,  that is, take it off the screen. With those technical things [in which previous screens 

were not closed properly by the computer] I was beginning to wonder is this supposed to stay like this or is 

it something I have done? I didn't real ise it was technica l .  I thought. Am I doing this wrong? And backing 

up all these screens. I did wonder because I had followed the instructions. Is it supposed to stay l ike this? 

Anything you would like to see removed? 

No. 

<End of first interview with User 1> 

F i rst interview with User 3,  1 3/1 0/03 

Want I want to do is go through those scenarios one by one and just get your impressions. Were you able 

to complete the first scenario ? 

Yes. That was all pretty basic 

And the second one which I had also gone through ? 

Yes that was fine. 

So we 'll go to the third one which is the Assignment one. Did you have any trouble, did you get caught up 

on anything there ? 

Not on this one. Just waiting for it to stop fetching messages [because "fetching messages" message was 

not cleared from status bar after process was completed] . No that was al l pretty fine, that was all pretty 

easy actual ly. Putting in  your cc it was al l in there, everything was there for you. 

Did you find you needed to refer to the Help at alf? 

Yes, I did actually . Just to get a handle around things l ike cl icking on a person to find out where they were 

from and things l ike that. 

OK You found that one quite straightforward. And what about this fourth one? 

That was good. Although I did have to go into the Help when it said to open the Concept Map. And then it 

said to select the related item . And here I was clicking on the actual word and it  wouldn't work. So I went to 

Help and it said click to the left of it, so as soon as I did that straightaway it was fine. 

And you had no other problems with it? 

No 

You haven't actually studied anything by computer before? 

No. 

If you actually sit back and look at what's covered here, . . .  you are doing quite a lot of things with that 

computer? 

Yes. Well I could see that I could use it for mine quite easily. I think. God. lt would just make it a lot easier. 
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You actually set up the software on the machine. When you click on that explorer you are looking for a 

program and a file. A lot of what you are doing is browsing web pages. You create a document, and you 

were editing, saving and printing them . . .  

The other good thing was when you log off, then, when you log back on again ,  you can go back to what 

your were doing previously. There is no need to open this, open that and go around trying to find out what 

you were doing before. lt was al l  j ust there at the click of a button. That was rea l ly  good . 

You were sending , copying, and editing emails. You were manipulating multimedia, you were updating a 

database and you were having a conversation so to speak with interactive software. How much did you 

have a concept that you were doing these kind of things? 

To start off with probably not. But because I d id  those first two twice, and when I went through a second 

tim e - as you are going through it you get more fam i l iar with it I suppose- it was easier. Just right-click and 

away I go.  l t  al l  became a lot easier just from doing those first two twice. The rest of it seemed to fit i nto 

place. O K  this is where I am going.  From your Course Explorer you go here, you go there, and if you want 

to, you can close everything down and go back to the start. 

Have you done many of those things on a computer before ? 

Cutting and pasting ,  I have. But on my keyboard I have a C ut, a Copy and a Paste key you see. Sort of 

some of it I have done before. , 

Everything you need to study your course you are doing in a special environment. Did you like it that way? 

Yes it was easier. Half the problem with doing a lot of things on a computer is  that a lot of it is just 

i rrelevant stuff, and you get sick of waiting just to get to your original stuff. I th ink that is where a lot of 

people think, I can't be bothered doing that anymore. They lose patience, because you have to go different 

ways around to do different th ings. You have to close boxes down , you've got to go back to the start when 

you log off, you've got to find your way back around again .  Whereas this is a l ot easier because you just 

close everyth ing at the same time, you don't have to worry about closing boxes here and there, and when 

you log back on, it comes straight back exactly to where you started from . lt was a lot easier. 

What was some of the things that you didn't like about the system, that you ran up against, and wished 

wasnY there ? 

No. lt actual ly  wasn't too bad. Another good thing that I learnt was click on your bars and it brought it [the 

selected window) forward. So you could move things to the foreground or to the background as you 

needed, for copying and pasting the notes, l istening to the tutor and things like that. The Help buttons were 

al l  visible, and if you didn't fi nd them , you always had the F !  button. Not that I didn't find them but the Help 

screens were good. When you went i nto Help they were pretty self-explanatory. 

And you think something along these lines could be quite useful for you own study? 

Absolutely. When I do my study I get a textbook. And I get masses of photocopies of what the tutor pulled 

out of the textbook basically and I have to sit down and go through all that. If you had it all up on your 

com puter and did i t  all that way. Emailing him . Or sending him a question . You know: What do I do with 

this Power Point th ing? That was all easy because, if I wanted to do that with my own course, I had to 

close down, hook up to the I nternet, bring up a l l  that. lt would take a long time, and that's when I think, I 

can't be bothered doing al l that . I 'l l  j ust struggle through. Whereas with this one it was right there, and you 

cou ld just easi ly do it. Your notes were just down in the side. Push that to the back and, well I ' l l have that 
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now. And push that to the front and whack it in .  lt was a lot easier and m ore specific to me, rather than . . .  

to everything. 

it's just purpose built. it 's for the one job. it's not for everything. If I understand what you were saying 

earlier, when you want to do something on your computer, there's a whole lot of things there that you don't 

want to deal with . .  

But you sti l l  have to deal with them because they are part of the software 

And so you thought this way was . .  

. . easier. Because everything you have got i n  there you obviously need . At one point o r  another you a re 

going to need everything that's there. Whereas with a normal computer, and other software, there's a lot of 

stuff that you just don't need. And to get around to doing the task that you want to do, it's harder to get 

there because you've got obstacles i n  the way. Whereas with this it's just al l  there. With the workgroup it 

came up on just that topic, things that were relevant to just that topic, rather than every single topic and 

having to weave your way through it. lt was just what you wanted to know, when you wanted to know it, 

not like other systems . .  

Of course, some would see that as a downside because you can't see everything a t  once . 

But even with that though ,  a l l  you have to do is click Exit and it's gone and you can bring up your next th ing 

. . .  So i ts easi ly interchangeable, because when you do log back on it's right there again .  You don't have to 

go back through and do everything again. 

You obviously found a couple of things like a message that was out of date, that kept you waiting. Was 

there anything else like that? Small things: ? 

I don't think so really. I didn't notice a nything . 

Anything that you thought could have been there that wasnY? Or would have helped if it was there? 

Displaying the [status] m essages better [on GroupWork]. That was the only thing . l t  was there for ages 

obviously . And I was going: Oh My God . I wondered if something had happened to the connection or 

something. l t  was st i l l  fetching messages . . .  There can't be that many m essages . .  

No. That was exactly the usability issues that I wanted you to look for. In this case it wasn't so much the 

big issue . . .  

Yes, I was getting annoyed because it was taking so long. And that's what often happens on the Internet. If  

it takes that long I just say bugger this and just close it and leave it .  

In ending, I just wanted to ask you how you found these sort of exercises as a way to learn the system? 

Oh. Real ly good actual ly .  You know because you are actually reading it and physically having to go and do 

it .  And so you can see . . .  l t  says, for exam ple, just try the F 1  button and have a look. And often I did just 

have a look to see what was in there. Yes, it was easier to do it .  And even though the content of the 

course meant absolutely nothing to me it still d idn't matter because you sti l l  got the general idea of what 

you were supposed to be doing and how it was supposed to work. 

Yes. The main test of the functionality of the system is: Can you learn with it? But we canY really test that 

in an hour on the machine. So we were really trying to find out: Can you find your way about? Can you use 

this system? Picture yourself. You are sitting at your place. You get a CD-ROM in the mail, a video and 

something like this . . .  
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The best thing is these three things here [on the Handy Hints sheet] . 

. . the Fl, the Menu and the Course Explorer? 

4 1 8  

You can refer to them at any time. And I am a great one for using the Help, because I think: There must be 

an  easier way to do this . Even just those three things there. Once you're in you can pretty much do it with 

these. They were a good help. 

Let me ask you one other thing. You went into the learning support system, and again the content of it is 

no more meaningful than the course. What did you think of that side ? Imagine you are sitting there at 

home, and you are struggling with something. How did you find this integrated approach ? You know, ask 

your group ? Ask the tutor? Linked together. Did that appeal? 

Yes it d id .  Because the help desk I have got on my one is pretty basic and often you can't find what you 

need anyway. Because if one doesn't know the word ing . . .  There's a lot of concepts that I don't understand 

and so I think what the hell 's that. In here it said "section one". What's "section"? so cl icked on the old Help 

button - oh I understand that now . . .  

<End of first interview with User 3> 

F i rst interview with User 2, 1 4/1 0/03 

The idea of the interview is that I will go through a few points and try to get a feel for how you found using 

the system. And the first thing I want to do is just go through each of these little exercises/scenarios and 

ask how you did. So "Initialise ", were you able to complete that? 

Yes. 

Did you have any difficulties? 

No. That was very easy, step-by-step, very basic. 

OK. Any other comment on it? 

No. I found it very easy . 

The second one was on starting up and browsing the study guide. Were you able complete that? 

Yes. 

Did you get caught up anywhere ? 

No. 

You didn't have any major problem with that, that you can recall? 

No. 

OK. Those two were the ones that we went through together and had a couple of goes at. 

The m ain  thing for me was remembering to right-click and bring up  the menu.  Once you have got that, 

once you remember every time to right-click and bring up the Desktop menu then it is good. 

Well, we can come back to some of those points. Now the third one was working on the assignment. Were 

you able to complete it? 
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Yes! 

Did you have a few hiccups? I know you had a technical problem with the printer [which won 't work unless 

sheets of paper are manually fed into it] . . .  

lt was more my reading the question, the instructions lt was instruction 5 that got me. I sat on that for quite 

a while. 

This was the practise assignment? 

To search the topics in section one, for the assignment. Where the option was to open it but I didn't know 

what I was supposed to do with it. I didn't real ise I was supposed to open it, check it out, and close it again. 

But apart from that, the instructions are real ly  clear, r ight down to the copying and pasting which I have 

never, ever done in my whole life. And that was probably the easiest part of the whole thing. 

Yes I think sometimes with these things, if you haven't learnt other ways of doing it then often it . . .  

it 's just so simple. I didn't real ise how simple it was . . . .  

So that was the assignment one which was number 3, where you will also doing the communicating with 

the university, or simulating that. And that went all right? 

Yep. That was fine. Apart from the problem that the welcome message that I had to delete had a lready 

been deleted [as the result of a gl itch in re-setting the computer after the previous user had finished thei r 

scenarios] . 

So then we had access a lecture and ask for learning support. Were you able to complete that? 

Yes. I was actual ly . Much to my surprise . .  

No problems with it? 

No. lt was surprisingly easy. I kept waiting for a . . . I was very focussed on the instructions. Reading them 

through a few t imes before I tried it. And every t ime I tried it, it worked and I thought .  Mmm . . .  This is too 

easy. I can't be doing everything right . .  There must be something I am doing wrong. But it worked . l t  was 

real ly good . 

Yes. I noticed that you ripped through that one quite fast actually. 

Oh. Honestly . . .  I understood want the instructions were and so I did it. 

Did you find it got easier as you went along? 

Yes. Because you . .  I bel ieve I got the feel of the menu.  And when it says go to the Desktop Menu to Key 

Ideas, I knew . .  by the time I got up to the fourth [scenario) . I knew exactly where it was. lt wasn't a 

problem . But the Concept Map . that got me.  I sat on that for a little bit. Because I couldn't quite get . .  

What it was? 

Yes. And I had to keep thinking, don't try to u nderstand it, just do. But I was trying to understand what the 

Concept Map was and why it was there and why I had pul led it up. But I found it quite good actually. 

Surprisingly easy. I 've probably done it wrong.  Surely I've done it wrong. 

Well. If you completed it you haven't done it wrong. With something like the Concept Map there's an aspect 

of that which requires .. , if you don 't understand the course and you are not actually doing it and}looking for 

help on something, then the idea of what you are doing by looking for related concepts . . . . .  
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And it says, too, select the related item, "conceptual models" and I couldn't select it and it wouldn't work. 

So I went to the teacher, to the tutor [Help icon] and it said  that if it is in blue you can't select it or 

something l i ke that .  And I thought mmm . . .  that's not right. But when I came back I clicked it again and I 

selected it, I don't know how or why. I did something different obviously and it worked according to the 

instructions. But the first time I tried it, it didn't work, and I thought: This isn't right. 

If you go back and look at the Help again there is a way to select it. If's where you select. But I won't tell 

you that. But you go back and look again when you have to. You have probably done a lot more with a 

computer today than you have done before . .  

O h  absolutely . .  

O r  that you realise that you have done . . .  

Ever. N o  I can't believe that I have copied and pasted, and sent emails. Cc'd emails, etc. I don't go  down 

that road because it is too hard. I have no idea that it was so easy to get something off a computer and 

copy it and stick it onto something that you are going to emai l .  it's simple. But I didn't know that before . .  

Well it's not always so simple . .  

Yes. I felt quite clever doing that. 

You actually set that program up. You ran a whole lot of different programs, you found files that would run 

with those programs and attached them to it, as you select things through the explorer. You've been to 

web pages. You've been word processing, printing, composing emails, manipulated multimedia files. And 

you even updated a database and talked with the software when you were in the Help system. lt's actually 

quite a lot of things. When you were doing it though, how aware were you that you were doing those 

things? 

Which part? 

I guess what I am asking you is how conscious were you . . . ? 

Well .  When I did this one here [Discuss The Assignment I n  Your Group in Scenario 3]. When I copied and 

pasted into it. I did it without real is ing exactly what I had done unti l I had done it. But when I got to this 

page and I got to the extram ural support, I couldn't bel ieve that I was doing it. Like I knew I was doing  it but 

I thought I have got to be doing something wrong here because this is really easy. The little quest ion thing 

where you can ask a quest ion and then ask again and things like that. . .  Well I got the gist of that and I 

thought it was pretty cool . But. I have to admit that third one I pretty much flew through that without 

rea l is ing what I had done u ntil the end. And I thought. ooh goodness me I have just done some really 

major stuff that I have never done before. So yes . . .  

So quite a bit o f  this you say you have never done before ? 

Probably 70%. I would be your best guinea pig ever. 

So I was going to ask you whether you found it harder or easier? But if you haven't done it before . . .  

I have tried - copying and past ing,  and things like that. And I just can't do it. And going in and out of the 

little boxes and things like that. I find it extremely hard. Like I said to you before, all of a sudden the 

computer goes 'Whoa! That's enough. I can't handle that . "  And I know it's not the computer. it's me being 

too busy ,  try ing to go here and do this and do that and not closing the boxes that need to be closed and 

running things on top of other things and stuff like that. 
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So did you find this way o f  managing that for you . . .  ? 

Brilliant. Fantastic. I think al l  computers should be l ike this. I really did. Half the t ime I get frustrated when I 

have to work with my computer because it is not as simple as it should be. And this is as simple as it 

should be. And that's great. If I was to be studying with Massey and there was a program l ike that, that 

would probably be one of the main reasons why I would study online. If  I had to use that for my studying 

that would be fantastic because it is so easy to use. As far as using the computer goes. So how much is  it? 

Is  it for sale? 

it's only a prototype at the moment . . .  

How long do we have to wait. What a great idea . 

So what else struck you that liked about this system ?  

I l i ked how the right-click would bring u p  the menu.  I used that more than I used the Help. Because I knew 

that I could go i nto that and I could go wherever I wanted and I am not going to get stuck anywhere. I 'm not 

going to open . . .  apart from when I went into the l i brary which was trying to get onto the I nternet that was 

off the menu. I don't know how I did that. But just being able to go into the menu l ike that and surf around 

and see where everything is .  Yep that's what I want, rather than going to Help and trying to look for 

whatever key word I need . I found that real simple to use. 

If this was set up for real then when you visited the library it would mean nothing because you could just 

go there and then come out again. it's because with this trial we are having to have two connections, one 

to my place and one to the Internet. Because what would normally happen is you would go to the library 

and say that is not where I want to be, so you just go again. You don't stop the system by doing that . . .  Did 

you find anything that frustrated you? 

There were a couple of questions that I thought could have been explained a l itt le better. But that was only 

"lecturers talk" i nstead of . . there was one that got me and I think I said to you why don't you just say "Close 

it". I can't remember where it was now . . .  There were just a couple of things. Yes, this one here. Use the 

Course Explorer to search the topics . . . .  You had to pretty much read between the l i nes. I think that it says 

just check it out, have a look at it [ in the Explorer] ,and then move on to the next question. But apart from 

that, as far as the actual program goes . .  No I thought it was great. 

So part of the way that the scenarios were structured was that they start by telling you everything and then 

the later ones are not telling you everything to see if you can bridge the gaps. You said that after you had 

completed this part you felt that you understood how .. ? 

Oh for sure. At the beg inning, it was pretty basic real ly .  And when you get to the end of what I have done 

so far it's definitely harder. But from the beginning you are pretty much weaned into it . 

So how did you find the Handy Hints? 

To be honest the only ones I used were copy and paste 

So you kept these things in your mind? 

Yes they were in my mind,  probably after the second [scenario] I had it in my head that if I right-click the 

m enu is going to come up, and if I can't find anything on there then I am going to press F1 and Help wi l l  

come up. But it was for the first two scenarios that I sti l l  kept thinking what do I do what do I do and I kept 

looking here [Handy Hints]. But really I only used it for copy and paste . . .  
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Which is something that you weren't previously familiar with ? 

Yes. 

Anything else you would like to see added , not to the scenarios but to the system? 
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No. I don't think so. I 'm real ly surprised at how easy it was to use for me personally, and I'm no whiz on the 

computer, Sure I had i nstructions, But towards the end they were maybe a bit vague. But I d id it. I still did 

it. I completed a task which had something to do with something I had no idea about. But I followed the 

instructions and it was just so basic. And even when I went i nto that Library where I shouldn't have been it 

was very easy for me to get out and start again .  I just found it so easy, whereas normal ly, if I was on my 

computer and something  l i ke that happened, I would end up turning it off, the off button, and going back to 

it another day because I'd get frustrated . Whereas with this, because I had that right-cl ick, I could go back. 

I kept going back to it. That was my safety rope the whole time. 

<End of first interview with User 2> 

Second interview with User 3,  1 4/1 0/03 

So what you went through today- you monitored your messages; you updated your course material; you 

explored other materials, basically through the Internet; and then you accessed an online tutorial. Now 

were there any of those you weren't able to complete? 

No. Easy . 

You didn't have any difficulties? 

No. Not a one. 

Did you think it was easier than yesterday? 

Yes, it was a bit. Because I thought I was famil iar with the layout and everything. So I knew Key Notes 

were down here and when it comes up I was fami l iar with it so it was a lot easier. 

Actually you did some quite complicated things. Have you ever updated materials on your computer like 

that before ? 

No 

You actually went to a remote computer . .  

No I have never done that .  

And also you synchronised the data on your computer with that on another one, you searched a database 

for information on a particular topic, you did a similar search for web sites, and again you worked with an 

interactive program, only this time it wasnY on your machine it was on a another machine. How conscious 

were you of doing these things? 

Look I was just doing them . I didn't know what was involved or  anything so, to me I, I had no idea of what 

was going on in the background, the work that was going on just to get me to bring up my references and 

everything else. The other thing was because it was so quick. The information came very quickly, 

especially on the i nternet, to what I am used to at home, you have to wait around for the page to come up 
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you know - 8 items remaining - and ahhhh . . .  and then waiting , waiting but that was very quick. Press a 

button and it al l  came up fast. 

Yes well that is part of the problem of the rural Internet isn 't it? Where it's vel}' frustrating trying to work on 

it. Have you done searches on the Internet before ? 

Yes. 

So you are used to doing that. Well this was a different kind of search in that you were doing it indirectly 

Yes. When you do it at home you have to think of your own thing to type in whereas because you have a 

specific topic and you went through it that way, it brought up relevant sites rather than having to muddle 

through and having to type in key words and things and do it that way. 

So was it easier doing it this way? 

Oh yes. A lot easier. 

But do you think those restrictions help or hinder? 

Well it's hard for me to say because the course material d idn't mean anything to me. But in  some ways I 

suppose you would think that it would be a help because it's connecting to your Massey or whatever. 

They're feeding you stuff that is relevant to what you are learning.  So in that way I would expect it to be 

helping rather than hindering it. Because you expect them to know what you need to know. 

Again I would just ask what did you like about doing it that way? 

it was easy and it was fast. And that is my two main things at home. it's often quite hard to get your topic. 

Especial ly when you search the interne!, you type in say 5 key words or 3 key words and then it comes up 

with 250,000 or a mil l ion possibil ities and you think "Gee. I 'm not going to go through all that". So yes, it 

was quick and it was easier. Because you didn't have to waste all that t ime in sort ing through the 

information that you are given as to what's relevant and what's not. 

Compared to yesterday you felt more confident. 

Navigated myself around it a lot easier because ' it's got only so many main components to it. So you don't 

have to remember a lot of things. You've got your Explorer and there's al l  your things there. You've got 

your tutorials and that down the side, and then you have got your l ist of notes and self-assessment and 

that, and so it was all there- they are sort of your main ones and from that you can just branch off to what 

you need, rather than having to . . .  If it wasn't that simpl ified then you'd be diving around trying to find 

things. 

So do you think that you would be able to use it by yourself now? 

Yes. I reckon that I cou ld, qu ite easily. 

Do you want to try? 

Yes. 

If you want to you can have a quick tf}' when Mim is finished and see how it pans out. Any other comments 

on it, any other questions? Plus or minuses. Anything that more you like about it or don't like about it. 

No. Like yesterday. There was nothing real ly to criticise about it, because it was easy to use, with your 

three things here. I felt confident enough to whiz around, because you've got all the help things and you 

are not thinking, you know l ike when using your own computer "OK I'll go for help.". And you see a l l  these 
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things and you have no idea what they m ean? it's all this i rrelevant drivel and I'm going to go "That's just a 

waste of t ime anyway . "  At least here the content is relevant to what you are doing .  

Do you find, when you are using your computer a t  home with Windows, do you find things are more 

complicated than they need to be ? 

O h  absolutely. Like I was trying to do something with a spreadsheet so I went through all the help options 

and the index and I searched for it and nothing cam e  up. And it knew that I could do it, that it was possible 

to do it, but to actually find out how to do it was really hard. Especially when the help is  designed to do 

that. lt was really hard to find out what your were supposed to be doing. So I just leave it. 

So you think that the approach of the extramural system which is minima list rather than . . .  

Yes. I think that people th ink that with computers you have to have all the bel ls and whistles and make it 

rea l ly  com pl icated so that people are more impressed by it, but if its . . .  the simpler it is, the more people are 

going to use it. Because it is easy to use and you don't have to worry about all the bel ls  and whistles and 

everything else going on because it is all just there. 

And you don� . . .  If you were studying one of your courses using something like that you don� mind the 

options being limited the way it is. ? 

No I would rather have that because sometimes you can tend to just go off, you start one train of thought 

and you go off on that and two hours later you have gone way off track because there's a mountain ,  a 

r iver, of i nformation out there and so you get trapped looking at al l that stuff when al l you needed was the 

first little bit. There is  a tendency sometimes to get a bit of overkill on the information. 

Well that's the story of computers . . .  too much information . .  

O h  I ' l l  get onto the I nternet and start and then click onto another site and then another site and then ten 

sites later you are sti l l  none the wiser. 

<End of second interview with User 3> 

Second interview with User 2, 1 4/1 0/03 

We are looking at  the second part of the scenarios. What you did was you updated your course materials , 

you went and got your emails from the university, your searched the intemet for related materials, you 

worked with some interactive software remotely as opposed to on your computer. Were you able to 

complete them all? 

Yes. I did finish eventually. But I struggled . 

So you had a couple of difficulties. So let's take the scenarios one by one. The first one was update course 

material? 

That was fine. That took two seconds . . .  a piece of cake 

You had no problems? 

No. As I was doing it I was thinking this is very easy. 

So you updated your course material? 
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But then I got to update your messages. And I got to close a l l  my new messages and then it had to find 

and open Assignment mode again .  And I didn't know where Assignment mode was and I went through . . .  I 

right-clicked to the menu. But I didn't go any further than that. I got i nto the Explorer and the topics but I 

d idn't go any further so I ended up going back to working on the assignment , [scenario] number three. 

And I kept reading about using the course explorer to search the topics. I kept reading that and reading 

that and then I real ised that assignment mode is in there, it's under the contents and I had to go through 

them all to find it and I found it, but it was . .  

So you got there . . .  

I got there after taking a deep breath and calming down. I couldn't relate the assignment mode, the 

assignment thingy that I did earlier, to this part . I don't know why . I got it eventually. And once I got i t  I was 

away. 

You were shifting your mind from one place, jumping to another . .  

One minute I 'm looking at my messages and a l l  of a sudden I 've got to g o  back t o  m y  assignment mode 

and I 'm thinking, " I  can't do that. I'm in messages." And that's the thing, you can't do that general ly on a 

computer becau se you lose something or you've got to close it a l l  down completely and put it away before 

you open something else up ,  I f ind. Well, at least, that's how I do things, whereas this time I d idn't have to 

do that. I could to and fro and I think I struggled to adjust to that . 

To understand that you could do it? 

Yes. 

Of course the other difficult point I this was that you were in one part of the course but it was in another. 

And so you had to . . .  

. .  to look for it. And that's what I couldn't understand. Yes you're right. I was i n  1 . 3 and assignment mode 

was in 1 . 1  I th ink . .  

1 . 4  . . .  

1 .4. And I couldn't . . . And I 'm th inking I can't g o  into there because that's not part of what I 'm doing at the 

moment. And so it was just following the instructions really. 

So you were able to complete it but you had to think at one point how to find that assignment mode when it 

wasn't immediately there. OK. So if we now look at exploring a topic. You explored some learning 

resources on the Internet. Were you able to complete this one ? 

Yes. 

Did you have any difficulties? 

Mmm . . .  I did. #1 0 where it says ask 'Where do I find more?". Well I just asked "explain usabi lity?". And it 

didn't work. And I thought. And I d id it twice and I thought well there should be more information. I read the 

instruction and I retried u ntil there was no more information avai lable and I thought, well there's not any 

information anyway. So obviously I am doing something wrong so I went back #9 and that was when I saw 

it said [on the screen] : 'Where do I fi nd more on "and so I clicked that and I was away. 

So you were able to find your way through .. ? 

Yes. Once I focussed I was fine. Al l  it was, was the fact that I d idn't read the instruction , I just read,  and 

that's one of my traits, "ask about it ", ''find out about it " so . . .  
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So you just did what you had done last time that you used the support system? When you went there the 

previous time you asked a different question. 

Yes. Well actually I d id read the question and down on the bottom where it says ASK, I actually clicked 

that. And I thought, no, because that's sendi ng an email to the tutor and I don't want to do that. Because it 

doesn't say that. So I thought, how do I ask. So I clicked on the usability adoption and I thought maybe I 

am supposed to wipe it and type in :  "where do I find more?". No. That doesn't work. And then I went back 

again because I thought that isn't right, and that's when I saw it, right underneath "explain" [in the l ist] , 

"where do I find". So it was just a matter of looking. 

So. You didn 't go to the Help? 

No. With the ask where do I fi nd? 

mmm . . .  

No. Because I knew that it was there on that page . . .  But I did use the help this t ime around a hell of a lot 

more that I have before. Because I was having . . .  it was # 13 locate Bad Designs. Well I hadn't located it 

because it wouldn't connect and I kept going to Help thinking that I had done something 

Yes. There was a problem with the computer connecting to the Internet and that is why we had to restart 

it . . .  

Yes. Once you did that then I picked it u p  straight away. 

So the difficulty you had here was that you weren 't asking the right question, you were asking it to explain 

and it took a bit to catch on . . .  ? 

Yes I wasn't focussing. lt was by no means that the instruction was vague. The instruction was there in 

black and white.  But i t  didn't, I couldn't relate that to . . .  

No. No. That's always one of these things . . .  So we 'll look at the interactive tutorial. Did you have any 

problem there ? 

No. I got smil ing faces there. 

OK. So you completed that one without . .  

Yes. Piece o f  cake. 

Again if you sat back and looked there's quite a complex range of things that you were doing and one of 

them was you were going to another computer across the internet and downloading files from there onto 

your machine. Have you done that before ? 

No. No. No. No.  Never, ever. 

And you were synchronising data on your computer with another one which is when you were updating 

your computer . . . .  OK we won1 pursue that. But some other things . .  searching. You searched a database 

for information on a particular subject, which was the explain, and you also searched for and located a 

website on a particular subject. Have you ever done those sorts of things before. Have you searched on 

the Internet? 
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Yes. But I've never downloaded it  and  sent i t  to  my friends or anyth i ng l ike that, because I don't know how 

to do it and a lso downloading is very painful out here. Do you know what I m ean? I don't have the 

knowledge to do it. it's too hard. 

But if you are looking for something on a particular subject, you have been able to search on that subject 

and find something? 

Yes. And if I 've got something I want to access I ' l l  print it off and I've got it. I 've got this thing off the 

Internet. Not I've emai led that thing to you. Because it's too hard , I can't do it. I don't know how to do it .  But 

I 've just done it . . .  I 've got no idea how to do it but I 've done it . it 's just so basic. The instructions are so 

basic. 

So, in one sense, you weren't quite aware of what you were doing while you were doing it? 

I was aware. But I find it really odd that I 'm doing this and it's so easy. If you know what I m ean. I just find 

that real ly odd . Like updating your messages and things l i ke that, and taking stuff off one com puter and 

putting it on th is computer and then send ing i t  off to another to m e  is  just way over my head. But obviously 

it's not over my head it's how . . .  if someone gives you instruction and it's easy to follow you can pretty 

much do anything, can't you? You don't have to be extremely intelligent to be able to do things l ike this .  

One of the ways that this extramural system has been designed is to try to make those processes like that 

simpler. More accessible, even invisible . . . . 

So how did you find doing these things? I presume that you are saying that doing these things through the 

extramural system was easier for you, or possible for you. 

it was . .  If I could do my study using this type of program it would be so easy. The instruction . . .  I know that 

there were things that I got confused on but overal l  it was very clear what I was doing to the point where I 

thought :  this is too clear, and too easy. I cannot surely I 'm not . . .  

Doing these things? 

--copying and pasting this and putting it on my thingy here and I 'm going to email it to Joe Bloggs. So that 

to me, blows me away I find it I think it's great. Very , very easy. And I 'm not the most computer . .  I l ike the 

com puter and th ings but there a re a lot of things I just give up. I just won't do it because I can't, I can't. 

You've got to be a brain box to use it. 

So part of the problem for you if you were trying to study using your computer that you would be worried 

about not being able to complete things ? 

Yeah .  Because I mean . .  it's easier to do the basic stuff, do the hard yards, like go to the l i brary and things 

l ike that and photocopy pages out of a l ibrary book, or . . .  Because its just easier. But it should be easier on 

a computer but I find that it is not. But if I had this sort of system it would be very easy. See what I mean? 

I know exactly what you mean. Don't you worry. Travelling 70 km to the library because its easier than 

finding it on the Internet . . .  

When you were going through these exercises you mind was probably on completing rather than o n  . . . . 

Were there anything that you would have liked to see done better, things that you ran into. I mean putting 

aside the question of this could have been explained better in the scenarios but on the system itself? 

I don't think so. 

Well. Let me put it around another way. What was it that you liked about it . . .  
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Like I said earlier, I thought a couple of instructions were a bit vague .. 

I was interested because some of them were deliberately vague to see whether you had gained enough of 

an understanding of the basics of how it works that you could find your way out of the hole again ? 

I felt that I d id.  I don't know. I guess that you would know more than I would. But I felt that overall l ike there 

were t imes, there were two times when I thought I can't do this. I just can't do it. And the second time was 

when the computer stopped, l ike it crashed , or died or froze or whatever, but it wasn't my fault. And then 

the other time was the assignment one. Find or open your assignment. I couldn't get my head around that . 

But I th ink that my head was in a different fram ework of what was possible . . .  But there were times that I 

thought,  wel l , the question was vague, and I thought you've said this but I 'm going to try this, I 'm going to 

try and do something else and I did it. And I thought, "Ah yes. You do it l ike I have done it anyway". Once I 

had done it was obvious. 

So you've spent a couple of hours on it, at most, . Do you think that you would be able to find your way 

around it by yourself? 

I thin k  so. 

There was one thing that you said that I was interested in, the problems of the Internet out here. What do 

you mean by that? 

Like when you open you emai ls ,  to check your em ails and it takes half an hour to receive two em ails. Like 

when we have this. I don't know if you have it at your house, but the phone overloads and if you are not on 

the I nternet it rings every now and then. So if you are onl ine then it just d isconnects. And downloading 

something . . .  

Like a web page or something? 

Yeah ,  can take 3 1  hours to download. it's r idiculous but it's true. it's crazy . 

I 'm asking that because I believe that this is one of the problems that is least recognised in the towns, just 

how difficult it is . . .  

You know how your computer works at I think its 27000 . . . 

. . . kilobits per sec 

Well I have seen it at 1 .  I know that it should be 26,000 or 24 ,000 and it is one, literally just one. You can 

get a connection. You can dialup and get onl ine But you can't get anything. Not even a home page. And 

you're paying your $2 . 50 per hour for noth ing .  

<End of second interview with User 2> 

Second interview with User 1 ,  1 4/1 0/03 

This time you were attempting the last three of the scenarios -updating your course material and 

messages, exploring some resources mainly through the Internet and the interactive tutorial? Starting with 

the first one. Did you have any problem? 

Just with the computer sti l l  being connected to the I nternet [from the previous user] instead of the 

university to start off with. Other than that, no. 
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The second one. When you explored resources on the web? Any difficulties there ? 

No. 

And the interactive tutorial and updating self-assessments ? Any difficulties there? 
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The last one? No. I nteresting though. I quite l i ke the Barney and the other bits and pieces I had a look at.  

Where it said to have a squ izz at them . 

Oh. Barney? 

The interactive part. Barney and the telephone [in the tutorial scenario) . 

In that short time you actually do quite a few tasks, one of which is transferring data files from a remote 

computer and loading them onto your computer. Have you done that with your own computer? 

No. 

Not consciously. 

No 

OK. And another thing that you did was you were synchronising the data on your machine with that on 

another. Were you conscious of doing anything like that? 

I haven't done anything l ike that at al l .  No. 

And were you aware of what was going on? 

Yes . 

Now . You also, when you were accessing the extramural support you were using that in two ways. One 

way you were searching for information on a particular topic. Secondly you were searching for relevant 

web sites. Have you done that sort of a search for information before ? 

Yes . 

In what way? 

Was I using a computer to do it. And what was I looking for? 

Yes. 

Basical ly topics of study for school. So. Looking up relevant web sites, etc for say American Ind ians. 

Anything  related have a look at. If it 's worthwhile tag it. If it isn't leave it .  So basically topics that the kids 

study at school . 

OK. Obviously with the extramural system the search you make is more constrained because it is aimed at 

particular topics and things. Did you find it easier to do it this way compared to what you have done 

before ? or harder? 

Easier, basically. A whole lot of the tim e  you get a whole lot of stuff. Say if I 'm getting it off the I nternet, I 

get 300 sites of which 275 of them a re useless. it's a lot slower on the internet the other way than your 

way, because I have to physically open it and have a look at it to see if its relevant or not, and then go on 

to the next one and it's a long process.  Whereas here, it's tel l ing you what, obviously it's trimming it down 
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to what's relevant and what's not. So I presume for web sites that I have been given there, that they will be 

useful for what I want, not may be usefu l ,  wil l  be useful .  Even with the one that I had to delete because it 

was not usefu l .  That was obviously just for this case scenario. But for m e, from what I saw there, I would 

think that it is  useful ,  whereas go onto the I nternet then . . . .  

So you think there are some advantages to using something where it is already constrained in that way. 

Yes . I th ink so with some . .  lt all depends with the study. I would suggest though that if you're l in ing it up . . .  

it 's hard real ly if they're a student, l ike a university student, I can see if I 'm reading this right, you don't want 

to have it all there for them . I mean there is  obviously some research involved for them . But I do think with 

this extram u ral thing yes, if those addresses are there. I mean they stil l  have to choose what's relevant and 

what's not don't they. So if they click onto your web sites that you've got l isted, then they sti l l  make the 

choice whether they use that information or not. 

I guess for the purposes of this, the most important thing was whether it was easy to use. 

Very easy. 

You a/so worked with an interactive program again. Well, more than one. The support system - your were 

interacting through the buttons with the system. Then you went to the web site and there was interactive 

software on a another computer, a tutorial. Overall, thinking about what you have done today, or since you 

have been looking at it, what aspects did you like compared to doing things with your own computer? 

The l im ited . .  buttons, shal l  we say, that you can use. I liked that. That there were only those three buttons 

to l ink to get round your software to the different areas. That it's very transparent that you can .. , it's all very 

clear what you use to do what you want it to do. There's no hidden features. Like if you talk about my own 

com puter there's so many hidden things that you stumble across. But here it's very straightforward. And I 

th ink for that, if you get yourself in trouble, it's very easy to get yourself out of trouble. Whereas, sometimes 

on my own computer I fi nd you've got alt+ctrl+del . You've got to get out to start again ,  because you have 

no idea where you have gone and what you've done and the computer won't tell you what you've done, 

and  the computer . . .  Sometimes you can click on Help. Wel l ,  if you click on help on my computer, quite 

often it's not the scenario where you have got yourself, if you know what I mean.  It'l l say dah dah dah, 

when you know you haven't done that,  you have done something different. Whereas here, if I click on Help 

I have found every time what I need to do and its been able to solve it for me. So I think that it is really 

user-friendly compared to my computer. 

Clearly in part it's because it is special purpose. If's only doing one job. So you think that in the context of a 

learning scenario you think this is useful? 

I th ink especially for someone who has purchased a computer to start their study and this is the first time 

they have had to come to g rips with a computer as well as their new course. it's not intim idating at a l l .  Like 

someone within half an hour wi l l  have the grasp that they can't do any damage, which a lot of people I 

th ink feel when they first get on their computer. And that it's very easy to find your way around the whole 

th ing with those three keys. To me that's the most appealing thing about it. Like I think that my mother 

could even do it. 

/s that a compliment or .. ? 

Compl iment. Once I had taught her how to turn the computer on I think she would be able to do it. 

Were there things that irritated or irked you, or just bothered you a little? 
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No. Just that computer. Nothing about the  prog ram . Even when I had to  download a paragraph of that 

information into my notes. Well the fi rst t ime I went to try that I hadn't gone and cl icked onto one of those 

topics. So all I got was the web address in my notes. So I thought, OK, I haven't gone far enough into that. 

So I just clicked on something and then again,  all my notes came up. And again it was one of those things 

where you could very easily see OK I haven't gone far enough here. Just keep going.  And you're not doing 

any damage. 

So when you found you were somewhere where you shouldn 't be, you were confident you could find your 

way out? 

Yes. And to say again. If in doubt, press the help.  

One of the trickiest points in these scenarios is when you are updating your messages. You are in one part 

of the course and you have to go to another part to find the assignment. Did you have to think about that? 

No. I d id  think about what's going to happen here. How's this going to go? But I thought I would do it and 

watch and see what happens. But it went very easily, to go from one are to another, and very quick as 

wel l .  So that's another advantage with that, I think, Russel l .  it's quick. 

Have you got in mind doing something on the Internet? And it takes forever? 

Well yeah I suppose . .  

What have you got in mind then? 

I 'm just thinking of computer programs in  general ,  basically. Some, when you are jumping from one field to 

another . . .  Oh I have got to shut that down, load that up. And not with changing disks , but just i n  general .  

But here, going from that one to  the other was very quick to  get from here to  there. i t  was a matter of  within 

5 seconds I was gone from one to the other. There's no sitting and please wait while it does this and that . . .  

From the perspective of being user-friendly, is there anything that you would like to see added? 

Just from what I have seen today? I think that for me was easier today. Like #3 I found probably the most 

time consuming or thinking. But again it's just . . .  I wondered today whether I would remember, without 

using my Handy Hints. I wanted to see if I could remember and I d idn't have to use that guide. I l ooked at it 

once but no I remembered everything. And I think that, no I couldn't see anything that was missing. That 

message part was confusing ["Fetching m essages" message remaining in status bar]. but I d idn't take any 

notice of it. , because I knew that it was a trial and unless you had sent me any messages there wouldn't be 

any anyway and again it was pretty straightforward . . .  Wait until it has finished it's thing before you go 

anywhere else. I did wonder when it said it was fetching and there were 8 new messages. These 

messages were coming up, but when the cursor was ready to go, I thought no and so I carried on. 

That is a real problem, only a small one, and an easily fixable one . . .  

Some people could sit there for ages waiting for these messages to come up, because when you come to 

that screen it says no messages anyway and when you update my messages, I was waiting for my 

messages to wipe that no messages out. 

Any other little things like that? 

No. that was the only one 

Did you any problem asking a different kind of question to the support system? You ask them to explain 

and then you ask them where do I find? 
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No. That was pretty straightforward . Again I thought I sorted that out yesterday with the ticks. 

You are not currently studying are you? Do you think that something like that interactive help would be 

quite useful if you were ? 

Definitely. I would be quite keen on doing it that way. Even when I was internally a student, getting hold of 

a lecturer was quite difficult, and leaving messages for them on the door, or notes and things l i ke that was 

sti l l  days . . .  lt could be two days before you got to touch base or a message was left in my pigeonhole. So 

here for me, it was instant. Well if I have sent the message, to me it's going to be updated: . . .  well 1 )  I feel 

that I have got in contact with the lecturer or my tutor and, 2) that I think there is a lot more assistance 

there in that program than having to go and track down my lecturer and my tutor, etc. And again, with the 

books and things like that. it's all there, at your beck and cal l .  To me in some ways you are at an 

advantage that way than if you are an internal student, because you have got l imited resources on the 

shelves and its first i n  first served whereas here I mean its al l  . .  a great big cobweb, which you can work 

your way around. 

So how confident are you now that you could go back and use that system by yourself? 

Very. Without anything. I th ink that the Handy Hints would be a good thing to be distributed with it. But I 

think that if you came tomorrow and asked me to try do this, I definitely, I am 90% sure I could do what you 

want m e  to do. 

How useful do you think those scenarios, or set of exercises are as a way of teaching you to learn the 

system. 

Good. A couple of t imes there I was th inking ooh . .  am I going to be able to do this. But no. I think reading 

it. I f  I sat there reading it without doing it ,  I 'd probably be panicking, but as you go through it, they bui ld 

your confidence, if anything. To me it bui lt my confidence more and more that I can do this. They may be a 

l ittle bit too much because I found I m ay have jumped a couple of times, being a clever male . . .  But I th ink 

that if  that gives you each scenario that you may come across, then if  now you can whip back here and do 

this or whip back there and do that, then I think that it is  really good practice. Because on those later ones 

it is  just assumed that you knew how to get there to do that. lt wasn't tel l ing you,  i t  was telling you go and 

get the notes in 1 . 1 ,  go back to 1 . 1 ,  i t  wasn't tel l ing you how to do i t .  So i t  was just putting into practice 

what you have a l ready learnt. 

So you think you now how a much better feel for how to use this thing than when you started? 

Yes. 

In terms of overall usability, 1-10. How would you rate it? 

I would put it at about an 8. 

Thank you. 

<End of second interview with User 1> 
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