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Abstract 

The aim of this thesis is to examine the dominant com puter software usabi l ity 

evaluation methods. Four evaluation methods (logged data, questionnaire, 

interview, and verbal protocol analysis) were used to evaluate three different 

business software types (spreadsheet, word processor, and database) using 

a between groups design, involving 1 48 individuals of both genders. When 

each evaluation method was examined individual ly, the results tended to 

support findings from previous research. Compar isons were made to 

examine the efficiency of each evaluation method,. in terms of its abi l ity to 

highl ight usabi l ity problems (both between and within the evaluation 

strategy). Here support for the efficiency of the verbal protocol analysis 

method was found. The efficiency of using two evaluation methods was also 

examined, where it was found that no significant i mprovement was obtained 

over the verbal protocol analysis used by itself. A comparison addressing the 

practicality of using these methods was also conducted. It seems that each 

method has differing strengths and weaknesses depending on the stage of 

the evaluation. From these results a theory for the effectiveness of eval uation 

strategies is presented. Suggestions for improving the methods commonly 

used, are also made. The thesis concludes by discussing the software 

evaluation domain and its relationship to the wider evaluation context. 
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Chapter One: Introduction. 

1.1. The Software Industry . 

Prior to the 1 970s, computers tended to be the domain of engineers, 

mathematicians and other scientists. Since that time there has been an 

astounding prol iferation of computer based technology. Panko (1 988) 

reports that not on ly are computers being used more today, but they a re 

b�ing used differently, and by a more diverse user group, pOints a lso 

raised by Christie and McEwan (1 985). This trend was first highl ighted by 

Benjamin (1 982) , who had recently finished a major statistical study of 

. . computing in one of Xerox's operating units. Benjamin started by 

asserting that in 1 970 end user computing had been negligible. However, 

by 1 980 it had risen to almost 40 percent of the total central processing 

unit cycles. Despite initial scepticism, th is genera l trend was quickly 

confirmed by other organisations and this reflected an early stage of end 

user computing before the Personal Computer (PC) explosion. 

Nowadays, rather than data processing being the single dominant 

appl ication, com puters are used for a multitude of applications ranging 

from word processing to computer a ided design. This tre'lCfhas b�en 

vivid ly emphasised by DiNucci (1 985) who has reported the revenue 

gained worldwide from the four main categories of business software 

types (see Table 1 .1 ) .  These figures remind us that the personal 

computer software business is now a multi-bi l l ion dollar enterprise . 

. ' 

Nickerson (1 986) has provided an impressive overview of present and 

anticipated uses and trends in the computing industry. Nickerson 

stressed that, 

''the computer is a new machine, a new tool, of enormous 

potential. It is perhaps the most awesome tool that has yet 



been developed .. Jt is imperative that we learn to use it wel l  

and for humane ends." (Nickerson, 1 986, p.5-6) . 

2 

Table 1 . 1 .  Revenue Gained Worldwide From the Four Ma in Categories of 
Business Software Used on Personal Computers (from DiNucci, 1 985) .  

TYPE OF SOFTWARE WORLDWIDE REVE NUE 
(MILLIONS, U.S.A.) 

Word Processing $ 763 

Spreadsheet $ 74 1  

Integrated Software $361  

Data Management $31 1 

Nickerson continued by stressing that computers are now being used in 

many diverse areas such as: farming, manufacturing, reta i l ing, defence, 

general  management, education, and training and research.  

This computer based technologica l  explosion has not gone unnoticed by 

the social science community, with Toffler ( 1980 ) having cal led this 

expansion the "Third Wave,"  fol lowing the agricultura l and industria l  

revolutions. The information based expansion has also b�e1i emphasised -

by Parker (1 976), who clearly i l lustrated the changes in  the United States 

workforce from 1 860 -1 980 (see Figure 1 .1 ) .  Eason (1 988) a lso noted that 

the information based revolution is an insid ious revolution, as computer 

based technologies have now infi ltrated a lmost al l  components of the 

'Westernised" individual's l ife. Such technologies are now found from the 

board room to the bathroom. 

1.2_ Problems in the Software Industry_ 

The increase of interactive computer based technology has been 

paral lel led by an increase in problems reported by individuals using this 
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technology. Sa lvendy (1 987), when citing a survey of fifteen hundred 

adults, reported that 67 percent of  individuals using computer technology 

in the work place experienced problems, 47 percent had problems in  

banking, 42  percent had problems with computerised home appliances, 

and 40 percent have had gl itches involving credit cards. The problems 

associated with using computer based technology have a lso been 

stressed by Bjorn-Anderson (1 988).  Bjorn-Anderson reported that in a 

recent U.S.A. study it was found that 60 percent of the more than five 

m i l l ion private citizens who owned a home computer, did not use it. 

Chapanis (1 982) also described factor analytic work that suggests that, 

"people appear to be ambiva lent about computers. They 

have some strong positive and some strong negative 

attitudes about them." (Chapanis, 1 982, p.1 08) . 

These problems have reached the point such that Hartson and H ix ( 1 989) 

have asserted, 

lithe possibi l ities of this amazing machine are now l imited 

not by its power to compute, but rather by its power to 

communicate with its human users." (Hartson and 1tit�· 1 989, 

p.6). 

Oborne (1 985) a lso highlighted the present and future impacts of 

computers on organisations and society, i l lustrating how computer 

. based technology not only a lters individual  group practices, but a lso the 

organisational structure. Furthermore, there is a wealth of evidence that 

computer based technology may affect both the psychological and 

physiologica l  wel l  being of the individual worker (Frese, Ulich, and Dzida, 

1 987; Salvendy, Sauter, and Hurrell, 1 987). 

The statistics and trends are clear. People are using computer based 



technology, and a l l  indicators suggest that it wi l l  become more 

prominent in our day to day l ives. Nevertheless, many individuals have 

problems using this technology, and this may affect both their 

psychologica l and physiologica l  wel lbeing. 

1 .3. The Reasons for Human Computer Interaction Problems. 

5 

Computers are designed by people. It should fol low, therefore, that they 

should be designed with people in mind. Shackel (1 986a) reported, 

however, that the overriding criterion in the computer industry, 

traditional ly, has been the functional ity of the system. It was perceived 

that a l l  customer problems could be overcome by faster more powerful 

systems. Moran (1 981 a) also noted that the main interest of the 

computer science profession l ies in the core of computer systems. 

Interest wanes as one moves away from the core towards the periphery. 

Traditional software development approaches and qual ity metrics have 

therefore emphasised factors such as rel iabi l ity, maintainabi l ity, 

complexity and portabil ity, with usabil ity being a relatively m inor 

component. Grimes, Ehrl ich, and Vaske (1 986) a lso reported that in the 

past, due to emphasis on efficient systems that could opt imise costly 

hardware, human factors tended to be treated after everything else had 

been done. 

Edmonds (1 987) bel ieved this was a narrow and deficient focus, drawing 

a para l le l  with architectural design by examining the notion of 

architectural total ity. Edmonds emphasised that, 

"A building is given as a total ity, and the architects a im at 

creation of such total ities. It is not correct to see techn ical 

real isation as the "real" result . • .  The form, as wel l  as the 

bui ld ing task and the technical aspects are abstractions from 

the work of architecture, which we deSignate as an  



"architectura l tota l ity." The tota l ity is a bui lding task real ised 

technical ly with style." (Edmonds, 1 987, p.334). 

He went on to say that, 

"Good software design should exhibit a concern with 

total ity." (Edmonds, 1 987, p.334). 
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Recently, there has been an evolutionary trend that has seen the primacy 

shift from hardware to software, and presently to the user. Shackel 

(1 986a) reported that, within the International Business Machines 

Corporation (IBM), usabil ity is now seen as important as functional ity. 

The impetus for this shift in focus has been multidimensional ,  with such 

factors as the tipping of the hardware/software cost ratio, expansion of 

interactive capabil ities, and the changing composition of the user group, 

a l l  interacting. Simi larly, Benbasat, Dexter, and Masul is (1 981 )  suggested 

that, for more than 95 percent of human-computer interactions, human 

costs are greater than machine costs. Therefore, methods of simplifying 

the interface, and thus lowering human costs, would have a large i mpact. 

". :;-. 

It has also become apparent that in highly competitive situations where 

many alternate products have l ittle difference in functional capacity, it 

may be the user interface that is the deciding factor, and therefore, 

lIend-user satisfaction is becoming not only a productivity 

factor, but a decisive competitive facto� (Branscomb, 1 982, 

p.72). 

These pOints have also been made by Otte (1 984) ,  Shneiderman (1 984) ,  

and SutCl iffe (1 988) with Johnson and Anderson (1981)  having described 

three development projects scrapped largely because of inappropriate 



dialogue techniques. This suggests the over-rid ing i mportance of the 

i nterface in certain situations, and adds credence to Wexelblat's (1981 )  

com ment that, 

" If a system is difficult to learn or d ifficu lt to use, people wi l l  

not use it." (Wexelblat, 1981 ,  p .  260). 
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Shneiderman (1 984) discussed three further reasons for the increasing 

concern over human factors in interactive system s. First, Shneiderman 

arg ued that there is an increasing number of com panies that are 

becoming heavily or tota l ly dependant on interactive computing. 

Furthermore, the demanding conditions of many such companies make 

h igh  error rates and operator confusion no longer tolerable. 

Shneiderman cited one example of a United States telephone company, 

which estimated that one second off the average  t ime for a directory cal l  

would save the firm $24 mi l l ion American dol la rs annual ly. McDonald, 

Stone, Liebelt, and Karat (1 982) argued that in such circumstances it is 

m ore efficient to design  the system to be easy to use, rather than 

a ltering human behaviour to fit the system. 

Secondly, Shneiderman (1 984) argued that som e  new systems, such as -

those used in the mil itary, medical ,  a ir  traffic or nuclear reactors, require 

extremely high performance from users. This means an absolute 

m in imum of errors. 

Final ly, through the expansion of interactive com puter systems, there has 

been a change in the user population. This new population of users is 

largely dominated by non-computer based professionals. Such 

professionals see the computer as a tool or resource, and do not wish to 

spend a large portion of time learning how to operate the user i nterface. 

This gives rise to the notion of a transparent system.  
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Furthermore, the uses for computers are becoming more complex. 

Gardiner ( 1986), for example, pOinted out that communication across the 

human-computer interface nowadays, is not necessarily between  the 

human and computer, but can now be between one human and any 

other. This may be in either single or multip le modes. Now a human(s)! 

computer(s)/ human(s) interface problem can arise. 

Sutcl iffe (1 988) remarked that poor interface design can result in  

increased mistakes, user frustration, and poor system performance; 

whi le  Hodgson and R uth (1 985) suggested that unusable software may 

result in, 

"employee d issatisfaction, h igh staff turnover, less 

wi l l ingness to pursue company objectives, absenteeism a nd 

tardiness." ( Hodgson and Ruth, 1 985, p .1 6). 

Coh i l l, G i lfoi l ,  P i l itsis, and Carey (1 988) showed that the benefits of user 

interface evaluation may result in  increased user satisfaction, increased 

sales, decreased development costs, increased productivity, decreased 

product returns and decreased training costs. Ravden and Johnson 

(1 989) suggested benefits of reduced tra in ing time, a red�ction i n  

support costs, a reduced need for amendments, perhaps increased 

sales, and greater acceptance, efficiency, and awareness. 

Mantei .and Teorey (1 988) have pOinted out that these possible benefits 

are moderated by such factors as the type and number of system users, 

the complexity of the user interface being bui lt, and the amount and type 

of human factors stages that are included in the l ife cycle. Therefore, the 

human factors considerations should not be considered a panacea, but 

must be tempered by other considerations. 

However, the evidence seems compel l ing. System design, with the end 



user in mind, benefits the software designer and producer, the 

organisation, and the individual .  Despite this realisation there seems a 

gulf between the recommended user based software development 

techniques, and those used in practice (Gould and Lewis, 1 985; Smith 

and Mosier, 1 985; Hannigan and Herring, 1 986). 

1 .4. The Evaluation Process. 

9 

Evaluation is a mechanism that may enhance interactive computer 

system design. History has recorded that the desire to assess the 

effectiveness of human endeavour is not new. Isaac and Michael ( 1 981 )  

have related that the evaluative process seems to have functioned 

informally since the beginning of time. This notion is supported by 

Mostel ler (1 98 1 ), who referred to one of the earl iest evaluation studies 

that used a quasi-experimental design to examine the effectiveness of a 

vegetarian diet compared with a diet containing meat. The results of th is 

study conducted by Daniel, Shadrach, Meshach, and Abednego are 

recorded in the Old Testament of the .Bible. 

Riecken (1 977) suggested that the modern h istory of evaluation research 

can be traced back to 1 950 when post-war institutions were entering a 

period of critical self-examination. Concomitantly, Isaac and Michael 

(1 981)  suggested that the more formal version of evaluation research 

coincided with the advent of the computer to, 

"give rise in the 1 950s to the 'man-machine systems' 

movement, and currently to the 'systems 'approach." (Isaac 

and Michael, 1 981 , p.2). 

Such man (1 967) has provided an expanded overview of the evaluation 

mechanism and enumerates seven steps to the evaluation process (see 

Table 1 .2). 



Table 1 .2. Seven Step Evaluation Process (from Suchman, 1 967). 

1 .  Identification of goals to be evaluated. 

2. Development of measurable criteria specifical ly related to 

these goals or objectives. 

3. Analysis of the problems with which the activity must 

cope. 

4. Description and standardisation of the intervention 

procedure. 

5. Measurement of degree of change that take's p lace by 

means of setting up a control led situation to determine 

the extent to which these objectives and any negative side 

effects are achieved. 

6. Determination of whether the observed change is due to 

the intervention activity or to some other cause. 

7. Some indication of the durabil ity of the effects. 

1 0  

Anderson, Friedman, and Murphy (1 977) provided a more succinct 

account of the evaluation process through an overview of defin itions of 

evaluation, ranging in complexity and comprehensiveness. They asserted 

that, taken as a whole, al l  definitions describe an approach to eval uation 

that incorporates three essential components: the formation of criteria, 

assessment of the attainment of criteria, and the uti l isation of results. It 

would appear, therefore, that the evaluation process is essentia l ly  l i near 

in nature. However, the process, although appearing rud imentary, is 

more complex than initial impressions would suggest. 

Evaluations generally fa l l  into the two stages of formative and summative 

evaluation (Scriven, 1 972). Edwards, Guttentag, and Snapper (1 975) 

reported that many social programmes often need continuous feed back 
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to permit wise programme management and adaptation to either correct 

errors or to adapt to changing circumstances. This type of evaluation 

feedback is known as formative evaluation, whereas summative 

evaluation describes a final verdict on the programme. These ideas 

highl ight the fact that evaluation is not a static, one-Off, l inear process, 

but a fluid and open process, i ncorporating both feedback and outcom e  

measures. 

Wortman (1 975) has produced an "ideal" model that embroiders these 

concepts into a working whole (see Figure 1 .2) . The model emphasises 

the experimental design characteristic of the scientific hypothesis-testing 

approach, including internal and external va lidity, randomisation, and the 

use of control groups. Wortman emphasised that the evaluation process 

occurs both in an appl ied setting and a pol itical setting, and such 

considerations wil l  impact on the evaluation process. Therefore, 

organisational components, theoretical components, and the evaluation 

process itself m ust be considered. That is, evaluation researchers have 

to not only meet required research standards, but must do this within  a 

set context. Accordingly, the Wortman model incorporates both formative 

and summative components, whi le  also addressing val idity issues. 

This basic model of eval uation seems not only to apply to the social 

research setting, but to most evaluative settings. Meister (1 986) outl ines 

an ergonomic test plan for conducting an evaluation that is remarkably 

simi lar (see Tab le  1 .3). 

Furthermore, Hamblin (1 974), in the tra ining context, remarked that one 

of the purposes of evaluation is the control of training by a process of 

collecting, analysing and eva luating information, leading to decision

making and action. The cyclic process a lso underl ies the work of 

. Rackman, Honey, and Colbert (1 971) who described the purpose of 

eval uation as that of creating a feedback loop, a self correcting system ,  a 
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rable 1 .3. Test Plan for Conducting Ergonomic Evaluations (from 

\neister, 1 986) . 

1 .  Analyse system to determine those variables that probably 

affect system and operator performances. Examine 

predecessor system, talk to subject matter experts, review 

documents, test reports, etc. 

2. Specify precisely why the test is to be performed and 

what its outputs wi l l  be. 

3. Determine crit eria, measures and standards. 

4. Develop experimental design (if appropriate), statistical  

analysis and data col lect ion methodology. 

5. Select subjects (if it is relevant and possible to do so). 

6. Have test plan reviewed and approved by management. 

7. Try out data col lection procedures. 

8. Revise test plan and data col lection procedures. 

9. Commence data col lection. 

1 0. Analyse data. 

1 1 .  Make recommendations resulting from test data. 

1 2. Write interim and final test reports. 

notion also described by Lea (1 988), concerning software 

1 3  

evaluation i n  the computing industry. Such models also seem strikingly. 

simi larto the concepts of action research (Cohen & Manion, 1 980), that 

are prominent in the educational setting. 

It becomes apparent that this generic process is fundamental to 

evaluation studies, whether they are educational, social ,  psychological or 

i ndustrial.  In a l l  cases criteria must be established, assessment of the 

criteria must be undertaken, and results must be reported and 

presumably acted upon. During initial development, the evaluation may 

be in a mainly formative m ode, and therefore, internal feedback is  



1 4  

paramount. At some stage, however, the outcome must be assessed and 

reported. This report should then be uti l ised in  some way. Furthermore, it 

should a lso be noted that evaluation research is set in both appl ied and 

pol itica l  settings. Ideal circumstances do not exist; funding, time, and 

resources may be l im ited, but a good evaluation is sti l l  required. 

.. ;, .. 
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Chapter Two: Developing and Evaluating the Human-Computer Interface. 

2.1. User Based Development and Evaluation Strategies. 

When developing computer systems, Gould and Lewis (1 985) original ly 

advocated four critica l concepts. They were, an early focus on users, 

empirical measurement to assess learnabi l ity, usabil ity of the human 

computer interface, and iterative design. Through refinement and 

development, Gould (1 987, 1 988) also stressed integrated design. This 

resu lted in a focus on design concepts which encompasses users, 

integrated design, user testing, and iterative design. Gould argued that 

each factor must be considered as an integral component of the design 

process. Although these concepts are not as immutable as impl ied by 

Gould (see Olson and Ives, 1 981 ; Maguire, 1 982), it appears as if they are 

broad, robust, assertions. Unfortunately, when examining the design  

process it has been found that, in  general ,  these steps are not fol lowed. 

A rather informal  approach to the design of the user interface is more 

common (Farooq and Dominick, 1 988). 

The reasons for such an approach tend to be m ultifaceted; for example, 

Landauer (1 988) suggested that system designers may fa l l  into the trap 

that he coins the "egocentric intu ition fa l lacy." Landauer intimated that 

software designers are often seduced by the compell ing i l lusion that one 

knows the determinants of one's own behaviour and satisfaction. 

Consequently, we tend to overestimate the degree to which what is true 

for us wi l l  be true for others. This results in designers greatly 

underestimating the variabi l ity in performance and preference. The 

resulting outcome Landauer suggested made it, 

"hard for programmers and system development managers 

to appreciate the need for more rigorous methods for 

ensuring usabil ity." (Landauer, 1 988, p.906). 



1 6  

Bjorn-Anderson (1 988) also noted that many problems, in relation to the 

introduction of office automation, are related to the fact that experts are 

designing something for others to use. Sanders and McCormick (1 987) 

have also pOinted out that human factors are not just com mon sense, 

and that a lay approach may not result in the desired benefits 

anticipated. Edmonds (1 987) suggested that, 

"The pain felt by ergonomists when they read the 

advertisements or are given a demonstration of the latest 

"ergonomic" product is surely great. The problem is not 

simply the misuse of the word, it is also the extreme 

simpl ification of the notion of good design." (Edmonds, 

1 987, p.334). 

Landauer (1 988) bel ieved that designers may be amazed by how their  

systems are used. This may be totally different to how the interface of 

their "baby" was expected to be used, a point a lso made by Karat (1 988). 

Landauer suggested that it was impossible for system developers to 

adequately evaluate their  own software, because after hundreds of hours 

of use and development, they have a "tainted" view and cannot place 

themselves in  the position of a naive, or new, user of the product. These 

factors suggest that the individuals developing the software are not the 

best people to evaluate it, and reinforce the need for user based testing 

(Gould, 1 987, 1 988). 

Additional ly, Spinas (1 989) has presented the results of 32 case studies 

designed to examine user participation within the development process. 

Spinas concluded that there is, 

"strong evidence that users are not only interested in  



participating in software development but are also able to . 

contribute substantially to the improvement of a system.1I 

(Spinas, 1 989, p.205). 

1 7  

Nevertheless, problems did occur. In particular, it was found that user 

participation was started too late in the design process. At times there 

was also a decrease in motivation with in large projects of long duration, 

due to a lack of feedback. Designers also tended to underestimate user 

contributions. Moreover, communication also became a problem, 

particularly because of different language usage between users and 

designers. Users also had difficulty understanding system specifications 

or pencil and paper versions of the system. Despite these problems, the 

results reinforced the idea of a continual and early focus on the user 

population. 

2.2. Models for the Development of Usable Software. 

In  an attempt to clarify and synthesise interactive design concepts 

Wil l iges, Wi l l iges, and Elkerton (1 987) reviewed and organised various 

software design methods into a three stage iterative software design 

process. This encompassed the in itial design, formative evaluation, and 

summative evaluation, and is shown in Figure 2.1 .  

Stage one of the Wil l iges et al. (1 987) model encompassed the initial 

design, the planning, specification and basic configuration of the 

software interface. This is the stage that wi l l  result in  an initial prototype 

of the interface, that should then be iteratively tested. They reported that 

it must be careful ly constructed, because a good initial design wil l  result 

in fewer redesign iterations. Approaches that may help in the design 

process at this stage of development include theoretical m odels, such as 

the Command Language Grammar (CLG) (Moran, 1 98 1 b), Backus Naur 

Form (BNF) (Reisner, 1984) ,  Goals Operations Methods Selection 
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(GOMS) (Card, Moran, and Newell ,  1 983), and Production System 

Analysis (PSA) (Kieras & Polson, 1 985). 

1 9  

Proponents of such models suggested that they constrain design at an 

early stage and therefore, block expensive usa�il ity fai lures and 

consequently reduce the need for usabi l ity testing. For example, Card et 

al .  ( 1 983) claimed that their model is sufficiently accurate, robust and 

flexible to be appl ied to practical design and evaluation (see Roberts and 

Moran (1 983) for an implementation of this type of model). In contrast, 

Al len and Scerbo (1 983) suggested that such claims are premature and 

provide empirical and theoretical evidence suggesting that the model sti l l  

needs further development and refinement. Christie and Gardiner (1 990) 

a lso pOinted out that the simpl ifications needed to be made to the GOMS 

model  may restrict the value of the approach in practical situations. 

Furthermore, such systems tend to model that of an expert user and may 

be l im ited when deal ing with the new or naive user. Dzida (1 984) a lso has 

shared a concern for the appl ication of the model, arguing that it  may be 

appl ied using misleading measurement concepts, resulting in  

inappropriate development criteria being used and strived for. 

Design principles and guidel ines have also emerged that can be used to 

guide the developer and el iminate obvious interface problems (Brown, 

1 986; Smith and Mosier, 1 986; Frese, 1 987). Gardiner and Christie ( 1 987) 

suggested that a distinction can be drawn between principles, guidel ines 

and standards. Gardiner and Christie have related that design principles 

are general ly taken to be more abstract recommendations, often posed 

in conceptual terms rather than a design action. Examples include 

Shneiderman's (1 984) concept of direct manipulation, and Thimb leby's 

(1 984) concept of generative principles. In contrast, Gardiner and 

Christie (1 987) proposed that compared to guidel ines, principles require 

more interpretation within the context of a particular problem to support 

decision making. Standards in turn are intended to be as unamb iguous 
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as possible. 

Problems with such approaches do exist, however. Smith and M osier 

(1 985), in a study involving 1 30 professional software developers, found 

that although guidelines were useful in establishing require ments before 

design, as a decision aid, and for evaluation purposes, users reported 

long search times to find appl icable guidel ines. This was on average 1 4  

m inutes. Furthermore, when the appropriate guideline was located, they 

were sometimes irrelevant, too general ,  and occasiona l ly  too specific. 

Also, the guidel ines were perceived as not sufficiently helpfu l in  

supporting decisions about new technology. Smith (1 986) also argued 

that it is too early to develop standards, as they might l ead to inflexible 

use. 

Landauer (1 988) made the point that although there are competently 

compi led guidelines they are, 

"mostly based on good current practice or expert opinion" 

(Landauer, 1988, p.915) .  

Furthermore, such guidel ines can appear contradictory, resulting  in  

confusion and debate between the developer and evaluator (Maguire, 

1 982; Gardiner and Christie, 1 987) .  Problems such as these have caused 

Gardiner and Christie to suggest that guidel ines may be better used for 

physical aspects and simple presentation issues of the i nterface, rather 

than the cognitive aspects of interaction. They concluded that, 

"Guidelines are only one of the tools in the human factors 

tool kit and, just as one would not build a house using on ly 

one tool ,  so too interfaces need to be bui lt through the 

combined use of different tools. This means that guidelines 

may have their own important role to play in  specific facets 



of the design process, and should be used within that 

appl ication boundary." (Gardiner and Christie, 1 987, p.41 -42) . 

In essence, the designer does not have to present a user interface 

representing tota l ly random usabil ity attributes. 

Nevertheless, as highlighted by Carrol l  (1 989) , 

"Direct empirical measurement is sti l l  the only adequate 

means of assessing the usabil ity of software techniques and 

artifacts" (Carrol l, 1 989, p.49-S0). 
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The reasons appear multifaceted and have been summarised adequately 

by Brooks (1 987) who pOinted out that inherently, everything interacts 

with everything else. 

During the second, formative evaluation stage of the Wi l l iges et al .  ( 1 987) 

model, the interface that was specified in stage one is i mplemented, 

evaluated, and redesigned in an iterative fashion. This process shou ld  

continue until the design objectives are satisfactorily adhieved. Such 

concepts as object oriented programming and rapid prototyping can be 

used as a means to carry out iterative design during this stage  of the 

process. It is during the third stage that the final  summative evaluation is 

conducted. Here Will iges et al. (1 987) reported that the eva luation may 

consist of comparing the final design with other design a lternatives and I 

or previous versions of the interface. Also, com parisons may be made 

with commercial ly comparable alternatives. 

Christie and Gardiner (1 990) have provided an overview of the desig n  

process highlighting the nature of evaluation as experienced i n  

com mercial software design. Christie and Gard iner suggested that, 



"Each company has its own way of doing things, and to 

some extent each product development project has its own 

unique requirements." (Christie and Gardiner, 1 990, p.282) . 

Despite this, five main  stages to the design process can be identified, 

1 .  Pre-design information gathering. 

2. Design. 

3. Design review. 

4. Implementation. 

5. Fine tun ing. 
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Although this process seems strikingly s imi lar to that advocated by 

Wi l l iges et al . (1 987),  Christie and Gardiner (1 990) placed more emphas is  

on the commercial implementation of evaluation, stressing that it wi l l  be  

l imited by budget restrictions, by  the t ime scale, and  by  the relative lack 

of awareness 'of the interface as a specialist area, notions supported b y  

lea (1988). Shneiderman (1 988) , i n  turn, h igh l ighted ''three p i l lars" of user 

interface development. These consisted of guidel ine documents, user 

interface management systems and usabi l ity laboratories, and iterative 

testing. Sutcl iffe (1 988), on the other hand, highl ighted user-participative 

design, user-centred design, and iterative design. 

Several dominant themes for interface design emerge. Guidelines and  

principles can be used in  the in itial specification of  the user i nterface . . 

These may be i mplemented by user i nterface m anagement techniques, 

such as rapid prototyping and object oriented principles. The i nterface 

may even be evaluated by using forma l  theoretical m odels, such as 

GOMS (Card et a l .  1 983), and then undertaking iterative user testing. The 

politics of the organisation wil l  a lso moderate this evaluation and iterative 

process. All this is remarkably simi larto the original evaluatio n  stages 



suggested by Wortman (1 975). 

2.3. The Aims and the Individuals Included in the Evaluation. 

Draper and Norman (1 985) suggested that there are, 

"two quite different broad a ims for an interface: Achieving 

speed and' convenience of use (power) for the practised 

user and achieving ease of learn ing and use." (Draper and 

Norman, 1 985, p.253). 

In turn, Root and Draper (1 983) suggested that there are two kinds of 

concerns that a software developer may have, 

''to identify problem areas that may not even have been 

suspected before, and to get more information on existing 

hypotheses about problem areas." (Root and Draper, 1 983, 

p.84). 
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This has been expanded by Karat ( 1 988) who suggested that the reasons 

for evaluating a system can be divided into several broad classes. These -

include assisting in design decisions, measuring qual ity, evaluation to 

select between two or more alternatives, the intention of understanding 

how wel l  a system design works, and to decide whether a system meets 

some acceptable criteria. Lea (1 988) a lso reported that three broad 

categories of objectives can be identified: 

1. The assessment of the capabi l ities of the design. 

2. The assessment of the impacts of design decisions. 

3. The diagnosis of problems with the design. 

Yoder, McCracken, and Akscyn (1 985) reported that at differing stages of 



24 

the design various individuals wil l  require information on how the system 

is operating and being used, 

". System developers need to know what problems and 

inefficiencies are plaguing the system so they can i mprove 

the design and implementation. 

· Managers who are introducing the system into their 

organisation need to know how people feel about the 

system and how it is affecting their job performance and 

social environment. 

· System evaluators are typical ly concerned with job 

performance may also be evaluating the system's potentia l  

for use at other sites or i n  other appl ications. 

· Researchers studying human-computer interaction need 

detai led information about the user's interaction with the 

system." (yoder et a I ., 1 985, p.907). 

The types of evaluation may also vary. Specifical ly, Howard and Murray 

(1 987) asserted that the evaluations may be subject based, expert based, 

theory based, user based, and market based. 

As a means to implement such evaluation strategies, software 

developers are beginning to employ the analytic skil ls  of ergonom i sts 

and psychologists (Richardson, 1 987, Shneiderman, 1 988). The uti l isation 

of ergonomists and psychologists within the design team would seem a 

natural  phenomenon. Professionals in  these fields have been exam in ing 

human-machine interaction issues and the evaluative process for som e  

time. Chapanis (1 976), for exam ple, reported that the pri mary a i m s  of 

ergonomics, or human factors engineering as it is known in North 

America, is the discovery and application of information about human 

behaviour in relation to mach ines, tools, jobs, and work environments. As 

far back as 1 955 ergonomists have been asserting that if the point of 



contact between the product and the user becomes a point of friction, 

then the designer has fai led. Conversely, if people are made more 

comfortable, more eager to purchase, more efficient - or just happier -

the designer has succeeded (Dreyfuss, 1 955) . 

It seems prudent to draw on the knowledge and experience of 

ergonomists and psychologists and direct some of their expertise 

specifica l ly towards problems associated with human-computer 

interaction. This is happening with a rapid expansion and redirection of 

resources to research on human-computer interaction. Several new 

academic journals have been developed and specia l  interest research 

groups establ ished, leading Shneiderman (1 988) to suggest that, 

II Whi le it  may be too bold to declare a IIgolden age of 

ergonomicsll it seems clear that human factors issues and 

the pol itics of lIuser-friendly" are fashionable topics in 

professional journals and popular magazines.1I 

(Shneiderman, 1 988, p.699). 

25 

The role of human-computer interaction speCial ists may vary depending 

on the design stage of the software and the individuals requiring the 

information. Eberts (1 987) has suggested that the ergonomist can play 

many roles within the design process and can contribute at a l l  phases of 

the design of the human-computer interface. 

Carrol l  (1 989) also reported that the role of human factors specia l ists 

may vary within each organisation and that in  the past the basic 

assum ption held was that, 

IIpsychology operates outside the development process, 

outside even the research prototyping process. They 

assume that the role of psychologists in  human computer 
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interaction is to offer commentary.1I (Carrol l ,  1 989, p. 62) . 

However, this view is changing, with Carro l l  (1 989) having advocated that 

human factors professionals should be placed directly into development 

groups and that they should manage the developers. Usabil ity 

consultants from outside the organisation should a lso be used (Carrol l , 

1 989). The incorporation of the usabi l ity consultant into the development 

process has given rise the notion of usabi l ity innovated invention where, 

lIusabi l ity is seen as connecting the invention of HCI (Human 

Computer Interaction) artifacts to user needs no less 

essential ly than nerves connect organs and muscle tissues 

to sensory and motor brain centres.1I (Carrol l ,  1 989, p.61 ). 

Although some software designers are sceptical of the importance of 

human factors evaluations, research by Marshal l ,  Mcmanus, and Prai l 

(1 990) suggested that improvements and suggestions made by human 

factors special ists should be taken seriously. They were in  the position 

of having examined a commercia l  product that had undergone several 

human factors evaluations. It was then released without modification. 

Marshal l  et al .  observed that, 

IICircumstances dictated that no remedial action was taken, 

so it was possible to track these potential usabi l ity defects 

to customer sites, where it was found that the most 

important problems did indeed occur.1I (Marshal l  et at, 1 990, 

p.243). 

This adds credence to the val idity of the human factors evaluation in the 

software development setting. 
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2.4. The Lack of Criterion Development in Software Evaluation Methods1• 

Although much attention is being directed at the development of user 

interface management tools that enable models of an interface to be 

quickly developed and tested, less energy appears to have been directed 

towards the development and val idation of evaluation tools to test the 

various prototypes. There is l ittle research into the efficacy of the various 

software evaluation techniques. This is a serious problem because 

iterative empirical  testing seems so prominent in the software evaluation 

design philosophies. Yet, without empirical  data on the appropriateness 

of the evaluation methods, the construct va lidity of the software 

evaluation design philosophy must be in doubt. 

This is the case because the quality of refinements made to software wi l l  

be directly related t o  the quality of the information el icited during an  

evaluation. Poor evaluation information that does not highl ight potential 

problem areas, or m isdirects the attention of the developers, is of l ittle 

use for refining the user i nterface. Such poor evaluation information may 

even a l low poor design elements to go undetected. 

To study the usabi l ity evaluation methods the construct of usabi l ity must 

be understood. From this point, operational isations can be exa mined, 

and measures used to test usabil ity attributes can be considered. The 

usabi l ity construct wi l l  be addressed in the next chapter. 

1 Henceforth the term evaluation methods wi l l  be taken to refer specifical ly 
to user based evaluation and i t  therefore, excludes theoretical ly  based 
approaches. 
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Chapter Three: The Usability Construct and the Problems of Operational 

Definitions and Measures. 

3.1 .  The Usability Construct. 

The usable system is a popular topic of research in recent l iterature. 

There has been a prol iferation of design guidel ines and suggestions, 

which have ranged from the highly technical specifications and 

theoretical guidel ines, to guesswork. 

The idea of the usable system is not new, because industria l  designers 

have been concerned with the usabil ity of products for some time 

(Dreyfuss, 1 955). As far as software is concerned, ideal design concepts 

are sti l l  in the early stages of development. This is reflected by the gulf 

between ideal software development techniques and those used in 

practice (Gould and Lewis, 1985; Smith and Mosier, 1 985; Hannigan and 

Herring, 1 986) . 

A construct can be defined as, 

"A concept based on relationships between empirical ly 

verifiable and measurable events or processes:' (Goldenson, 

1 984, p.1 75). 

Goodwin (1 987) stressed that the usabi l ity construct is not easily defined 

and may change depending on the context and user groups. Therefore, 

defin itions may range from the technical ly  dominated approach of 

Barnard, Hammond, Morton and Long (1 981 )  of, 

"To be truly usable a system must be compatible not only 

with the characteristics of human perception and action, but, 

and most critica l ly, with a user's cognitive ski l ls in 



communication, understanding, and problem solving." 

(Barnard et aI ., 1 981 ,  p. 229), 

to the more popular approach of Meads (1 985) of, 

"A friendly system has three important aspects. It is 

cooperative, preventative, and c.onductive.1I (Meads, 1 985, p. 

97). 
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Richardson (1 987) further stressed that the usabi l ity construct relates to 

the extent to which the system matches the user's characteristics, and 

ski l ls for the task concerned. This latter defin ition implies that the 

construct is simi larto the ergonomic concept of compatibi l ity, whi'ch 

i mplies that things do what they are expected to do. Moran ( 1 981 a) noted 

that there is no one dimension of goodness of behaviour, but behaviour 

is multi-d imensional and may encompass such facets as, functional ity, 

learning time, errors, qual ity, robustness, and acceptabi l ity. Furthermore, 

trade-offs between these dimensions usually need to be made. 

Dzida, Herda, and Itzfeldt (1 978) reported the results of a factor analytic 

study examining the dimensional ity of the usabi l ity construct. They 

identified seven orthogonal factors (self-descriptiveness, user control ,  

ease of learning, problem adequate usabil ity, correspondence with user 

expectations, flexibil ity in task handl ing and fault tolerance), which 

accounted for 44 percent of the total variance. In contrast, Shackel 

(1 986b) distinguished four components in his operational defin ition of 

usabil ity: effectiveness, learnabi l ity, flexibil ity, and attitude. Foley, 

Wal lace, and Chan (1 984) on the other hand highl ighted what they term 

lIergonomic qual ityll which seems to equate to usabil ity. They identified 

three primary criteria for ergonomic quality: the time any user must 

spend to accompl ish a particular task, the accuracy with which the user 

can accompl ish the project, and the pleasure the user derives from the 



process. They then went on to identify secondary criteria, which 

elaborate on these primary criteria. 
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Frese (1 987) highlighted the difference between the broad construct of 

usabi l ity and the more narrow construct of user friendl iness. A defin itio n  

of user-friendly has a lso been proposed by Edmunds (1 985), who 

defined and helped to operational ise the process. Edmunds stated that 

user-friendly is, 

"A term that describes computer hardware or software 

products or a computer system that is easy for a person 

(normal ly a "non-technician") to understand and use. Various 

techniques are uti l ised (particularly with on-l ine systems) to 

make a computer system ' more "user-friendly." Examples of 

such techniques are on-l ine help facil ities, tutorials, screen 

formats that use "pla in engl ish" as opposed to "computerise," 

and wel l-written users' manua ls." (Edmunds, 1 985, p.468). 

This later defin ition is more expl icit about the attributes of the user 

friendly system, but is sti l l  rather vague concerning the precise 

dimensional ity of the construct. It does, however, h ighl ight its nebu lous 

nature. The construct itself relates not only to the software presented, 

but a lso to such factors as support, functions, and system performance. 

This was a lso examined by Gould ( 1 987), who presented the components 

of usabi l ity (see Table 3.1 )  and highl ighted how many factors integrate to 

compose the construct. 

The concepts ot - functional ity and accQptabi l ity seem an integral 

component of the usabil ity construct. Richardson ( 1 987) noted that they 

can sometimes take precedence over the usabi l ity criterion. 



Table 3.1 .  Suggested Components of Usabil ity (from Gould, 1 987). 

System performance. 
Reliabi l ity. 
Responsiveness. 

System functions. 

User interface . . 
Organisation. 
Input/output hardware. 
For end-users. 
For other users. 

Reading materials. 
End-user groups. 
Support groups. 

language translation. 
Reading materials. 
User interface. 

Outreach program. 
End-user training. 
On-l ine help system. 
Hot-l ines. 

Abil ity for customers to modify and extend. 

Insta l lation. 
packaging and unpacking. 
Intra field maintenance and serviceabil ity. 

Advertising. 
Motivating customers to buy. 
Motivating user to use. 

Support-group users. 
Marketing people. 
Trainers. 
Operators. 
Maintenance workers. 
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Eason (1 988) added the notion of organisational acceptabi l ity, which is  

defined as the extent to which the system is a ble to support 

organisational objectives. Notions of this kind have a lso been high l ighted 

by Rushinek and Rushinek (1 986), who found in their study that system 

response time was the main predictor of satisfaction with a system. 

Goodwin (1 987) a lso noted the integra l relationship between functional ity 

and usabi l ity by stating that, 

"it is important that a system provide the functions that a user 

needs to accomplish a task or set of tasks. However, it is a 

mistake to suppose that design features intended to enhance 

usabi l ity are niceties to be provided at the designers convenience . 

. . There is increasing evidence that the effective functioning of a 

system depends on its usabi l ity." (Goodwin, 1 987, p.229) . 

Goodwin (1 987) a lso noted that a lthough these defin itions may be qu ite 

va l id they do not direct software developers towards specific guidel ines. 

This means that they do not help to operational ise the construct to an 

adequate degree. 

3.2. Evaluation Relevance, Deficiency, Contamination, and R ed undancy. 

To ensure the acceptable development of the usabil ity construct, strong 

operational defin itions must be present. Opetational defin itions provide 

the l ink between the construct and the measurement proc�ss, which at 

times may be tenuous. In particular, the concepts of relevancy, 

contamination, and deficiency m ust be addressed. These concepts and 

relationships may be i l lustrated by using an approach outl ined by B lum 

and Naylor (1 968). 

St�rt by conceptualising the u ltimate usabi l ity evaluation. This is an 

evaluation that encompasses a l l  the com ponents of usabil ity. In  Figure 
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3.1 this is represented by space "A." the actual operational defin ition of 

this concept may be, relevant, deficient or contaminated. Space "B" 

represents the actual evaluation. A portion of the space "B" overlaps 

space "A," and this portion is known as relevance. The actual evaluation 

is only encompassing a portion of the entire construct, and is therefore 

deficient. When considering this relationship contamination also needs to 

be addressed. Contamination occurs when a construct that is not 

relevant is measured. This model is useful because it highlights issues 

that impact on the effectiveness of an evaluation strategy. 

Based on this model, the refinements made to software wi l l  be directly 

dependent on the qual ity of the information el icited from the evaluation. 

To the extent that the evaluation is relevant, deficient, or  contaminated, 

so too wil l  any refinements made on the basis of the evaluation be 

relevant, deficient or contaminated. 

Furthermore, when multiple evaluation strategies are used, the problem 

of redundancy of information also becomes important. Figure 3.2 

i l lustrates this problem. It should be noted that in Figure 3.2, the two 

·evaluation methods overlap with the ultimate evaluation. The extent of 

this overlap may vary. For example, in Figure 3.2 there is some overlap 

between the two evaluation methods and the ultimate evaluation. They 

appear to be tapping the same portion of the ultimate evaluation. 

The evaluation strategy taps more of the u ltimate evaluation using the 

second method, but the usefulness of this second method is moderated 

by the overlap it has with the first method. If there is l ow overlap 

between the methods, and high overlap with the ultimate evaluation, 

useful extra information wil l  be gained. This extra information wil l  

o.utweigh the extra cost, time, and effort associated with using the 

second method. On the other hand, if there is high overlap between each 

evaluation method, then the extra Information gained may not warrant the 
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Figure 3. 1 .  The Deficient and Contaminated Evaluation. 

A = Ult imate Evaluation 

B = Actual  Evaluation 

deficiency 

relevance 
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Figure 3.2. Potential Relationships Between the Ult imate Evaluation and 
Two Actual Evaluations (adapted from Blum and N aylor,  1 968) . 



extra expense, time, and effort of using two evaluation methods. It is 

therefore vita l to examine the information gained by each evaluation 

method before suggesting the use of composite evaluation strategies. 

3.3. Operational Definitions. 
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Penniman and Dominick (1 980) having conducted a review of the 

l iterature stated that the interview, questionnaire, logged data, secondary 

data analysis, and control led experiments are methods that have been 

used to assess usabil ity. Sweeney and Dil lon (1 987) reported that 

developers may use standard performance measures, interactive error 

analysis, subjective ratings/questionnaires, verba l  protocol analysiS, and 

system monitoring. Sutcl iffe (1 988) adopted a sim i lar view suggesting 

that, system logging, video recording, direct observation, protocol 

analysis and questionnaires are options. Yamagishi and Azuma (1 987) 

stated that logged data, the interview, protocol analysis, and evaluation 

questionnaires are the dominant methods. Karat ( 1 988) suggested that 

the questionnaire, verbal report, control led experiments, design reviews, 

formal  analysis, and production systems analysis are options. 

Furthermore, each option wi l l  produce differing information and 

therefore, wi l l  be appropriate at differing stages of the development 

cycle. After examining the software evaluation m ethods Meister (1 986) 

asserted that, 

lIa lthough automated methods of recording computer events 

and operator actions can perhaps be considered a 

distinctive feature . .  when the methods used to evaluate 

computer systems and software are considered in their 

generic form . .  these methods are essentia l ly the same as 

those used in non-computer systems and software 

situations.1I (Meister, 1 986, p. 268). 
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Maguire and Sweeney (1 989) have put software evaluation methods into 

a coherent form through a taxonomy of evaluation  methods. The 

taxonomy was based upon, whether the method was user based, theory 

based, or expert based, the intrusiveness of the data col lection process, 

and the type of data avai lable (see Table 3.2). Maguire and Sweeney a l so 

described the relationships between the evaluation metric and the data 

capture method (see Table 3.3) . 

Although these are the dominant methods other methods have also been 

advocated. In particular, the psychophysical method (Grudin and 

Maclean, 1 985) , the critical incident approach (del Galdo, Wil l iges, 

Wi l l iges and Wixon, 1987), the impact analysis table (Gi lb, 1 985), and the 

randomly sampled self report method (Tynan, 1 985), to name but a few. 

Furthermore, syntheses of the base methods have a lso been advanced 

(Neal and Simons, 1 984a, 1 984b; Kopp, 1 988; Morris, Theaker, Phi l l ips 

and Love, 1 988; and Theaker, Phi l l ips, Frost and Love, 1 989), which see m  

to b e  based around the playback method, incorporating elements of 

logged data, video analysis, protocol analysis and the use of 

q uestionnaires. 

Although the Maguire and Sweeney (1 989) taxonomy highl ights whether 

the method wi l l  el icit subjective or objective data it does not tel l  the 

researcher what to measure. However, many measures have been 

suggested (see Table 3.4). 

3.4. Analysis of Measures. 

In the past, evaluations of software usabil ity data have traditionally been 

of a univariate and bivariate nature (Shneiderman,  1 987). This has 

perhaps been a function of the type of data elicited and the knowledge of 

those performing such usabil ity evaluations. However, the development 

of the usabil ity construct has been paral lelled by a development i n  
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Table 3.2.  Taxonomy of Eval uation Methods (from Maguire and Sweeney, 

1 989) . 

GENERAL 
APPROACH 

� 
III c: 
CII 0 .c ._ 

. -t:: CII 
CI) :::l 
0. )( CII 
W �  

TYPE OF DATA 
CAPTURED 

Performance 
(based on user interaction) 

(Objective measure) 

Behavioural 

(Objective measure) 

Psychophysical 

(Objective measure) 

Affect or Attitudinal 
(users' attitudes and 
opinions) 

I (Subjective measure) 

I Cognitive 
(users' understanding I 
and knowledge of 

I system) 

(Objective measure) 

I Performance I (predictions of usage) 
I 

(Objective measure) 
I 

Performance I 
(expert appraisal of 

I system perfomance) 

(Objective measure) 

I Expert opinion 

I (Subjective measure) 

SPECIFIC METHOD 

Live observation (manual) 
-observation journal 

Video and audio recording 
of user interaction 

-recording of interaction 
data 

System monitoring (automatic) 

Recording of non-verbal 
gestures 

Galvanic skin response 
Heart rate 
Eye movement 

(intrusive) 

(intrusive) 

(non intrusive) 

(intrusive) 

(intrusive) 

- - - - - - - - - - - - - -

Replay of interaction and post hoc comment 
Follow-up interview 
Rating scale (non intrusive) 
Questionnaire 
Group Survey 

Verbal protocal anaysis (VPA) 
Interaction replay & post hoc 
comment 
Content analysis 
Comprehension questionnaire 

Formal modelling 

- - - - - -

(intrusive) 

(non intrusive) 
(non intrusive) 

-grammatic techniques e.g. CLG, GOMS 
-diagrammatic techniques e.g. eeT 

Comparison checklist with: 
-guidelines and standards 
-design criteria 
-general fitness of purpose 

System 'walk throughs' 

Rating scales 
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Table 3.3.  Relationships Between Evaluation Metrics and Data 

Capture Methods (from Maguire and Sweeney, 1 989) . 

Ticks I indicate possible data capture methods to suppon each metric assessment. 
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Table 3.4. Some Suggested Measures of the Usabi l ity Construct. 

Tyldesley (1 988) . Time to complete task, percentage of task 
completed, percentage of task completed per unit time, 
ratio of success to fai lures, time spent in errors, 
percentage number of errors, percentage or numbers of 
competitors that do this better than current product, 
number of commands used, frequency of help or 
documentation use, time spent using help or 
documentation, percentage of favourable/unfavourable 
user comments, number or repetitions of  fai led 
commands, number or runs of successes and of fai lures, 
number of times the interface misleads the user, number 
of good and bad features recal led by the user, number of 
avai lable commands invoked, number of regressive 
behaviours, number of users preferring your system,  
number of times users need to work around a problem, 
number of times the user is disrupted from a work task, 
number of times the user loses control of the system, 
number of times the user expresses frustration or 
satisfaction. 

Shneiderman (1 988). Time for a user to learn to accompl ish a 
task, speed of performance on bench mark tasks, rate and 
distribution of errors, subjective satisfaction, users' 
retention of syntax and semantics over time with 
intermittent use. 

Carey (1 988). Information accuracy, information timel iness, 
information relevancy, correct information content, 
appropriate level of information scope, decision support 
capabil ity, speed of performance, reduced error rates, 
user satisfaction, ease of learning, system 
responsiveness, enhancement of communication, system 
rel iabil ity. 

Johnson, Clegg, and Ravden (1 989). Visual clarity, 
consistency, informative feedback, expl icitness, 
appropriate functionality, flexibil ity and control ,  error 
prevention and control,  user guidance and support. 

McClel land (1 990). Time, speed of response, activity rate, 
etc., accuracy and errors, convenience and ease of use, 
comfort, satisfaction, physical health and safety, physical 
fit, physica l  effort and workload, stress and mental 
workload. 
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methodology. Hanson, Kraut and Faber (1 984) have provided an 

interesting approach to the multivariate analysis of performance based 

data, and Dzida (1 984) examined the dimensionality of attitudinal data 

using a multivariate perspective. 

Such approaches have presented the development of the usabil ity 

construct so that it is now not seen as a one-dimensional entity, but as 

multifaceted and of considerable complexity. 
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Ideal ly, an evaluation method should have perfect overlap with the 

ultimate evaluation. However, due to the complex nature of the usabi l ity 

construct, it may be unrealistic to expect such a situation to exist in the 

real  world. Instead, software developers may need to use more than one 

evaluation method to gain the maximum relevant information about the 

usabi l ity of the software. In doing so, the software developer needs to 

pay attention to the overlap between the various evaluation methods and 

the u ltimate evaluation. 

The number of possible relationships is disconcerting. In contaminated 

evaluation methods, adjustments may be made to software that may not 

be related to the usabi l ity of the system. Also, in deficient evaluation 

methods, changes may need to be made, but m ay not be highl ighted. 

It is therefore important to decide that portion of the evaluation 

methodology which is related to the ultimate evaluation. It is then 

important to establish whether other evaluation methodologies can el icit 

information that the original methodology could not, thus contributing to 

general knowledge of the usabil ity of the software. This can be done in a 

cumulative way so that each portion of the evaluation adds new and 

relevant information to the software designer's knowledge, and 

consequently reduces its deficiency. 



An in-depth examination of user based evaluation methods, their 

assumptions, strengths and weaknesses may be of some help when 

examining evaluation relevance, deficiency, contamination, and 

redundancy of data. Such an examination is undertaken in  the next 

chapter. 
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Chapter Four: Software Evaluation Methods. 

There are many methods for evaluating the human-computer interface, 

which can be broadly divided into objective and subjective methods. Lea 

(1 988) reported that some evaluators suggest that the subjective 

responses of the user are more important than objective data. Such 

evaluators have argued that knowing what the user thinks about system 

response time is more reveal ing than objectively measuring it. Although 

this approach seems feasible for discretionary software, it  has dubious 

merit for l ife critical systems, such as air traffic control .  

Another issue is  the criteria that should be used to assess the 

effectiveness of the evaluation method. In this context, Johnson et
· 
a l .  

(1 989) proposed that methods used for evaluating user interfaces should 

be: systematic, based on existing criteria, iterative, general ,  participative, 

sensitive, simple to use by people who are unfami l iar with usabi l ity 

issues, face val id, related to the real istic usage of the system, and 

reasonably exhaustive. 

The delineation of such attributes may be premature, however. At this 

stage more emphasis should perhaps be placed on fundamental base 

aspects of criterion development. Landy (1 989), for exam ple, has pOinted 

out that criteria need to be rel iable, va l id, and practical .  He has further 

asserted that there are substantia l  advantages to be gained by reducing 

criterion requirements to the three categories of rel iabi l ity, val id ity and 

practical ity, 

"First and foremost, it helps to point out that in  spite of its 

unique position . . .  criterion data must satisfy the same 

requirements as al l  other forms of data. If inferences are to 

be drawn based on criterion data, those data must be 

rel iable and representative. In addition, there must be a 



practica l scheme for gathering the data so that the cost 

does not greatly exceed the potential benefit. Great 

advances in the area of criterion measurement and 

development can be made if these three requirements are 

kept in  mind." (Landy, 1 989, p.1 51) .  
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It is useful, therefore, to examine the current software evaluation 

methods th is way. In particular, there are four major methods used: 

logged data, questionnaires, interviews, and verbal protocol analysis 

(Hieta la, 1 985; Yamagishi and Azuma, 1 987). Little information is known 

about their strengths and weaknesses. Furthermore, a lthough these 

methods are sometimes used alone, they are often used in combination 

(Neal and Simons, 1 984a, 1 984b; Hieta la, 1 985; Lea, 1 988). This leads to 

problems of redundancy and contamination of i nformation. As a means 

of clarifying the efficacy of these methods an examination of their 

theoretical and empirical  properties is important. 

4.1 .  System Monitoring, or Logged Data. 

System monitoring, or logged data, can be viewed as the epitome of 

objective behaviourial data. It involves the unobtrusive col lection of 

keystrokes, with accompanying time stamps, of the user i nteracting with 

the computer. 

Drury (1 987) reported that it has only been with the advent of m odern 

microprocessor based computer systems, that psychologists have been 

able to unobtrusively, and relatively inexpensively, col lect and analyse 

large accurate data sets of human performance. Penniman and Dominick 

(1 980) has supported this view by stating that, 

"Prior to the advent of on-l ine interactive systems, the 

appl ication of unobtrusive measures of user behaviour was 



most difficult. Now it is perhaps the easiest of techniques, 

using monitor programs built into the information system.1I 

(Penniman and Dominick, 1 980, p.1 9). 
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Penniman and Dominick (1 980) have suggested a methodology for the 

evaluation of system usage. As shown in Table 4.1 and Figure 4.1 this 

process is simi larto the general evaluation methodology; that is, define 

objectives, collect data, and report data. This suggested methodo logy is 

a lso of an iterative nature and therefore in l ine with current software 

development phi losophies (Gould, 1 987, 1 988; Wi l l iges et at, 1 987) .  

Col lection of logged data can generally be  accomplished in one of  three 

ways (Kirakowski and Corbett, 1 990) . The first is the software oriented 

approach, in which a data collection routine is embedded within the 

software package to be evaluated. Such an approach has been 

described by Yoder et at (1 985). To use this method access to source 

code is necessary, which l imits the appl ication of the approach to mainly 

in-house evaluations. Even when access to the source code is ava i lable, 

Kirakowski and Corbett (1 990) have suggested that some changes in the 

operating system may need to be made, which rapidly becomes fraught 

with problems. 

The second approach is an on-l ine tap, as described by Neal and S imons 

(1 984a, 1 984b) . With this approach a direct hardware tap is placed 

between the central processing unit (CPU) and the keyboard (see Figure 

4.2). The advantage of the on-l ine tap approach is that evaluations are 

riot l imited by access to source code, which removes the necessity for 

imbedding data collection sub-routines in  the software to be evaluated. 

By not requiring access to the source code, using the on-l ine tap method 

makes comparisons between software using logged data feasible. 

However, the drawback of such an approach is the necessity for 

sophisticated hardware. 
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Table 4.1 .  General Methodology for Monitoring and Evaluation of On-l ine 
Information System Usage (from Penniman and Domin ick, 1 980, p.24). 

1 .  Determine the monitoring / evaluation objectives. 

2. Determ ine the specific parameters to be monitored 
initial ly, based upon the overal l  objectives. 

3. Design and implement the monitoring facil ity into the system. 

4. Design and i mplement the data analysis tools to be used . 
in analysing the monitored data, if such analysis tools are 
not already avai lable. 

5. Design and conduct the monitoring experiment to collect 
the data to be analysed. 

6. After the experiment has been completed perform the 
data analysis, making evaluations and drawing 
conclusions, as appropriate. 

7. Identify system improvem ents and enhancements as 
impl ied by the results of the analysis. 

8. Identify monitor improvements and enhancements as 
impl ied by the results of the analysis. This may involve 
adding new parameters that were found necessary, 
deleting existing parameters that were found not 
necessary, or modifying existing parameters to col lect 
more detailed or more aggregated data. 

9. Identify experimental design i mprovements and enhancements. 

1 0. Apply the results of phases 7 through 9 to implement the 
identified improvements and enhancements to the system,  
to the monitor, and to the design of the data col lection 
experiment. 

1 1 . After a period of time which depends upon the initia l  
objectives, cycle back through phases 5 through 10. 
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Figure 4. 1 .  A Suggested Methodology for the Monitoring and 
Evaluation of On-Line Information System Usage (see Table 
4. 1 )  (from Penniman and Dominick, 1980). 

47 



User 
Machine 

Tapping 
Poo l 

- -
- -

Input 
Device(s) 

keyboard 
mouse 
etc 

--

Protocol 

J Conversion . RS232 Connection 
-

- -

SUBJ ECT 
AREA 

-

HCI 
Monitor 

Time-Stamped 
Data 

48 

MON ITOR 
AREA 

Winchester 
disc 

'e 4 .2. The Direct Hardware Tap Method for Col lecting On-Line Information System Usage 

(adapted from Theaker, Phil l ips, Frost and Love ,  1 989) . 
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The third, and most basic, approach to logged data col lection is to make 

a copy of the computer screen. A copy of the screen can be obtained by 

either directly feeding the video signal into a video recorder in paral lel 

with the real screen, or by making a video copy of the screen. The 

disadvantage of this approach is that the video recording subsequently 

requires transcription when performance measures are to be used, 

procedures that require both time and effort (Kirakowski and Corbett, 

1 990). Furthermore, Laws and Barber (1 989) report problems with such 

an approach when the refresh rate of the computer screen is greater 

than 50 Hz. 

Another problem when using logged data are what measures should be 

recorded. Table 4.2 outlines some information that can be recorded 

using the logged data approach to system evaluation. Penniman and 

Dominick (1 980) suggest a "minimal data set" of logged data, which 

consists of three basic categories: system usage profi le  and database 

usage profi le data measures, user error and error recovery data 

measures, and user success and user satisfaction data measures. 

Yoder et at (1 985) have suggested that when using the logged data 

method, evaluators should iteratively develop the statistics over time, 

have al l  the instrumentation programming done by one person, record 

intermediate statistics which summarise sessions in progress, devise a 

method for val idating the instrumentation, expect to devote much effort 

to post-processing the data, and provide easy access to the statistics. 

Furthermore, it can also be suggested that times should be recorded to 

1 00th of a second. This level of accuracy is required because some 

streams of interaction by ski l led users may be very fast. As can be 

imagined, a very large data fi le quickly develops, making data reduction 

a critical factor in the uti l ity of the logged data method. 
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Table 4.2. Some of the Suggested Information that can be Recorded Using the logged Data 
Approach to System Evaluation. 

Penniman and Dominick (1 980). 
User's name and affiliation, data of interactive session start and end time 
of session in both real and CPU time, real and CPU time durations for 
major phases of system processing, operation execution counts, full text 
of the operations considered, detailed context�ependent statistics for 
those operations of primary importance, user ratings, user comments, 
session cost, error recovery, error frequency counts, and error context, 
user success and satisfaction. 

Neal and Simons ( 1 984a, 1 984b). 
TIme required to perform selected tasks, success or failure in completing 
the task, frequency of use of various commands or language features, 
measure of user problems similar to those used to measure learning 
difficulties. 

Kretz (1 985). 
Error measures, time measures, goal completion measures. 

Meister (1 986). 
Number/type of errors made under individual conditions, Number/type of 
keyboard input errors, number of requests for assistance, menu choices 
made, number/type of errors made while learning to use the computer 
system, reaction time to system display conditions, total time to perform 
individual tasks, such as completing forms, filing etc; total time spent 
operating the system, number of trials to learn to operate the system to 
some proficiency criterion, time required to learn to operate the system 
to criterion, number of successful task completions. 

Kopp (1 988). 
TIme spent to learn product, time taken to complete task, error recovery 
time, number of times help screens used, number and types of errors 
encountered, number of users who complete task successfully. 

Rubin (1 988). 
Task completion (number of tasks correctly completed, number of tasks 
completed in a given time, time taken per task), command usage 
(frequency of use of different commands, use of command sequences, 
use of special commands), command abbreviations (use of abbreviations 
for particular commands, occurrence of mistyped command names), use 
of visual display (time spent looking at display, comparative data for 
different display formats) , use of keyboard (time taken to execute 
command, comparisons with other devices) user errors (classification of 
error-types, frequency of error types across tasks, time spent in error 
situations, time taken to correct errors). 
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Problems stemming from the resolution of the data set has led Yoder et 

a! .  (1 985) to report that analyzing such data is, 

"akin to archaeology, because one must infer behaviour 

patterns from low-level data 'artifacts'." (yoder et al., 1 985, 

p.907). 

In  support of this view Penniman and Dominick (1 980) stated that, 

liOn-l ine monitoring provides a means of col lecting more 

data than we have ever had before on information system 

user behaviour. The problem quickly becomes one of data 

reduction and analysis - not data avaiiabil ity." (Penniman and 

Dominick, 1980, p.29.). 

Logged data in its standard form is interpreted without the aid of the 

user who performed the original actions. This al lows subjectivity and 

perhaps bias and error to enter the interpretation phase of the 

evaluation. Behaviour has a multipl icity of causal agents, but, when 

analysing logged data the evaluator must attempt to infer causal ity. This 

can cause problems. For example, in a situation where there was slow 

response time, was it due to the user not comprehending the user 

interface, disturbance from situational factors, or thinking what to do 

about tea? Was the wrong menu option chosen simply because of a sl ip 

of the .  hand, cognitive overload, or was the user just exploring the menu 

system? The alternative possibil ities can be tested when a large sample 

is used, and behaviour patterns have the opportunity to emerge. 

Hanson et a!. have described such a process (1 984) .  Hanson et a l .  used 

a variety of multivariate statistical analyses to examine the commands 

people used and the errors they made in office work. They showed that 

command profi les can be developed and clusters of commands 
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establ ished. These, in turn, may be used to produce a com mand lay-out 

based upon frequency of key usage. However, commercial developers 

do not have the resources to use large sample sizes to reduce such 

ambiguity. An examination of the l iterature shows that samples used in  

studies are often small ,  typically no  larger than six to ten subjects. 

Lea (1 988) stated that system monitoring does have several 

methodological strengths. In particular, the data are accurate and are 

col lected automatically, rel iably and unobtrusively. Also, large quantities 

of cumulative t ime related data can be gathered to describe the 

interactions and the method can be used longitud inal ly. 

Laws and Barber (1 989) have noted that the use of automated event

logging reduces data extraction time and effort, and yields rich data for 

analysis. Furthermore, the data set comprises a complete history of 

interaction. Nevertheless, Laws and Barber report thpt problems of 

interpretation sti l l  exist. In particular, 

"they a l l  pose problems to the resolution of the data set: the 

information may be too detai led for the majority of the 

experimental session, pre-specified grammars of actions are 

required to assist the automated extraction of valuable and 

meaningful data, and final ly, it is often costly in terms of 

storage space . . .  and preparation t ime • . •  before any 

analyzable data can be obtained. Furthermore, such real

t ime data capture devices in isolation fai l  to provide 

contextual information to enable interpretation of interaction 

behaviours.1I (Laws and Barber, 1 989, p.1 306). 

The large size of the data set would a lso suggest that using the logged 

data method would  result in a large amount of redundant data of l ittle 

use to the evaluator. One could suggest that if target, or critical aspects, 



can be identified before the evaluation, such aspects could be focused 

on, resulting in a reduction of the amount of redundant data. 
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Some problems with the use of performance data as indicators of 

usabi l ity have also been noted. Specifical ly, the assumption of 

maximisation of efficiency may not hold. In this context Maclean, 

Barnard and Wilson (1 985) have noted that users do not always choose 

the most efficient means to accompl ish a task, a point a lso noted by 

Eason (1 984) who cites the work of Zipf (1 965) in this context. Zipf 

proposed the law of "least Effort," under which individuals strive to 

m in imise effort. This causes Eason (1 984) to suggest that, 

lilt appears that, faced with a problem, people initial ly check 

whether they have a tried and trusted method which wil l  or 

might work (a form of "inner search'1 and only when this 

fai ls do they turn to ("outer search")." (Eason, 1 984, p.1 36). 

This suggests that the validity of some performance measures may be 

suspect. 

Mais and Giboin (1 989) have a lso expressed concerns with the 

maxim isation approach to system design. Here, in the context of "Help" 

facil ities they argue that most help systems are designed with the notion 

that users wish to maximise their efficiency. However, evidence from 

their work tends not to support this notion. Rather, they introduced the 

economic concept of "satisficing" as a l ikely paradigm for user 

interaction. The satisficing notion stems from the original work of Simon 

and Stedry (1 969). In the satisficing view of motivation, an individual is 

not viewed as a bl indly maxim ising animal, but as a being with l imited 

capacity for information. Choices are viewed not only in  information and 

search costs, but also in the cognitive l imitations of the individual. 

Furthermore, satisficing recognises that the aspirations of individuals are 
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variable. 

Yamagishi and Azuma (1 987) remarked that in their study, frequency of 

command use did not reflect the importance of the com mand nor the 

subject's satisfaction. Furthermore, Kondakci (1 985) has stated that 

various measures of effectiveness often gave directly confl icting  results. 

Such results suggest further difficulties with the construct val id ity of 

these measures. That is, with such ambiguity it is hard to establ ish 

which, if any, should be taken as the main predictor of usabil ity. 

Furthermore, there appears to be l ittle information which addresses the 

rel iabi l ity of the logged data approach. Intuitively, automated data 

col lection would seem the epitome of rel iability, and in one sense it is. 

During the data col lection phase of the evaluation, information i s  

recorded precisely and, excluding technical difficulties, can b e  regarded 

as rel iable. However, during the data reduction and interpretatio n  phases 

of the evaluation, subjective assessment, which could lead to error and 

bias, may enter the process. Little research has focused on the rel iabi l ity 

of the inferences made when using logged data. 

Conceptual problems arise when addressing the appropriate cutoff 

pOints for uti l ising performance times. For example, it can be argued that 

an individual formally begins a sub-task when the first key is activated. 

Another view may be that an individual begins a sub-task at the 

completion of the previous sub-task, and that the time between finishing 

one task and beginning the next is cognitive processing time. This leaves 

the actual key activation times as a relatively unimportant time reference. 

There appears, in the past, to have been a fixation on the techn ical and 

not the psychological attributes of this method. Just because the 

information is accurately stored does not necessari ly mean that such 

information has been accurately reduced, analysed, or interpreted.  Nor 



does it imply it is a val id measure of the construct about which 

inferences are to be made. 

4.2. The Questionnaire Method of Software Evaluation. 

55 

The questionnaire is a self report technique which has the property of 

rigid ity. Meister (1 986) stated the outstanding characteristics of 

questionnaires are the fixed order and format in which the questions are 

asked, and that they are in a written form requiring a written response. 

Lea (1 988) noted that the method can be used to el icit a user's 

cognitions about interfaces, or self reports about their own behaviour, 

when interacting with the interface. Meister (1 986) stated both positive 

and negative aspects of the questionnaire approach (see Table 4.3), and 

suggested that the written process is not a natural interaction l ike verbal 

communication. This could cause some data loss in the evaluation 

context. 

Table 4.3. Advantages and Disadvantages of the Questionnaire 
Approach (from Meister, 1 986, p. 1 67). 

. 

ADVANTAGES DISADVANTAGES 

Group administration (more Almost impossible to clarify 
respondents ava ilable more obscurities if q uestions 
quickly). miSinterpreted. 

Remote administration (can be Less motivating to respondents 
maned). than interviews. 

No variations possible. No opportunity for analyst to 
explore missing detai ls. 

Requires less time I or fewer Speaking more natural to most 
personnel to administer. respondents than writing. 

More rapid responses and more Little opportunity for respondent 
data avai lable in shorter time. to explain response. 
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For pragmatic reasons the questionnaire can be considered an attractive 

choice of evaluation method. The questionnaire can be a quick, 

standardised, cheap, means of collecting large quantities of attitudinal  

data, pOints made by Karat (1 988) in the context of computer user 

evaluation. Furthermore, it seems inherently sensible when addressing 

usabi l ity attributes to ask individuals how usable they perceived the 

product to be. 

To overcome some of the problems associated with the questionnaire, 

Bouchard (1 976) focused on the design process, and suggested that it is 

wise to subject any questionnaire to criticism from professional 

colleagues, and pre-test it on a new sample of respondents. Further to 

this, Bouchard outl ined 21 considerations that should be used when 

designing a questionnaire (see Table 4.4) .  Bouchard insists that this l ist 

should not be used exclusively, but should be modified as necessary. 

However, many factors must be simultaneously considered if a good 

questionnaire is to be designed. This emphasises the complex nature of 

questionnaire construction. 

The response format of a questionnaire can be open or closed. The open 

format permits respondents to write answers in their own words, which 

means that they are able to communicate in an unstructured, d irect way. 

Closed items use establ ished response alternatives (Meister, 1 986). R ust 

and Golombok (1 989) asserted that the most common form of closed 

items in the questionnaire are the a lternative choice, the multiple choice 

and the rating scale. Of particular interest is the rating scale, which Rust 

and Golombok suggest allows respondents to express themselves m ore 

precisely than with a lternate choice items. This may mean that the rating 

scale format is appropriate for the col lection of user based attitudinal 

data. However, Rust and Golombok have pOinted out that there are 

problems with the rating scale format. In  particular, respondents wi l l  

differ in their interpretations of the response options, suggesting that 



Table 4.4. Considerations that Should be Used when Designing a Questionnaire 
(derived from Bouchard, 1 976, p.381 -382). 

1 .  Is the question necessary? 

2. Is the questionnaire repetitious? 

3. Could the answer be obtained more easily elsewhere - by simple 
observation or from records? 

4. Does the question contain more than one idea? Is it double barrelled? 

5. Is the question adequate as it stands, or should complementary 
questions be asked? 

6. Can the respondent answer the question? 

7. Can the question embarrass the respondent? 

8. Could it be made more specific or more concrete? 

9. Is the question clear? 

1 0. Would a memory jogger help? 

1 1 . Is the question too indirect? 

1 2. Is the response format adequate from a theoretical point of view? Or 
from the respondents point of view? 

1 3. If prerecorded answers are given, will they yield far m ore accurate 
answers than open ended questions? 

1 4. Is the questionnaire susceptible to an order effect? 

1 5. Can the items be arranged so that particular answers preclude the need 
to answer others? 

1 6. Is an item likely to bias those following it? 

1 7. Is ordering of the questions natural or reasonable? 

1 8. Does the sequence maintain motivation? 

1 9. Is the opening appropriate? 

20. Will the respondent be able to read and understand the question? 

21 . End the questionnaire with a courteous Thank You or similar note of 
appreciation. 
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anchoring may be needed. Also, some respondents tend to choose 

either the extreme or middle scores. The tendency of respondents to 

choose extreme or m iddle scores has caused Meister (1 986) to assert 

that a lthough rating scales are genera l ly more reliable than dichotomous 

multiple choice items, they are more prone to b iases and errors than 

other types of items. 

In turn, Landy (1 989) suggested that these biases can be broken into the 

three major categories of leniency errors, halo effects and centra l 

tendency effects. Although a problem, Landy proposed that procedures 

can be undertaken to l imit the impact associated with each of these 

errors. Specifica l ly, leniency errors can be addressed by using a forced 

distribution format, or reducing the ambiguity of scales, as can the 

centra l tendency effects. Halo effects can be addressed by clear 

definition and the anchoring of dimensions. 

Fiske (1 982) a lso com mented that memory, motivation, com munication, 

and knowledge, al l  affect response accuracy. In practice, respondents 

may have forgotten information or may remember it incorrectly; 

respondents may be motivated not to tel l  the truth; they may not 

understand the question; and they may not know the answer. This 

suggests that, although practical in nature, the questionnaire may have 

rel iabi l ityand val id ity problems. 

Root and Draper (1 983) have noted the potentia l  for val idity problems 

with the questionnaire, by remarking that a lthough inexpensive and easy 

for software teams to use, l ittle is known about how effective the 

approach is at identifying the good and bad aspects of a user interface. 

Consequently, Root and Draper examined the effects of different types of 

questions, user experience, and the method of administering the 

questionnaire. They concluded that questions using checklists about 

specific features of a system yield findings that are robust across 
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methods of questionnaire administration, and across the amount of user 

experience. They are also reasonably consistent within subjects. 

Furthermore, comparable non-checklist questions had the same 

properties. Root and Draper reported, however, that internal consistency 

checks gave less then perfect results, suggesting that interna l  

consistency measures should be bui lt into questionnaires. 

Root and Draper (1 983) a lso stated that there was an effect for time 

delay, suggesting that administration should take place immediately after 

using the target software, and that the user's experience changes the 

discrim inabi l ity of the responses, but not the overal l  results. This would 

suggest that this method is appropriate for a usabi l ity instrument for 

naive or inexperienced user groups. They also concluded that the 

checkl ist format was successful in identifying areas that need attention. 

However, this only applied to existing features and not proposed 

changes. Open ended style questionnaire items were also useful in 

identifying usins of omissionu within a software package. 

Yang (1 989) also examined the use of an evaluation questionnaire, 

concluding that there were advantages and disadvantages with the 

approach. Yang suggested that the questionnaire did highl ight 

unanticipated problem areas. Also, it was suggested that the 

questionnaire gave the respondent more time to think about the issues 

compared to an interview, and was less threatening. Yang asserted, 

however, that although the questionnaire can provide useful i nformation, 

and was inexpensive, it did not provide complete information due to 

recal l  problems. 

Yang (1 989) reported other problems with the questionnaire. These 

included users' understanding of the terms, problems with the use of 

quantitative data, and problems with regards to asking an opinion about 

new or unfami l iar concepts, points also raised by Root and Draper 
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(1 983) . Yang therefore suggested that wording should be as clear and 

sim ple as possible, qualitative data may be more appropriate than 

quantitative data, and that definitions should be provided for terms and 

concepts. Yang concluded that checklist questions are easi ly fi l led in and 

provide precise information, but they depend on a ski lfu l  anatomizing of 

a l l  possibi l ities worth consideration. Furthermore, open-ended questions 

are difficult to complete, but can provide valuable information. They are 

suitable for professional users, but not typica l  users. 

It has been suggested that ratings can be used to provide quantitative 

data that may be used to solve software usabi l ity issues (Shneiderman, 

1 987; Yamagishi and Azuma, 1 987). This impl ies that data may be used in 

a composite fashion. That is, either all attributes are of equal i mportance, 

or some weighting system can be derived. Johnson et al. (1 989) have 

argued, however, that attributes are not of equal importance, and 

moreover, the use of data in a composite fashion requires the 

development of cumbersome quasi-statistical weighting's. Johnson et a l .  

argued that when using such a n  approach data analysis became, 

"cumbersome and that m ore energy was invested in  the 

abstract weighting of priorities than the debate about use
o
r 

preferences:' (Johnson et a l .  1 989, p.259). 

There are simi lar problems when comparing software packages. By ° 

examining each attribute on a pair-wise basis the problems associated 

with m inimal levels of acceptable usabi l ity, or interactional properties, are 

not being addressed. If one attribute is poor, it can affect performance 

on other dimensions. As a consequence, results can become 

indecipherable. Moreover, such statistical combination  fai ls to  a ddress 

the problems of associated variance within each attribute. Knowledge 

that attribute 1 has a mean rating of 4 on version A and a mean of 5 on 

version B is meaning less if  the variance around the associated means is 
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not examined. The score of 4 on A may have a standard deviation of 1 ,  

whereas the score of 5 on B may have an associated stand'ard deviation 

of 6. This suggests that a large portion of the sample is in agreement in  

the case of version A, but not in  version B.  Furthermore, standard 

deviations are particularly problematic when small sample sizes are 

used, as would seem to be the case for much of the software evaluation 

l iterature. 

Anderson (1 989), on the other hand, described the development of a 

statistical ly based methodology previously used in capital rationing and 

tournament ranking. The method itself considers three measures of 

qual ity, 

l'the frequency with which the attribute ratings of one 

package exceed those of another, the presence of outl ier's, 

and the cumulative magnitude of attribute ratings on one 

package that exceed those on othersll (Anderson, 1 989, 

p.707). 

Such a system requires some numerical sophistication and therefore 

would seem more useful as a tool for human factors special ists working 

in an advisory role. Such an approach may not be practical ly feasible for 

most lIin housell evaluations. Although his work is conceptually appealing, 

Anderson (1 989) did not provide any concurrent, or predictive 

information about the validity of the findings. 

The questionnaire can also be label led retroactive. Facets of the user's 

impressions that are tapped wi l l  be a function of the comprehensiveness 

of the evaluation form, and the comprehensibil ity of each evaluation 

question. In essence, the response of the user is dictated by the 

investigator'S set of questions, which in turn makes content val idity a 

particularly pertinent issue. The problem of comprehensibi l ity and 
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comprehensiveness is also further confounded by recal l  problems. If the 

questions do not adequately stimulate the memory with regards to the 

attribute questioned, problems with val idity of responses become 

paramount. These validity problems'are further compounded by memory 

decay, demand characteristics, sensitisation, and order effects of the 

questions. The prom inence of the attributes may also cause problems. If 

the attributes questioned are peripheral to the user's attention they may 

have not adequately focused on the issue, causing d istortion and bias. 

Karat (1 988) has noted the restricting nature of the q uestions and the ex

post facto nature of the responses. But despite these problems Karat 

asserted that, 

"For many situations these concerns are not serious enough 

to outweigh the economy of collection, scoring and analysis. 

In other situations the additional detai l  in more complete 

verbal reports describing the experience are cal led for." 

(Karat, 1 988, p.896). 

Although several q uestionnaires have been developed (Dzida et a!. ,  1 978; 

Root and Draper, 1 983; Simes and Sirsky, 1 985; Shneiderman, 1 987; 

Yamagishi and Azuma, 1987; Ravden and Johnson, 1 989) few have been 

described in a systematic way. Little is known about their developm ent 

and empirical properties. 

Dzida et al. (1 978) have produced an empirica l ly based usabil ity 

questionnaire, that has a theoretical foundation. They used a classic 

approach to criterion development by using a large sample to describe 

the relevant system properties related to human factors. Next, subjects 

rated a total of 1 00 derived user requirements with regards to thei r  

relevance for user perceived qua l ity. Data were then submitted t o  factor 

analytiC procedures resulting in a reduced set of 57 requirements. These 
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requirements resulted in seven orthogonal dimensions. Dzida et al .  

label led these dimensions; self-descriptiveness, user control ,  ease of 

learning, problem adequate usabil ity, correspondence with user 

expectations, flexibi l ity in task handling, and fau lt tolerance. However, it 

should be noted that the resulting questionnaire only accounted for 44 

percent of the total variance. 

Simes and Sirsky (1 985) used a theoretical approach to the development 

of a questionnaire that incorporated theoretical psychological issues in 

the usabil ity of computer systems. This approach resu lted in the 

identification of 15 dimensions: tai lorabil ity, control over amount of 

information, manipulation shortcuts, types of human-computer dialogues, 

state, translations, user overrides, information density, categories of 

information, coding, command uniformity, performance rel iabi l ity, system 

responses, messages, and attention/notification. Although this 

theoretical ly  based approach to criterion development is preferable to a 

purely empirical  approach, Simes and Sirsky provided no information 

with regards to the psychometric characteristics of the questionnaire. As 

wel l, rel iabi l ity and val idity issues were not addressed. 

Ravden and Johnson (1 989) described their questionnaire in some 

depth. However, l ittle actual empirical information is presented in their 

paper. The checklist sub-headings of, visual clarity, consistency, 

informative feedback, explicitness, appropriate functional ity, flexibi l ity 

and control ,  error prevention, and user guidance support, seem sim i lar in  

nature to  the factors described by Dzida et a l .  ( 1 978). 

The questionnaire is a promising evaluation tool .  Of the possible formats, 

the open ended statements and rating scales seem most appropriate. 

However, the uti l isation of quantitative information el icited from attribute 

ratings should be treated with some caution. The open ended format 

may also be used to supplement the quantitative rating system, and 
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therefore provide a more qual itative aspect to the evaluation information. 

Of particular  concern, as the rel iabi l ity and val idity of the questionnaire, 

s imply being a practical method of evaluation is not sufficient. 

4.3. The Interview as a Software Evaluation Method. 

The interview is a self report technique that uti l ises the mediu m  of verbal 

com munication as a means of information gathering. Interviews for 

software evaluation general ly involve a face to face, one to one, situation 

where an interviewer orally presents questions to the interviewee. The 

interviewee in turn responds using ora l communication. Shouksmith 

(1 978) com mented that, in a sense, there is no such thing as the 

interview, but there are many interviews that can be used in many 

different ways and for many different ends. Sinclair (1 990) suggested that 

the interview has eight general characteristics; these highl ight some of 

the strengths and weaknesses associated with the interview approach 

(see Table 4.5).  

Meister (1 986) asserted that the interview is a generic technique that has 

both advantages and disadvantages. In particular, the interview can be as 

natura l as conversation; so, apparently, it  is quite easy to develop and 

use. However, this naturalness does conceal its complexity, a problem 

noted by Bouchard (1 976) who suggested that, 

lithe great power of the interview and apparent ease with 

which it is applied has led to a large number of abuses and 

misuses.11 (Bouchard, 1 976, p.368). 

As an aid to reduce the frequency of such abuses, Bouchard ( 1 976) 

addressed such topics as the development and setting up of the 

interview, the types of interviews, interviewer selection, tra in ing, and 

monitoring. The central thrust of Bouchard's work was that the interview 



Table 4.5. General Characteristics of the Interview (from Sinclair, 1 990, 
p.84). 

1 .  The use of an i nterview can serve to direct and accelerate 
the information flow. 

2. The interviewer can explore unexpected information, or 
unexpected occurrences. 

3. A wel l  trained interviewer wi l l  be sensitive to individua l 
needs of the respondents, and wi l l  adjust his or her 
behaviour accordingly, thereby improving the quality of 
the information flow. 

4. Interviewers can help to motivate respondents to give 
more information about the topic during the interview. 

5. For the advantages above to occur, the interviewer m ust 
be wel l-trained in  interview technique, should  have at least 
some knowledge of the topic areas (the more the better), 
and must be sensitive to people. Collectively these criteria 
are not easy to meet. 

6. It can be difficult to find and schedule people for the 
interview session. 

7. Interviewers bias may creep in; this might be due to the 
interviewer's own knowledge of the topics, interpersonal 
relationships between the interviewer and the respondent, 
or to more mundane things such as fatigue, and so forth. 
This constitutes an extra source of error. 

8. Systematic recordings of data are difficult, and sometimes 
impossible. In certain instances it may take up to three 
times as long to sort and assimi late the data as it took to 
obtain it. 
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must be approached and implemented with the same rigour as any other 

psychological technique, and one must be aware of the possib i l ity of 

complex interactions impacting on the interview situation and 

consequently affecting the val idity of the approach. 



66 

One way of examining possible interview formats is to distinguish 

between the possible structure of the question and response format (see 

Table 4.6) (Bouchard, 1 976). The Type I interview is described as tota l l y  

structured, in that the respondent replies to standard questions using a 

specified set of responses. This is different to the Type I I  interview in 

which the questions are specified, but the response format is open. 

Bouchard reported that there has been much debate over the relative 

merits of each format, with no clear support for any particular position 

emerging. Bouchard did report, however, that in both the Type I and 

Type I I  interview, the nature of the question m ay be specified, but not the 

wording. This al lows the interviewer to alter the wording to best suit the 

interviewee, and therefore enhance rapport. However, when using such 

practices, lower rel iabi l ity may occur due to the lack of standardisation  

and the possibi l ity of interpretation errors. On the other hand, Bradburn 

and Sud man (1 979) cited evidence suggesting that such manipulations 

general ly result in small non-significant effects. 

Table 4.6. Four Types of Interviews Classified According to Type of 
Question and Type of Answer Required (from Bouchard,  1 976) . 

Specific Question Unspecific Questio n  

Specific Response I I I I  

Unspecific Response I I  IV 

As can be seen from table 4.6 the Type II I and IV interviews differ from 

the Type I and I I  interviews. The Type I I I  uses a specified response, b ut 

an unspecified question format (Bouchard reported that at that t ime n o  

one had appeared to use this format). The Type IV interview in  contrast 

uses both unspecified questions and responses. This latter type is 

traditionally known as the clinical ,  or  nondirective, interview and seems 

best suited to exploratory situations (Bouchard, 1 976). 
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As an overal l  strategy Bouchard (1 976) recommended the use of a 

"funnel led" interview format with feedback loops. With this approach the 

interview starts by addressing broad issues of a general nature. Next, the 

interview focuses on each issue in more depth. If further information on 

a broad issue, or an alteration to a broad issue, is  needed, the interview 

feeds back to the broad issue. 

When addressing the single dimension of the specificity of the questions, 

Meister (1 986) suggested a quasi-formal approach, in which the 

interviewer covers set topics, yet is also free to ask further q uestions as 

a result of the interviewee's responses. It is suggested that such an 

approach wi l l  al low the interviewer to secure more detail  than when using 

an interview schedule which is completely structured. Within the software 

evaluation context, Lea (1 988) has taken a sim i lar stance and suggested 

that, 

liThe advantage of structure is that it ensures ttiat the topics 

are covered . . .  however, these advantages are achieved at 

the cost of possibly restricting the scope of the interview . . .  

Unstructured interviews are the most useful in this latter 

respect, and semi-structured interviews represent a 

compromise between the two approaches." (Lea, 1 988, 

p.1 65). 

Yamagishi and Azuma (1 987) reported using a quasi-formal, funnel led, 

interview technique where users were first asked to offer their genera l  

com ments about the system, and then to answer itemised questions. 

Critiques obtained were summarised and com pared to the other methods 

used in their study. In this case it was found that the interview proved a 

good means of el iciting information that was of a g lobal nature. 
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When addressing the analysis of interview data for software evaluation,  

Meister (1 986) noted that the purpose of the interview is general ly not to 

predict behaviour of large groups of people, but more for examining 

obscurities of, and understanding, objective test data. Consequently, 

Meister stated that the analysis of interview data tends to be a 

qual itative, content-oriented approach. 

The validity of the interview is also of concern when evaluating the 

approach as a usabi l ity evaluation method. Essential ly, the interview 

assumes that what the respondent says is true. Without reference to 

performance data the interviewer has no way of determining the val idity 

of the information. Meister (1 986) presented som e  work on the rel iabi l ity 

and validity of interview information; however, the results seem 

inconclusive. In l ine with this finding, Landy (1 989) rem arked that when  

information can be  verified it tends to be more rel iable than information 

that cannot. It would appear, therefore, that the rel iabi l ity and val idity of 

the more objective information, for example, the interviewee's 

biographical data, would be more reliable and valid than their subjective 

opinions, which wi l l  be affected by a host of factors including perceptua l  

errors and demand characteristics. Lea (1 988) a lso noted that, 

"Details of interviews are rarely supplied in  reports of 

evaluation studies. This makes it difficult to assess the 

significance of the information they turn IUp." (Lea, 1 988, 

p.1 65). 

Weiss (1 975) suggested that there are many potential sources of error 

within the interview situation. In particular, Weiss noted that the 

predisposition of the respondent and the interviewer, the procedures 

used in the study, and the interaction between the respondent and the 

interviewer, may al l  be sources of error. Furthermore, he went on to say 

that several factors wi l l  also impinge on the val idity of the responses. 
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Here, social desirabi l ity, acquiescence, and deference may al l  impact on 

the val idity of responses, making the poorly designed and administered 

interview error prone. 

Problems of accurately recording and transcribing the data elicited 

during the interview ar� also a potential source of unreliabil ity. Tape 

recording the interview may be one way around these problems. 

Bouchard (1 976) stated, however, that a lthough tape recordings can be 

made successful ly in group settings, they have a strong differentiating 

effect in the diadic situation. That is, some individuals talk to excess, 

whi le others "clam Up." Secondly, the existence of a tape which must be 

transcribed, poses a threat to the confidential ity which respondents 

expect. Careful coding of information may help to overcome the 

confidential ity problem, however. 

Despite the shortcomings of the interview, Bainbridge (1 979) concluded 

that, 

"a carefu l ly organised interview is probably the best 

technique to use when time and equipment are l imited, as it 

should g ive information on general principles of behaviour 

and plant." (Bainbridge, 1 979, p.435). 

4.4. Verbal Protocol Analysis for Software Evaluation. 

Bainbridge (1 990) remarked that there are many complex jobs in  which 

the outcome of thinking does not emerge in observable action. 

Bainbridge argued that to be able to train and support these types of 

jobs, we need knowledge of the cognitive processes involved. One way 

to obtain such information is to ask people to "think aloud" whi le  

undertaking such tasks. These reports are known as "verbal protocols" 

and are essentially reports of the mental processes used during the task. 



However, the validity of such reports has been under discussion for 

som e  time. The val idity problem primarily revolves around the 

information tapped during such exercises. In particular, does the 

individual who undertakes such a process have access to the h igher 

order, or "meta-cognitive," thought processes? Some would argue not. 

Ericsson and Simon (1 980, 1 984) have noted that, for som e  time, there 

has been a trend within psychology to view verbal reports as suspect 

data, asserting that, 

"behavioursim and al l ied schools of thought have been 

schizophrenic about the status of verbal isations as data." 

(Ericsson and Simon, 1 980, p.21 6). 
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Problems with verbal reports seem to stem from the orig inal  work of 

Boring (1 953) which discredited the practice of classica l  introspection as 

a val id  psychological technique. More recently the influential work of 

Nisbett and Wi lson (1 977) has also posed problems for the potentia l  use 

of such data. Nisbett and Wi lson conducted an in-depth review of the 

verbal protocol research and concluded that subjects have no access to 

their own IIhigher mental processes" and therefore cannot rel iably, or 

correctly, report on them. 

Nisbett and Wilson's (1 977) work has, however, been criticised (Ericsson 

and Simon, 1 980; Hoc and Leplat, 1 983; Praetorius and Duncan,  1 988) .  

Praetorius and Duncan suggested that Nisbett and Wi lson  have made 

inaccurate extrapolations from their results, and that it is  quite natural 

under some circumstances for individuals to be unable to report, 

IIhow we do what we do, or why we think or do as we do.1I 

(Praetorius and Duncan, 1988, p.31 0). 



Specifica l ly, it is argued that in many cases subjects have not been 

supplied with appropriate media, or means of expression, adequate for 

el iciting the information the investigator is seeking. 

7 1  

I n  an  attempt to clarify the validity of verbal reports as data, Ericsson and 

Simon (1 980) provided an in-depth review and theoretical amalgamation 

of the knowledge of the verbal report method. They presented a 

general ised processing model to aid in the theoretical and empirical 

examination of verbal reports as data. 

Ericsson and Simon (1 980) began with two base assumptions. First, that 

a cognitive process can be seen as a sequence of internal states, which 

are successively transformed by a series of information processes. 

Secondly, that information is stored in several memories that have 

different capacities of storage and accessabil ity. The broad distinction is 

between what can be referred to as short term memory (STM) and long 

term m
'
emory (LTM). The short term component is seen as having a 

l imited capacity with, and/or, intermediate duration and long term 

memory as having a large capacity and relatively permanent storage, but 

with slow fixation and access times. Within this model it is  assumed that 

information recently acquired by the central processor is kept in the STM 

and is directly accessible for further processing, whereas information 

from LTM must first be retrieved before it can be reported. 

The important hypothesis advanced by Ericsson and Simon (1 980) was 

that, 

"due to the l imited capacity of the STM, only the most 

recently heeded information is accessible directly. However, 

a portion of the STM is fixated in the LTM before ·being lost 

from the STM, and this portion can, at later pOints in  time, 

sometimes be retrieved." (Ericsson and S imon, 1 980, p. 223). 



As a derivative of this hypothesis Ericsson and Simon (1 980) made two 

major distinctions, 

"First, the time of verbal isation is important in determining 

from what type of memory the information is l ikely to be 

drawn. Second, we make a distinction between procedures 

in which the verbalisation is a direct articulation or 

expl ication of the stored information and procedures in  . 

which the stored information is input to intermediate 

processes, such as abstraction and inference, and the 

verbal isation is a product of this intermediate processing.1I 

(Ericsson and Simon, 1 980, p.223). 
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Using this processing model, Ericsson and Simon ( 1 980) have been able 

to predict when verbal reports wi l l  and wi l l  not be valid. Of perhaps more 

importance is the finding that by using this model they have produced 

data that are consistent with the experimental findings reported by 

Nisbett and Wi lson (1 977). 

Ericsson and Simon (1 980) concluded that evidence of inconsistency can 

only be found under two possible conditions. First, when cues used to 

access the LTM are too general, which can result in information related 

to, but not identical  to, the information sought to be retrieved. Secondly, 

when subjects use intermediate processes to infer missing information, 

which is then used to fi l l  out, and generalise, incomplete memories 

before responding. 

Discussion aside, Nisbett and Wilson ( 1 977) concluded that individuals 

do have access to specific data, 



"The individual knows a host of personal h istorica l facts: he 

knows the focus of his attention at -any given point of time; 

he knows what his current sensations are and has what 

a lmost a l l  psychologists and philosophers would assert to 

be "knowledge" at least quantitatively superior to that of 

observers concerning his emotions, evaluations, and plans." 

(Nisbett and Wilson, 1977, p.255). 

It would seem that it is th is information that software developers would 

want access to in the evaluation context. Therefore, Ericsson and 

Simon's (1 980) comment that, 

"For more than half a century, and as the result of an 

unjustified extrapolation of a justified chal lenge to a 

particular mode of verbal reporting (introspection), the 

verbal reports of human subjects have been thought suspect 

as a source of evidence about cognitive processes." 

(Ericsson and Simon, 1 980, p.247), 

7 3  

has particular merit. One obvious area of contention pertains to access 

to higher order, or meta-cognitive, processes. This may, however, not be 

of  primary interest to the software developer. S imply put, the designer 

wants rel iable, val id, and practical ly obtainable i nformation about the 

usabi l ity for their product. They may not be interested in the exact nature 

of the mental models e l icited by the interface. They want to know just 

how easy it is to use, where problems occur and how to fix them. 

In  support of the verbal protocol methodology Kirakowski and Corbett 

(1 990) observed that human computer interactio n  is primarily stepwise, 

making it wel l  suited for concurrent verbal isations. Also, Robson and 

Crel l in (1 989) stated that protocol analysis has the advantage of being a 

convenient method for col lecting a rich form of data. In the methodology, 
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data and theory are separated, resulting in no value judgements i mposed 

by any particular theoretical perspective adopted, and the data can be 

readily analysed in  a number of ways. The problems with the method 

include identifying the correct level of analysis, loss of detai l  through 

data compression techniques, time and effort in analysis, and problems 

with interpretation during transcription. 

Bainbridge (1 979, 1 990) has also documented problems specific to 

verbal protocols. Operators may not document what is "obvious" to them;  

most people think more quickly than they can talk. Furthermore, som e  

practical problems also may arise, such as a long period of recordi ng 

may be necessary to obtain a representative sample of activities. It is not 

possible if the task is verbal ,  and analysing data is both time  consuming  

and difficult. Sweeney and Dil lon (1 987) referr ed to the time consu ming 

nature of verbal protocol analysis, suggesting that analysis t ime on 

average wi l l  take ten times the data capture time. Sweeney and Di l lon 

also commented on the rel iabil ity issues surrounding verbal protocol 

analysis data suggesting that, 

"True protocol analysis requires the use of independent 

raters to score the data in terms of an agreed upon rating 

procedure, from which rel iabil ity measures of any 

conclusions drawn from the data can be obtained • • •  

However, the principle of the technique can be more loosely 

used to provide a record of interaction from the users 

perspective and thus offer an insight into the effect of 

particular interface features on interaction." (Sweeney and 

Dil lon, 1987, p.369). 

Karat (1 988) noted that in practice one rarely finds a subject who g ives a 

quality report with l ittle prompting, concluding that, 

c 



"a significant number of subjects wi l l  simply not provide very 

useful verbal reports. It is generally the case that under half 

of the subjects drawn from a typical  undergraduate subject 

pool wi l l  provide good protocols." (Karat, 1 988, p.898). 

75 

Lund (1 985) reported the use of an aided subsequent approach to verbal 

protocol analysis. Here the user generated a protocol whi le viewing 

themselves undertaking a computer based task. The advantage of this 

approach is that the process of generating the protocol does not 

interfere with the taSk, but there may be a cost in the rel iabi l ityof the 

now retrospective verbal data, caused by bias, and after the event 

rational isation of behaviour. 

Hoc and Leplat (1 983) have addressed the rel iabi l ityproblem by 

evaluating the different modal ities of verbal isation related to the "thinking 

aloud" kind of sorting task. In particular, Hoc and Leplat examined the 

efficiency of simultaneous verbalisations and the unaided, and 

subsequent aided, verbal protocol analysis procedures. They found that 

simultaneous verbalisation slowed the process of automation of the 

activity and produced some disturbances in the execution of the task. 

They therefore recommended that this procedure should not be used 

outside problem-solving activities. 

Hoc and Leplat (1 983) have also recommended that unaided subsequent 

verbal isation should be avoided because, 

"it produces too much distance from the task and there is a 

risk of obtaining data which are not very val id for the activity 

being studied." (Hoc and Leplat, 1 983, p.302). 

They stated that for a logical task, aided subsequent verbalisation was 

the most favourable, concluding, 



"Although under these conditions a sl ight slowing down in 

the stabil isation on a procedure is noted, the data obtained 

are simi larto simultaneous verbal isation without perturbing 

the execution of the task (and therefore the process being 

studied)." (Hoc and Leplat, 1 983, p.302). 
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It would seem, therefore, that the subsequent a ided verbal protocol 

analysis is the most appropriate verbal protocol analysis technique when 

examining human-computer interaction. This form of protocol analysis 

may be accompl ished by video taping the user interacting with the target 

system, and then playing this tape back in real time to the user with the 

''th ink aloud" instruction. 

Video taping human-computer interaction does, however, pose both 

psychological and technical difficulties. In particu lar, there is the problem 

of reactivity caused by the obtrusiveness of the video equipment. 

Furthermore, the refresh rate of the screen can create difficulties when 

fi lm ing the computer screen. Particularly so, if the refresh rate is m uch 

greater than 50 Hz. This is because a fl icker results on the video image 

reducing the resolution of the events being observed (Laws and Barber, 

1 989). 

Despite the controversies associated with verbal protocol analysis, 

Bainbridge (1 979) remarked that, 

"Prel iminary interviews and observation would indicate the 

problems and areas of interest. Static s imulation with careful 

interviewing would give information about both general  and 

specific knowledge, whi le verbal protocols and associated 

observation would show the detai ls of behaviour i n  real 

conditions of complexity and time." (Bainbridge, 1 979, 

p.435). 
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4.5. Other Evaluation Techniques. 

del Galdo et al.  (1 987) commented on the use of the critical incident 

approach as a possible means for evaluating the usabil ity of an interface. 

Essential ly, this method entails users undertaking specified sub-tasks 

and reporting critical incidents. While reporting the critical incidents the 

user is also asked to rate the perceived severity of the incident. Incidents 

are then classified to identify com mon causal elements. Next, the 

incidents are ranked in order by frequency and severity, which can then 

be fed back to the software designers. del Garbo et al .  conclude that this 

method was successful for col lecting user input about an interface. This 

input can then be translated into clear cut problems. Concomitantly, the 

method can a lso be used to identify good aspects of the interface. 

del Galdo et al.  ( 1987) stated that further research sti l l  needs to be 

conducted on the efficacy of the critical incident approach. In particular, 

a lthough a lterations can be made based upon the reported critical 

incident, the relationship between such al leviations and a better interface 

has not been ascertained. Nevertheless, this method does have some 

potential ,  for the same questions posed by del Galdo et al. can be 

justifiably addressed to al l  usabi l ity evaluation methods. Of concern is 

the problem of the representativeness of the critical  incidents cited. If the 

method is used without memory aids, the approach may again be l imited 

by the memory of the user and therefore may be deficient. 

Praetorius and Duncan (1 988) described research analysing video tapes 

of subjects performance using computers. Subjects were required to 

comment on their performance in fault diagnostic tasks. By using this 

technique, many potential m isunderstandings and false interpretations of 

performance were avoided during the analysis of the video record. Lea 

(1 988) seemed to support this kind of process suggesting that evaluators 

can conduct an interview after videotaping the subject and therefore the 
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user can describe the experience and explain interactions. 

Along simi lar l ines is the video analysis methodology outl ined by Laws 

and Barber (1 989). With this method users' are video taped whi le using 

the software that is to be evaluated. Next, the analysable data are 

extracted from the video tape in one of two forms: viewing the tape and 

scoring the intensity of behaviourial  reactions on appropriately devised 

rating scales, or inserting a time base which normal ly constitutes an 

electronic frame code. The time base can be inserted on the video so 

that events of interest may be logged in association with the number of 

the frame in which it occurred. Laws and Barber argued that this system 

can be used in a simi lar fashion to the conventional logged data 

approach for evaluating the user interface. However, due to the nature of 

the tape, many of the problems associated with data interpretation are 

el iminated. Apart from the technical problems of videotaping a monitor 

screen, Laws and Barber explained that items of interest must be 

identified and logged from the video image, which makes this approach 

more time consuming than logged data col lection during the data 

col lection phase of the evaluation.-However, they argue that these 

problems are more than offset by the interpretabi l ity and uti l ity of the 

method. 

Tynan (1 985) reported on a randomly generated self report techn ique as 

an adjunct to  conventional methods used to evaluate the human 

computer interface. With this technique, users are signal led to note their  

behaviour by some external event that is not under �heir control .  Tynan 

observed that to use this technique one must make the method as non

intrusive as possible. One way this can be done by using small portable 

hand held computers to produce a random Signal, which can be 

produced through a remote piezoelectric device that can be worn on a 

lapel. At the onset of the Signal, users note their behaviour. Reporting of 

behaviour, in turn, must be as convenient as possible. 



Tynan (1 985) asserted that the randomly generated self report method 

has the advantage of being able to be used with in the information 

processing environment. By being able to be used in the information 

processing environment, the method may be more useful in the field 

study setting, as opposed to the more intensive methods that may be 

used during the initial development of the user interface. 
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Simi lar to the randomly generated self report, is the prompted diary 

described by Kirakowski and Corbett (1 990). Kirakowski and Corbett take 

a developmental view of software development and suggest that the real 

issues of interest emerge over a span of time. Therefore, a diary is used 

to supplement other measures. With this approach a diary is kept by 

users, which contain prompts on how they are developing by having 

them compare their experiences and feel ings with those arising from the 

previous session and to project how they expect to get on in the future. 

Furthermore, specific prompts may be used to ask about features of 

direct concern to the developer. Although Kirakowski and Corbett felt 

that developing the prompts may be difficult they suggested that there 

are significant advantages to be gained by using this approach, 

particularly in the form of sensitive, and context-focused information. 

However, the val idity of this approach in terms of the effects of demand 

characteristics and a possible skew in information is not addressed by 

the authors. 

Another method known as "impact analysis" has been described by Gi lb 

(1 985). Gi lb claimed that this approach enables m ultiple viewpoint 

analysis of any system design. When using this method designers 

assess the impact of design attributes in the form of a percentage of the 

target level for a particular attribute. Gilb stated that the accuracy of 

these estimates is not the primary objective, but to identify weak patches 

in the design. Although this method has been described with reference 

to designers, the approach could equally be applied to users. The 
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l iterature suggests, however, that it is not a widely used method. 

One other approach that would seem to have potentia l  as a software 

evaluation method is the psychophysiologica l approach. The approach 

seems useful because it employs both psychological and physiologica l  

criteria. Gale (1 985) provided an in-depth discussion of the potentia l  of 

the psychophysiological approach in office system design. Gale 

advocated using an experimental office system which permits both office 

and research functions, and suggests that behaviouria l ,  subjective 

experiences, and physiological responses should a l l  be recorded using a 

longitudinal design. Gale argued that by using such an approach large 

quantities of useful experimental data may be gathered and examined. 

Grudin and Maclean (1 985) have reported an adaptation of the 

psychophysical approach for examining performance and preference 

trade-offs in human-computer interaction. In one experiment they 

manipulated two variables in a data entry task by manipulating the size 

and method of entry of a code string the user had to enter. H was found 

that the preferred methods of entry altered as the length of entry string 

altered. By using psychophysical methodology, they were able quickly to 

focus on the trade-off point, when a user would choose one method of 

entry over the other. Although the method sti l l  needs further refinement 

the approach holds promise. They suggested that the method has a 

variety of uses particulary in the field of early comparisons between 

interfaces prior to .between-subject testing in the laboratory or field. 

Grudin and Maclean remarked that the method can be used to, 

"balance our general rel iance on performance measures with 

simultaneous measures of preference:' (Grudin and 

Maclean, 1985, p.741). 

However, the psychophysical procedure has several l im iting factors, 



including the with in-subjects design, and the repetitious nature of the 

tasks. Furthermore, experimenta l sophistication on the part of the 

evaluator is required, further l imiting the potential  use of the method. 

8 1  

Along simi lar l ines to the psychophysical method, Krueger (1 989) 

described using eye movement analysis to evaluate the user interface. 

Krueger made the distinction between voluntary and involuntary eye 

movements and argued that good interfaces should cause a min imum of 

involuntary eye movement. From the results Krueger com mented that the 

search time and the tota l number of eye fixations was highly correlated, 

and that the number of voluntary eye movements al lows for an evaluation 

of cognitive workload. Further to the technica l  restrictions of using this 

system within the commercia l  enVironment, more research may need to 

be conducted examining the relationships between such objective 

measurements, and the subjective impressions of effort and difficulty, as 

expressed by the user. 

4.6. Comparisons of Evaluation Methods. 

When considering the evaluation methods, it is important to consider 

research that has specifical ly  compared the information gained by using 

each method, and those studies that have compared evaluation methods. 

Sweeney and Di l lon (1 987) compared standard performance measures, 

interactive error analysis, subjective ratings / questionnaires, and verbal 

protocol analysis. They said that, 

"performance measures are quick, objective and easy to 

capture. However, they provide no indication of how an 

interface can be improved or why a particular interface leads 

to faster/slower, or accurate/inaccurate performance:' 

(Sweeney and Di l lon, 1 987, p.396). 
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In contrast, interactive error analysis data were more difficult to gather 

but yielded information on the effectiveness of d ia logue design and the 

level of knowledge of the user. This method was, however, unable to 

pinpoint areas of the interface with which users had difficulty. Verbal 

protocol analysis was time consuming and the d ata were difficult to 

col lect. Also, verbal protocol analysis sometimes required expert 

ana lysis. Nevertheless, the data obtained were the most detai led of a l l  

the methods. 

Yamagishi and Azuma (1 987) have compared the logged data, the 

questionnaire, the interview, and the verbal protocol analysis methods of 

software evaluation. In their study a counter-balanced, with in subjects, 

design was used to evaluate two versions of a software development 

support system. 

The analysis consisted of comparing the information el icited upon a 

number of dimensions. In particular, a comparison between information 

elicited during the interview and protocol analysis suggested that there 

was substantia l  agreement. However, the retrospective interview yielded 

more g lobal, or high level, issues than the concurrent verbal protocol 

analysis. Automated data could be used to see if the designer's 

assumptions of user behaviour matched real ity, and for provid ing backu p 

information for the interpretation of verbal data. Automated data were of 

l imited value, because they could not be used to indicate user 

satisfaction. The questionnaire provided a straight forward quantitative 

score, but it provided l ittle information about what a nd how the interface 

could be improved. 

One dependant variable chosen by Yamagishi and Azum a  (1 987) was the 

time required to conduct the evaluation. It was observed that the 

protocol analysis was the most time consuming, with an average of 6.3 

hours per 0.5 hour experiment time, with the bulk of this time being 
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consumed by the post experiment analysis (a figure simi larto that cited 

by Sweeney and Di l lon, 1 987). They also noted that complete dictation 

and encoding was not required for the case where specific problem 

areas for a system could be identified. Table 4.7 presents the 

comparative times devoted to each evaluation method reported by 

Yamagishi and Azuma. Although of heuristic value, such a comparison is 

m isleading. The time required to conduct the evaluation wi l l  be 

a function not only of the experimental procedure but also the data 

analysis. That is, the quantitative score is easi ly calculated by means of 

a standard data analysis package, but such a package was not used for 

the protocol analysis. Such techniques are avai lable, and may have 

reduced data analysis time. Furthermore, it could be argued that if the 

q uestionnaire had been designed to yield more qualitative data, or open 

ended responses, data analysis time would have been increased. The 

comparative time approach used by Yamagishi and Azuma could 

therefore be confounded by such problems. It may wel l  be that rank 

ordering, or paired comparisons, such as described by Blum and Naylor 

(1 968), may have been a more useful approach. 

Table 4.7. Comparative Time Required to Conduct the Evaluation (from 
Yamagishi and Azuma, 1987, p.1 72). 

Total 1 223.5 Hours 

Protocol analysis 71 .0% 

Questionnaire 16. 1% 

Logged data 7.6% 

Interview 5.3% 

Furthermore, there are problems with the applicabi l ity and 

genera Ii sabil ityof the Yamagishi and Azuma (1 987) study. Specifical ly, a 

small  sample size was used (seven subjects) which l imits the generality 

of their findings. Also, subjects consisted only of software designers; 
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which may l imit the general isabi lty of their findings to other g roups. 

Yamagishi and Azuma (1 987) concluded that, 

"both the strengths and weaknesses of each technique were 

isolated. Protocol analysis and interviews are t ime consuming, but 

useful in identifying problem areas for a system.  Questionnaire and 

logged data analysis, both of which can produce som e  sorts of 

quantitative results rather easily, are useful only for l im ited 

purposes, such as for comparative analysis among systems, 

versions or categories of users." (yamagishi and Azuma, 1 987, 

p.1 67). 

4.7. Composite User Based Methods. 

Neal and Simons (1 984a, 1984b) described the development and use of a 

composite usabi l ity evaluation methodology known as the p layback 

method. They stated that, 

"The central idea is that whi le a user is working with a 

system, the keyboard activity is timed and recorded by a 

second computer. This log of stored activity is later p layed 

back through the host system for observation and analysis." 

(Neal and Simons, 1984a, p.79). 

The method therefore seems to be an elaborate logged data approach to 

usabi l ity evaluation. However, Neal and Simons explained that the system 

can be a ltered so that video cameras can be used to observe peripheral 

activity, such as the user's interacti�n with documentation. Also, the 

interaction can be played back in the presence of the user, 



l I in order to obtain supplementary information about the 

user's thoughts or reasons for particular actions while 

performing the task." (Neal and Simons, 1 984a, p.80). 
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In essence, then, the method has the abil ity to encompass components 

of the logged data, interview, and subsequent aided verbal protocol 

methods of user based evaluation. 

Morris et al .  (1 988) reported the use of an on-line logged data tool using 

"playback.1I It involves interposing a laboratory computer between the 

keyboard and the host so that a l l  user keystrokes can be time-stamped 

and captured in a fi le store. Morris et al. reported that, 

"Quite often only selected intervals of a session need to be 

analyzed" (Morris et aI. ,  1 988, p.438). 

During replay the observer can switch between modes to reduce analysis 

costs. Four modes existed; synchronised replay of digital and video 

recording, replay of just video recording, replay of just the digital 

recording, and replay of just the journal notes. 

Morris et al.  (1 988) concluded that the method is valuable for generating 

feedback to designers, which may make a positive contribution to 

achieving a good level of usabil ity. They pOinted out, however, that the 

method is very labour intensive and further work needs to be done to 

improve this aspect of the method. 

Hietala (1 985) has taken a simi lar stance to Neal and Simons (1 984a, 

1 984b) by promoting the use of a composite method that is a 

combination of system logging, playback, and verbal protocols. Hietala 

argued that, 



l'the emphasis on verbal protocols in connection with 

logging and playback can provide benefits that have not 

been recognised hitherto.1I (Hieta la, 1 985, p.1 00) . 
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In particular, the method is unobtrusive, can be inexpensive and easy to 

real ise, can support the extraction of relevant evaluation information by 

reproducing the actual  work situation, and is capable of bringing o ut 

knowledge of users' mental models, and problem-solving processes. 

Hieta la did suggest, nevertheless, that further work is needed to m a ke 

the a pproach more versati le. 

It would appear that many approaches are being advocated as possible 

means for eval uating the human-computer interface. These methods a re 

varied, some requiring advanced technical and theoretical knowledge, 

and others relying on intuition. Little comparative research addressing 

the strengths and weakness of the approaches has been conducted. This 

is a serious omission, because iterative refinement of software rests 

upon the assumption of rel iable and val id eva luation information. 

Furthermore, there appears to be a trend towards amalgamating some of 

the com mon methods in the hope that the interface wi l l  be adequately 

evaluated. Lea (1 988) suggested that evaluators should use their 

knowledge and appreciation of methodology to select methods whi ch 

provide complementary data types, and therefore uti l ise a triangulation 

approach. 

When using m ultip le evaluation methods the evaluator is ensuring that a 

broader range of information is ava ilable. Nevertheless, in doing so, the 

evaluator may be duplicating information, which although adds credence 

to the obtained results, may be a waste of the com mercia l  developers' 

scarce resources. 

There is a lso a trend towards more complex evaluation system s. This 
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trend must be seen as positive because the usabi l ity construct is 

mu ltidimensional in nature. However, such systems must sti l l  be 

accessible and understandable by the practitioner. To be tru ly usable, 

the evaluation essentia l ly must be rel iable, val id,  and practical .  It is 

therefore important to focus attention on the development and uti l isation 

of such methods. At present, however, l ittle information is available even 

on the efficacy of the main software evaluation methods. It may therefore 

be premature to advocate more complex evaluation techniques when so 

l ittle is known about the current strengths and weaknesses of the main 

methods in use. The work of Sweeney and Di l lon (1 987) and Yamagishi 

and Azuma (1 987) have addressed some of the issues. However, 

information regarding the rel iabi l ity, va l idity, and practica l ity of the 

methods is scarce. 

Fol lowing on from Yamagishi and Azuma (1 987) , this research sought to 

compare and contrast four software evaluation methods. These were, 

l ogged data, the questionnaire, the interview and subsequent aided 

verbal protocol analysis. In particular, the efficacy of these evaluation 

methods were examined on several dimensions: 

1 .  The degree to which information elicited b y  one evaluation method 

matched the information elicited from other evaluation methods. 

2. The abi l ity of each method to highlight problem areas in software. 

3.  The rate at which an evaluation highlighted user problem areas, 

within a set evaluation method. 

4. The cross software robustness of the effectiveness of the 

methods. 

5. The feasibi l ity of using each evaluation method in a commercia l  

environment. 
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Chapter Five: The Evaluation Study. 

5.1 .  Experimental Design. 

The present study examined the information obtained from the main 

software evaluation methods. Being a multiple method exam ination, 

e ither a between or within groups design could have been used. The 

within groups design poses problems with order effects, resulting in the 

necessity of using counter-balancing techniques. In contrast, the 

between groups design has problems with differentia l  treatment effects, 

but these can general ly be control led by standardised conditions. 

The study also examined evaluation information in relation to different 

software, because the type of software used, may have affected the 

information obtained from each of the evaluation methods. Three 

different sorts of business software (spreadsheet, word processor, and 

database) that represent the three major software types used in 

com merce and industry were used. The experimental design is shown in 

Table 5. 1 .  

Table 5.1 . Design Used in the Present Study. 

Evaluation method 

Software Logged Questionnaire Interview Verbal 

data protocol 

Spreadsheet 

Word Processor 

Database 
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5.2. Experimental Tasks. 

The experimental tasks were designed to be representative of the work 

that a new, or naive, user would undertake. This is important for both the 

face val idity and external val idity of the study. Of importance when 

developing the tasks was the notion of the discretionary user. A 

discretionary user is one who chooses to use a system,  rather than one 

who is required to use a system. Examples of d iscretionary users include 

people using a word processor for home use, and people purchasing a 

spreadsheet package to keep accounts for businesses. On the other 

hand, non-discretionary users include air traffic control lers who have set 

systems, or people moving into a setting where the software has already 

been decided upon and implemented. 

As the functional properties of much software are becoming increasingly 

simi lar, attention is turning to the role of subjective impressions in the 

software purchasing process. If several packages are of simi lar price, 

and can perform simi larfunctions, the deciding factor may be how much 

an individual l ikes the package. This is particulary so for d iscretionary · 

users who have a choice of software. 

Initial impressions have a disproportionate impact on the process of 

impression formation. This is known as the "primacy effect" and has been 

displayed by Luchins (1 957). It can therefore be inferred that the first 

contact individuals have with a software package wil l  have a major 

impact upon their impression formation. Thus, there is some (indirect) 

evidence to suggest that for example "fi rst impressions count" when it 

comes to purchasing software. 

The tasks used in the present experiment therefore were made similar to 

the tasks an individual starting on a system would face. These are 

entering data, saving data, recovering data, deleting data, and printing 
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data. From these tasks, initial impressions of discretionary users may be 

obtained. 

Although it would be advantageous for subjects to be thoroughly fami l iar 

with the software before evaluating it, researchers are confronted with 

the problem of what is the minimum number of instances needed to 

conduct informed software evaluation. Here Meister (1 986) suggested 

that, 

IIAn absolute minimum is three trials, based on the need to 

secure some sort of variance estimate.1I (Meister, 1 986, p. 

45) . 

It therefore seemed appropriate to ensure that each subject was exposed 

to at least three instances of each of the core tasks. This enabled some 

impressions to form, a variance estimate to be establ ished and some 

learning and fami l iarisation with the package to occur. (See Appendices 

3 - 1 2  for the introductory material  and tasks used in the stUdy.) 

5.3. Sample Related Issues. 

Problems associated with the representativeness of the sample also 

needed to be addressed. Internal val idity was achieved through the 

random assignment of the subjects to the different evaluatio n  methods. 

5.4. Software. 

Software used in  the study consisted of demonstration programmes 

developed and marketed by Borland International (1 987). These 

programmes were chosen for two reasons: 

The programmes are robust operational isations of the software domain 
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that they represent, both in  terms of functional ity and interaction style. It 

was intended that this would enhance the face val idity of the study and 

improve the general ity of the findings. 

The programmes were also available in source code. This al lowed for the 

modifications necessary to record the logged data. In each case the only 

modifications made to the programmes was the embedding of two 

routines (see Appendix 1 3) .  

One routine was positioned at the beginning of the programme, and 

requested the subject to answer questions about their perceived 

confidence when using general appl ication progra mmes. The second 

routine was unobtrusive, recording, and time stamping, ASCII  codes of 

the activated keys to 1 00th of a second. 

5.4.1.  Spreadsheet 

The spreadsheet used, was Microcalc (Turbo Pascal ,  version 4, 1 987). 

The main menu system was started by pressing the "I" key. When this 

was done a set of nine options appeared at the bottom of the screen. 

These options were activated by pressing the first letter of the option 

desired and then the "Enter' key. Once activated, SUb-menus appeared; 

these were started in the same fashion as the main menu system. 

Appendix 10 outl ines the menu options in Microcalc. 

The system used the conventional lice I I  II approach adopted by 

commercial spreadsheet packages. Microcalc included such features as 

formatting, calculations, insert and delete, editing and a uti l ities system.  

Microcalc appeared simi larto commercial spreadsheet programmes. 
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5.4.2. Word Processor. 

The word processor used, was Microstar (Turbo Pascal, Editor Toolbox, 

1 987). Microstar was a programme that incorporates a pul l-down menu 

interface. The main menu was activated by pressing the "F1 0" function 

key, and was presented at the top of the screen. Movement between 

menu options was by using either the left or right arrow key and then 

pressing the "Enter" key, or pressing the first letter of the desired option. 

Once an option was activated, the SUb-menu of the chosen option would 

appear. The sub-menu system was activated in a sim i lar way to the main 

menu system. See Appendix 1 1  for an outl ine of the complete menu and 

sub-menu system used in the Microstar programme. 

Microstar incorporated the features expected from a modern word 

processor. These included spell ing-checking, font display, b lock 

command, windows, DOS shell ,  help screens, and macros. Furthermore 

Microstar incorporated a 'What You See Is What You Get" (WYSIWYG) 

printer approach. 

5.4.3. Database. 

The database package used was another Borland International (Turbo 

Pascal, Database Toolbox, 1 987) programme and was a dedicated 

database. It was similarto a database used in an office environment to 

control a company's client l istings. Menu options were presented at the 

bottom of the screen. Options are chosen by using either the left or right 

arrow key or pressing the first letter of the desired option, and then 

pressing the "Enter" key. See Appendix 1 2  for an outline of the menu 

system used by the database. 

To enter information into the database a "form fi l l ing" approach was 

used. Features such as update, delete, search, and report output were 



supported by the system. Al l  options behaved in a manner simi larto 

com mercial ly avai lable database packages. 

5.5. Operational Defin itions and Evaluation Method Development. 
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To ensure the genera l ity of findings, and thus enhance the external 

va l idity of the study, it was important that a l l  evaluation methods used 

were adequate operationalisations of the methods that could be used in 

the commercial sector. Care was taken, therefore, to ensure that they 

were as robust as possible. 

5.5.1 . The logged Data Col lection Procedure. 

The logged data method was an internal unobtrusive software oriented 

method. This procedure recorded the ASCI I  codes of a l l  keys activated 

with the appropriate time stamps. This record could later be examined or 

transformed as necessary. See Appendix 13 for the base source code 

used to gather the logged data. 

5.5.2. The Questionnaire. 

Although several evaluation questionnaires were found in the l iterature 

(Dzida et al. 1 978; Simes and Sirsky, 1 985; Shneiderman, 1 987; 

Yamagishi and Azuma, 1987) only one was empirica l ly derived (Dzida et 

aI., 1 978). Therefore, a questionnaire was developed which incorporated 

al l  the best aspects of existing questionnaires. The structure of the Dzida 

et al. q uestionnaire was used, however, as the base instrument. The 

genera l  strategy involved: 

1 .  Obtaining questionnaires and ergonomic checklists. 

2. Conceptual ly allocating each statement into one of the 

factors suggested by Dzida et aI., and adding any other 



factor/s that seemed necessary. 

3. El im inating dupl ication of statements. 

4. Ensuring that, where possible, each question was jargon 

free. 

5. Embedding each question in a seven point (low/high) rating 

scale, while also adding the two further response categories 

of Not Appl icable (N.A), and Don't Understand (O.U). 

6. Using open ended questions for each factor. 

7. Pi loting the questionnaire and altering as necessary. 
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The questionnaire that resulted was an amalgam ation of three 

questionnaires (Simes and Sirsky, 1985; Shneiderman, 1 987; Dzida et a l .  

1 978) and one ergonomics checkl ist (Brown, 1986). The questionnaire 

developed used the original seven factors as described by Ozida et a l .  

and one further factor, '!formatting," that was derived from the 

Shneiderman questionnaire. 

The questionnaire was initial ly examined separately by four individuals, 

who commented on its wording and style. After a lteration, the 

q uestionnaire was piloted with four different individuals undertaking a 

word processing task and a further two different individuals undertaking 

a spreadsheet task. Comments on the form were col lected, with 

particular attention being paid to the appropriateness and 

comprehensibi l ity of the statements. Further refinements were then made 

. to the questionnaire based on this information. 

The resulting questionnaire had eight factors using a total of 1 1 7  

statements. The factors and number of statements in each factor were: 

Programme Self-Descriptiveness (19) ,  User Control of the Programme 

(14),  Ease of Learning the Programme (20), Com pleteness of the 

Programme (1 1 ), Correspondence with User Expectations (15),  Flexib i l ity 

in Task Handl ing (7), Fau lt Tolerance (17) ,  and Formatting (1 4).  
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To gain more qual itative information, at the end of each factor section, 

an open ended question was inserted that asked subjects a bout specific 

problems that arose and any suggestions for improvement to the 

software. One final open ended question was also inserted at the end of 

the questionnaire which requested any further comments or suggestions 

for improvement. The developed questionnaire appears in Appendix 1 4. 

5.5.3. Interview Procedure. 

The interview incorporated both structured and unstructured components 

as suggested by Bouchard (1 976) and Meister (1 986) . This type of quasi

formal format meant that the interviewer could ask further q uestions as a 

result of the subject's statements, while also covering a forma l  set of 

topics. As a consequence, the interviewer was able to secure more detail 

than would have been the case using an interview schedule which was 

completely structured (Meister, 1986). 

Subject's initia l ly were asked to explain how they approached a specified 

sub-task. This was intended to put interviewee's at ease and to try to 

el icit indicators of the cognitive model they held. Next, subject's were 

asked to outline any problems they encountered while undertaking that 

task. Fina l ly, subjects were asked for any suggestiol1s for improvement 

they may have had. This schedule was conducted for each of the sub

tasks covered in the session. See Table 5.2 for the interview questions. 

To end the session, respondents were asked to rate how difficult they 

found each of the sub-tasks. Al l responses were tape recorded and later 

transcribed. 

5.5.4. Verbal Protocol Procedure. 

The verbal protocol procedure used, was an aided subsequent verbal 



Table 5.2. Interview Questions. 

1 .  Entering data. 
A. How did you go about entering data into the programme? 
B. Did you have any problems entering the data? If so, what were they? 
C. Are there any suggestions that would make entering the data easier to 
do? 

2. Saving data. 
A. How did you go about saving the data? 
B. Did you have any problems saving the data? If so, what were they? 
C. Are there any suggestions that would make saving the data easier to 
do? 

3. Recovering data. 
A. How did you go about recovering data back into the programme? 
B. Did you have any problems recovering the data? If so, what were 
they? 
C. Are there any suggestions that would make recovering the data easier 
to do? 
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4. Deletin g  data. 
A. How did you go about deleting data? 
B. Did you have any problems deleting data? If so, what were they? 
C. Are there any suggestions that would make deleting data easier to do? 

5. Printing data. 
A. How did you go about printing data? 
B. Did you have any problems printing data? If so, what were they? 
C. Are there any suggestions that would make printing the data easier to 
do? 

6. Did you have any other problems? If so, what were they? 
Are there any other suggestions that would make using the programme 
easier? If so, what are they? 

7. One final thing I would like you to do is to rate these tasks from one to six according 
to how difficult the task was (one being easy, six being hard) . 

Thank you for your involvement in the study. Are there any questions you have about the 
study before we finish? 

protocol simi larto that reported by Hoc and leplat (1 983) .  This method 

was chosen for two reasons. First, Hoc and leplat showed that this 

approach produced data patterns that were sim ilar to the concurrent 

verbal protocol analysis. Secondly, they also showed that the method 

al lowed for more than one individual at a time to undertake the 

evaluation task. This also meant that to control demand effects across 
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the evaluation methods, al l  subjects were video taped while undertaking 

the experimental task. 

When using this method subjects were asked to view the video tape of 

themselves undertaking the work they had previously completed on the 

computer. Subjects were asked to "Th ink aloud as if you were 

undertaking the task." 

Al l  verbal protocol sessions were held in a private room, with only the 

researcher and the subject present. Prompting was kept to a minimum. 

Al l  protocols were tape recorded and later transcribed. 

5.6. Analyses. 

5.6.1.  Equivalence of Groups: Subjects' Confidence Ratings. 

To examine the adequacy of the randomisation process, the analysis of 

variance (ANOVA) procedure was used to examine equivalency of 

groups. Two separate series of ANOVAs were conducted. One series 

examined the equivalence of the perceptions of the individuals across 

the three software packages evaluated. The other series examined the 

perceptions of the individuals across the evaluation group assigned. 

5.6.2. Analysis of the Logged Data. 

The resulting logs were examined in several ways. Exam ination 

procedures can be broadly delineated into the two categories of actuarial  

and contextual  analysis. The actuarial analysis examined the t ime taken 

to perform separate sub-tasks over consecutive occasions. Reduction in 

correlated mean and variance t-tests (Glasnapp and Pogg io, 1 985) was 

used to infer learning and ease of use. 
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Noise may appear in the logged data method in the form of typing errors, 

speed of typing, and distractions from the task being undertaken at that 

time. Although transformations may be undertaken to help reduce this 

noise, ambiguity may arise in identifying causal factors. Consequently, 

the transformations of these data may not be advantageous, and 

therefore was not undertaken. Other forms of actuarial analysis were a lso 

considered as appropriate. 

Further to the strictly actuarial  examination of the logged data, the logs 

were also examined in a contextual way. This consisted of an inspection 

of the movement through the tasks by the subjects, involving identifying 

the key strokes used by the subject to undertake each task. It was 

expected that this procedure would provide an account of how the 

subject approached each task. By inference, problem areas and mistakes 

made could be located. Frequency counts of the occurrence of problems 

were a lso made. 

5.6.3. Analysis of the Questionnaire Data. 

The means and standard deviations resulting from rating the 

questionnaire attributes were calculated. Cut-off scores were decided to 

operationalise a good, poor, or indifferent attitude. For the purpose of 

this research, a poor score was operational ised as a mean below 2.5, an  

indifferent score being reflected by a mean score between 2.51 and  5.5 

and a good score being indicated by a mean score above 5.51 . These 

cut-off scores were arbitrary being chosen simply to divide the scale into 

three equal segments. Standard deviations were a lso examined, as were 

the responses to the "Don't Understand" and "Not Appl icable" response 

categories. 

The internal rel iabi l ity coefficients of the sub-scales for the questionnaire 

were derived using coefficient a lpha. Here, Nunnal ly (1 967) suggests that 



rel iabi l ity is context sensitive and, 

"in the early stages of predictor tests or hypothesised 

measures of a construct, one saves time and energy by 

working with instruments that have only modest rel iabi l ity, 

for which purposes rel iabilitiesof 0.60 or 0.50 wi l l  suffice." 

(Nunnal ly, 1 967, p.226) . 

Consequently, an internal rel iabil itycoefficient of 0.60 was used as an 

acceptable internal rel iabi l ity for development and interpretation in this 

research. 
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Further to the ratings of attributes the questionnaire elicited open ended 

statements. Content analysis was conducted using these statements with 

unitization at the referentia l  level of analysis (Krippendorff, 1 980) . 

Problems highlighted were recorded and the overal l  frequency of 

problem identification examined. Krippendorff reported five possible 

levels of unitization (physical ,  syntactical ,  referential, propositional and 

thematic) with each having d ifferent uses and rel iabil ity. The referentia l  

level was chosen for this study because it seemed the best trade-off 

regarding rel iabi l ityand usefulness. 

5.6.4. Analysing the Interview. 

The interview el icited statements about three aspects of each sub-task 

undertaken. Using a content analysis, statements were examined to the 

referential level of unitization (Krippendorff, 1980). Frequency of problem 

identification and problems highlighted were recorded and relationships 

between problems encountered and suggestions for improvement were 

noted and examined. Mean ratings were derived from the difficulty 

scores, which provided an index of how difficult each sub-task was 

perceived by the subjects. 
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5.6.5. Verbal Protocol Analysis. 

The verbal protocol analysis provided an in-depth narrative of how each 

subject progressed through the sub-tasks. This analysis examined the 

problems encountered by subjects, and the thoughts and emotions they 

experienced. These statements were again analysed using a content 

analysis procedure, with unitization at the referential level of analysis 

(Krippendorff, 1980). Problems highl ighted and the frequency of problem 

identification were recorded. Table 5.3 outl ines the general approach to 

the data analysis for each evaluation method. 

5.7. The Between Evaluation Methods Comparisons. 

The fi rst comparison of the evaluation methods used a case study 

approach. Here, a narrative of the information el icited by a l l  the methods 

was discussed. This approach was used to gain a holistic feel for the 

type of information obtained from each of the software evaluation 

methods. 

An empirical examination was conducted using the usabi l ity problems 

identified by each evaluation method as the dependent variable, with a 

problem being operationally defined as any statement which d irectly 

referred to, or any instance that impeded progress towards, task 

completion. Task completion was defined by the experimental task 

instruction sheet. 

Frequency graphs of the number of problems identified by each 

evaluation method across each software package evaluated Wer e 

produced. Inferential statistics included the chi-square test and 

hierarchical log l inear analysis. Al l analysis was conducted using the 

SPSSX statistica l package (1 986). Hierarchical log l inea r  analysis is a 



Table 5.3. General Approach to the Data Analysis for Each Evaluation 
Method. 

Logged data. 
1 .  Times over consecutive occasions of performing the 

specified sub-tasks. 
2. Any other relevant form of actuarial data. 
3. Movement through the task in the form of times between 

each key stroke and the ASCI I  character associated with 
each key stroke. 

Questionnaire. 
1 .  Mean ratings of each attribute with associated standard 

deviation. The proportion of individuals answering "Not 
Appl icable" and "Don't Understand" the question wi l l  a lso 
be examined. 

2. Comments in the form of open ended statements a bout 
the problems encountered and suggestions for 
improvement. 

3. Coefficient alpha for each sub scale for each type of 
software evaluated. 

Interview. 
1 .  Reports about how individuals undertook each sub-task. 
2. Reports about the problems encountered while the 

subjects undertook each sub-task. 
3. Suggestions for improvement of the package on each 

sub-task. 
4. Ratings of how difficult each sub-task was. 

Verba l protocol analysis. 
1 .  Narrative of how each individual progressed through each 

sub-task. This includes problems encountered and 
suggestions for improvement. 
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multivariate categorical modell ing technique. The procedure examines 

which factors are required to produce a set of observed data. The 

objective of the technique is to examine the variables requ i red to 

produce a set of data that is not dissimilarto the observed data. The 

model used, was a saturated model with backward elimination. This 

model begins with the ful l  data set and el iminates those variables that 

are not required to generate a model that reproduce the observed data 
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set (Tabachnick and Fidell , 1 989). 

The incidence of reporting a problem with in an experimental group was 

examined. This was done by identifying six high frequency problem 

areas, specified by the logged data records. The percentage of 

individuals displaying the problems in the logged data group was then 

calculated. This figure was used as the standard to test the other 

evaluation methods. Subjective approaches rely on h indsight and reca l l  

and are subject to perceptual errors and decay. Thus, i t  was 

hypothesised that the subjective evaluation approaches of the 

questionnaire, interview, and verbal protocol analysis would exhibit a 

significantly lower rate of problem reporting than the logged data 

approach. 

A comparison of the problems identified when two methods are 

combined was conducted. It was hypothesised that by com b in ing two 

evaluation methods, a significant improvement in the number of 

problems identified by a single evaluation method would be observed. To 

examine this prediction, a series of matrices was constructed. Here the 

percentage of problems identified by each combination of two evaluation 

methods could be compared to each single method. This was done by 

first identifying the percentage of the total number of problems identified 

by each evaluation method used alone. The percentage of the total 

number of problems identified by using two evaluation methods, with 

dupl ications el iminated, was then calculated. 

The log l inear model l ing technique was used to examine the properties 

of the evaluation methods when used together. Also of interest was the 

notion of incremental improvement. If two methods are used, was there a 

significant i mprovement, with regards to the number of problems 

highlighted, over using the best single method? Incremental 

improvement was examined using the chi-square statistic. 



5.7.1 .  Specific Hypotheses. 

In summary, it was hypothesised that: 

1 .  the efficacy of the evaluation methods would be 

independent of the software being evaluated. 

2. there would be no difference between the evaluation 

methods with regards to the number of problems identified. 

3. the subjective approaches of the questionnaire, interview, 

and verbal protocol ana lysis would exhibit a significantly 

lower rate of problem reporting than the more objectively 

recorded logged data. 

4. by combining two evaluation methods a significant 

improvement in the number of problems identified by a 

single evaluation method would be observed. 

5.8. Practical Considerations: The Evaluator's Perspective. 
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The practical considerations associated with using the evaluation 

methods were considered by carrying out an  introspective examination 

of the practical problems encountered while conducting the evaluations. 

The l imitations of this approach must be acknowledged, and it was 

conducted to be informative, rather than . providing a definitive account. 

The examination consisted of in itial ly identifying the steps associated 

with conducting and reporting an evaluation of a software package. 

These steps were delineated into the four phases of col lecting the data, 

reducing the data prior to analysis, analysing data, and interpreting the 

data. 
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Within each phase, the aspects arising during the evaluation were 

considered, using a modified version of a paired comparison approach 

used by Blum and Naylor (1 968). The process consisted of considering 

each pair of evaluation methods in turn, and indicating which was more 

easy to use, with regards to its practica l ity on the attribute being 

considered. This resulted in a paired comparison m atrix a l lowing for the 

proportion of times each evaluation method was preferred over others to 

be calculated. 

The average proportion for each phase of the evaluation process could 

then be calculated and transformed into a standard score (z score). The 

resulting z scores were the scale values for the evaluation method. B lum 

and Naylor (1 968) reported that the advantage of  this  procedure was that 

these scale values may be taken as representing not only the ran k  order 

of the evaluations, but a lso the degree to which two evaluation m ethods 

differ with regards to their practicality on the attributes. 

Furthermore, by an appropriate mathematical manipulation (adding the 

required constant), these scores were transformed into a standardised 

continuum of merit. 

5.9. Method. 

5.9.1.  Subjects. 

A total of 1 48 individuals of mixed age and both genders took part in the 

study. In al l ,  54 individuals evaluated the spreadsheet, 48 the word 

processor, and 46 the database. Of these, 40 individuals used the logged 

data evaluation method, 39 the evaluation questionnaire, 37 the i nterview, 

and 32 the verbal protocol analysis method. Table 5.4 shows the cel l  

sample sizes and the breakdown within the software domain eva luated, 

and the evaluation method used. All cel ls are independent, with n o  
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Tab le 5.4. Cell Sample Sizes Used in the Study. 

Evaluation method 

Software Logged Questionnaire Interview Verbal TOTAL 
data protocol 

Spreadsheet 1 5  1 3  1 4  12  54 

Word Processor 1 1  1 4  1 3  10  48 

Database 1 4  1 2  1 0  1 0  46 

TOTAL 40 39 37 32 1 48 

individual appearing in more than one cel l. 

Subjects were recruited from a first year psychology course. The course 

is a general course in psychology and is used as both a service course 

to advanced psychology papers and as a fi l ler for degree students of 

mixed academic background. 

5.9.2. Materials. 

There was a degree of standardisation among the three software types 

evaluated, resulting in a core set of materials being used. These were 

supplemented, where necessary, by materia l  specific to each software 

evaluation method. 

The core material consisted of: 

1 .  One informed consent form (see Appendix 2). 

2. One overal l  usabil ity rating form (see Appendix 15) .  

3. Video recording equipment, including cameras. 

4. IBM compatible computers with colour graphics. 

5. A colour video recorder. 



6. A colour television. 

7. An audio tape recorder. 

The specific materia l consisted of the fol lowing items: 

1 .  One introductory information sheet that introduced the subject 

to the type of software they were going to use, the instructions 

and the task (see Appendices 3 to 9 for the introductory 

passages and tasks used in the study.) 

2. One outl ine diagram of the menu options for the package 

subjects were to use (see Appendices 1 0  to 1 2  for the diagrams 

used in  the study.) 

5.9.3. Procedure. 
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For a l l  three components of the study the procedure was the same. 

Prospective subjects were first contacted by telephone (see Appendix 1 

for the telephone contact procedure used). Here an enquiry was made 

about whether the individual would take part in the study. U pon 

agreement, it  was then ascertained if they had ever used a computer. 

Next, a mutual ly suitable time to conduct the study was arranged. 

Upon arriva l at the experimental centre, subjects were a l located to one of 

the four experimental conditions by a random process. Subjects were 

informed about the purpose of the study and that they could not be told  

which experimental group they were in  until after the experimental task 

had been completed, so as to prevent demand characteristics. At this 

pOint, each subject had the opportunity to ask questions. After q uestions 

had been answered, the subjects were asked to complete an informed 

consent form (see Appendix 2.) 
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Subjects were then given the introductory passage that covered the 

background concepts of the software they were about to use, along with 

a brief demonstration of the piece of software involved. During this 

demonstration the concept of a IIcursorli was explained. Also, the ideas of 

the IIcel ili and IIfie ldli were elaborated on in the spreadsheet and the 

database respectively. 

, 

Subjects were shown how to move the cursor, and how to activate the 

menu system of the software they were to use. At this stage subjects 

were a l lowed to ask questions. Next, it was explicitly stated that the aim 

of the study was to test the software, not the individual, and if they had 

problems, they should attract the researcher's attention and questions 

would be answered. Furthermore, due to ethical considerations, they 

could stop at any time, if they felt they did not wish to continue. 

Prior to com mencing the research, subjects were asked to express the 

degree of confidence they had in using the major types of business 

computer software. Specifical ly, subjects were required to rate how 

confident they would feel using a spreadsheet, a word processor, a 

database, and using computers in general. Next, subjects individual ly 

worked through the experimental task. During the entire session a l l  

subjects were videotaped, and al l  instances of help were recorded. 

After completion of the study, and prior to being i nformed which 

evaluation group they were in, subjects were asked to rate, on a one to 

ten scale, how usable they felt the package was. Subjects were then 

informed about the experimental group to which they had been al located. 

Subjects in the logged data group were free to leave, but subjects in the 

questionnaire group were asked to complete the q uestionnaire. Subjects 

in the interview and the verbal protocol groups were asked to either stay 



and complete the study, or make an appointment within  the next two 

days to complete the study. Each subject was individually debriefed 

fol lowing the col lection of a l l  data. 
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Chapter Six: The Evaluations and Discussion of Each Single Evaluation 

Method. 

6.1 . Equivalence of the Groups. 

It was in itia l ly hypothesised that no difference in  perceived confidence, 

when using computers, would be found between the experimental 

g roups. To examine this hypothesis, the means and standard deviations 

of the subjects' confidence ratings when using computer programmes 

were calculated, as were the means and standard deviations of the 

subjects' overal l  usabi l ity rating of the software. Table 6.1 presents the 

cel l  means, standard deviations, and sample sizes for these ratings. It 

can be noted that the mean confidence ratings of the individuals in the 

word processor group are lowest. 

To test the equivalence of each group, ANOVAs were used to examine 

the variabi l ity of the pre-experimental confidence ratings, and the post

experimental overal l  usabi l ity score of the software evaluated. All ANOVA 

results and probabil ity levels are presented in Table 6.2. 

The results showed that effects were present for perceived confidence 

when using word processors and databases. Also, there was an effect for 

the usabi l ity of the software. This suggests that at least one of the 

groups of subjects differed with regard to their perceived abi l ity to use a 

word processor and a database, prior to commencing the study. Also, at 

least one of the packages evaluated was perceived as being more usable  

than the others. 

The second series of ANOVAs examined the variabi l itywithin each of the 

evaluation method groups. In all cases the results were non-significant. 
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Table 6.1. Summary of Group Means, Standard Deviations, and Sample Sizes of the Subjects' Confidence Ratings and 
Overall Usability, for the Three Software Packages Evaluated. Subjects Rated How Confident 1hey Were at Using Specific 
Software Types Prior to Commencing the Study, Whereas the Usability Rating was Made Immediately After Completion of 
the Experimental Task and Related Specifically to the Software TIley had Used. 

Spreadsheet evaluation group 

SS WP 

Mean 4.12 3.57 
(Std.) 1.95 1.71 
n 49 49 

Word processing evaluation group 

SS WP 

Mean 3.36 2.52 
(Std.) 1 .71 1.62 
n 44 44 

Database evaluation group 

SS 

Mean 3.84 

(Std.) 1 .72 
n 45 

WP 

2.91 
1.74 
45 

DB 

2.45 
1 .46 
49 

Key. SS = Spreadsheet 
WP = Word processor 
DB = Database 
OC = Overall confidence 
User = Usability reting 

Confidence and Usability ratings 

OC I User 

I 
3.94 1 6.98 
1.81 1 1 .93 
49 1 54 

Confidence and Usability retings 

DB OC User 

2.00 3.39 7.48 
1.22 1 .62 1 .77 
44 44 44 

Confidence and Usability ratings 

DB 

2.84 

1.82 
45 

OC 

3.73 

1.70 
45 

User 

6.11 

1.98 
47 

• Note: Sample sizes may not equal the eXperimental cell sizes due to technical problems e.g., programme crash, 
tumlng system off to finish the session rather than saving the data, disk contamination, etc. 
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Table 6.2. Summary of ANOVAs Used to Test the Subjects' Confidence 
Ratings and Usabi l ity Scores, by Application Domain, and by 
Evaluation Group Assigned. 

Key df = Degrees of Freedom. 
BG = Between Groups. 
WG = Within Groups. 

By software appl ication domain 

df BG df WG F-Ratio 

Spreadsheet 2 1 35 2.08 

Word Processor 2 1 35 4.59 

Database 2 1 35 3.44 

Overal l  Confidence 2 1 35 1 .22 

Usabil ity Rating 2 1 35 6.1 3  

* = P <.05. 

By evaluation group 

df BG df WG F-Ratio 

Spreadsheet 3 1 34 0.06 

Word Processor 3 1 34 0.1 6  
, 

Database 3 1 34 0.03 

Overal l  Confidence 3 1 34 0.04 

Usabil ity Rating 3 1 34 1 .1 5  

F-Prob. 

. 129 

.01 2* 

.035* 

.298 

.003* 

F-Prob. 

.980 

.921 

.995 

.991 

.332 

These statistical ly significant findings were unexpected. A randomisation 

process was used which should have resulted in between groups 

equivalence. 
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No statistica l ly significant differences were obtained in  confidence 

estimates between those individuals al located to the logged data 

eval uation method, the questionnaire evaluation method, the interview 

eval uation method and the verbal protocol analysis evaluation method. 

This suggests that comparisons between the results from the evaluation 

methods can be made. 

As might be expected differences also existed with regards to the 

estimates of usabi l ity of the three programmes evaluated. The group 

means were 7.48 for the word processor, 6.98 for the spreadsheet and 

6. 1 1  for the database group. 

Examination of the perceptual ,  between groups, differences suggested a 

gender difference may have been the cause. Table 6.3 presents the cel l  

means, standard deviations, and sample sizes in terms of a gender 

based breakdown. At this time it was a lso decided to examine a series of 

performance statistics, to test if these differences resulted in h itherto 

unforseen problems. These performance statistics consisted of: tota l 

time to perform the experimental task, number of keys used to perform 

the task, number of times help was requested, and the usabi l ity rating 

the subject gave the package they were required to evaluate. From Table 

6.3 i t  can be seen that, with regard to confidence ratings in the 

spreadsheet and database tasks, there appears to be l ittle difference 

between male and female ratings. 

This is not the case for the word processing group, however, where quite 

large d ifferences in mean ratings were found. In particular, the females' 

mean ratings are lower than the males' mean ratings. It can a lso be 

noted that in a l l  of the performance measures, and the usabi l ity ratings, 

there appears l ittle difference between male and female means and 

standard deviations. 
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Table 6.3. Means, Standard Deviations and sample Sizes of the Three Sub-Samples When a Gender Based Breakdown Is 

Undertaken. 

Key: 55 = Spreadsheel WP = Word Processor. 

DB = Database. OC = Overall Confidence 

lime = lime to complete task. 
Keys = Number of keys used to complete task. 
Help = Number of Umes the subject requested help. 

User = Usability rating. 

Confidence ratings Performance scores 
Spr&adshaet 
Female 

55 WP DB OC I I lime Keys Help User 

Mean 3.84 3.44 2.16 3.64 1 123.59 863.92 0.58 6.75 

(Std.) 1.91 1.78 1 .14 1.78 1 1 6.53 170.24 0.76 2.10 

n 25 25 25 25 1 1 22 24 24 25 

Male 
55 WP DB OC I I TIme Keys Help User 

Mean 4.42 3.71 2.57 4.25 1 123.64 884.57 0.25 7.23 

(Std.) 1.99 1.68 1 .70 1.82 1 1 6.89 205.83 0.64 1 .72 

n 24 24 24 24 1 121 21 20 24 

Word Processor 
Female 

55 WP DB OC I I lime Keys Help User 

Mean 2.94 2.25 1 .66 2.91 1 131 .79 19n.76 1.13 6.36 

(Std.) 1.61 1.48 0.94 1.51 1 18.67 372.81 1.01 2.13 

n 32 32 32 32 1 1 28 29 30 32 

Male 
55 WP DB OC l ilime Keys Help User 

Mean 4.50 3.25 2.92 4.67 1 126.57 1783.25 1.29 5.64 

(Std.) 1.51 1 .82 1.44 1.16 1 1 1 1 .48 695.85 1.11 1.55 

n 12 12 1 2  1 2  1 18 8 7 14 

Database 
Female 

55 WP DB OC l ilime Keys Help User 

Mean 3.80 2.60 2.80 3.67 1 122.18 801.35 0.96 7.35 

(Std.) 1.75 1.57 1.86 1 .67 1 17.44 204.54 1.23 1 .93 

n 30 30 30 30 1 123 26 24 29 

Male 
55 WP DB OC I ITIme Keys Help User 

Mean 3.93 3.53 2.93 3.87 1 126.36 909.08 1.00 7.73 

(Std.) 1.71 1.96 1 .79 1.81 1 1 7.61 255.37 1 .61 1.44 

n 15 15 15 15 1 1 10 12 1 1  1 5  

NB: Sample sizes differ because all performance data were not available due to technIcal difficulties. 

Table 6.4 presents the results of a series of one-way ANOVAs. It should 

be noted that with regards to the confidence data in the spreadsheet and 

database groups, no gender differences were found. However, in the 



Table 6.4. Summary of One Way ANOVAs Used to Test the Differences 
Between the Female and Male Self Perceived Confidence Scores and 
Performance Scores for the Three Sub-Samples. 

Spreadsheet evaluaUon group 
df BG df WG F-RaUo Prob. 

Spreadsheet 47 1.07 .3067 

Word Processor 47 0.30 .5878 

Database 47 2.05 .1591 

Overall confidence 47 1.41 .241 6 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Time to do task 
Number of keys used 
Requested help 

41 

43 
42 

0.00 

0.14 

2.36 

.9795 

.7144 

.1321 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Usability raUng 47 0.84 .3648 

Word Processor evaluaUon group 
df BG df WG F-Ratio Prob. 

Spreadsheet 42 8.53 .0056 * 

Word Processor 42 3.52 .0677 
Database 42 1 1.61 .0015 * 

Overell confidence 42 13.30 .0007 * 

= = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Time to d o  task 
Number of keys used 
Requested help 

34 
35 
35 

1.96 

1.14 

0.13 

.1708 

.2929 
.7258 

= = - = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Usability raUng 

Database evaluation group 

Spreadsheet 
Word Processor 
Database 
Overell confidence 

df BG 

1 

44 

df WG 
43 
43 
43 
43 

1.09 .3011 

F-Ratio Prob. 
0.06 .8094 

2.10 .0905 

0.05 .8199 

0.14 .7141 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Time to do task 
Number of keys used 
Requested help 

31 

36 

33 

2.18 

1 .95 

0.01 

.1501 

.171 6 

.9334 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Usability raUng 42 0.47 .4970 

* p<.05 

NB: Degrees of freedom alter due to technical difficulties. 
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word processor taSk, three statistically significant d ifferences were observed 

(p <.05: see Table 6.4). 

When examining both the performance data and the usabi l ity ratings in Table 

6.4, it is important to note that in al l  cases no gender differences were found. 

From these results, it  appears that the randomisation process was insufficient 

to assure total group equivalence. 
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Of more importance, is the finding that no performance differences were 

found. That is, where gender perceptual differences were observed, gender 

based performance differences were not observed. This suggests that the 

val idity of the study have not been undermined by this unexpected result. The 

gender variable is therefore an extraneous variable, as far as the comparisons 

of the software evaluations in this research are concerned. More precisely, no 

gender differences in the logged data, questionnaire, interview, and verbal 

protocol analyses sub-groups are present. Also, the ratio of male to females 

wi l l  not affect the overal l  usability rating. 

However, difference in self perceived confidence is interesting, as it lends 

itself to the notion that such estimates of confidence were unfounded. This 

has implications for both the educational and computing fields. Specifical ly, 

as confidence seems related to experience (Howard and Smith, 1 986) it could 

be argued that al l  chi ldren should be exposed at some stage to the use of 

computers. Furthermore, with regards to the computing industry, situational 

approaches to personnel selection for the industry should be used because 

the pres�nt study showed that performance estimates do not exhibit a gender 

bias, whereas perceptions d id. 

6.2. Specific Problems Highlighted by Each Evaluation Method. 

Tables 6.5, 6.6 and 6.7 present the usabil ity problems found in  each of the 

software packages evaluated, and which evaluation method(s) found each 

problem area. By examining these tables, it can be seen that sometimes m uch 

overlap between the methods and the problems found is evident, with some 

problems found by all evaluation methods. Such overlap could reflect 

convergence of results, suggesting a form of concurrent val id ity. Conversely, 

if more than one of these evaluation methods is used, duplicated, redundant 
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Table 6.5. Problems Identified with the User Inteliace of the Spreadsheet Package and the Evaluation Method Ident/1ylng the 
Problem. 

Key: LO = Logged data. I = Interview. 
Q = Questionnaire. VP = Verbal protocol. 

PROBLEM METliOD 
LO I Q VP 

ENTER 
Cursor during data IIntry. • • • • 

Use of numeric key pad. • • • 

Input appearing at the bottom ot the screen. • • 

Target cell Identification. • 

Cursor positioning. • 

Cell editing facility. • 

Not sure ot cursor movement. • 

Problem with Input! command mode. • • • 

Problem when output scrolled. • 

Input string was longer than one cell. • • 

WIShed to enter whole line at once. • 

Cursor control. • 

SAVE 
Problem completing the save sequence. • • • 

Retyping file name each time to save. • • • 

Feedback trom saw. • • 

Activating main menu. • • • 

Navigation In menu system. • • • 

saved under more than one name. 
General problem. • 

PRINT 
Problem completing command sequence. • • • • 

Problem using the menu system. • • 

Error In programme code appeared. • 

LOAD 
Mistyped file name/ could not find file. • 

Apprehension when loading. • 

INSERT 
Place cursor In wrong place. • • • 

I nserted row instead of column. • 

DELETE 
Problem positioning cursor tor delete. • • • 

Problem using block commands. • II 

Using menu systllm. .' • 

Couldn' specify limit ot delete. II II 

Deleted whole row rather than Intended cell only. II 

Deleted one cell at a time. • • II 

Difficult to deal with rows and cells concepts. II 

OTHER 
Error messages Inappropriate. • 

Poor menu lay out • 

Poor prompts. II 

KIlY options not lIye catChing. II 

No WiI'/ ot reducing Input/output 
according to user experience. • II 

Total Usability Problems Identified zoo 38 1 3  1 7  1 5  24 
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Table 6.6. Problems Identified with the User Interface of the Word Processing Package and the Evaluation Method Identifying the 
Problem. 

Key: lD = Logged data. I = Interview. 

Q = Questionnaire. VP = Verbal protocol. 

PROBL£M METHOD 

ENTER lD Q VP 

Typing skill problems. • • • • 

Knowledge of keyboard functions. • • 

Relocation of altered text. • • 

Cursor control problems. • 

Text colour. • • 

Text formatting. • 

PoslUonlng of cursor after printing. • 

SAVE 

Saving when overwrite required. • • 

Lack of task feedback. • • • • 

Navigation problems. • • 

Problem completing save sequence. • 

PRINT 

Problem saving before printing. • • • • 

Problem with save error message. • • • • 

Navigation problems. • • 

Lack of task feedback. • • 

Problem completing print sequence. • 

DELETE 

Problem using block commands. • • • • 

Problem with block command names. • 

Problem with recovery of deleted text. • • • 

Problem with connecting altered text. • • • 

INSERT 

Problem with help Instructions. • • 

Poor command names. • 

positioning of cursor when Inserting text. • 

OPENtcLOSE 

Problem with more than one file open. • • • 

Menu cursor Jumping protected options. • 

Lack of task feedback. • • 

OlliER 

Search from cursor rather than top. • 

Menu headings. • • 

Command names. • 

Poor error correction system. • 

Poor help screen Instructions. • • 

Navigation problems. • • 

No reduction in entry for experience. • 

No alternate data entry systems. • 

Would be hard to relearn. 

Total Usability Problems Identified = 35 1 0  15 1 7  25 
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Table 6.7. Problems IdenU1ied with the User Interface of the Database Package and the Evaluation Method Identifying the Problem. 

Key: LD = Logged data. I = Interview. 
Q = Questionnaire. VP = Verbal protocol. 

PROBLEM METHOD 

ENTER 
LD Q VP 

Typing skill problems. • • 

Exiting add option. • • • 

Not saving before exll • • • 

Multiple saws. • • 

Adding blank record. • 

CUl$Or control. • • • 

SEARCH 

Confusing input structure. • • • 

No multiple search structure. • 

Used scroll technique. • • • • 

Order of entry. • 

Poor entry system. • 

CUl$Or control. • • • 

USTJPRINT 

Lack' of feedback. • • • • 

Navigation problems. • • 

I ncorrect option selection. • • • 

System failure. • • 

UPDATE 

Cursor position. • 

Not saving after update. • • 

Feedback problems. • • 

Problem exiting sUb-system. • 

Enterfng altered Information. • 

DELETE 

Accidental deletion of record. • • • • 

Non-completion of sequence. • 

OTHER 

Menu names. • • 

Menu navigation. • • • • 

No help opUon. • • 

Positioning of menu Items. • • 

Poor error messages. • 

Poor colour. • • 

Poor menu lay out. • 

Unintentional option activation. • 

Total Usability Problems Identified .. 31 16 1 4  1 6  1 9  
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i nformation would be obtained. 

6.3. The Logged Data Method. 

Theoretica l ly, a reduction in mean and variance over separate occasions of 

performing the task would suggest an improvement in performance, and 

should therefore be related to the usabil ity of software. To examine these 

attributes of the software, the mean times taken to undertake each sub-task 

were isolated. These times were then subjected to correlated t-tests, and 

reduction in variance t-tests. Tables 6.8 to 6.1 0  represent a summary of these 

tests. It should be noted that changes in mean and variance are common, and 

that they are not all in the direction that wou ld suggest an increase in  

performance. In some cases the change denotes an increase in the mean,  or 

variance, between two occasions of performing a SUb-task, suggesting a 

decrease in performance. 

The concept of efficiency also was to have been examined. Here efficiency 

was to be operationalised as the minimum number of keystrokes needed to 

complete the task divided by the actual number of keystrokes used to 

complete a task. However, problems were encountered with this proposed 

analysis. First, within the spreadsheet package a structured menu system was 

used. This resulted in a high efficiency score which was not useful as a 

discriminating tool. Such scores were also confusing because errors seemed 

to be mainly typing errors. This essential ly confounded the efficiency score. 

The efficiency scores could have been used, provided that typing errors were 

partial led out. However, this would have involved further transformations of 

the data, and subjective classification, and therefore may have reduced the 

val idity of such scores. 

Within the word processing package other problems developed when using 

the efficiency scores. In the word processor there were multiple ways of 



Table 6.8. Summary t-test Values for a Correlated Mean t-test and a Reduction of Variance t-test for the Three Instances of the 
Spreadsheet Sub-Tasks. 

Key: 

occasion: Mean t value 
Variance t value 

• Two tailed test with alpha set at p < .05 

Task: Print. 

t value 

1.2 0.81 

0.44 

1 .3 3.91 

7.57 

2.3 2.79 
3.66 

Task: Load. 
t value 

1 .2 1 .64 
0.73 

1 .3 2.06 
1 .51 

2.3 1.23 

2.3 1 .31 

Task: Clear. 
t value 

1 .2 4.44 

3.89 

1 .3 1 .56 
-0.04 

2.3 -0.44 

-1.92 

Task: Delete. 
t value 

1 .2 0.94 

1 1 .28 

1 .3 0.84 

8.04 
2.3 -0.83 

-1 .43 

Task: Insert. 

t value 

1 .2 2.05 

0.66 

1 .3 1 .77 

0.17 

2.3 0.75 

0.81 

Task: Save. 
t value 

1.2 3.63 

1 .48 

1.3 3.35 
4.09 

2.3 0.50 

2.36 

df. 
df. 

df. 

13 

12 
11 

10 
11 

10 

df. 
12 
1 1  

1 1  
1 0  

1 1  

1 0  

df. 
1 2  

1 1  

1 1  

1 0  
1 1  

10 

df. 

1 2  
1 1  

6 
5 

6 

5 

df. 
9 
8 

4 

3 

4 

3 

df. 
1 3  

12 

12 
11 
12 

9 

Sig. 
Sig. 

Sig. 

• 

• 

• 

• 

Sig. 

Sig. 
• 

• 

Sig. 

• 

• 

Sig. 

51g. 
* 

* 
* 

* 

• Note the degrees of freedom alter as some Individuals did not complete all speCified sub-tasks. 
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Table 6.9. 5ummary t-test Values for a Correlated Mean t-test and a Reduction of Variance t-test for the Three Instances of the 
Word Processor Sub-Tasks. 

Key: 

Occasion: Mean t value 
Variance t value 

* Two tailed test with alpha set at p<.05 

Task: Prinl 

1 .2 

1 .3 

2.3 

Task: Save. 

1 .2 

1 .3 

2.3 

Task: Open. 

1 .2 

1 .3 

2.3 

Task: Close. 

1 .2 

1 .3 

2.3 

t value 

2.83 
-O.B2 
5.32 

4.25 

1 .08 
1 0.36 

t value 

5.32 

3.01 

5.44 

3.89 

0.20 

0.52 

t value 

1 .65 

3.58 

1 .65 

2.66 

-0.65 

-1.78 

t value 

-2.98 

-0.98 

-4.84 

-1 .02 
-0.51 

1 .86 

df. 
df. 

df. 

10 
9 
10 
9 

10 
9 

d1. 

10 

9 
10 
9 
10 

9 

df. 

8 

7 

7 

6 

7 

6 

df. 

9 

8 

7 

8 

7 

6 

51g. 
5ig. 

51g. 

* 
* 

* 

5ig. 

* 

* 
* 

* 

5ig. 

* 

• 

5ig. 

* 

• Note the degrees of freedom alter as some Individuals did not complete all specffied sub-tasks. 

1 21 
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Table 6.10. Summary t-test Values for a Correlated Mean t-test and a Reduction of Variance t-test for the Three I nstances of the 
Database Sub-Tasks. 

Key: 

occasion: Mean t value 

Variance t value 

.. Two tailed test with alpha set at p<.05 

Task: Enter. 

1 .2 

1 .3 

2.4 

Task: PrinL 

1 .2 

1 .3 

2.3 

Task: Update. 

1.2 

1.3 

2.3 

Task: Delete. 

1 .2 

1 .3 

2.3 

t value 

4.23 

4.69 
2.83 
1 .n 

-4.12 

-6.40 

t value 

0.71 
0.01 

2.01 
2.49 
0.28 
2.06 

t value 

0.58 

2.40 

1.56 

-0.98 
1 .34 

3.60 

t value 

0.93 
1 .67 
0.91 
3.01 

-0.34 
0.97 

d1. 

df. 

df. 

13 

1 2  
13 

12 
13 

12 

d1. 

1 3  
12 

9 
8 
9 
8 

df. 

12 

1 1  

9 

8 

9 

8 

df. 

12 
1 1  
9 

8 

9 

8 

Sig. 

Sig • 

Sig. 

.. 

.. 

.. 
.. 

Sig. 

.. 

Sig. 

.. 

Sig. 

.. 

• Note the degrees of freedom alter 8$ some Individuals did not complete all specified sub-tasks. 
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achieving a desired objective, resulting in confusing and a mbiguous scores, 

with sometimes the more efficient method taking longer than the less efficient 

one. The approach seemed to work better when used within  the 

database package where efficiency scores seemed more val id. However, as 

comparisons between the software packages were not val id the method was 

dropped from the analysis. Measures of efficiency taken in this way may not 

be very useful and may be interface dependent. 

The logged data were a lso examined in a contextual fashion. This involved a 

playback approach, where the evaluator examined the interaction by running 

the logged data back through the computer, and thus saw both the key 

strokes, and the resulting screen output for these interactions. When this was 

done, 1 3  interaction problems were identified with the spreadsheet interface, 

1 0  with the word processor interface and 1 6  with the database interface. 

These problems are presented in Tables 6.5 to 6.7 (pp. 1 1 6 -1 1 8). 

The use of automated data acquisition routines tends to add credence to 

Penniman and Dominick's (1 980) statement that this approach is perhaps the 

easiest way of obtaining an objective record of user behaviour, and must be 

seen as the epitome of objective data acquisition. As noted by Drury (1 987) ,  

the approach proved to be unobtrusive and, technical difficulties excluded, is  

a relatively inexpensive, accurate and rel iable form of data col lection. It 

should be noted that the method used, encompassed the objective 

interactions of the user, and no attempt was made to record subjective user 

impressions of the software usabi l ity characteristics. However, in accordance 

with Penniman and Dominick's (1 980) report, such measures could be 

recorded. 

However, if technical difficulties do arise when using the software oriented 

logged data approach, the total data fi le, and therefore a l l  data, are usual ly  

lost. This problem was encountered during the course of  the present study 

where the data acquisition routine was designed to save the data on the 
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request to exit the experimental software. However, on more than one 

occasion the user exited the programme by switching off the computer, 

resulting in a tota l loss of data. Care should therefore be taken when 

developing such software oriented logged data acquisition approaches. Such 

problems may not be so prominent with the on-l ine tap (Neal and S imons, 

1 984a, 1 984b) and the video col lection methods as outl ined by Kirakowski 

and Corbett (1 990). 

Table 6. 1 1  presents a short transcript of a log obtained when using the 

logged data method. This particular log is from the spreadsheet package. It 

should be noted that the number of keystrokes activated for the experimental 

task used in this study was about 1 1 00. When considering that the 

experimental task on average took l ittle more than 20 m inutes, the complexity 

of the analysis process, and the sheer size of the data set generated, when 

using this form of evaluation is clear. 

After obtaining the raw data, the evaluator's task becomes one of data 

reduction, analysis, and interpretation. The major form of data reduction used, 

was the isolation of target key sequences, that indicated specific sub-tasks of 

interest. These generally consisted of the times to do basic input-output 

operations, over each of three separate occasions. The identification of such 

key sequences was problematic and time consuming (see Table 6.1 1 ) .  Data 

preparation routines may help, however. This possibi l ity has been raised by 

Yoder et al .  (1985) and Laws and Barber (1 989), and should be considered 

before deciding whether to use the logged data approach in this form. 

Having identified and isolated the target interaction strings, times were 

calculated and comparisons made by subjecting these data to correlated t

tests and reduction of variances t-tests. When this was done, it was found that 

data used in this form were general ly ambiguous and sometimes misleading. 

In particular, it was often difficult to discern trends because there were 

sometimes significant reductions in means accompanied by significant 
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increases in variances and vice-versa. This problem, and the potentia l  val id ity 

problems associated with performance data (Eason, 1 984; Kondakci, 1 985; 

Maclean et a!., 1 985; Yamagishi and Azuma, 1 987) suggest that logged data 

used actuarially should not be used on their own. 

Table 6. 1 1 .  Short Transcript and Interpretations of an Obtained log When 
Using the logged Data Collection Process. 

Time Key Interpretation 

9 1 9  47 54 47 / - activate main menu 
9 1 9 48 86 1 1 5 s - choose spreadsheet option 
9 1 9  49 96 1 1 5 s - choose save option 
9 1 9 53 31  80 P - enter name of the fi le to 
9 1 9 54 1 8  1 05 i be saved. I n  this case the 
9 1 9 54 57 1 01 e user decided to use a l l  
9 1 9 57 64 8 Back space capital letters after 
9 1 9 57 86 8 Back space initial ly entering two lower 
9 1 9 58 96 73 I lower case. This resulted in 
9 1 9 59 35 69 E increase in tota l time  and a 
9 1 9 59 73 83 S decrease in efficiency. 
9 20 0 23 76 l 
9 20 0 61 69 E 
9 20 0 83 83 S 
9 20 3 1 9  1 3  Enter - enter the fi le name 
9 20 8 41 1 21 Y - answer yes to overwrite the 

previous existing fi le of this 
name. 

Time = 20.87 seconds 

The logged data were also examined in a contextual  way. This involved a 

playback of the subject's interaction with the com puter, where the evaluator 

examined both the key strokes, and the resulting screen output. The evaluator 

fol lowed the interaction using the experimental instruction sheet. .As 

highl ighted by Yoder et a l . (1 985) much effort can be expended in  this sort of 

post data collection processing, prior to the actual data analysis. 
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When using the contextual form of analysis, problem areas were m ore easi ly  

identified than with the actuaria l method. Problems were often discovered by 

going over and over particular sequences of interaction, which high l ighted the 

subject's difficulties. This approach is quite subjective, however, because the 

m odel of the user's behaviour used by the evaluator is initiated and guided by 

the sequence of the experimenta l task, and his or her knowledge of the 

system being evaluated. It is assumed that the user is also using this same 

experimental task to guide their behaviour, which may or may not be the 

case. For example, on one occasion the user entirely missed out one step of 

the experimental task (presumably by misreading the point they were up to). 

This resulted in a different task sequence being used by the user to that 

dictated by the task instruction from that point on. This example is just one of 

many that could have been given; other problems may have existed that a lso 

seriously compromised data interpretation. For instance, a user m ight have 

been experimenting with the software and this may have been interpreted as 

an error. Such instances may have been m isinterpreted by the eval uator, 

resulting in incorrect evaluation decisions being made. One way potentia l ly  to 

solve these problems is to have the user present during the data 

interpretation phase of the evaluation. 

Thus, the interpretation of logged data is subject to ambiguity, and used 

a lone, will suffer rel iabil ity and val idity problems. It would seem that Yoder et 

a l.'s (1 985) statement that, 

"analyzing logged data is akin to archaeology as behaviour  

must be  inferred from low level data artifacts" (yoder et a l. ,  

1 985, p.907). 

has been supported in this study. 

It is essential that studies are conducted into the val idity of the i nferences 

made by judges examining logged data in a non-actuarial way. This cou ld  be 
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undertaken by having an evaluator analyse the data and then have the user 

a lso work through the task expla ining their actions. To do this form of study 

an adequate memory aid for the user would be needed. Perhaps a video 

recording of the interaction is the most practical way of achieving this. Such 

studies would need careful design because of the possib i l ity of interactions 

with such factors as task complexity, user experience, and the time between 

the study and the evaluation. 

One way of deal ing with the ambiguity of problems with the software is by 

using large sample sizes. However, this would result in large data sets which 

would be time consuming to analyse, causing the evaluation procedure to be 

unwieldy and impractical compared to other evaluation procedures. Even with 

comparatively smal l  samples the use of the logged data method results in the 

generation of large amounts of data. This is a practical d isadvantage, 

especial ly if the method has to be used repeatedly. 

In summary, when using the logged data a lone, this research supports many 

of the assertions made by past researchers, and therefore has p layed a 

confirmatory role. The method is unobtrusive (Penniman and Dominick,' 1 980) 

and inexpensive (Drury, 1 987). The present research supports the assertions 

made by Yoder et al. (1 985) with regards to their suggestions for using this 

approach in that evaluators should develop the statistics over time, record 

intermediate statistics over time, and expect to devote m uch effort prior to 

processing data. The research also supports the strengths, as h igh l ighted by 

Lea (1 988), in that the method col lects accurate, rel iable data and is 

unobtrusive, and the suggestions made by Laws and Barber (1 989) in  that 

pre-specified grammars of actions are required to help with the extraction of 

meaningful data, before any analysable data can be obtained. Concerns have 

also been expressed about the val idity of some of the operational isations as 

h ighlighted by Eason (1 984) and Yamagishi and Azuma (1 987). 
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6.4. ll1e Questionnaire Method. 

Table 6.12 reproduces part of a transcript of a completed q uestionnaire. It can 

be seen that the ratings do not draw the attention of the evaluator to a 

particular problem area, but to a more global problem. In  contrast, the o pen 

ended comments tend to be more directive and specific. 

Table 6.12. Transcript of a part of a Completed Evaluation Questionnaire. 

F. Flexibil ity in Task Hand l ing 

Low High 

79 The programme allows for alternative 1 -2-3-4-5-.-7 

entry devices e.g. mouse, light pen. 

80 Fixed function keys are used for common 1 -2-.-4-5-6-7 

tasks. 

81 The cursor starts at the first entry 1 -2-3-4-.-6-7 

point. 

82 The programme allows you to do the task 1 -2-.-4-5-6-7 

in different ways. 

83 Excess cursor movement is minimal. 1-2-3-.-5-6-7 

84 The programme allows for the use of the 1-2-3-4-5-6-7 

n umeric keypad for massed entry of numbers. 

85 The programme provides reduced inpuV 1-2-3-.-5-6-7 

output according to your training level. 

If specific problems arose please elaborate. Also, if possible, please 
provide suggestions for improvement. 

NA DU 

NA DU 

NA DU 

NA DU 

NA DU 

NA • 

NA DU 

The cursor had to be hit every row to get to the bottom of the screen. I would prefer to just 
hold the button until I got to the required position. 

The questionnaire also el icited a large amount of data. The means and 

standard deviations of usability attributes were first calculated and appear in 

Appendix 16. The attributes that had a poor rating (a mean of 2.5 or below) 



were isolated and appear in Table 6.1 3. It should be noted that they do not 

directly refer the evaluator to identifiable problem areas, but rather to a 

general problem. This made the isolation of problem areas difficult. 

Table 6. 1 3. Attributes Rated as Low Using the Questionnaire. 

Key: SS = Spreadsheet 
WP = Word processor. 
DB = Database. 

Attribute: I SS WP DB 

I 
I 

The presentation of what the programme can do is clearty arranged. • • 

The programme provides a list of abbreviations. • 

Moving between menus is easy. • • 

Error messages are appropriate. • • 

Relearning after intennltlent use would be easy. • 

Tennlnology closely relates to the task area. • • 

The next screen In a sequence Is predictable. • 

Tennlnology Is consistent • 

The programme allows for altemative entry devices eg. mouse, light pen. • 

The programme provides reduced Input! output according to your training. I '  • 

I 
Context sensitive help Is provided. I • • 

I 
Error colT9ction Is at the point at where it occulT9d. I • 

I 
Auditory signals are used appropriately. I • 

I 

Error messages contain colT9ction hints. I • 

I 
The programme provides meS$8ges with different levels of detail I 

dependent on your experience. I' • • 

I 
Percentage of questions rated poor. 15.13% 10.26% 4.27% 
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When examining the attributes that were rated as "high," problems emerged. In 

particular, it  was found that, sometimes, some attributes were rated Mhigh" yet 

were not present in the interface. For example, the use of alternate entry 

devices was rated as UhighM in the database when no such devices were set 

up. The correct rating should have been "Not Applicable." This raises the 

problem of the validity of this particular rating. 
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I n  general ,  the number of attributes rated "low" were small compared to the 

total number of questions asked (see Table 6.1 3). This suggests that either the 

interface did not cause adverse reactions, or perhaps some response 

acquiescence on the part of the subjects was present. 

The problems identified by the questionnaire, using both the criterion of a 

mean below 2.5 and a content analysis of the open ended statements, appears 

in Tables 6.5, 6.6 and 6.7 (pp. 1 1 6 - 1 1 8). The open ended com ments tended to 

be more specific, and of more use when using this sort of evaluation process. 

Further problems concerning the potential validity of the el icited ratings arose 

at this point. Sometimes the ratings appeared confusing or contradicted the 

open ended statements. For example, the "Informative feed-back is 

appropriate" was rated as high in the database group, yet subjects reported 

that they accidentally deleted multiple records, as there was n o  feedback o n  

task completion. 

Unfortunately, this was not an isolated incident, with confusing and 

contradictory mean ratings appearing on several occasions. Again,  the data 

gave rise for concern over the validity of the questionnaire m ethod. 

To address the topic of internal rel iabil ity of the questionnaire, Cronbach's 

coefficient alpha for each sub-scale of the questionnaire was computed. Table 

6.1 4  presents these results. It should be noted that factors 3,  4, 5 and 7 m eet 

the internal reliabil ity criterion of .60, as suggested by Nunnal ly (1 967). 

Overall , the calculations suggest that within the factors the 

questions are tapping the same construct. Factors 1 ,2 and 8 meet this 

criterion on two of the three calculations. This suggests that although the 

measure proved reasonably internally consistent, factors 1 ,2,8, and especial ly 

6, require further development. . 

The problem of how well the subjects understood the questionnaire was also 

addressed by calculating the proportions of individuals who reported that they 
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did not understand a particular question. These results appear as Figures 6.1 

to 6.4 It should be noted that sometimes a large proportion of individuals did 

not understand the questions asked. This poses problems because in  Fiske's 

(1 982) terms there was a com munication problem with a number of the 

questions. This has implications for the val idity of the results. To be of use for 

user based evaluations the questions must be comprehensible to individuals 

who are not computer professionals. 

Analysis of the response category "Not Applicable" was also undertaken. Here 

it was found that some variance existed concerning whether the question was 

regarded as applicable to the interface the subject had used or not. This again 

raises problems regarding the validity of  these results. 

Table 6. 1 4. Cronbach's Alpha Rel iability Coefficients for the Eight Factors of 
the Questionnaire Used in  the Study. 

Factor 

Programme 1 2 3 4 5 6 7 8 

Spreadsheet .71 9 .206 .832 .61 7 .686 .594 .864 .358 

Word .059 .669 .81 3 .774 .71 5 .425 .681  .762 
Processor 

Database .91 9 .837 .837 .720 .71 5 .588 .880 .784 

Note: Calculations were performed without the response category of "Don't 
understand." 

As noted by Karat (1 988), the questionnaire proved to be a relatively 

inexpensive, quick and unobtrusive means of gaining evaluation data. 

However, after calculating the means and standard deviations of the attribute 

ratings, the limitations of the approach became apparent. Having identified a 

potential problem area it was then hard, if not impOSSible, to match this 

problem area to a specific component of the software. This led to problems 
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with the reliabil ity of the questionnaire ratings. This suggests that the attribute 

rating  approach may not be as useful as expected. The problems with the 

attribute rating approach are disturbing, as the majority of software u sability 

questionnaire evaluation forms use this approach (Shneiderman, 1 987; 

Yamagishi and Azuma, 1 987; Johnson et aI., 1 989). 

The internal consistency of the sub-scales was calculated and it was found 

that four of the seven sub-scales were reasonably stable. However, several 

sub-scales sti l l  require further refinement to bring them in line with the desired 

criterion of 0.60 internal consistency coefficient, stipulated by Nunnal ly (1 967). 

It was also found that a large portion of individuals did n ot understand some 

of the questions posed, a factor also highlighted by Yang (1 989). Using 

Fiske's (1 982) prescription for accurate design it appears that communication 

had broken down. This break down in communication problem was found i n  

al l  three situations where the questionnaire was used. I f  subjects d o  not 

understand a question and are forced to respond, the response wil l  not have 

any validity. It is surprising that usability questionnaires employed in the 

literature often do not have a "Don't Understand" response category included.  

This is particularly important when the prospective user group, and therefore 

hopefully the evaluation group, are non-computer professionals, and may be 

unfamil iar with computer terms that may be used in the questionnaire .  

A similar problem was also encountered with the "Not Applicable" response 

category. Disagreement about whether or not an attribute was "Not Applicable' 

or "Applicable" was found. It is assumed that when developing a general 

questionnaire it will b� used on occasions when the software does not use all 

the attributes, thus making the ANot Applicable" category an important 

response. However, when there is disagreement as to whether or not an 

attribute is applicable, there is the suggestion that some response 

acquiesence on the part of the user may be present. In fact, response 

acquiescence may have been partly responsible for the low internal rel iabi l ity 
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coefficients obtained in some sub-scales of the questionnaire. Reasons for 

this acquiescence may have been due to such factors as poor commitment by 

the evaluation group, too many rating attributes, poor understanding, etc. 

After examining the data it was felt that the quantification of ratings made 

using this method are inappropriate as a means of assessing the usabil ity of 

the interface. This finding is congruent with the findings of Johnson et a!. 

(1 989), but contrary to the opinions of Shneiderman (1 987) and Yamagishi and 

Azuma (1 987) . Specifical ly, there appeared no logical way to combine the 

information parametrically. The mean scores could not be added to derive an 

overal l  index of usability of a package. This parametric approach assumes that 

all attributes are of equal importance, which is not tenable. Alternatively, 

although a mathematical formula may be derived, its validity would be very 

difficult to establish. Furthermore, comparisons across programmes cannot be 

made because interactions wil l  be present. Therefore, the use of mathematical 

formulae appears to have dubious validity. 

Responses to open ended questions were also obtained, and subjected to a 

content analysis. Here it was found that the questionnaire el icited responses 

about problems encountered, a result similar to Root and Draper (1 983). 

However, the overal l  rate of responding, and the number .of problems 

identified, was low. 

The face validity of a questionnaire is also important. Although there was no 

doubt that the questionnaire looked l ike a usabil ity q uestionnaire, problems 

arose when users tried to answer it. They found that they were required to rate 

a set of attributes that may not have directly reflected the problems they found 

with the software. The only opportunity individuals had of expressing the 

problems they encountered, was in the open ended questions. 

It should be stressed that the method used to analyse the questionnaire data 

may underrepresent the uti l ity of the attribute ratings. The uti l ity of these 



ratings has not been tested using multivariate statistics. Conversely, the 

majority of software evaluation sample sizes are small ,  imposing l imits on 

such analysis for this type of  evaluation approach. 
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The attribute rating approach does not appear to be a very good way of 

evaluating the user interface, but attribute statements may be useful as a tool 

in the early stages of the development of the interface. However, further 

research would be required to evaluate this idea. For pragmatic reasons it is  

probable that the questionnaire wi l l  be used for evaluation, because it is 

relatively quick, inexpensive and unobtrusive. Further research needs to be 

conducted into making this method more effective. 

In conclusion, when considering the questionnaire results, this research has 

generally confirmed the findings of previous researchers. Support was found 

for the findings of Lea (1 988), in that the questionnaire results can be used to 

el icit cognitions and self reports about the interface. The advantages and 

disadvantages, as highlighted by Meister (1 986) (pp 55), and the assertions of 

Karat (1 988), regarding the restricting nature of questions and ex-post facto 

nature of the approach, also appear to be supported. It is only when focusing 

on the format of the questionnaire that there is some dispute. The present 

research disagrees with the findings of Root and Draper (1 983) about the 

suitabil ity and validity, of checkl ist style questionnaires. This d isagreement is 

d isturbing because it  seems to be the dominant questionnaire method (Dzida 

et aI . ,  1 978; Root and Draper, 1 983; Simes and Sirsky, 1 985; Shneiderman, 

1 987; Yamagishi and Azuma, 1 987; and Ravden and Johnson, 1 989). 

Furthermore, the present results do not agree with the suggestions made by 

Shneiderman (1 987) and Yamagishi and Azuma (1 987) about the suitabi l ity of 

parametrical ly combining questionnaire ratings, but the results are in l ine witt 

Johnson et al. (1 989) and Yang (1 989). 
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6.5. The Interview as a Software Evaluation Method. 

Table 6. 1 5  presents a short portion of an interview after the audio tape had 

been transcribed. It should be noted that the edited content tends to be short 

and relevant. Furthermore, there is l ittle problem understanding what this 

information relates to. 

It was found that, in general, the subjects could articulate how they undertook 

the task. However, the description tended to be general and brief. The second 

series of questions addressed problems experienced by the user while 

undertaking the experimental task. A content analysis of these statements was 

conducted to identify the problem areas. The results of this analysis appear as 

Tables 6.5, 6.6, and 6.7 (pp. 1 1 6 -1 1 8). 

Table 6.1 5. Short Portion of an Interview After Transcription. 

Question: 

Answer : 

Question: 

Answer: 

Question: 

Answer: 

How did you go about saving the spreadsheet? 

I pressed the / key, then the s for spreadsheet 
to save. I got a bit lost as there were two 
different modes, one for entering and one for 
the menu, tel l ing the difference was tria l  and 
error. :.;:: 

Did you have any other problems while  saving the 
spreadsheet? 

I pressed enter and I thought the whole thing 
would save, I didn't real ise you had to enter the 
name. 

Do you have any suggestions as to how we 
could make this part of the software easier to 
use? 

Have a fixed key to bring up the menu. 



The final series of questions addressed during the interview involved 

suggestions for improvement. Although suggestions were given, there 

appeared to be a direct relationship between the answer g iven to the 

"problems experienced" question and the "suggestions for improvement" 

question. Table 6.1 6  outl ines this relationship. It should be noted that these 

proportions are based on exact matches only. 
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Table 6.1 7  presents the mean ratings and rankings of how d ifficult each sub

task was perceived. In each case the entering of data was perceived as the 

easiest task. No other trend is evident across the three packages. 

Table 6.1 6. Match Between the Reply in the Interview "Problems" Section and 
the Interview "Suggestions for Improvement" Section. 

Spreadsheet Word processor Database 

Enter .429 Enter .462 Enter .667 

Save .71 4  Save .61 5 Search .625 

Print .500 Print .385 Print .400 

Delete .357 Delete .385 Delete .400 

Load .286 Load .538 List .500 

Update .571 

Note: These proportions are based on exact m atches only. 

It was anticipated that the initial question addressing the mode in which the 

subject undertook the task would provide some insight into the mental model 

and strategy used in the task. It was found that although the majority of 

subjects could cite the approach they used when undertaking a sub-task, the 

value of this information was dubious. This was because no underlying 

heuristic processes were extracted. However, this could be an artifact of the 

interview method chosen, and perhaps a more in-depth probing approach 

could reveal these processes. 
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The second l ine of questioning was directed at the problems experienced by 

users. This l ine initially held promise because the questions were task 

oriented and open ended. It was found that problem areas were reported 

freely by users at a relatively high rate. It was difficult, however, to assess the 

impact of memory decay, problem recognition, overload and prominence. For 

example, it is l ikely that recal l  of problems was affected by the time between 

the study and the interview. 

Table 6.1 7. Mean Ratings, and Relative Rankings of Difficulty for Each of the 
Separate Sub-Tasks Undertaken. 

Package evaluated 

Spreadsheet Word processor Database 

TASK MEAN RANK MEAN RANK MEAN RAN K 

Enter 2.22 1 2.29 1 2.68 1 

Save 2.67 2 3.07 3 Search 3.00 2 

Print 5.00 6 3.43 4 3.44 4 

Load 3.55 3 2.85 2 List 3 .1 3 3 

Delete 3.66 4 5.1 1  6 3.68 5.5 

Insert 3.88 5 4.68 5 Update 3.68 5.5 

The third l ine of questioning was on possible improvements that could be 

made to the software. It was found that there was a moderate relationship 

between the problems experienced and the suggestions made. This is 

understandable ,  and has implications for the experimental group used i n  a 

study such as this. If individuals are too competent in  the use of interactive 

systems, they may not experience difficulties. 

The validity of suggestions for improvements are problematic. It seems that 

they are largely based on the difficulties experienced by the user, and the 

knowledge the user has of other systems. This tends to l imit the efficacy of 
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such suggestions. It can also be argued that the designer(s) tend to know 

what alterations are feasible, and may therefore have a wider scope for 

making improvements. Thus, the most important function of such evaluations 

is to alert the designer to potential usabil ity problems, which they wil l  l ater 

refine and retest (although the theoretical and actual may not converge). 

Bouchard (1 976) has suggested that tape recording the interview may be 

intrusive and have a strong didactic effect. However, in this study this 

appeared not to be a problem. Interviewee! interviewer rapport may be a factor 

here. This result confirmed the findings of Weiss (1 975), however, who 

suggests that the use of tape recording equipment have several 

methodological advantages, and that the negative effects are smal l .  

Again, when the interview results are considered on their own, the current 

research supports most of the previous research. The funnelled interview 

(Bouchard, 1 976), and the quasi-formal questioning style (Meister, 1 986) , 

seemed to elicit relevant information about usabil ity issues. The results also 

lend support to Bainbridge's (1 979) statement that, when time and equipment 

are l imited, the interview is probably the best method for soliciting ergonomic 

information. On the other hand, the d ifferentiating effect of the tape recording 

process noted by Bouchard (1 976) was not evident here. ,. 

6.6. The Subsequent Aided Verbal Protocol Analysis Method. 

Analysis of the information elicited during the subsequent aided verbal 

protocol analysis consisted of a content analysis of the problems identified. 

These results appear in Tables 6.5 to 6.7 (p. 1 1 6 - 1 1 8). It can be seen that the 

subsequent aided verbal protocol analysis process highlighted the largest 

number of problems in all three software packages evaluated. 

An initial concern with this process was the intrusiveness of the video taping. 

However, of those individuals who were asked if they were aware of the video 
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camera, nearly al l  responded that they were initially aware, but once they 

began on the task they did not notice it. Also, when playing back the video 

tapes, subjects did not spend a large amount of time turning and looking at 

the camera, but were generally task oriented. 

The analysable data were gathered during the second experimental session. 

To gather the data the video was played back, in real time to subjects, and 

they were asked to ''think aloud" while viewing themselves undertaking the 

task. Prompting was kept to a minimum. This verbal protocol was audio taped. 

The result of this work supports Karat (1 988) who reports that in practice a 

small number of subjects wil l  provide a rich protocol.  I t  was found that, i n  

general, the subjects did not give a great deal of insight into their cognitive 

processes as is usually expected when using this approach (Ericsson and 

Simon, 1 980; Bainbridge, 1990). Rather, they seemed to g ive a running 

narrative of what they were doing, the problems they were experiencing, and 

after this, about what went wrong, and how they could overcome the problem. 

This proved to be beneficial because the information was unambiguous. 

Tracking problem areas was relatively straight forward, and some insight was 

gained into the possible causal nature of the problem. Sometimes ways to 

improve the package were also made explicit. 
" 

Table 6.1 8 presents a short transcript from one of the verbal protocol analysis 

evaluations. This particular portion is from the word processing task, and is 

rich in information. By examining the text it can be seen that there is much 

relevant information here. However, the user makes reference to different 

situations to those being viewed, and tends to be vague about what is being 

referred to. This must be expected as the protocol is a free train of thought, 

and may not move in a sequential  fashion. The resulting confusing nature of 

the data, however, makes the data reduction and analysis time-consuming anc 

demand ing. 

In general ,  the protocols were short, and verbalisation only became prominent 
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during times of problem identification. It should further be noted that 

sometimes subjects would contradict themselves saying "I had no problems 

with this part" at the beginning of a sub-task, and then upon viewing 

themselves having a difficulty, changing to "Oh, that's right I couldn't move 

the cursor here . . .  " Thus it can be inferred that these reports were imbedded 

in the realm of reality. Furthermore, the potential problems of recall  when 

using unaided evaluation methods was highlighted, as subjects changed their 

statements after viewing themselves undertaking the experimental task. 

Table 6.1 8. Short Transcript of a Protocol Obtained Whi le  Using  the Word 
Processor. 

"I had problems with the directions here, I needed to hit print twice. It 
was difficult finding options from the screen, the directions in the help 
screen were not clear. Here I pushed a l ine over with the cursor and 
did not know how to fix it . . •  Here I was trying to print and the screen 
said I had to save but I didn't understand, the second time around I d id 
though, and saved before printing, but this time I just waited for a 
while  and wondered if it had saved, I think the colours are n o  good 
here too." 

It was found when playing back the video recordings that the technical 

d ifficulties associated with flicker rate (Laws and Barber, 1 989) were present. 

This d id  not seem to impede the protocol process, however. It appeared that 

the screen definition problem (Laws and Barber, 1 989) was not a major 

problem when using the video record as a protocol prompt. 

The subsequent aided verbal protocol analysis method also proved to be 

extremely time consuming, a point noted by Bainbridge (1 979, 1 990), Sweeney 

and Dil lon (1 987) and Yamagishi and Azuma (1 987). I n  order to obtain d ata 

that were in  an analysable form, the process consisted of vid eoing individuals 

using the system, conducting a post session verbal protocol ,  and transcribin g  

and reducing this information to a n  analysable form. All i n  a l l ,  a long tedious 
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process that may not be error free. On the positive side the use of this method 

transforms the user's role in  the evaluation from a passive subject to a more 

active participant, which leads to extra information being made available to 

help in the evaluation process and increased commitment to it. 

This form of protocol analysis directly i l lustrates to users what they did, and 

what problems they had. This has several possible effects. First, the video 

tape acts as a "perceptual anchor." Faced with the stark facts, a subject 

cannot gloss over a segment and comment that "I had no problems here," an  

option open to  them in  the interview and questionnaire methods. Second ly, as 

the subjects are now not undertaking the task, all their cognitive activities may 

be directed towards the problem they had, by doing this the problem is not 

only identified, but also it may be highlighted why the problem occurred. This 

second feature sti l l  requires validation, but is consistent with the views of 

Lund (1 985). 

The subsequent aided verbal protocol analysis method proved efficient at 

highlighting the usabil ity problems associated with the user interface, 

supporting previous research findings. In the past, the debate with regards to 

its validity has focused on the type of information elicited (Nisbett and Wi lson, 

1 977; Ericsson and Simon, 1 980). In particular, whether this method has the 

abil ity accurately to tap the higher order cognitive processes of the subject. 

There has never been disagreement as to the val idity of personal information, 

historical facts, focus of attention and current emotions, evaluations and plans 

(Nisbett and Wi lson, 1977). 

The information obtained from the verbal protocol method is highly relevant to 

the software developer and if it is used appropriately, the subsequent aided 

verbal protocol analysis method is as valid as other forms of evaluations. The 

present results support the findings of other researchers (Sweeney and Di l lon, 

1 987; Karat, 1 988; Robson and Crell in,  1 989; Bainbridge, 1 990; Kirakowski and 

Corbett, 1 990). 



1 46 

Chapter Seven: A Comparison of the Evaluation Methods. 

7.1 .  A Qualitative Examination of the Information Elicited. 

An overview of the information elicited by each of the evaluation methods was 

conducted by comparing the information obtained from a sub-task, for each of 

the software packages evaluated. The print sub-task was chosen for this 

comparison, because it was common to al l  of the three software packages. 

7.1 .1 .  Spreadsheet: The Print Sub-Section. 

When examining how the users obtained a print-out, the majority of subjects 

interviewed could articulate the process they used. Some individ uals 

mentioned that they had experienced difficulty finding the print o ption when 

using the menu system. One individual also mentioned that there was a mis

match between the process and their expectations. 

It was also found that all four evaluation methods highlighted problems with 

completing the print sequence. Further to this, a problem associated with the 

menu system was emphasised by the interview and protocol analysis 

methods. One problem with the source code was also found by an individual  

when protocol analysis was used. This, however, was a low frequency 

problem, so it may have been chance that it was the verbal protocol analysis 

method that highlighted it. 

The logged data, used actuarially, exhibited a reduction in mean and variance 

in two of the three combinations of the print option. These reductions suggest 

that learning did take place. Data used in this form did not, however, highlight 

the nature of problems experienced by the users, suggesting that this 

information may be less useful than when examined in a contextual fashion. 

In the interview the print task was ranked as the most d ifficult of the sub-
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tasks, which suggests that the task was difficult, and almost seems at 

varia nce with the logged data when used actuarial ly, which showed significant 

reductions in the mean times to perform the task and the variance in subjects 

performance. 

Suggestions for improvement obtained during the interview included putting 

the print command by itself as a main menu option, better prompts, and 

access to a l ist of file names that may be printed. There was a moderate 

relationship between the problems experienced and the suggestions for 

improvement. The scores on the questionnaire suggested problems in areas 

such as menus, error messages and lack of help. All this information is non

specific and not as helpful as provided by the other methods. Ambiguity also 

existed because attributes were sometimes rated as "high," yet also cited as 

problem areas in the open ended statement section of the questionnaire. 

7.1 .2. Word Processor: The Print Sub-Section. 

Again, subjects interviewed could general ly articulate how they undertook the 

print sub-task. It was also found that al l  four evaluation methods suggested 

problems with the error message associated with saving a document before 

printing,  and with the subsequent process of saving the document. The 

interview and logged data methods also indicated a navigation problem when 

conducting the print, which may also have compounded the previous problem. 

The questionnaire and protocol analysis emphasised the lack of feedback on 

completion of the print task. The protocol analysis also highlighted a problem 

completing the print sequence that did not show up in previous analyses. 

The actuarial logged data were not easy to interpret. There was one reduction 

in the mean, and two reductions in variance, out of the three occasions, with 

no specific trend emerging. The ratings for the q uestionnaire also highlighted 

problems with the menus, terminology, error correction and messages. 

However, again, these were non-specific and did not d irectly refer the 
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evaluator to the print sub-section. 

The print task was ranked the fourth most difficult by the interview group with 

only the insert and delete tasks being perceived as more difficult. Suggestions 

for improvement consisted of informing the user at  an earlier stage, that they 

m ust save the document before printing, or deleting the requirement to save 

documents before printing. 

Again the bulk of this information seems to converge. Problems were 

highlighted by al l  methods, and ambiguity in interpretation of the actuarial 

logged data and questionnaire ratings persisted .  

7.1 .3. Database: The Print Sub-Section. 

All four evaluation methods d raw attention to a lack of feedback on task 

completion. The logged data, interview, and protocol analysis a lso stressed a 

problem with option selection. Furthermore, the interview and protocol 

analysis highlighted problems moving between menus. The protocol analysis 

and questionnaire also emphasised a source code problem, and the interview 

and protocol analysis highlighted a navigational problem separate to the 

option selection problem. 

The actuarial based logged data again proved d ifficult to interpret with no  

specific trend emerging. There was a significant decrease in  time taken to 

print the information between the first and third occasions, with no significant 

decrease in variance. The q uestionnaire highlighted several problem areas 

that may be associated with the print sub-task, but these were non-specific. I n  

the interview, suggestions for improvement included feedback, better 

instructions, and a buffer step inserted to highlight the print task. The sub-ta s k  

was ranked the fourth most difficult, with only the delete and update being 

ranked more difficult, suggesting that the printing task was not easy. A 

moderate relationship between suggestions for improvement and problems 
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encountered was obtained. 

7.1 .4. An Overview of the Qualitative Information. 

Overlap between the evaluation methods was shown by the number of 

problems that were suggested by more than one evaluation method. 

Furthermore, if more than one method is used some redundant information 

wil l  be el icited. Ratings from the questionnaire tended to be non-specific as 

they are attribute oriented, rather than task oriented. This latter orientation 

reduces the usefulness of  this technique. It should also be noted that the 

relationship between the ratings and open ended comments on the 

questionnaire was not strong, and indeed, were sometimes contradictory, 

suggesting validity problems. There were also difficulties using the logged 

data actuarially. It was found that the information was difficult to interpret and 

was sometimes contradicted by the qualitative data, raising the issue of the 

relationship between performance indicators and qualitative indicators of 

usabi lity. 

The q ualitative comparison also suggested that, in  general,  information gained 

from the interview and subsequent aided verbal protocol a nalysis evaluation 

methods converged, a result similar to that reported by Yamagishi and Azuma 

(1 987). This relationship was less so for the logged data and q uestionnaire 

methods. This finding is interesting, as it suggests that these latter methods 

may be deficient; that is, they may not adequately cover the usabil ity construct 

when addressing problem areas. However, as with all criterion development 

projects, these results cannot be taken at face value. It must be remem bered 

that the questionnaire produced a large number of ratings. It is possible that 

these attributes are tapping another facet of the usability construct, or 

alternatively there could be a problem of criterion contamination. After al l ,  a 

large portion of users did not understand some questions, and there was a 

large amount of variance associated with the "Not Applicable" response, a nd 

some nonexistent attributes were rated as "good." All these factors strongly 
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suggest that some of the ratings are unreliable. 

The same problems are also present when examining the performance based 

logged data. Here it was found that, sometimes, no discernable trends 

emerged. Furthermore when trends did emerge, they were sometimes 

contrad ictory, suggesting that such information exhibit criterion contamination. 

7.2. Usability Problems Highlighted by Evaluation Methods Used Alone. 

It was hypothesised that the efficiency of the evaluation methods would be 

independent of the software being evaluated. Table 7.1 presents the number of 

problems highlighted by each evaluation method in each of the three 

packages evaluated (derived from Tables 6.5 - 6.7, pp. 1 1 6  - 1 1 8). It can be 

seen that in al l  cases the protocol analysis identified the most problem areas, 

a result similar to that obtained by Sweeney and Dil lon (1 987). These results 

are depicted in graphical form in Figure 7.1 . I t  can be seen in Figure 7.1 that 

the protocol analysis was the most effective at highlighting problem areas, 

fol lowed by the interview, then the questionnaire, with the logged data being 

the least effective. 

A hierarchical log l inear analysis was conducted to examine the robustness of 

this trend. A fully saturated model was chosen, while using a backward 

elimination process, to find the best model. The results of this analysis are 

presented in Table 7.2. It should be noted that the main effect for evaluation 

method was significant and this was independent of software type. 

Furthermore, the pattern generated by the evaluation method alone is not 

significantly d ifferent from the observed data 6:2= 1 0.522, df=8, p= .230). 

These results suggest that evaluation efficiency is  not related to the type of 

software but rather to the type of evaluation method. 
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Table 7.1 .  Summary of the Number of Problems Identified by Each Evaluation  
Method Across Each Software Package Evaluated (derived from Tables 6.5 to 
6.7) . 

Software LD 

Spreadsheet 1 3  

Word 10 

Processor 

Database 1 6  

Total 39 

Key. LD = Logged data. 
I = Interview. 
Q = Questionnaire. 
VP = Verbal protocol analysis. 

Evaluation Method 

I Q V P 

1 7  1 5  24 

17 15 25 

1 6  1 4  1 9  

50 44 68 

TOTAL 

38 

35 

31 

* Row totals will not equal column totals as any one problem may be highlighted by more than 
one method. 

It was also hypothesised that there would be no difference between the 

evaluation methods with regards to the number of problems identified. To 

examine this hypothesis, a chi square analysis was conducted on the column 

totals, for each evaluation method used (see Table 7.1 ). I t  was found that there 

was at least one significantly different evaluation method with regards to its 

abi lity to identify problem areas (x2= 9.287, df=3, p=.026). A pair-wise 

comparison revealed that the subsequent aided verbal protocol analysis was 

significantly better at identifying problem areas than the logged data and 

questionnaire methods (see Table 7.3). No other significant d ifferences were 

observed. 

In summary, the hypothesis that there would be no differences between the 

methods with regards to the number of problems identified was rejected.  After 

establishing that evaluation method alone was the best model predictor, a chi 

square test confirmed that there were significant differences between 

the evaluation methods with regards to the number of problems highlighted. 
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Figure 7.1 . Percentage of the Total Usabil ity Problems Identified by Each 

Evaluation Method Over the Three Evaluation Tasks. 
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Table 7.2. Hierarchical Log Linear Analysis of the Frequency of Problems 
Identified by Each Evaluation Method Within Each of the Three Application 
Domains Evaluated. 

Tests that K-way and higher order effects are zero. 

K df LR.Chisq. Probe Pearson Chisq. Probe Iteration 
2 6 7.394 .2860 7.401 .2853 2 

1 1 1  37.91 .0001 39.04 .0001 0 

Tests that K-way effects are zero. 

K df LR.Chisq. Probe Pearson Chisq. Probe Iteration 
1 5 30.51 5 .0000 31 .64 .0000 ..0 
2 6 7.394 .2860 7.401 .2853 0 
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Backward Elimination for Design 1 with generating dass Software type and Evaluation method 

If Deleted Simple Effect is 6 

Step 1 

df 
7.394 

LR. Chisq. Change 
.2860 

The best model has generating dass: Software type and Evaluation method. 
Ukelihood ratio chi square = 7.39382 df = 6 P = :286 

If Deleted Simple Effect is df LR. Chisq. Change Probe 

Software type 2 3.1 28 

Evaluation method 3 27.387 .0000 

Step 2 
The best model has generating dass: Evaluation method. 
Ukelihood ratio chi square = 1 0.5221 0 df = 8 P = .230 

:.'5: 

If Deleted Simple Effect is df LR. Chisq. Change Probe 
Evaluation method 3 27.387 .0000 

Step 3 
The best model has generating dass: Evaluation method 

Ukelihood ratio chi square = 1 0.5221 0 df = 8 P = .230 

Probe Iter. 
2 ' 

Iter. 

.2093 2 

2 

Iter. 
0 



Table 7.3. Comparison Between the Number of Problem Areas Identified by 
Each Evaluation Method Using the Chi Square Statistic. 

Software LD 

LD 

Q 

VP 

* p < .05. 

Key. LD = Logged data. 

Q 

X2= .43 
df = 1 
P = .51 

Q = Questionnaire. 
I = Interview. 
VP = Verbal protocol 

analysis. 

X2 = 1 .36 
df = 1 
P = .24 

X2 = .26 
df = 1 
P = .61 

VP 

x2= 7.86 
df = 1 

P = .005* 

X2= 4.68 
df = 1 

P = .03* 

x2 = 2.75 
df = 1 
P = .098 
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An examination within the evaluation methods indicated thatth� subsequent 

aided verbal protocol analysis method was significantly better at highlighting 

problem areas than the logged data and questionnaire method. 

7.3. The Incidence of Problem Identification within each Evaluation Group 

The total number of problems identified by an evaluation method is one 

dimension of efficiency. The incidence of reporting a problem within  an 

experimental group is another dimension. To examine the incidence of  

reporting a problem a total of six high frequency problems were chosen (two 

from each software package evaluated). This analysis was done by analysing 
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the logged data and identifying the two most frequently encountered problem 

areas within each software package. 

The percentage of individuals displaying the problems in the logged data 

group was then calculated. This figure subsequently was used as a standard 

to test the other evaluation methods. Table 7.4 presents these results (also 

presented in visual form in Figure 7.2) . An examination of Table 7.4 suggests 

that, in general, the results from the subsequent aided verbal protocol analysis 

group seem similar to the results obtained from the logged data group. 

However, in the questionnaire and interview groups there appears to be a 

lower incidence of individuals reporting the problems. 

Chi square tests were conducted between the frequency of reporting each of 

the problems using the logged data method and each of the other three 

methods (see Table 7.5). In all cases there were no differences with regards to 

the incidence of problem reporting between protocol analysis groups and 

logged data groups. In the interview groups, differences were observed on 

four of  the six tests, and with the questionnaire groups, differences were 

observed on five of the six tests. In each of these cases the incidence of 

reporting problem areas was lower than the logged data rate. 

It was initial ly hypothesised that the "subjective" evaluation approaches of the 

q uestionnaire, interview and verbal protocol analysis would exhibit a 

significantly lower incidence of problem reporting within the three groups than 

the more "objectively" recorded logged data. Unexpectedly, the protocol 

analysis method did not exhibit a d ifferent incidence of problem reporting on  

any of the six problem areas examined. I n  the interview group, however, a 

significantly different, and lower, rate of reporting was found for four of the six 

problems, and in the case of the questionnaire a significantly different, and 

lower, rate was found in five of the six areas. 



Table 7.4. Percentage of Subjects Who Reported Each of the Six Most Frequently Occurring 
Problems. 

Problem 

Spreadsheet 

- Activating main menu. 
- Incorrect row insertion. 

Word processor 

- Multiple open files. 
- Print problems. 

Database 

- Delete. 
- Exit add sub system. 

lD 

46.67 
66.67 

45.45 

63.64 

42.86 

28.57 

Key. lD = logged data. 
Q = Questionnaire. 
I = Interview. 
VP = Verbal protocol analysis. 

Q 

7.67 

7.69 

0.00 

28.57 

33.33 

0.00 

Method 

21 .43 
28.57 

23.08 

53.84 

SO.OO 

1 0.00 

VP 

50.00 

58.33 

40.00 

70.00 

SO.OO 

20.00 
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Table 7.5. Summary of Chi Square Tests of the Relationship Between the 
Percentage of Individuals Encountering a Problem in the Logged Data G roup 
and the Questionnaire, Interview and Protocol Analysis G roups Respectively. 

Questionnaire Interview Protocol analysis 

. � 

X2 df P X2 df P X2 df P 

29.630 1 .000* 9.328 1 . 002* .093 1 .761 

46.431 1 . 000* 1 6.01 1 1 .000* .648 1 .421 

46.000 1 . 000* 7.1 1 8  1 .008* .421 1 .51 8 

1 3. 172 1 .000* 1 .633 1 .201 .066 1 .798 

1 .052 1 .305 0.527 1 .468 .527 1 .468 

29.000 1 .000* 8.526 1 .004* 1 .653 1 . 1 99 

* Significant beyond p<.05. 
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The rate of reporting a problem within a group can be used as an indicator of 

the val idity of the information elicited using these methods. The assumption 

made, is that groups are equivalent, with respect to the rate at which 

individuals within each group encounter problems. If so, unobtrusively 

recorded logged data can be used as an "objective" record of the incidence at 

which individuals within a group encountered a specific problem. The 

difference between the actual rate of individuals encountering a problem area, 

and the rate at which it  is reported, is an indicator of the validity of the 

measure. Subsequent aided verbal protocol analysis produced a response 

pattern that is similar to the logged data, but this was not the case for the 

interview and questionnaire. 

7.4. Problem Identification Using Two Evaluation Methods. 

It was hypothesised that by combining two evaluation methods a significant 

improvement, on the number of problems identified by a single evaluation 

method, would be observed. To examine this prediction a series of  matrices 

was constructed. Here the percentage of problems identified by each 

combination of two evaluation methods could be compared to each single 

method. This was done by first calculating the percentage of problems 

identified by each evaluation method used alone. Next, the' percentage of 

problems identified by combining two evaluation methods in a composite 

fashion, eliminating duplication, was calculated (see Table 7.6). It can be seen 

that some combinations do not highlight as many problems as the protocol 

analysis used alone. Furthermore, the protocol analysis combined with other 

methods appears again the dominant method for identifying problem areas 

(see Figure 7.3). 

These results were further investigated using hierarchical log l inear analysis. 

This was done by conducting the analysis on the percentage of the total 

problems identified by each method alone, and the percentage of problems 

identified when using a combination of two methods. Again a main effect for 
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Table 7.S. Percentage of the Total Number of Problems Identified Using Two 
Evaluation Methods, Compared to Each Single Method. 

Software 

Spreadsheet 

Single method 

LO 
Q 
I 
VP 

Word Processor 

Single method 

LO 
Q 
I 
VP 

Database 

Single method 

LO 
Q 
I 
VP 

LO 

34.21 

LO 

28.57 

LD 

51 .61 

Key. LO = Logged data 
Q = Questionnaire 
I = Interview 
VP = Verbal protocol analysis 

Q 

39.47 

57.89 

Q 

42.86 

51 .62 

Q 

51 .61 

77.42 

44.74 

60.53 

68.42 

48.57 

58.06 

67.74 

4�.16 

70.97 

77.42 

:;>!: 

VP 

63.1 6 

73.00 

81 .59 

76.32 

VP 

71 .43 

90.32 

80.65 

1 00.0 

VP 

61 .29 

80.65 

64.52 

80.65 

type of evaluation was observed, and this was independent of the software 

evaluated (see Table 7.7). 
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Table 7.7. Hierarchical Log Unear Analysis of the Frequency of Problems Identified by Each 
Evaluation Method and Each Combination of Two Methods Within Each of the Three Types of 
Software. 

Tests that K-way and higher order effects are zero. 

K df LR. Chisq. Prob. 
2 1 8  22.536 .2091 

1 29 1 38.398 .0000 

Tests that K-way effects are zero. 

K df LR. Chisq. Prob. 
1 1 1  1 1 5.863 .0000 

2 1 8  22.536 .2091 

Pearson Chisq. 
22.604 

1 33.750 

Pearson Chisq. 
1 1 1 .1 47 

22.604 

Prob. Iteration 
.2063 2 

.0000 0 

Prob. Iteration 
.0000 0 

.2063 0 
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Backward elimination for Design 1 with generating class Software type and Evaluation method 

df 
If Deleted Simple Effect is 1 8  

Step 1 

LR. Chisq. Change 
22.536 

Prob. Iter. 
.2091 2 

The best model has generating class: Software type and Evaluation method. 
Ukelihood ratio chi square = 22.53576 df = 1 8  P = .209 

If Deleted Simple Effect is df LR. Chisq. Change 

Software type 2 3.437 

Evaluation method 9 1 1 2.426 

Step 2 
The best model has generating class: Evaluation method 
Ukelihood ratio chi square = 25.97275 df = 20 P = .1 67 

If Deleted Simple Effect is df LR. Chisq. Change 

Evaluation method 9 1 1 2.426 

Step 3 
The best model has generating class: Evaluation method. 
Ukelihood ratio chi square = 25.97275 df = 20 P = .1 67 

Prob. Iter. 

.1793 2 

.0000 2 

Proll: Iter. 

.0000 0 
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Also of interest is the notion of incremental improvement. If two methods are 

used, is there a significant improvement, with regards to the number of 

problems highlighted, over using the best single method? To examine this 

question, a chi square test was conducted between the mean percentage of 

problems identified by the verbal protocol analysis, and the mean percentage 

of problems identified by each of the possible combinations of any two 

evaluation methods. The fact that no significant effects were found (x2 = 6.41 1 ,  

df= 6, P = .379) suggests that although improvement may be affected by 

using more than one evaluation method, this improvement is marginal  at best. 

The finding that no significant improvement was found when using two 

evaluation methods is important because a large number of methods being 

advocated (for example, Playback type approaches: Neal and Simons, 1 984a, 

1 984b; Hietala, 1 985; Morris et at,  1 988), are essential ly composite methods 

and involve more than one of the four methods, used in this study. The results 

of the present study suggest that this may not be a good strategy and may 

lead to redundancy of information. 

7.5. Practical Psychology. 

Smith (1 982) makes the distinction between pure, applied and -practical 

psychology. Smith argued that pure psychology is directed at establ ishing and 

testing psychological theory. In contrast, applied psychology focuses its 

energy on applying pure psychological findings to the appl ied setting.  

Practical psychology, on the other hand, is directed at empowering 

practitioners to use the tools, techniques, and findings of both experimental 

and applied psychology. As Landy (1 989) has said, criterion data m ust be 

rel iable, val id, and practical. Regardless of how reliable and valid  an 

evaluation method is,  it wil l  not be used if  there is not some practical means 

by which the evaluation information can be obtained, analysed and 

interpreted. It is therefore appropriate to examine the practicality of each 

evaluation method used. 



1 63 

7.5. 1 . Practical Feasibility of the Methods. 

To investigate the practicality of the software evaluation methods a smal l  post 

hoc examination was undertaken by the evaluator, in an introspective manner. 

While acknowledging the l imitations of such a subjective account, the 

impressions of difficulty gained by the evaluator are of practical use to future 

researchers and evaluators, contemplating the use of these techniques. For 

example, within the evaluation setting, such practical consideration wil l  impact 

upon the choice of the evaluation method. 

First, the issues concerning the software methods during the study were first 

isolated. To do this the practical aspects associated with the data col lection, 

reduction, analysis, and interpretation phases of the evaluation were first 

delineated. This involved considering each phase of the study and articulating 

the steps, problems, and considerations encountered during the evaluation. 

Next, the practical considerations associated with carrying out each identified 

aspect were compared across evaluation methods, using a paired comparison 

approach. This involved comparing each method, with regard to its level of 

difficulty. For example, the logged data and the verbal protocol analysis 

method were compared on how intrusive each method was during the data 

collection phase of the study, then the logged data and the interview, etc., 

until a l l  had been compared. These comparisons were repeated for each 

aspect within each phase of the evaluation. 

This paired comparison approach resulted in a ranking on each evaluation 

method for each aspect considered. These rankings were then transformed 

into an interval scale, thus al lowing for a single standardised score for each 

phase of the evaluation process (Blum and Naylor, 1 968). Table 7.8 presents 

the interval level scores for each evaluation method for the aspects 

considered. 
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Table 7.8. Summary of Practical Aspects. Al l Attributes Have Been Compared 
Using a Paired Comparison Method. A Score of One Indicates the Most Easy 
to Use Method Through to Zero Representing the Most Difficult Method. 

Evaluation method 

Logged Questionnaire Interview Protocol 
Data analysis 

Low Score = Hard to use. 
High Score = Easy to use. 

1 .  Data collection. 
Hardware. 0.33 1 .00 0.67 0.00 

Effort. 1 .00 0.67 0.33 0.00 

Intrusiveness. 1 .00 0.67 0.33 0.00 

Technical expertise. 0.33 0.00 1 .00 0.67 

Subjectivity. 1 .00 0.00 0.33 0.67 

Bias. 1 .00 0.00 0.33 0.67 

2. Data reduction. 
Subjectivity. 0.67 1 .00 0.00 0.33 

Transformations. 0.00 1 .00 0.67 0.33 

lime. 0.00 1 .00 0.67 0.33 

Technical Expertise. 0.00 1 .00 0.67 0.33 

3. Data analysis. 
Researcher bias. 0.67 1 .00 0.33 0.00 

Expertise. 0.00 0.33 1 .00 0.67 

lime. 0.67 1 .00 0.33 0.00 

Richness of information. 0.67 0.00 0.33 1 .00 

Problems. 0.00 0.33 0.67 1 .00 . 

Frequency. 1 .00 0.00 0.33 0.67 

Subjectivity. 1 .00 0.00 0.67 0.33 

Convergence. 0.00 0.33 0.67 1 .00 

Redundancy. 0.00 0.33 0.67 ·'< 1 .00 

4. Data interpretation. 
Subjectivity. 0.33 0.00 1 .00 0.67 

Type of information. 0.33 0.00 1 .00 0.67 

Technical expertise. 0.00 0.33 1 .00 0.67 

Sample size. 0.33 0.00 0.67 1 .00 

Researcher bias. 1 .00 0.00 0.33 0.67 

The interval level scores can then be transformed into a graph to highl ight the 

comparative strengths of each evaluation method over each of  the eva luation 

stages. A low score denotes difficulty, and a high score denotes ease of use 

(see Figure 7.4). From Figure 7.4 i t  can be noted that during different 
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phases of the evaluation, the relative merit of each method may change. 

During the data collection phase the logged data are the easiest to use, during 

data reduction the questionnaire, during data analysis the interview, and 

during the interpretation, the protocol analysis. No one method stands out  as  

being the best single method as  far as  practical aspects are concerned. 

It can also be seen from Figure 7.4 that during data collection and analysis the 

methods seem to cluster relatively closely. During the data reduction phase, 

the logged data, interview and protocol analysis cluster, but the questionnaire 

stands out strikingly as the easiest method to implement. The results of the 

foregoing analysis suggest that there is general ly l ittle difference between the 

methods during these phases of the evaluation and preference may dictate the 

approach used. 

It is during the data interpretation phase that a large difference is exhibited.  

Here i t  should be noted that the interview and protocol analysis are relatively  

close together on  the high side of the continuum compared to  the logged d ata 

and the questionnaire methods. If data interpretabil ity is  the focal point in  the 

evaluation process it would appear that the protocol analysis and interview 

have the most merit. 

The information gained from this paired comparison exercise is interesting. 

Due to the simplicity of data collection and analysis, new or inexperienced 

evaluators may initial ly be tempted to use the logged data or  questionnaire 

approach. Each method is easy to administer, and appears to gather important 

information. However, these methods tend to be less useful in the 

interpretation phase of the evaluation. It would seem that the price for 

simplicity is less useful information. In contrast, evaluators may be reluctant to 

use the interview or protocol analysis methods because they appear time 

consuming and labour intensive. However, these methods are the methods 

that yield data that are more interpretable. 
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Chapter Eight: General Discussion. 

8.1 . A Theory of the User Based Software Evaluation Process. 

The efficiency of any human-computer interaction evaluation method is 

dependent upon a number of factors. When identifying usabil ity problem 

areas, the user must initial ly experience interaction problems. The 

relationship between undertaking a task and experiencing difficulty is 

dependant upon both external and internal factors. Internal factors such 

as the user's intell igence, aptitude, experience with computer based 

technology, and similar software, wil l  a l l  impact upon whether or not the 

individual wil l  experience difficulty. For example, users may initially 

experience difficulty with some aspect of using a programme. However, if 

they have been exposed to similar problems in the past, they may have 

an adequate coping strategy, which may result in the problem being 

overcome. External factors such as the difficulty of the task to be 

undertaken, length of the evaluation session and the evaluation setting 

itself wil l  also impact upon whether or not the individual wil l  experience 

difficulty. 

Furthermore, if the cause of a problem is perceived as internal (e.g., "I 

made the mistake, there is nothing wrong with the software'�, the 

individual may not report the instance as a problem. Conversely, if the 

cause of the problem is attributed to software usability, this  wil l  be more 

likely to be perceived, and then reported as a usabil ity problem. 

Reporting an experience as a problem may also be dependent upon 

several other factors. Difficulties that are overcome with l ittle effort are 

less l ikely to be reported than problems that require more effort. The 

impact the problem has upon the task completion will  also play a part i n  

deciding whether or  not it is reported. Those that cause major difficulties, 

for example, exiting the programme, or irreversibly deleting information, 
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are more l ikely to be reported than problems that simply require several 

further key strokes to complete a task. 

The number of problems encountered wi l l  also impact upon the 

probabil ity of reporting. If there are only one or two problems they are 

likely to be reported, but where there are many problems some may not 

be reported due to retention difficulties. 

The interaction between the user and evaluator is another important 

factor. This interaction particularly has an impact on evaluation methods 

that rely on interpersonal communication as a medium for gathering 

evaluation data. 

Reporting a problem may also be related to the probability of the 

experience going undetected. That is, the probabil ity of reporting  a 

problem when using a questionnaire may be different from that of 

watching a video in the presence of the evaluator. Furthermore, the 

probabil ity of reporting problems may also be related to the amount of 

personal commitment and the knowledge of the user. People who wil l  be 

required to use the product in the future may be more l ikely to report 

. problems, than those who wil l  never have to use the system again. 

The probabil ity of the evaluator wrongly interpreting data is related to 

several factors. The amount of subjectivity in the data reduction, and the 

analysis and interpretation phases of the evaluation are some of these. 

The probabil ity of incorrect interpretation can be moderated by the input 

of the user. Specifical ly, those evaluation methods that encompass large 

amounts of data reduction, and are independent of the user, are more 

l ikely to lead to incorrect interpretations by the evaluator, compared to 

those that require a small amount of data reduction. Access to the user 

wil l  also aid the interpretation of the data. An evaluator could consider an  

area to be of  l i ttle importance but if the user i s  available, this view could change. 
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8.1 .2. A Post-Hoc Examination of the Evaluation Process Using the Data 

in the Present Study. 

In  the present experiment, users encountered problems. Their cause wi l l  

have been attributed to either the usability of the programme or some 

other factor, such as user abil ity, experience, etc. If the problem is 

attributed to the usabil ity of the programme each user wil l  then have 

mental ly noted the problem area. It must be remembered that no user 

knew which evaluation method they would be using, until after 

completing the experimental task. Therefore, all of them would have been 

similarly motivated to remember problems and comments. 

After completing the experimental task, each evaluation  group 

theoretically would have a similar distribution of experiences to report. At 

this stage the usabil ity evaluation is important. In  the logged data group 

al l  key strokes have been recorded and, excluding technical d ifficulties, 

the fidelity of the evaluation information at this stage is sound. However, 

at the same point with the questionnaire group, the user was asked to 

rate the package on a series of attributes. When doing these ratings the 

relationship between the attributes and the problems encountered is 

questionable. Although the questionnaire may look like a .usability 

questionnaire, the respondent may be slightly put off when asked to rate 

some attributes to which they had paid little attention. The open ended 

sections wil l ,  however, give the users an opportunity to direct the 

evaluator to their specific concerns and experiences. The problems of 

memory retention, comprehensiveness and the comprehensibil ity of the 

questionnaire a l l  impact on the validity of the responses. 

In the interview, the user was asked to address each specific sub-section 

and recount the approach they used to do the task. This in effect may 

have focused the respondent on the task, and involved some mental 

rehearsal of how they undertook it. Subjects were then asked to highlight 
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the problems they experienced while undertaking each task. Retention 

and factors such as the user's causal attribution of the problem wil l  

impact at  this time. I t  was only when using the subsequent aided verbal 

protocol procedure that the problem of retention was resolved. With this 

method the user recounts their experiences in real  time with the 

evaluator. A user cannot say they did not experience a problem, and then 

view themselves on a video monitor experiencing obvious d ifficulties. 

The next stage of the evaluation involved data reduction and analysis. 

Here the fidelity of the logged data is a problem. When using the data 

actuaria"y, target key sequences must be identified and relevant 

information recorded. This process can be accomplished relatively 

effortlessly, but it is time consuming, and sometimes target key 

sequences are ambiguous. Next, the data must be analysed using some 

statistical approach, with both bivariate and multivariate analysis 

procedures possible. 

Analysis of variance has been proposed as an applicable technique for 

such analysis (Shneiderman, 1 987) . It must be stressed, however, that 

homogeneity of variance is an explicit assumption when using this 

method. For the present studies this assumption was not Jenable, making 

it somewhat inappropriate to use this technique. It is also an omnibus 

approach so its usefulness is questionable. This leaves the correlated t

test and reduction in  variance tests as the most appropriate bivariate 

statistical procedures. 

A host of multivariate procedures are potentially available to the 

evaluator. In particular, regression analysis, cluster analysis and 

multivariate analysis of variance, all of which can be used both to test 

hypotheses and model data. It is doubtful, however, whether many 

commercial developers of software would have access to personnel who 

could use these methods. Thus, in practice, their use might be limited. 
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Other data reduction techniques when using logged data may consist of 

a content analysis, conducted formally or informally, fol lowed by 

frequency counts. Analysis can take many forms ranging from non

parametric analysis to multivariate analysis, including cluster analysis, 

and log l inear analysis. This process, although time consuming, is not as 

difficult as when analysing logged data actuarial ly. 

The questionnaire requires relatively straight forward data reduction 

techniques. The derivation of means and standard deviations is relatively 

easy, and answers to open ended questions can be subjected to a low 

level content analysis. The interview is more difficult in the data reduction 

and analysis phases. First, audio tapes must be transcribed, which a l lows 

error variance in the form of misperceptions to enter the evaluation 

process. Next, content analysis must be performed on the data. Although 

this procedure seems straightforward the exercise is time consuming and 

tiring.  By using a semi-structured interview the evaluator is aided by 

l imiting comments to one task area at a time, and this adds at least some 

structure and context to the data reduction phase of the interview. 

The verbal protocol analysis system is similar to the interview, but has 

the problem of being relatively unstructured and prone to repetition. To 

reduce data, information must first be transcribed from the audio tape, 

and then a content analysis must be performed. To conduct the content 

analysis the evaluator may use the evaluation task outl ine as an aid when 

interpreting statements made by the user. However, this portion of the 

evaluation is sti l l  confusing and tiring. Furthermore, the process is 

sometimes confounded by the user making statements that cannot be 

specifical ly analysed from the audio tape. For example, "Oh, yes! I had 

problems with this part of the print OUt.1I This, i n  turn, results in  either 

data being lost, or inferences being made by the evaluator. Subjects may 

also repeatedly encounter the same problem leading to a repetition of 

comments. 
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Further to the problems encountered during the data reduction and 

analysis process, the evaluator must make some sense of the data. 

Problems with the logged data become apparent again. Essential ly, the 

evaluator has difficulties identifying and classifying potential problem 

areas. Why did the user choose this path to undertake this task? There 

are a host of possible reasons, and without the presence of the user to 

elaborate, the evaluator is working "bl ind," and becomes subject to 

perceptual biases and their own theories of causality, none of which are 

verifiable. 

The questionnaire also presents problems associated with data 

interpretabil ity. What does a mean of 4.5 mean? How does this effect the 

score of 2.5 on the next attribute? How should cut-off points be set? All 

of these issues and many others, need to be addressed. The only data 

that do not suffer from this problem in the questionnaire are the open 

ended answers. But it is not possible to infer causal ity from the open 

ended statements, as responses tend to be directed towards the problem 

experienced and are therefore the products of the interaction. 

The information obtained from the interview is more interpretable than 

that from the questionnaire. Difficulties cited tended to be. unambiguous. 

The cause of the problem is unknown, however. The subsequent aided 

verbal protocol analysis presents information that is much easier to 

interpret with statements tenCiing to be specific and-unambiguous. By 

viewing the video tape, causes of the problems may be found, especial ly 

if the user is present. 

8.1 .3. Specific Hypotheses about the Efficiency of a User Based 

Evaluation Strategy. 

Having examined the theory of efficiency and related the data to this 

theory it is now possible to articulate a set of explicit postulates 
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addressing the determinants of the effectiveness of any particular 

proposed user based, human computer evaluation strategy (see Table 

8.1 ) .  These postulates may be appl ied to any user interface evaluation 

methodology to predict its adequacy, however, i t  is acknowledged that 

these postulates need further testing and refining. 

8.2. Suggestions to Improve the Evaluation Strategies Used in this Study. 

Logged data is difficult to use in the field setting, due to the generation of 

large data sets resulting in low practical utility. One possible way of 

overcoming this d ifficulty would be to use a revolving buffer, in 

conjunction with a 'gripe' key command. With this approach designers 

may implement a logged data routine in the software that holds the key 

sequences and associated times of the last key string (say 1 00 keys) . 

This would act as a revolving buffer such that if the gripe key (a specified 

function key such as the F2 key) is not activated, the buffer key 

is replaced one for one; that is, as a new key is activated the key 

activated 1 00 keys previously is removed from the buffer. If, however, the 

user is having difficulty or feels that the system is confusing, or poorly 

designed, the gripe key is activated. When this key is activated the buffer 
�:; .� 

area is now expanded to also encompass the next 1 00 keys activated by . 

the user. When this buffer is ful l ,  now 200 keys long, it is automatically 

numbered and saved. 

In conjunction with the buffer and "gripe key" an on l ine note pad could 

be useful .  This would allow the user to enter notes about the programme 

as they occurred to them. Such a note pad would provide qualitative 

information about the saved key string. Through the use of this method 

the amount of redundant data should be drastically red uced. 



Table 8.1 . Explicit Hypotheses About the Efficiency of a User-Based 
Evaluation Method for Identifying Problem Areas Within a H uman
Computer User Interface. 

1 .  The probabil ity of experiencing and perceiving problems 
during an interaction is related to extraneous factors such 
as the subjects' previous experience with similar systems, 
experience with computer based technology, and 
intel l igence. 

2. The probabil ity of reporting a problem is directly related to 
the impact of the problem on the task undertaken. 

3. The probabil ity of reporting a problem is directly related to 
the number of problems encountered. 

4. The probabil ity of classifying an interaction as a problem 
is related to the effort required to overcome the problem. 

5. The probabil ity of reporting a problem is inversely related 
to the time before reporting the problem. 

6. The probabil ity of a user based evaluation method 
highlighting a problem area is related to the amount of 
perceptual error that may go undetected within the 
evaluation method. 

7. The probabil ity of an evaluator identifying a problem is 
related to the amount of subjectivity of classification. 

8. Input by the subject may moderate the probabil i ty of the 
evaluator identifying a specific problem. 

9. The usefulness of the information is related to the 
relationship between the elicited data and the 
identification  and location of the causal reason. 
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The most l ikely productive area for the development of the q uestionnaire 

approach is in the form of a filtered, open answered, task oriented 

questionnaire. Assuming the evaluation tasks are ecologically val id,  the 

task approach is preferable to the traditional attribute d imensional 

approach, for several reasons. A comment during a print out that "I 
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couldn't find the command" is inherently more useful to the developer 

than a score of "2" under the "screens are cluttered" statement. The task 

related comment is specific to the situation, and therefore identifies not 

only the location of the problem, but also the nature of the problem. The 

dimensional score, however, only alludes to a problem area. 

The task oriented approach may be more useful in obtaining relevant 

information when sample sizes are small .  Such a task based approach is 

briefly outlined in Table 8.2. This approach could also be altered to cover 

attitudinal aspects of the functionality and acceptabil i ty of the system, 

and could prove useful for software development purposes. 

Several methods can be proposed to overcome the recal l  problems 

associated with the interview approach. One method is to video the 

subjects, and then use this as a memory prompt. Doing this moves the 

interview closer to the subsequent aided verbal protocol analysis 

methodology. Here, as with the subsequent aided verbal protocol 

analysis, the problems of the associated times to undertake the 

evaluation and the complexity of analysis may in turn make the use of 

such an approach less attractive. 

Another, as yet untested, interview procedure is the group format. 

Goldman (1 962) has reported that the group interview has several 

advantages over the individual interview. In particular, in the domains of 

stimulating new ideas, the opportunity to observe group processes, an 

understanding of the temporal dynamics of attitudes and opinions, and 

spontaneity and candour. 

It is interesting to speculate if such a format would have a facilitation  

effect. That is, one member of the group reporting a concern, or  problem, 

may have the effect of reminding others of the problem or other similar 

experiences. If this was the case, the format would have several 



Table 8.2. A Suggested Format for a Questionnaire for Assessing the 

Human-Computer Interface. 

You have just finished using the __ software package. Below are 
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some questions about the package and the experiences you had. 

Could you please answer these questions as we need to know how 

you, the user, found the package. This information wi l l  then be used to 

try to improve the package and make it  a better tool for your needs. 

1 .  The first task you did was ___ . Could you please explain any 

problems or things you felt could be improved to make doing this task 

easier or more pleasant. 

1 a. If you mentioned any problems in  the above section could you 

please tell me exactly what happened, what you thought should have 

happened, and how you fixed the problem. 

1 b. If you have any suggestions on how to improve the package to 
:-i' -

make the task easier or more pleasant could YOLA please put your 

thoughts below. 

methodological advantages. One could obtain large quantities of user 

based data relatively easily. Through probing, the interviewer could also 

obtain information about the prevalence of a problem, and possible 

causal explanations. Furthermore, the 'brainstorming- processes) of the 

group could be used to el icit a host of possible ways of improving the 

interface. 
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The disadvantage of the group interview approach, however, may be the 

problem of one, or a small sub-set, of the group monopolising the ideas 

and suggestions. Also, if a group obtains ind ividuals with particularly 

good or particularly poor computing skills, some individuals may be less 

l ikely to volunteer information on what could be seen as their personal 

inadequacies. This problem could be partly controlled by good 

interviewing practices, and the judicial arrangement of the interview 

groups based on biographical data. 

The major methodological difficulty associated with using the subsequent 

aided verbal protocol analysis process for evaluating the user interface, 

is the large amount of time required to reduce and analyse the data. It 

would seem that this is the one major disadvantage with this form of 

evaluation. One way of possibly alleviating this problem would be to use 

a taxonomy of errors in the classification process. A potential system for 

this has been outl ined by Bagnara and Rizzo (1 989). They have 

developed what they refer to as a "generic error modell ing system" 

(GEMS) which they claim is better than previous error classification 

systems and can be used in the software development environment. The 

system essential ly d ivides errors into the three categories of slips, rule 

based mistakes, and knowledge based mistakes. The process -then takes 

into account such factors as error detection and recovery. A taxonomy of 

errors may reduce work by having the evaluator conduct the coding 

process at the time that the protocol analysis is generated, and thereby 

hopeful ly reducing the data reduction time. Reliability may be an issue, 

however, but no more than in any other evaluation reduction system used 

to reduce protocol data. 

An attitudinal problem concerning the use of the subsequent aided verbal  

protocol analysis may prove to be a major obstacle. The author, when 

asked to advise on a user interface evaluation strategy to a group of 

computer science professionals encountered resistance just by the use 
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of such phrases as ''verbal protocol analysis" and "content analysis." It 

appeared that the use of these phrases was aversive. It was stated that 

they d id not understand the processes of "content analysis" or ''verbal 

protocol analysis." They therefore preferred the "objective" approaches of 

logged data collection. It is absurd to suggest that computer science 

professionals could not undertake a protocol analysis. Rather, it may 

appear that when striving to develop and uti lise technical terms, 

psychology inadvertently has limited the appl ication of its findings. 

A simi lar phenomenon has been reported by Downs (1 977) who had to 

rename the procedures of appl ied psychology in "practical "  terms before 

the methods would be used by practising professionals. It is suggested 

that the terms "content analysis" and ''verbal protocol analysis" are 

sufficiently aversive stimuli to impede their use by the practitioner. It may 

therefore be more appropriate to rename these terms along the l ines of 

"guided interview." 

8.3. Suggestions for Future Research. 

The validity of the results of the present study rest upon m any explicit 

and impl icit assumptions. These range from the motivation- of the 

subjects, to the robustness of the operationalisations. 

The current investigation only considered QWERTY initiated interfaces. 

The generalisability of these findings to direct manipulation  interaction 

and other more advanced interaction methodologies has not been 

addressed, and would make_ an exciting area for future research. It is 

possible that similar results would  be found, however, as the same 

interaction  process occurs irrespective of the interface. 

Throughout the thesis prospective ways of improving the effectiveness of 

each evaluation method have been given. Specific areas of future 
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research could include an in-depth examination of the relationship 

between various performance based measures and user i mpressions 

when using the logged data method. The computing industry, and 

engineering professionals, have been comfortable with such performance 

based measures because they appear "objective." This research has cast 

doubt upon the val idity of assuming such data are objective in the classic 

sense. Furthermore, this study, in conjunction with others, has shown 

that actuarial logged data should be used cautiously as an indicator of 

usabil ity. 

An in-depth examination of the reliabil ity of evaluator inferences based 

upon contextually based logged data also needs to be conducted. The 

relationship between evaluator inferences and those intended by users 

has not been accurately established. 

The current study has also cast doubt upon the use of ratings in human

computer interaction questionnaires. Task oriented approaches may be 

more relevant to the software developer. The questionnaire wil l  probably 

be used more in the future, due to its relatively low cost and its speed. 

Consequently, more effective methods for obtaining data in the 

questionnaire need to be researched. 

The semi-structured group approach may be a useful area for future 

research when using the interview for evaluation. Comparisons between 

the information el icited using the single and group formats need to be 

conducted. Furthermore, this information needs to be compared to that 

obtained during the subsequent aided verbal protocol method. 

For the subsequent aided verbal protocol to be used effectively, the 

analysis time must be drastically reduced. One option here is the 

development of a quick coding format. Using a taxonomy of errors in 

conjunction with a task based scenario may be a good way of 
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approaching this problem. 

For the development of user based usabil ity standards, the evaluatio n  

should use more than one criterion, and the results o f  the final eva luation 

could then provide val uable information to the potential  purchasers. 

Statements such as "independent user evaluations show that 92 percent 

of secretaries preferred this package to the present package they were 

using," or "Independent evaluations show that the average  time for an  

inexperienced user to  learn how to  use the print sub-system was three 

minutes" are inherently useful to potential users and purchasers. 

Such usability statements could be added by software engineers to the 

performance tests of the efficiency of software source code. This would 

introduce usabil ity factors into the software development process, and 

allow them the chance of having equal status to software performance 

source code efficiency in the evaluation process. What is needed is an 

index for software usabil ity. This could be achieved by d efi ning the 

learning time of a task as one unit  and thereafter describin g  the usabil ity 

requirement in relation to this benchmark. This would a lso have the effect 

of deriving an industry standard, which could later be used to further 

develop empirically based standards. r 

8.4. Levels of Criteria: A Reframe of the Evaluative Outcomes. 

Hamblin  (1974) has expressed a concern with regard to col lecting  

information about the changes caused by training, and  suggests that 

training programme evaluation criteria can be delineated i nto five levels 

of training effects: reaction criteria (subjective impressions) ,  learning 

criteria (measures of what has been learned on the course) , behaviourial 

criteria (transfer to the work setting), organisational criteria 

(implementation of organisational goals and objectives) and the ultimate 

criteria which encompass the u ltimate values of the course. 
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I n  general, each level of each criterion has different properties and uses, 

but it can be said that the higher the level of the criterion used, the more 

power the evaluation has. That is, learning criteria may show that learning 

has taken place during the course. However, the course is of little use if 

this learning is not transferred into the work place. Also, this change i n  

behaviour must have beneficial outcomes in  the form of organisational 

objectives. 

It would appear that the levels of criteria evaluation paradigm may be one 

other way of viewing the outcome data gathered in the usability 

evaluation process. The subjective impressions of the users about the 

programme may be considered a reactions type criterion. Measures 

about what the users have learnt about the software may be used as an  

indicator of learning criteria and may infer the  usabil ity of  the software. 

Performance data can perhaps be used as a form of behaviourial data. 

The organisational criteria may be recorded in the form of changes in the 

performance of the users performing work tasks in the organisational 

setting, and the ultimate criteria ideally would be seen in  the form of a 

system that would be transparent to the user and facil itate desired 

organisational objectives. 

If this analogy is accepted, it is useful to examine the obtained evaluation 

results in a comparative fashion to shed some l ight on the potency of the 

evaluation methods. That is, it may be the level of the criteria used that is 

an indicator of the power of the evaluation. 

In the present study the logged data recorded the interaction at the 

behaviourial level.  However, the analysis rested upon the reactions of the 

evaluator and therefore resulted in different outcome measures. It can be 

argued that the logged data used actuarial ly elicited learning criteria. The 

times to undertake the sub-tasks, over separate occasions, were in fact 

an indicator of learning how to use the programme. The analysis using 
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the context of the programme i n  a playback mode, however, i s  perhaps a 

more valid indicator of the behaviour of the user. This relationship is 

moderated as the interpretation of these data rests on the reactions of 

the evaluator. Used in this way, the reactions of the evaluator cannot be 

regarded as behaviourial criteria. To move the evaluation data closer to 

behaviourial data, the user would need to be present d uring the d ata 

interpretation phase of the evaluation. 

It can be argued that the questionnaire el icited purely reactions criteria. 

The subjective ratings cannot be used to infer learning or the behaviour 

of the user in any way. The open ended statements may hold more 

val id ity as an indicator of the behaviour of the user. 

The interview initia l ly looks to be firmly entrenched in the real m  of 

reactions criteria. However, the fidelity of this approach is better than that 

of the questionnaire. This is due to many reasons. The first q uestion  

addressed the user's approach to  each sub-task. When articulating this 

. the data that are being gathered are of a type of learning criteria. If the 

user can articulate how they undertook the task, they have learnt the 

command sequence, or have a cognitive model of the operation of the 

command sequence. 

The second two questions, however, seem to be based l argely in the fie ld 

of reactions criteria. The reporting of the actual problems they 

encountered should be based upon behaviourial data, however. The 

reason for this is that if these problems cannot be verified then they are 

reduced to reactions type data. These data may be of a general ly  better 

quality than when the evaluator alone has to interpret the logs without the 

aid of the user. 

The subsequent aided verbal protoco l analysis also appears to be 

reactions criteria. The subject viewing themselves using the computer, 



and reciting the process, may result in outcome data closer to 

behaviourial criteria. Reactions are picked up but behaviour is also 

explicitly shown, due to the real time reenactment of the process. 
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By taking the levels of criteria approach, one can see how the data 

el icited can be viewed in a different l ight. If this paradigm is accepted 

then evaluators should use the more advanced criteria where possible.  

The relationship between the levels of criteria, and their val idity to infer 

usabil ity, will be moderated by several factors. In particular, this 

relationship is dependent upon software use. If an individual is 

purchasing a word processing package to write personal letters then the 

reactions may be more important than behaviourial criteria. Conversely, if 

the same software is purchased to be used as a word processing 

package in a business setting the behaviourial criterion of speed and the 

organisational criterion of sustained output, may be more important than 

reactions criteria. For the business person, it may be initial learning 

criteria that are important. Thus the software evaluator should expl icitly 

define the objectives of the evaluation prior to the design. It is only by 

doing this that the evaluation wil l  elicit relevant data. 

8.5. The Law of Diminishing Returns as Applied to the Software Usability 

Evaluation Process. 

In  the race to fi l l  a market niche Christie and Gardiner (1 990) has 

suggested that it may be better to release a product with a few problems, 

rather than miss the market opportunity, and become a second runner in 

a competitive environment. In this case, the political factors of the 

evaluation cycle may be the limiting factor. It may be that time and 

budget requirements mean that a quick and inexpensive evaluatio n  

method may have to be used to highlight the major problems. I n  this 



1 84  

case the questionnaire alone may be the best evaluation strategy to use. 

In other circumstances, a more expansive evaluation using protocol 

analysis could be used alone, or in conjunction with other evaluation 

strategies. The choice of evaluation strategies wi l l  be moderated by many 

external factors, of which time and budget considerations are only two. 

Such factors as the experience and knowledge of the evaluator and 

design team, the stage of the product's life cycle and user characteristics 

wi l l  also have an effect. 

As noted by Mantei and Teorey (1 988) and Christie and Gardiner (1 990) 

the process of usabil ity evaluation is set within a practical context. 

Consequently, it is unwise and unreal istic, to assume that in a l l  cases a 

ful l  scale usabil ity evaluation wil l  be conducted on al l  aspects of the 

software, and for all iterations in its development. Rather, the ideas of 

cost benefit analysis and the law of diminishing returns may apply. As 

Mantei and Teorey have noted, in some circumstances, it may not be 

feasible to conduct human factors evaluations because of the cost. 

With regard to the present research, therefore, it would be unwise to 

suggest that an in depth subsequent aided verbal protocol analysis of the 

software should always be conducted. Rather the law of d imin ishing 

returns must be addressed (see Cole and Baumol, 1 973). This law shows 

that the input to output ratio for products is not l inear in nature. This can 

be hypothetical ly i l lustrated as shown in Figure 8.1 .  Line 1 shows a 

hypothetical l ine of the amount of usabil ity issues identified by using 

usabil ity evaluation strategies. Of importance to the d iscussion are l ines 

A and B. Line A represents a hypothetical point of market acceptable 

usabil ity. Above this point the product wil l  be seen as having acceptable 

usabil ity characteristics by the market, below this point the product will 

be seen as having unacceptable usability characteristics. It is also 

suggested that there may be a pOint at which further usabil ity attributes 
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Figure 8 . 1 . Law of Diminishing Returns Appl ied to the Evaluation 

Method Used and Issues Ident ified. 
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d o  not significantly impact on the value of the software. This hypothetical 

point is represented by the line B. That is, beyond this point extra 

usabi l i ty attributes wil l  not affect the impressions or performance of the 

software. 

Of concern is the importance of the usabi lity issues identified by each 

evaluation method. Where, on the l ine of diminishing returns of usabi l i ty 

issues identified, wil l  an evaluation strategy fal l? Hypothetical ly, it may be 

that al l  the methods examined in this research wil l  el icit information  that 

may take a product beyond the point of market acceptable usabil ity. I n  

such a case, evaluators may use other criteria t o  chose an evaluatio n  

method (other than the number of problems identified). Ease of 

administration, cost and time factors may weigh heavily. 

For comparative purposes, each problem has been considered equal ly 

important. In the present research this assumption is permissable. 

However, in the practical context this may not be the case. In  the 

commercial context the impact of each problem is important. Here Karat 

:1 988) notes that, 

''To a large extent the time and effort expended on an .• 

evaluation should reflect the impact of the decision which 

wi l l  result from it . . .  Decisions with relatively l ittle impact 

(such as the format of a given menu panel in a system) 

should not have more resource applied to them than  they are 

worth." (Karat, 1 988, p. 892). 

this context it can be hypothesised that major usabi l ity problems wil l  

:ome apparent early in the usability evaluation and may be 

ependent of evaluation methods. This is supported by the number of 

blems highlighted by al l  four evaluation methods. For example, the 

idental deletion of records in the database programme, menu 
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navigation problems within the database, and lack of task feedback within 

the word processor, to name but a few. 

The extra problems identified may be minor and of little consequence,  as 

far as market acceptabil ity is concerned. This in turn adds a new 

dimension in the research of usabi l ity evaluation and should be examined 

further. The critical incident approach (Flanagan, 1 954) may have some 

use in this context. With the critical incident technique, problems that are 

critical to successful functioning, can be identified and then rated as to 

the severity. Simple indices of efficiency of each evaluation method can 

then be derived. 

8.6. The Software Evaluation Process and the Psychologist. 

Several themes have become apparent throughout this d issertation. 

Specifically, the software evaluation process is essentially similar in 

structure to other forms of evaluation process, whether they be socia l  or 

industrial. It is suggested that this evaluation research is therefore 

relevant to the software evaluation process. The problems, and 

theoretical considerations highlighted by Wortman's (1 975) model are 

entirely relevant to the software industry. So too are the notions of the 

training feedback cycle, as discussed by Hamblin (1 974). The iterative 

notions of educational action research (Cohen and Manion, 1 980) and the 

concepts of formative and summative feedback as outlined by Scriven 

(1 972). This does not serve to undermine the work of Wi l liges et at 

(1 987), but rather reinforces the notion of applying the approaches and 

methods of  psychology to the software industry. 

t is surprising that psychologists have not become more involved in  the 

:oftware evaluation process. A large portion of the problems facing the 

oftware usability evaluation process were addressed in the social and 

Idustrial psychology literature some time ago. Why have software 
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usabi l ity evaluators been left to reinvent a wel l  researched process? A 

number of researchers have advocated the inclusion of psychologists in  

the design team.  For example, Eberts (1 987), Richardson (1 987) , 

Shneiderman (1 988), and Carrol l (1 989) to name but a few. This provides 

support also for Meister (1 986) who suggests that the methods and 

techniques are similar to those used in industrial psychology. 

Furthermore, the same problems of criterion development apply to the 

usabil ity construct, as they do to all other psychological constructs. The 

ideas of criteria relevancy, deficiency, and contamination (Blum and 

Naylor, 1968) are exceedingly relevant to the development of usabi l ity 

evaluation criteria. The notion of iterative refinement (Gould and Lewis, 

1 985; Gould, 1 987,1 988) rests upon the assumption of valid evaluation 

information; to the extent that the usabil ity evaluations are relevant, 

deficient or contaminated, so too wil l  the resulting alterations be relevant, 

deficient or contaminated. When developing evaluation criteria the 

paradigm of the rel iable, valid and practical criterion as outl ined by Landy 

(1 989) seems the best avenue to follow. 
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Appendices 

Appendix 1 .  Experimental Subject Contact Procedure. 

1 .  Al l subjects were contacted by telephone prior to the experiment. A 
telephone list was required for this. 

2. After being contacted it was confirmed that they had agreed to be a 
subject. 

3. Subjects were told the following: 

The experiment is aimed at examining different methods of 
evaluating the usabil ity of business type computer software. 
The experiment wil l  begin by giving a general overview of the 
study. This will be fol lowed by an overview of the piece of 
software they wi l l  be using. Subjects will then complete a set 
of tasks on the computer, that wil l  take about half an hour. 
After completion of these tasks, subjects wil l  complete an 
evaluation of that piece of software. This evaluation wil l  
take about half an hour to complete. However, it may require 
coming back at a d ifferent time to do this. If so, a mutual ly 
convenient time wil l  be arranged. The total time commitment 
should be under two hours. All data are treated as strictly 
confidential. 

. 

It was emphasised that no previous computer knowledge or 
experience was required. 

21 0 

4. If necessary, the above was elaborated on to the subject's satisfaction.  

5. Subjects were then be given a l ist of  times that the experiment would 
run and asked to choose which time was most suitable. 

R .D. Henderson. 



Appendix 2. Informed Consent Form Used in the Study. 

INFORMED CONSENT FORM 
Massey University 

Title of Investigation: Business Software Evaluation Study. 
Investigator: Ronald D. Henderson. 

Department of Psychology. 

Date: __ 

21 1 

This is to certify that I ,  ' hereby agree to participate as a 
volunteer in a scientific investigation as an authorised part of the 
psychology research programme of the Department of Psychology, 
Massey University, under the supervision of Dr. Mike Smith. 

* 

* 

* 

* 

The investigation, and my part in the investigation have been 
defined and fully explained to me by , and I 
understand his/her explanation. 

I have been given an opportunity to ask whatever questions I 
may have had, and al l  such questions and inquires have 
been answered to my satisfaction. 

I understand that I am free to deny any answer to specific 
items or q uestions in interviews or questionnaires. 

I understand that any data or answers to questions wil l  
remain confidential with regard to my identity. 

* I understand that I wil l  not be informed as to which 
evaluation group I wil l  be in until I have completed the 
computer task. 

* I FURTHE R  UNDERSTAND THAT I AM FREE TO WITHDRAW 
MY CONSENT AND TERMINATE MY PARTICIPATION AT ANY 
TIME. 

Date. Subjects Signature. 

I ,  the undersigned, have defined and fully explained the investigation to 
the above subject. 

Date. Investigator's Signature. 
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Appendix 3. General Overview Information Sheet Used in the Study. 

General Introduction 

Thank you for agreeing to participate in this study. As has been explained 
to vou over the telephone, this part of the study wi l l  take approximately 

a half hour to complete. Some of you wil l  be required to come 
back, at a time convenient to you, and complete a second part of the 
study, which wi l l  take approximately half an hour. 

As more and more people are using computers in their everyday work, 
there has been an -increasing demand for software that is easy to use and 
understand. It is therefore vital for commercial software developers to 
evaluate the ease of use of software during the initial stages of 
development. Techniques that have been advocated to do this have 
included; interviews, q uestionnaires, logged data, and verbal protocol 
analysis. 

The purpose of the study is to examine the strengths and deficiencies of 
these evaluation methods across the three software domains of word 
processing, spreadsheet management and database management. 

Each of you wil l  be required to complete one only evaluation 
methodology on one only software package. In this case you wil l  al l  be 
using a programme. You wil l  be given a brief introduction to 
the computer, fol lowed by the concepts involved with this type of 
programme. Fol lowing this, you wil l  then perform a series of tasks which 
wil l  be fol lowed by the completion of an evaluation of the programme. 

Those in the interview and verbal protocol groups will need to make a 
time, that is convenient to them, to come back and compl�te that part of 
the study. Those in the questionnaire group wil l  complete a q uestionnaire 
before leaving, those in the logged data group will be free to leave as the 
data wil l  already have been collected by the computer. 

You have not been told which group you are in because individuals may 
focus there attention d ifferently, depending on which evaluation they 
were to later complete. That is, if you know that you are going to 
complete a questionnaire you may focus on different things than if you 
knew you were to have an interview. 

Please remember that the sole purpose of this study is to examine the 
different methods of evaluating software, it is these methods that are 
being evaluated,  not your performance on the task. 

Are there any questions at this stage. 
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Appendix 4. Introduction to the Spreadsheet Information Sheet Used in 
the Study. 

Introduction to the Spreadsheet 

Source: Chilton's Software Directory (1 984). 

The microcomputer revolution in business would probably not have 
occurred without the advent of spreadsheet software. The actual 
functions of spreadsheet software are quite simple, yet the concept 
behind the idea is bri l liant. 

The best way to think of spreadsheet software is to picture a giant matrix, 
or grid, of rows and columns. A partial blank spreadsheet is i l lustrated 
below, as Table one. The columns in this i l lustration are labelled with 
letters, and the rows are labelled with numbers. Some spreadsheets use 
numbering systems, such as R1 and C1 , to indicate the Row or Column. 
Al l of the locations (at any given intersection of a row and a column) in 
the matrix are referred to as " cel ls" and are named by their  respective 
positions. For example, the cell that is found at the intersection of the 
third column and fourth row is cell "C4." 

Table one 

Partial blank spreadsheet. 

: A  8 C D E F G 
1 : 
2: 
3: 
4: 
5: 
6: 
7: 
8: 

Here is where the magic of spreadsheet software comes in. Each cel l  can 
contain numbers or letters and words. Also, each cell  can be defined as a 
function of any other cell ,  or group of cel ls. This means that you can 
make the value of a given cell dependent upon the value of other cel ls. 
For example, suppose you have one number in cel l 82 and another 
number in cel l 83. If you wish to find the average of these two numbers 
and place the answer in cel l  84, you would enter the formula [(82 + 
83)/2] , into cel l  84. The spreadsheet would automatically reflect the 
average in cell 84. 
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This does not seem an exceedingly d ifficult task. However, if instead of a 
small matrix, such as in  Table one, you were dealing with a matrix of 
several hundred columns and rows and wished to add a constant to each 
Figure, say 1 0% for G.S.T., instead of redoing the entire sheet you could 
just enter a formula. 

Figure one is a schematic outl ine of the spreadsheet you wi l l  be using i n  
this study. You can get to the main menu by pressing the "/" key. You 
enter text in the spreadsheet in much the same way as you enter text on 
a typewriter, and most of the keys on the keyboard behave in  the similar 
fashion. However, there are also many differences. 

The highlighted block wil l  always indicate which cel l information wil l  be 
entered. This information wil l  be entered by pressing the ENTER key. You 
can move the highlighted block by using the arrow, PgDn, PgUp, Home 
and End keys on the numeric keypad to the right of the keyboard. You 
can also correct mistakes by retyping the highlighted block. Both rows 
and columns may be inserted and deleted. Rows and columns m ay also 
be formatted in the desired fashion. 

Please attempt al l  of the tasks below but remember, do not worry if you 
have problems, the aim of the experiment is to evaluate the software, not 
you. 
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Appendix 5. Spreadsheet Experimental Task Used in the Study. 

Spread Sheet Task 

1 /  Create a spreadsheet and enter the fol lowing headings and val ues. The 
numbers down the left hand side represent the rows that should be used. 
The letters along the top represent the columns that should be used. 

A B C 0 E F G 
1 Pie Sales 
2 

3 Total Month Income Profit P/U 
4 

5 Appul Ught 4000 2009 1 6000 6000 1 .50 

6 Carob Crunch 3600 1 000 1 4000 4000 1 .1 1  

7 Coconut Crust 2800 700 1 2000 3000 1 .07 

8 Kumquat 600 300 3600 1 000 1 .66 

9 Pure Peach 1 000 400 3900 2000 2.00 

1 0  Strawberry 400 200 660 400 1 .00 

1 1  Very Berry 2000 1 029 4000 1 000 0.50 

1 2  Yogurt Crunch 300 128 300 200 0.66 

2/ Next save the spreadsheet as PIESALES. If the programme states 
"Fi le already exists. Do you want to overwrite it" press the ''V'' key for 
yes. 

3/ Move to the menu system and obtain a printout of the fi le by 
pressing the ENTER key. Answer "N" to the question "Do you want 
to print in 1 32 columns". Answer ''V'' to the question "Print the 
boarder?" ' .' 

4/ Clear the spread sheet. 

5/ Load PIESALES. 

6/ Insert a row between Pure Peach and Strawberry on the spread 
sheet. 

7/ Enter the fol lowing data in  the new row. 

Squash Bloss 400 200 1 600 400 1 .00 

8/ Save PIESALES as before. 

9/ Clear the spreadsheet. 



1 0/ Load PIESALES. 

1 1 / Change Appul light to read Apple l ight. 

1 2/ Delete the Carob Crunch row. 

1 3/ Add the following row at the end of the spreadsheet. 

Yogurt Yummy 400 600 2000 800 2.00 

1 4/ Print the spreadsheet as before. 

1 5/ Save PIESALES as before. 

1 6/ Clear the spreadsheet. 

1 7/ Load PIESALES. 

1 8/ Delete the ''Total II column. 

1 9/ Obtain a printout as before. 

20/ quit the programme. 

When you have finished please notify the experimenter. 
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Appendix 6. Introduction to the Word Processing Information Sheet Used 
in the Study. 

Introduction to Word Processing 

Source: Chilton's Software Directory (1 984). 
Tubo Pascal, Editor Toolbox (1 987). 

Word processing is the entering, storing, editing, and retrieving of 
information - words or numbers or both. A word processor is a 
computerised version of a typewriter, in which everything that is typed in  
is  saved on some kind of medium (usually a floppy disk) for present or  
later use. Stored information can be printed out, sent to another 
computer via a modem and telephone lines, merged into another fi le or 
fi les containing other information, or reworked when more creative 
energies emerge. 

In the business context the micro based word processor offers several 
advantages over the more conventional type writer. Specifical ly, there is 
an increasing trend for word processor packages to be imbedded in 
larger integrated packages. This offers more control over data and 
information manipulation. 

There is more flexibi l ity in document editing and presentation with the 
output being generally more attractive. Also when word processing is 
done by the originator of the words, there is a much faster turnaround 
than typing performed by a secretary. 

Features offered by most word processor packages typically include: 
block copy, merging and moving, rapid cursor control, spell ing 
verification, document formatting, and varying choices of presentation. 

In  the fol lowing experiment you wil l  be performing several tasks on a 
micro based word processor. Figure one is a schematic outline of the 
word processor. To get to the main menu you press the IF1 0" key. You 
enter text in the word processor in much the same way as you enter text 
on a typewriter, and most of the keys on the keyboard behave in the 
same fashion (press Enter to end each l ine, for example). But there are 
many important differences as well .  

The cursor always indicates where new text wil l  be entered. You can 
move the cursor in a number of ways, and the commands to do so are 
described in Table one. You can correct mistakes quickly and easily 
using the delete commands; you can copy and move text with the block 
commands; you can locate a particular string of text with the find 
command, and optionally replace it with another using the find-and 
replace command; and in most cases you can even undo your last few 
changes with the restore line or undo commands. 
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For a quick glance at all of the commands and their respective 
keystrokes refer to Table one. In this Table the word processor menu 
commands are d isplayed in boldface under the menu in which they 
appear. Non-menu commands are printed in plain type. They are broken 
down into basic movement commands, basic editing commands, and 
commands related to a particular menu. These last are printed after the 
menu commands under the appropriate menu. 

Please attempt to complete the tasks. Remember do not worry if you 
have problems, the aim of the experiment is to evaluate the software, not 
you. 



Appendix 7. Word Processing Experimental Task Used in the Study. 

Word Processing Task 

1 /  Please type in the following passage exactly as it is written here. 

M. Simon, 
22 Farview Drive, 
Wel l ington. 

219 

Ms. Simon, as you've requested, here is  a bulletin reflecting our annual  
performance and outlining projections for next year's performance. 

G ood news from the market analysts. Sales in the Organic Pie l ine are 
booming! Yogurt Yummy is really taking off, as are Very Berry and Appul  
Light. 

By the way, we've changed the spell ing of Granola Pudding Del ight, as 
you've suggested. 

Elmer Body in the Crust Department won this month's Suggestion Box 
award. He'll get a month's supply of Appul Pie Fi l l ing as his reward for 
suggesting that we open up a Pie Tasting Room. Such a tasting room 
could pep up our national sales, as tourists carry news of our fabulous 
pies all over New Zealand. 

All in al l ,  it's been a good year, and projections show that next year 
should be even better. With the new factory in place, our extra capacity 
should make us able to keep up with the stratospheric demand for Mom's 
Appul Pies that we anticipate. 

2/ Please save the data with the fol lowing fi le name: Appul. 

3/ Close the fi le. 

4/ Open the Appul file. 

5/ Please make the following alterations. 

1 .  Please add the fol lowing to the end of the third 
paragraph: 

Calling it Granola Pudding Delight adds pizazz to 
our l ineup and wil l  surely gain us a strong 
foothold in the youth market. 



2. In  the fourth paragraph change the name of Elmer Body 
to read Elmer Bodey. 

3. Delete the second paragraph. 

4. Delete the sentence "Good news from the market 
analysts." 

5. Move the second paragraph to the bottom of the passage. 

6. In all cases change Appul to Apple. 

6/ Obtain a printout of the passage. 

7/ Exit the programme. 

220 
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Appendix 8. Introduction to the Database Infonnation Sheet Used in the 
Study. 

Introduction to Database Management Systems 

Computers have always had the capacity to store large amounts of data. 
Initia l ly, data were stored on magnetic tapes. The main drawback to tape 
storage is its slow processing time. To examine a record at the end of the 
tape, the program must read past al l  the records before it. The 
development of direct access devices (the disk drive, diskettes, and disk 
packs) brought an additional feature to the computer - the abil ity to 
access the data very quickly. But although the hardware technology has 
advanced, it has taken a while for the software to catch up. 

When software and system designers turned their attention to developing 
a new technology to take advantage of disk capabil ities, the result was 
the database concept. A database integrates separate, but related, data 
fi les into a single source of information and reduces the data redundancy 
that inevitably occurs when there are many separate fi les. 

In  the fol lowing experiment you wil l  be using a database system that has 
been designed to keep track of a company's customers. Information is 
stored in  records, where a record contains all the information relevant to 
one customer. Within each record is a set of fields. A field contains one 
aspect of information, for example an address, or  phone number. Figure 1 
i l lustrates this concept. 

Code: Date: 

First Name: 
Last Name: 

Company: 

Address 1 :  
Address 2: 

Phone: Extension: 
Remarks 1 :  
Remarks 2: 
Remarks 3:  

Figure 1 :  Blank record i l lustrating the fields in  the database. 
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The cursor wil l  indicate where information wil l  be entered into the record. 
You may move between the fields in a record by pressing either the 
ENTER or ARROW keys. Information can also be updated, deleted, 
sorted, and printed. 

Please attempt a l l  tasks, do not worry if you have problems, it is the 
software that is being evaluated, not you. 



Appendix 9. Database Experimental Task Used in the Study. 

Database task 

Please add the fol lowing records to the database. 

Code: 1 00 

First Name: Karen 
Last Name: Smith 

Company: Home Bake. 

Address 1 :  1 05 Gray Street, 
Address 2: Palmerston North. 

Phone: 75 149 

Date: 1 .4.89 

Extension: 8589 

Remarks 1 :  Cal l  twice per week. 
Remarks 2: Main order product # 1 05. 
Remarks 3: If not available ask for John. 

Code: 206 

First Name: Ron 
Last Name: Brown 

Company: Fresh Bake. 

Address 1 :  22 Mulgrave Street, 
Address 2: Palmerston North. 

Phone: 62 907 

Remarks 1 :  
Remarks 2: 
Remarks 3: 

Date: 2.5.88 

Extension: 71 

2/ Move to the List section. List the records on the screen, 
using the name option when it becomes available. 

3/ Move to the Find menu and Find the record with the code number 
206. 
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4/ Update this record by adding the fol lowing information. 

Remarks 1 :  Call Dai ly. 
Remarks 2: Product 1 00. 
Remarks 3: If not available ask for Jean. 

5/ Move back to the Main menu and choose the List option. 

6/ List the records on the Printer using the Code option when it 
becomes available. 

7/ Move to the Find option. Locate the record with the Name 
Karen Smith. 

8/ Change the first remark to read. 

Remark 1 :  Call twice per month. 

9/ Move to the Main menu, then Add the fol lowing record: 

Code: 207 

First Name: Helen. 
Last Name: Sims. 

Company: Marine Cakes. 

Address 1 :  1 52 Main Street, 
Address 2: Napier. 

Phone: 47257 

Date: 4.2.88 

Extension: 

Remarks 1 :  Call 1 0th & 25th of each month. 
Remarks 2: Product 1 05, 242, 203. 
Remarks 3: 

1 0/ Move to the List section and obtain a Printout by Name. 

1 1 / Move to the Find section and delete record number 206. 

1 2/ Move to the main menu and then Find record with the name 
Karen Smith. 

1 3/ Change the extension number to read: 8599. 

1 4/ Delete the record with the Code number 1 00. 
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1 5/ Move to the List system and List the records to the Printer 
using the Unsorted option. 

1 6/ Move to the Find section, Locate and then Delete the record 
with the code number 207. 

1 7/ Quit the program. 

225 
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Appendix 1 0. Diagrammatic Outline of the Spreadsheet Used in the Study • 
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Appendix 1 1 .  Diagrammatic OuUine of the Word Processor Used in the 
Study. 
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Appendix 12. Diagrammatic OuUine of the Database Used in the Study • 

., ... 
.... ....... 

I 
I I I I 

... rI •• .... , .... 

1 1 
I I I 1 J 

c ••• .. - Son_ 'rl.".,. .. " 

u, •• ,. D, •• ,a c ••• c ••• 

h'.'" "leta .. - .-

., •• t .... •... "'".. V._rtH 

, ........ r .... I ••• 'd' _.u 

0 ... lall 



229 

Appendix 13. Base Logged Data Collection Routine. 

Note: Some cosmetic portions of this program have been removed. These included error 
routines and screen boundaries 

program Log (input, output); 
uses crt, turb03,dos; 

const max = 1 500; 
blank = '  '. , 

type datetime = record 
hour ,min,sec,sec1 OO:word; 

end; 

data = record 
First_name: string [1 0] ;  
Last_name : string [30]; 
Gender : char; 
wp : integer; 
ss : integer; 
db : integer; 
gp : integer; 
overall : integer; 
keys : array [1 •• max] of Integer; 
number : string[3] ; 
times_1 : array[1 .. max] of datetime; 

end; 

var key: char; 
enter :data; 
i:integer; 
file1 :file of data; 

procedure check (var key:char) ; 
begin 

if key = #0 then 
begin 

key: = readkey; 
enter.keys[i] :=  ord (key) + 1  000; 

end 
else 

enter.keys[i]:=  ord (key); 
end; 



procedure convert; 
begin 

for i:= 1 to 3 do 
begin 

key: = readkey; 
check(key); 
with enter.times_l [i1 do 
begin 

gettime(hour,min,sec,secl 00) ; 
end; 

end; 
end; 

procedure overview; 
begin 

clrscr; 
framejt (1 ,1 ,78,25); 
gotoxy (1 0,2) ; Writeln (,Please answer the following questions'); 
gotoxy (1 0,4) ; writeln ('You are going to be asked a few questions about how') ; 
gotoxy (1 0,5) ; writeln ('confident you feel using various computer program mes.,); 
gotoxy (1 0,6) ; writeln ('In each case rate yourself on a seven point scale as to') ; 
gotoxy (1 0,7); writeln ('how confident you feel about using the programme.

,
) ;  

gotoxy (10,8) ; writeln; 
gotoxy (1 0,9); writeln ('1 = not confident, 4 = quite confident, 7 = very confident,); 
writeln; 
just-pause; 

end; 

procedure confidence; 
begin 

gotoxy (1 0,1 2); 
writeln ('How confident do you feel using a Word Processor (1 - 7) • • • . • •  ') ; 
gotoxy (73,1 2);  testjnteger (73,1 2,enter.wp,1 ,7) ; 
gotoxy (1 0,14);  
writeln ('How confident do you feel using a Spread Sheet (1 - 7) • • • • • • •  '); 
gotoxy (73,1 4);  testjnteger (73,14,enter.ss,1 ,7) ; 
gotoxy (1 0,1 6); 
writeln ('How confident do you feel using a Data Base (1 - 7) ••••••.••• '); 
gotoxy (73,1 6); testjnteger (73,1 6,enter.db,1 ,7); 
gotoxy (1 0,1 8); 

gotoxy (1 0,20); 
writeln ('In general how confident do you feel using computers (1 - 7) .'); 
gotoxy (73,20); testjnteger (73,20,enter.overall,1 ,7); 

end; 
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procedure get_data; 
begin 

clrscr; 
frameJt (1 ,1 ,78,25); 
gotoxy (1 0,2); writeln ('Please answer the following questions1; 
gotoxy (1 0,4) ; writeln (

,
Enter your first name . . . . . . . • . . . .  .'); 

gotoxy (48,4) ; readln (enter.First_name); 
gotoxy (1 0,6) ; writeln (

,
Enter your Surname . • . . . . . . . ...••• .') ; 

gotoxy (48,6); readln (enter.last_name);  
gotoxy (1 0,8); writeln (,Enter your gender (M/F) • . . . • • . . • • .  1;  
gotoxy (48,8); testJn (48,8,enter.gender) ; 
gotoxy (1 0,10); writeln (,Enter the number you were assigned') ; 
gotoxy (48,1 0); readln (enter.number) ; 
overview; 
confidence; 

end; 

procedure save_file (information: data) ; 
var filename: string[12] ;  
begin 

filename: = 'F' +information.number +' .dat'; 
assign(filel ,filename); 
rewrite(file 1 ) ;  
write(filel ,information) ; 
close(filel) ;  

end; 

begin 
get_data; 
convert; 
save_file (enter) ; 
readln; 

end. 
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Appendix 14. Software Usability Questionnaire Used in the Study. 

Software Usabil ity Form 

Instructions 

The following questionnaire is designed to find out what you feel about a 
software programme. There are eight sections in  al l ,  with each section  
being divided into two parts. 

Part one is a series of statements about the programme. In  each case 
think about the programme. Then rate the programme on the seven point 
scale by placing a circle around the number that applies ( 1 = Low, 7 = 

High). 

If the question is NOT APPLICABLE then place a circle around the NA to 
the right of the scale. Also, if you DO NOT UNDERSTAND the question 
please place a circle around the letters DU to the far right of the scale. 

For example 

Low High 
The package was enjoyable 1-2--3-4--5--6--7 NA D U  

I n  this case i f  you felt the package was enjoyable you would circle a 
score in the high end of the scale, if you felt the package was not 
enjoyable you would circle towards the low end, and if the question was 
not applicable to the programme you would circle the NA. If you did not 
understand the question you would place a circle around the' letters DU. 

Part two is an open ended section that allows you to make specific 
comments and suggestions about the package. 

Please answer all questions. 

Please print your name here: ___________ _ 

Please print the number you have been assigned : ____ _ 



A. Programme Self-Descriptiveness 

Low High 

1 Instructions describing the tasks are clear. 1 -2-3-4-5-6-7 NA DU 

2 Meaningful prompts are provided. 1 -2-3-4-5-6-7 NA DU 

3 The programme tells you what to do next. 1 -2-3-4-5-6--7 NA DU 

4 Instructions always have a consistent tone. 1 -2-3-4-5-6-7 NA DU 

5 Instructions have a constant position on 1 -2-3-4-5-6-7 NA DU 
the display. 

6 Instructions for commands or choices are 1 -2-3-4-5-6--7 NA DU 
clear. 

7 Instructions for getting more help are 1 -2-3-4-5-6-7 NA DU 
clear. 

8 The programme explains requests to you 1 -2-3-4-5-6-7 NA DU 
if and when necessary. 

9 Instructions for correcting errors are 1 -2-3-4-5-6-7 NA DU 
clear. 

1 0  Decision aids are given if the task 1 -2-3-4-5-6-7 NA DU 
cannot be done as desired. 

1 1  The presentation of what the programme 1 -2-3-4-5-6-7 NA DU 
can do is clearly arranged. 

1 2  You can become thoroughly acquainted 1 -2-3-4-5-6-7 NA DU 
with the programme without human assistance. 

1 3  Commands that are available are shown. 1 -2-3-4-5-6-7 NA DU 

14 The programme always provides a 1 -2-3-4-5-6-7 NA DU 
command glossary. 

1 5  The programme shows valid input choices. 1 -2-3-4-5-6-7 NA DU 

1 6  Default choices are shown. 1 -2-3-4-5-6-7 NA DU 

17 The programme described what had to be 1 -2-3-4-5-6-7 NA DU 
done. 

18 Lengths of entry fields are shown. 1 -2-3-4-5-6-7 NA DU 

1 9  The programme provides a list of 1 -2-3-4-5-6-7 NA DU 
abbreviations. 

If specific problems arose please elaborate. Also, if possible, please 
provide suggestions for improvement. 
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B. User Control of the P rogram m e  

20 Moving between menus is easy. 

21 Going back to previous screens is 
easy. 

22 Undoing operations is simple. 

23 The user can control what the 
programme does. 

24 Accessing help is easy. 

25 The help files are clear. 

26 Error messages are appropriate. 

27 Speed of the programme is 
appropriate. 

28 Data entry operations are displayed 
on the screen appropriately. 

29 The programme allows interruptions of a 
task to start or resume another task. 

30 The programme is still usable while it 
is doing other tasks e.g printing. 

31 The programme tells you what it is doing. 

32 Information about the current programme 
status is obtainable. 

33 Commands are easy to understand. 

Low High 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5--6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5--6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5--6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5--6-7 NA DU 

1-2-3-4-5--6-7 NA DU 

1 -2-3-4-5--6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 
Low High 

If specific problems arose please elaborate. Also, if possible; please 
provide suggestions for improvement. 

C. Ease of Learning of the Program me 

Low High 

34 Getting started is easy. 1 -2-3-4-5-6-7 NA DU 

35 Learning the operations is easy. 1 -2-3-4-5-6-7 NA DU 

36 The programme makes few assumptions 1 -2-3-4-5-6-7 NA DU 
about your prior knowledge of the programme. 

37 Commands are easy to remember. 1 -2-3-4-5--6-7 NA DU 
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38 Human memory limitations are respected. 

39 Information to complete the tasks 
is available. 

40 Information patterns are clear. 

41 Reference materials are clear. 

42 The programme is easy to learn how to 
use. 

43 User manuals are not required. 

44 Tutorials are clear. 

45 You can become acquainted with 
programme use with-out human assistance. 

46 Exploring features is encouraged. 

47 Relearning after intermittent use 
would be easy. 

48 Use by different levels of experience 
is accommodated. 

49 Experts can add features/shortcuts 
easily. 

50 You can use the programme without 
special computing knowledge. 

51 The programme provides information about 
what it can and cannot do. 

52 The programme explains each command 
and sub command on request. 

53 Learning new features would be easy 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

If specific problems arose please elaborate. Also, if  possible, please 
provide suggestions for improvement. 

D. Completeness of the Programme 

54 Terminology closely relates to the 
task area. 

55 The next screen in a sequence is 
predictable. 

56 Operations are closely related to tasks. 

Low High 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 
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57 Computer related terms are used 
appropriately. 

58 Terms on the screen are precise. 

59 Abbreviations are comprehensible. 

60 The number of operations per task 
is appropriate. 

61 Work proceeds from top to bottom. 

62 The programme maintains a sense of 
position. 

63 The programme appears as a whole 
package. 

64 The programme makes repetitive or 
routine input unnecessary. 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

If specific problems arose please elaborate. Also if  possible please 
provide suggestions for improvement. 

E. Correspondence with User Expectations 

65 Display rate for screen displays are 
appropriate. 

66 Response time for operations is 
appropriate. 

67 The programme provides the same 
response times for equal activities. 

68 The link between operations and results 
is clear. 

69 The programme acknowledges successful 
completion of a task. 

70 Terminology is consistent. 

71 Task related terms are used consistently. 

72 Computer related terms are used 
consistently. 

73 Informative feedback is appropriate. 

74 The amount of feedback is appropriate. 

Low High 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 
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75 Amount of feedback is controlled by you. 

76 The programme behaves similarly in 
similar situations. 

n The programme requests similar user 
actions to similar tasks. 

78 The programme does what you expect it to. 

79 The programme allows you to see what is 
happening at any time. 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 
Low High 

If specific problems arose please elaborate. Also, if possible, please 
provide suggestions for improvement. 

F. Flexibi l ity i n  Task Handl ing 

Low High 

80 The programme allows for alternative 1-2-3-4-5-6-7 NA DU 
entry devices e.g. mouse, light pen. 

81 Fixed function keys are used for common 1-2-3-4-5-6-7 NA DU 
. tasks. 

82 The cursor starts at the first entry 1-2-3-4-5-6-7 NA DU 
point. 

83 The programme allows you to do the task 1-2-3-4-5-6-7 NA DU 
in different ways. 

84 Excess cursor movement is minimal. 1-2-3-4-5-6-7 NA DU 

85 The programme allows for the use of the 1-2-3-4-5-6-7 NA DU 
numeric keypad for massed entry of numbers. 

86 The programme provides reduced input! 1-2-3-4-5-6-7 NA DU 
output according to your training level. 

If specific problems arose please elaborate. Also, if possible, please 
provide suggestions for improvement. 

G. Fault Tolerance 
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87 The programme is tolerant to user errors. 

88 The programme tolerates typical typing 
errors. 

89 The programme immediately detects 
errors. 

90 Destructive operations are protected. 

91 User errors do not abort a session. 

92 User errors do not destroy data. 

93 Error messages clarify the problem. 

94 Requests for help do not cause data loss. 

95 Context sensitive help is provided. 

96 Error messages are displayed on the 
entry screen. 

97 Error correction is at the point where 
the error occurred. 

98 The programme highlights where the 
errors are. 

99 Error messages are removed after 
correction. 

1 00 Auditory signals are used appropriately. 

101 The programme allows partial retyping if 
previous input was erroneous. 

1 02 Error messages contain correction hints. 

103 The programme provides messages with 
different levels of detail dependent 
on you experience. 

Low High 

1-2-3--4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

Low High 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3--4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 
Low High 

If specific problems arose please elaborate. If possible, please 
provide suggestions for improvement. 

H. Formatting 

1 04 Characters in the displays are readable. 

1 05 Space surrounding characters is adequate. 

Low High 
1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 
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106 Highlighting facilitates performing the 
task. 

1 07 Levels of intensity and boldfacing are 
apparent. 

1 08 Letter or shape size changes is apparent. 

1 09 Underlining is appropriate. 

1 1 0  Reverse video is used appropriately. 

1 1 1  Blinking is used appropriately. 

1 1 2 Colour changes are used appropriately. 

1 1 3  Display lay outs simplify the task. 

1 1 4  Screens are pleasing to look at. 

1 1 5  Displays are u ncluttered. 

1 1 6  Displays are orderly. 

1 1 7  A title always identifies the display. 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1-2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 

1 -2-3-4-5-6-7 NA DU 
Low High 

If specific problems arose please elaborate. Also, if possible, please 
provide suggestions for improvement. 

If you have any further comments, or suggestions that may improve the 
programme please elaborate. 
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Appendix 1 5. Usability Rating Sheet Used in the Study. 

Software Evaluation Study 

Please answer the fol lowing questions. Al l information is confidential. 

1 .  Please print you first name: _____________ _ 

2. Please print your second name: ____________ _ 

3. Please print the number you were assigned: _______ _ 

4. Please rate the programme on a 1 to 1 0  scale as to how usable you felt 
the programme was. 1 = low, 1 0  = high. 

1 --2---3--4--5---6----7 -----8-----9---1 0  
Usabil ity of the programme 

Thank you for your participation. If you would l ike more information about 
the study, and the results, please tick the box below and supply a contact 
address. 

Yes I would l ike more information about the study. [ ] 
My contact address is _________________ _ 
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Appendix 1 6. Means, Standard Deviations and Sample Sizes of the 
Questionnaire Ratings. 

Questionnaire results: Sample size, means, and Standard deviations for the Word 
Processor, Database and Spreadsheet. 

Factor one: Programme Self-Descriptiveness. 

Word Processor Database Spreadsheet 

Q1 1 4  4.79 1 .25 1 2  4.83 1 .27 1 3  5.77 1 .69 
Q2 14 4.79 1 .25 1 2  4.83 1 .27 1 3  5.77 1 .69 
Q3 1 2  4.25 1 .48 1 2  4.50 1 .45 1 2  3.75 1 .48 
Q4 1 3  3.31 1 .84 1 1  3.64 2.06 1 2  3.67 1 .78 
Q5 8 4.00 1 .31 1 2  4.75 1 .60 1 2  4.75 1 .60 
Q6 1 0  4.70 1 .95 1 2  4.92 1 .93 1 1  6.1 8 0.75 
Q7 14  3.79 1 .48 1 2  4.67 1 .37 1 3  5.1 5 1 .28 
Q8 1 4  2.79 1 .31 1 1  3.18 1 .78 1 3  3.1 5 1 .68 
Q9 1 2  2.67 1 .50 1 0  3.30 1 .77 9 3.67 1 .80 
Q1 0 14  3.1 4  1 .66 1 0  3.10 1 .52 1 1  2.91 1 .81 
Q1 1 9 1 .89 0.93 6 3.50 1 .87 7 2.43 1 .62 
Q1 2 14  4.43 1 .95 1 1  5.00 1 .48 1 2  2.92 1 .68 
Q1 3 1 4  3.07 1 .73 1 2  4.75 1 .91 1 3  4.31 1 .55 
Q1 4 1 3  4.46 1 .45 1 1  5.36 1 .50 1 3  5.1 5 2.03 
Q1 5 1 1  4.45 1 .86 9 5.00 1 .73 1 0  3.70 2.16 
Q16 7 3.00 1 .41 1 0  4.70 1 .34 9 3.56 2.01 
Q17 7 2.86 1 .21 6 4.00 1 .79 7 2.86 1 .77 
Q18 1 2  3.00 1 .60 1 0  3.40 2.22 1 2  2.92 1 .83 
Q1 9 3 2.00 0.00 8 5.38 1 .92 7 2.86 2.1 2 

Factor two: User Control of the Programme. 

Q20 7 2.29 1 .50 8 4.38 2.00 8 2.52 1 .58 
Q21 14  5.93 1 .14 12 5.42 1 .31 1 2  6.1 7 0.83 
Q22 1 3  4.69 1 .97 1 0  5.40 1 .26 7 5.86 1 .86 
Q23 1 1  3.82 1 .83 1 2  4.92 1 .44 1 2  4.92 1 .51 
Q24 1 3  4.15 1 .41 1 1  5.00 1 .41 1 0  4.20 2.1 0 
Q25 1 2  4.75 1 .36 7 3.00 1 .91 9 2.67 1 .41 
Q26 1 3  3.1 5 1 .63 7 2.43 0.79 5 1 .30 2.20 
Q27 9 3.78 1 .79 7 4.57 1 .51 6 4.50 1 .52 
Q28 10 5.50 1 .08 10 5.40 1 .71 1 2  5.83 1 .1 1  
Q29 9 3.89 1 .83 1 1  5.09 1 .45 1 0  5.00 1 .1 5  
Q30 6 4.67 2.58 7 4.71 1 .50 5 4.40 1 .52 
Q31 7 4.29 1 .80 6 4.50 1 .64 9 3.67 2.06 
Q32 1 3  3.31 1 .32 1 1  2.73 1 .49 1 2  4.25 2.05 
Q33 7 4.14 1 .68 6 4.50 1 .64 7 3.86 1 .46 
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Factor three: Ease of Learning the Programme. 

Word Processor Database Spreadsheet 

Q34 1 4  4.21 1 .25 12 5.08 1 .56 13 5.77 0.73 

Q35 1 4  5.00 1 .57 12 5.75 1 .22 1 2  5.92 1 .56 

Q36 1 4  4.07 1 .77 1 2  5.00 0.95 1 3  5.85 1 .28 

Q37 1 4  5.00 1 .75 1 1  5.00 1 .55 1 2  4.25 1 .91 

Q38 1 4  3.79 1 .37 12 5.42 1 .00 1 3  6.08 1 .1 9  

Q39 1 2  3.1 7 1 .34 1 1  4.82 1 .25 8 4.88 1 .81 

Q40 9 2.89 1 .45 1 0  4.50 2.01 1 1  3.73 2.00 

Q41 6 4.00 1 .26 1 0  4.60 1 .43 5 4.80 2.28 

Q42 5 3.80 1 .48 7 4.71 1 .80 4 4.50 2.52 

Q43 1 4  4.21 1 .48 · 12 5.50 1 .24 1 3  6.08 1 .44 

Q44 1 0  3.70 1 .95 1 2  4.33 1 .72 1 0  5.00 2.1 1 

Q45 3 6.00 1 .00 5 4.40 1 .67 6 5.00 2.1 0 

Q46 1 4  3.21 1 .48 1 1  4.73 2.1 0 1 1  5.36 1 .03 

Q47 9 2.44 1 .1 3  8 4.63 2.07 8 3.50 1 .31 

Q48 1 3  4.69 1 .75 1 2  5.92 1 .1 6  1 0  6.30 0.82 

Q49 1 1  3.91 1 .04 1 1  4.27 1 .42 9 4.22 1 .79 

Q50 6 4.1 7 1 .47 7 4.71 1 .70 6 4.50 1 .97 

Q51 1 4  3.64 1 .82 12 5.33 1 .37 1 3  5.46 1 .05 

Q52 1 1  1 .91 0.83 8 2.38 1 .51 9 2.67 1 .58 

Q53 1 2  2.42 1 .00 7 3.29 2.50 9 2.78 1 .39 

Factor four: Completeness of the Programme. 

Q54 1 4  4.00 1 .47 1 2  4.83 1 .53 1 1  5.64 0.92 

Q55 8 4.25 1 .39 8 5.00 1 .31 1 0  5.40 1 .26 

Q56 7 4.1 4 2.1 2 1 0  4.50 1 .72 3 6.00 1 .73 

Q57 9 3.89 1 .45 10 5.1 0 1 .45 9 5.00 1 .1 2  

Q58 1 0  6.1 0 0.99 1 2  5.75 1 .22 8 4.63 1 .92 

Q59 1 1  4.36 1 .50 1 2  4.92 1 .31 13 5.08 1 .44 

Q60 9 4.44 1 .81 10 5.1 0 1 .60 10 5.50 1 .08 

Q61 9 5.1 1 1 .05 1 1  5.55 1 .04 8 5.00 1 .31 

Q62 1 0  6.1 0 0.99 1 2  5.75 1 .22 8 4.63 1 .92 

Q63 8 4.50 0.93 9 5.44 1 .1 3  5 5.60 1 .1 4  

Q64 1 1  4.82 1 .40 8 4.63 2.1 3 6 4.50 1 .38 

Factor five: Correspondence with user expectations. 

Q65 9 4.33 1 .94 8 3.87 1 .81 9 4.33 1 .66 

Q66 8 5.37 0.92 1 0  5.20 0.92 9 5.33 1 .00 

Q67 1 3  5.62 0.87 1 2  5.1 7 1 .27 1 1  5.73 0.90 

Q68 9 4.78 0.83 1 0  5.00 1 .33 1 0  5.70 0.95 

Q69 1 1  4.00 1 .73 8 5.1 3 1 .89 12 5.92 1 .08 

Q70 1 0  2.20 1 .23 9 3.33 2.29 1 2  3.42 1 .83 

Q71 1 2  4.92 1 .24 1 2  5.1 7 1 .03 1 2  6.00 0.95 

Q72 1 0  5.60 1 .1 7  1 0  5.1 0 1 .20 12 5.50 1 .00 

Q73 8 4.63 1 .51 1 1  5.00 1 .34 1 1  5.45 1 .37 

Q74 12 3.08 1 .38 9 4.1 1 1 .62 9 4.33 1 .41 

Q75 1 2  2.83 1 .47 9 4.22 1 .64 9 2.56 1 .51 

Q76 1 0  5.1 0 1 .66 1 0  5.30 1 .25 10 5.50 0.97 

Q77 9 5.22 0.83 9 5.33 1 .32 1 1  5.82 1 .08 

Q78 1 3  4.38 1 .89 9 5.00 1 .50 12 5.75 1 .54 

Q79 1 3  3.69 1 .80 1 1  4.1 8 1 .47 1 2  4.75 1 .91 
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Factor six: Flexibility in task handling. 

Word Processor Database Spreadsheet 

Qao 4 1 .00 0.00 1 5.00 0.00 1 6.00 0.00 

Q81 1 2  5.25 1 .71 9 5.78 0.97 8 5.00 2.27 

Q82 1 2  6.50 0.52 1 1  6.27 1 .01 9 5.67 1 .99 

Q83 7 4.00 1 .63 7 4.29 1 .70 9 4.33 1 .73 

Q84 1 0  4.60 1 .90 1 1  5.55 1 .51 9 5.1 1 1 .27 

Q85 1 5.00 0.00 5 6.00 0.71 7 3.1 4 2.1 2  

Q86 7 2.1 4 1 .21 4 5.00 1 .41 4 2.00 1 .4 1  

Factor seven: Fault Tolerance. 

Q87 1 3  3.54 2.1 1 1 0  3.50 1 .84 1 0  4.20 1 .48 

Q88 1 1  5.82 1 .54 1 0  5.40 1 .35 1 1  4.36 2.1 6 

Q89 1 1  2.64 1 .50 1 0  3.40 2.07 1 1  4.27 1 .85 

Q90 5 5.20 1 .92 5 2.80 1 .1 0  6 4.00 1 .79 

Q91 9 6.00 0.87 9 4.33 2.60 9 5.56 1 .33 

Q92 1 0  4.80 2.04 1 0  3.50 2.22 9 3.67 2.29 

Q93 9 3.33 1 .94 1 0  3.50 2.32 9 3.33 2.1 8 

Q94 1 0  6.1 0 0.74 3 5.00 1 .73 2 6.00 1 .41 

Q95 4 3.00 2.00 4 2.50 1 .91 4 1 .25 0.50 

Q96 1 1  4.73 2.45 9 5.1 1 1 .69 1 1  4.55 2.1 6 

Q97 7 4.1 4 1 .86 8 5.75 1 .75 9 5.22 1 .79 

Q98 6 2.33 1 .51 8 3.25 2.38 7 4.57 2.23 

Q99 7 5.57 1 .72 9 5.67 1 .41 5 5.60 2.07 

Q l 00 2 1 .50 0.71 3 4.67 2.52 6 5.50 0.55 

Q l 0l 9 5.89 1 .1 7  1 0  5.40 1 .43 8 4.63 2.07 

Q l 02 8 4.1 3  1 .46 6 1 .83 1 .1 7  6 2.50 1 .76 

Ql 03 7 1 .71 0.49 6 1 .67 1 .21 5 2.20 1 .1 0  

Factor eight: Formatting. 

Q 1 04 1 3  6.1 5  0.90 12 6.33 0.89 1 3  6.31 0.95 

Ql 05 1 3  6.1 5  0.99 1 2  6.33 0.89 1 3  6.00 1 .68 

Q l 06 1 1  5.45 1 .86 1 0  5.80 1 .55 1 3  5.92 1 .32 

Ql 07 9 5.1 1 1 .96 1 2  5.67 1 .61 9 5.1 1 1 .96 

Q l 08 8 5.00 1 .85 1 0  5.60 2.01 8 4.50 2.1 4  

Ql 09 4 6.00 1 .1 5  1 0  5.40 1 .58 3 5.67 1 .1 5  

Ql 1 0  2 6.00 1 .41 4 5.50 1 .29 0 

Ql 1 1  3 6.33 1 .1 5  6 5.67 1 .37 3 4.67 0.58 

Q1 1 2  5 5.60 1 .34 1 0  6.00 0.94 8 5.88 0.83 

Ql 1 3  9 4.89 1 .27 1 2  5.67 1 .67 1 2  5.83 0.94 

Ql 1 4  1 3  4.92 1 .80 1 2  5.58 1 .88 1 3  5.00 1 .87 

Q l 1 5  1 3  5.31 1 .32 1 2  5.50 1 .38 1 3  5.31 1 .70 

Q 1 1 6  1 3  5.69 0.95 1 2  5.75 1 .29 1 3  5.92 0.95 

Q l 1 7  1 2  5.75 1 .1 4  1 1  5.18 1 .89 1 2  4.42 1 .56 
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