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ABSTRACT 

This  thesis  involved an investigation of  some social aspects  o f  

sc ientific know�edge development . In particular , it focused on the 

" wo rk patterns" of problem so lvers and the " effec ts" research 

organisations have on them . The proposed theories were tested in one 

government research o rganisation .  

The "work patterns" of problem solvers were d efined in terms of  three 

stages of work (the Work Programme Development , the Idea Generation o f  

spec ific pro j ec ts , and the Problem Solving o f  these spec ific proj ec ts) . 

It  was hypo thesised and substantiated , using the log- linear modelling 

technique , that each stage of  work is  assoc iated with a d istinc tive 

pattern of  communication ,  conceptualised in terms of six dimensions 

( sources of  information , types of info rmation , circumstances  and mod es 

of  information transfer , and the effec ts of  the information) . It  was 

shown that the Work Programme Development occurs in response to 

information , passively received , from external sources during formal 

circumstances . Ideas fo r specific pro j ec ts are generated on the basis 

of sc ientific information acquired from j ournals . In solving spec ific 

proj ec ts , problem so lvers ac tively consul t internal sourc es , in informal 

circumstances . 

The " effec ts" of organisations on the work patterns o f  problem so lvers 

were considered by investigating the effec ts o f  ( a) three organisational 

pro perties ( analytic , struc tural , and global ) on internal flows o f  

communication , and ( b) tho se environmental properties on ex ternal 

pa tterns o f  communication which could have been investigated in a case 
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study s i tuation .  Hypo theses were derived from the resource d epend ence 

theory o f  o rganisations which was propo sed by Pfeffer and Salancik 

( 1 978 ) . 

The investigation of the effe c ts o f  the research o rganisation on the 

internal flows o f  communication used locally optimal tests and showed 

that all three properties o f  o rganisations influence the formation o f  

these communications . Internal communications occurred mainly wi thin 

struc tural and global constraints , and among peo pl e  who had similar 

attribute s  ( analytic  properties) . Some evidence was found that close 

physical proximity , which had a strong influence on internal 

communication , could be overcome by colleague networks , which formed 

among people  with similar analytic properties ( autonomy , work related 

orienta tions and soc ially recognised work compe tence) . Informal networks 

al so played an impo rtant role in the formation of colleague networks . 

The investigations o f  the effects o f  the research o rganisation on the 

patterns of  external communication indicated that the vast  maj ority o f  

information which was received from external source s  came from other 

research o rganisations , and the amount declined wi th increasing distance 

from the focal organisation . The very limited communication wi th the 

cl ient communities was no t geographically c onstrained . 

Implications for research administrators were discussed . Consistent wi th 

attitudes  o f  the respond ents toward the roles of research 

administrators , the find ings of this s tudy suggest that the most 

important role  of research administrators should be in fac il ita ting 

communication , contac ts , and the provision of resourc es . 
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CHAPTER 1 

INTRODUCTION 

This  thesis  concerns the social construc tion of knowledge . In 

particular , it focuses  on the effects of research o rganisations on the 

work of problem solvers wi thin them . 

Since the late sixties , the main attention in the so ciology o f  sc ience 

has shifted from investigating the work of sc ientists in their 

organisations to exploring the so cial and cognitive 

the sc ientific community as a whole ( Ben-David 

developments wi thin 

1 97 1 ' 1 978 ) • These 

explorations fo cus on the relationships among the organisational and 

national boundaries-free aggregate of sc ientis ts ( the " sc ientific 

community" ) , and ignore the effects  of o rganisations which employ 

sc ientists and provide their suppo rt services . 

Al though these studies provide some understanding of the so cial 

construc tion of sc ientific knowledge , I argue that this is inadequate as 

the effects o f  work organisations need to be specifical ly consid ered in 

attempt s  to unders tand one of the maj or influences on the wo rk o f  

sc ientists  today .  Scientists , and problem solvers in general , do  not 

work in " pe rfect" labour and product markets , but wi thin " collective 

entities which impede the free flow of info rmation , men and materials "  

( Whitley 1 977 : 23 ) . Work organisations can be considered as  just  such 
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ent ities . The relationships among relevant o rganisations , which include 

work organisations , form a social struc ture which can be imagined as 

being supe rimposed on the so cial struc ture of sc ientists wi thin the 

sc i entific community .  However , because the relevant o rganisations also 

include those  in  the economy , the po litical system and o ther 

institutions , work organisations of problem so lvers c an also be seen as 

the locus of exchange between the sc ientific community and other 

communities in a society . The wo rk organisations of  problem solvers are 

thus impo rtant phenomena . The investigation of them will enable  

further unders tanding of how sc ientific knowl edge develops , and is used 

in society. 

Thi s  s tudy looks at the effects of research o rganisations on the wo rk 

pat terns of  problem so lvers . Work organisations in general , and 

res earch o rganisations in particular ,  are consid ered as complex 

structural phenomena which are constrained by their organisational 

environments and which , in turn , constrain the wo rk o f  their employees . 

Specifically : 

( i) Research organisations are considered as the collective  

entities wi thin which problem solvers wo rk . 

( ii ) Through their own dependence on other o rganisations , 

research organisations are constrained by both sc ientific 

and extra-scientific influences . 

( iii ) Either purposefully or  by chance , research o rganisations 

bring toge ther a variety of info rmation which then affects  

the direction of work , the selection of specific proj ects , 

and the "puzzle-solving " ac tivities of  problem solvers ; in 
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short , research o rganisations affect  the construc tion of 

scientific knowledge . 

In this s tudy , the work patterns of problem solvers were defined in 

terms of " stages of work" and " info rmation environment" particular to 

each s tage .  These two elements constitute the wo rk patterns of  problem 

solvers . In general , " stages  of work" mean s tages in the process o f  

pro j ects . " Information environment " means a set  of  communicated 

info rmation considered by the problem solvers as significantly 

influencing their  work . Each " info rmation" within the info rmation 

environment is characterised by s everal dimensions of  communication .  I 

argue that each stage of work depends  on a different struc ture of 

communication . Communications thus affect the wo rk of  problem so lvers 

and consequently the development of knowledge . Effects  of research 

o rganisations on the communications of problem solvers we re then 

stud ied . 

PROBLEM AREA OF THE STUDY 

Because the raison d ' etre of  this study was a combination of theoretical 

and pract ical issue s  concerning knowledge development , each of these 

issues wi ll be addressed in turn. Bo th considerations lead to the same 

conclusion : a need to investigate the effects  of research o rganisations 

on the work of their employees , and thus the way sc ientific knowledge 

is c reated . 
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Theoret ical issues 

The sociology o f  sc ience concerns the social process whereby new 

sc ientific knowledge is created and becomes legitimised and accommodated 

within the struc ture of existing knowledge [1 ] . This field within 

so cio logy thus addresses the so cial aspects of knowledge development 

( Storer 1 966 , 1 968 ,  Ben-David and Sullivan 1 975 , Cole  and Zuckerman 

1 975 , Ben-David 1 978 , Beaver  1 978 ) . 

Two distinct but complementary perspectives were employed within the 

so ciology of sc ience to throw light on the problem of sc ientific 

knowledge creation .  These can be  cal led " internalist "  and " externalist" . 

Internalists examine the wo rk o f  problem so lvers among other problem 

so lvers in iso lation from organisations and other so cial influences , 

whereas externalists look at  the influences of various institutions on 

science ( Basalla 1 968 , Johns ton and Robbins 1 977 , Beaver 1 978 , MacLeod 

1 977 , Barnes 1 974 , Wuthnow 1 979 )  [ 2 ] . Of the two traditions , the 

internalists have recently buil t a theory of knowledge development 

( Ben-David and Collins 1 96 6 , Mullins 1 972 , 1 973 , Mulkay et al 1 975 , 

Mulkay 1 973 , 1 97 5 , 1 976 , Co le and Zuckerman 1 97 5 , Zuckerman 1 978 , 

Moravcsik 1 977 , Whi tley 1 976 , 1 977 ) , which is important to the 

understanding of the relationships among problem solvers . The 

" internalist "  theory can be briefly outl ined in three po ints : 

( i ) Knowledge is created through patterned growth of  

explorations in  marginal problem areas , on the edges of  

maj or  sc ientific work . 

( ii ) During this growth , " asso ciations" of communicators are 
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formed , and their participants 

( a) set parad igmatic controls on po tential new members 

[ 3 ] , and 

( b) place demands fur recognition on knowledge 

conso lidato rs , who are usually the members of  

established social struc ture of sc ience . 

( iii)  Knowledge consolidators impede the g rowth of  explorations in 

the problem areas through failing to recognise and reward 

certain types of  new work which fal l outsid e the mainstream 

of sc ientific discourse .  

The theory ,  above all ,  shows that : 

( i) the process o f  knowledge creation can be understood only in 

relation to knowledge util isation ,  and 

( ii )  communication is the basis of interaction between and among 

knowledge creators and knowledge conso lidators . 

Communication has , indeed , been termed the bloodstream of 

sc ience ( Storer 1 968) . 

The internalist theory i s ,  however , inadequate .  It can be cri ticised 

from three interrelated points o f  view . 

First , the theory has been developed following maj or  advancements in 

the measurement of c itations ( Price 1 965a , 1 96 5b ,  Price  and Gursey 1 975 , 

Elkana et al 1 978 ) . It is , therefore ,  based mainly on data obtained 

from published articles . Consequently , the theory fails to take into 

account the importance of the ac tual , on-going work patterns of  
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scientists and o ther problem so lvers involved in the creation of 

knowledge . 

Second , attempts to use the theory to predict the behaviour of 

sc ientists at the bench level have  fail ed ( McAlpine and Bit z  1 973) , and 

have resul ted in a call for knowledge production to be  understood as 

taking place within the context of work organisations ( Bi t z  1 974 : 1 07 ) . 

But with few exceptions ( e . g .  Friedkin 1 978) , the cal l remains 

unanswered ; the effects  of work o rganisations on knowledge development 

have not been investigated [ 4 ] . 

Third , internalist theory ignores the extra-scientific effects o f  

so ciety o n  knowledge development . This neglect occurs even though 

literature in the externalist trad ition shows that the development of  

sc ience takes place in a close asso ciation with d evelopments in other 

social institutions in the society , especially the economy and the 

po litical system ( Bernal 1 93 9 ,  Ben-David 1 968 , 1 97 1 , Gruber and Marquis 

1 96 9 ,  Ravetz 1 97 1 ; Don Price 1 962 , 1 965 , Brooks 1 968 , Nelkin 1 975 ) [5 ] .  

However , the externalist  literature lacks a systematic exploration of 

the relationships between society , the sc ientific community , and the 

work of problem so lvers ( Merton 1 970 , 1 977 , Mulkay 1 977 ) . But , unlike 

the internalists , the externalists maintain that the struc ture of 

sc ientific work , and problems investigated by sc ientists , are determined 

by the interactions between sc ience and other institutions in society .  

The persisting pa ral lel explorations in the internalist  and ext ernalist  

traditions s ignify on the one hand the independence of  the sc ientific 

community , and on the other hand its  dependence on other communities·in 
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the society . The relationship between the sc ientific and o ther 

communities in the society can thus be  said to be symbiotic ( Hawley 

1 950 )  [ 6 ] . Research o rganisations can then be viewed as struc tures 

through which such symbiotic ex changes take place . 

Problems investigated in this s tudy 

On the basis of the brief review of  literature presented above , I argue 

that i t  is necessary to reconcil e the externalist  and internalist  

trad itions ( as did Johnston and Robbins 1 977 ) . Attention must be  given 

to the effects of work organisations on the actual work o f  sc ientists  

and other problem so lvers asso ciated with the wo rk o f  sc ientists . 

Therefo re ,  I suggest that the theory of knowledge development , based on 

the internalist theoretical tradition , can be usefully extended by : 

( i ) focusing on the actual work of  problem solvers , and 

( ii ) redefining the so cio-political context of  the problem 

so lvers in terms of their work o rganisations . 

Inst ead of investigating the patterns of relations among scientists  by 

looking at citation patterns , this study fo cuses on the actual  work 

patterns of  problem so lvers involved in the process of  knowledge 

creation . Further ,  rather than limiting the context  of work to the 

sc ientific community ( and the cognitive  s truc ture associated with it ) , 

it is  the general argument of this thesis that the environment of  

problem so lvers consists of  a collection of organisations . And whil e 

one of these is the work o rganisation , it is  also the case that these 
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work organisations : 

( i ) are constrained by other organisations in their 

environments , and , in turn , 

( ii )  constrain the work o f  their employees . 

As a result ,  work o rganisations affect  knowledge development . Thus 

al though internalist  model builders assume  that "new problem areas are 

regularly created and asso ciated social netwo rks fo rmed" ( Mulkay 

1 975 : 520)  , I also argue that wo rk organisations mediate these 

processe s .  In this study , the effects  of  research o rganisations in 

particular will be considered . 

Practical issue s in sc ience po licy 

It  has often been argued that sc ience has an important part to play in 

improving the quality of life . However , studies of  sc ience utilisation 

po int out that , on average ,  about 20 years elapse between a sc ientific 

advance and its application to goods and services in society ( e . g .  

Langrish et al 1 972 , Isenson 1 969 , Price 1 969 , Toulmin 1 96 9 ,  Ro thwell 

1 974 , Mench 1 974)  [ 7 ] . 

New Zealand spends about 0 . 8% of its GDP on sc ientific research ( OECD 

1 979 : 42 ) . In 1 975 , this amounted to about $95 million ( OECD 1 979 ) .  A 

science policy based upon the quest  fo r the most so cially effective  and 

efficient expendi ture mus t be  based upon answers to que stions such as : 

Should there be increasing cooperation o r/and coordination of research? 

Sho uld scientists  work on pure or on applied problems only? Should 
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multidisciplinary research b e  encouraged? What should be the 

relationship between sc ience , po litics and the economy? 

To answer such questions , it  is necessary to learn how sc ience and 

scientists  work . Within the area of sc ience po licy the quest  cannot b e  

limited t o  the sc ientific community alone ; the s tudy o f  sc ience and 

scientists  should also includ e :  

( i ) the environment of  innovation [ 8 ] , and 

( ii )  the relationship between the researchers and their wo rk 

organisations . 

These were also the conclusions reached in the exploration of 

literature , discussed in the previous sections . 

Thus , this s tudy fo cused on : 

( i ) the effects of  research o rganisations on the wo rk patterns 

of  their own employees , and 

( ii )  the relationships between research o rganisations and thei r  

o rganisational environments . 

A BRIEF OVERVIEW OF THE MAIN ARGUMENTS ADVANCED IN THE STUDY 

A theory of work patterns [ 9 ] 

In this s tudy , work patterns of problem so lvers have been defined as the 

fo rmation and development of interrelated ideas ( problems , proj ects , 

themes , work programmes) that evolve in response to communication . These 
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ideas develop in s tages . In this study , the focus was on three such 

stages : 

Work Programme Development --> Idea Generation --> Problem Solving 
WD IG PS 

I argue that different s tages are likely to require d ifferent types of 

communication . Table 1 . 1 summarises the hypo thesised relationships 

b etween these s tages  of work and dimensions of communication considered 

in the study .  

Table 1 . 1 
Summary o f  hypo theses concerning work patterns 

of problem solvers 

Dimensions of  Stages of  Work 
Communication WD IG PS 

Sources External Written Mat .  Internal 

Type s ' ALL ' se + TEC SC , TEC + ADMIN 

Modes Passive Passive Ac t iv e  

Circumstances Formal Discussion Informal 

Effects  

The stage of Work Programme Development is l ikely to be associated with 

mainly external sources ,  all considered type s of  info rmation , a passive 

mode of info rmation transfer and formal circumstances . 

The Idea Generation s tage is likely to be associated with mainly written 

material s ,  scientific and technical types o f  info rmation , and also wi th 

a passive mode of information transfer and those circumstances which 
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involve a discussion of the written messages . 

The Problem Solving stag e is  l ikely to be associated with mainly 

internal sources , scientific , technical and administrative  types of  

information , an active mode of information transfer and info rmal 

circumstances . 

Effects  o f  information on the work of  problem so lvers we re not 

considered to be  s ignificantly associated with any particular s tage . I 

argue that all categories o f  the dimensions of  communications consid ered 

in the study are important in the wo rk of problem so lvers , but that 

their importance varies wi th the stages  of work . 

This  theory o f  work patterns is more fully d iscussed in Chapter  3 .  

A theory of research o rganisations , their organisational environments , 

and their effects  on wo rk patterns [ 1 0 ] 

A re source d ependence perspe ctive  was used as the framewo rk fo r studying 

the relationships between o rganisations , their environments and the wo rk 

patterns of their employees ( Pfeffer and Salancik 1 978) . It is a 

perspective which enables an understanding of the so cial processes in 

organisations in terms of three broad cyclical steps , shown in Diagram 

1 . 1 .  
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Diagram 1 . I  
A resource d ependence perspective of  organisations 

I RESOURCE DEPENDENCY 

l ENVIRONMENTAL! CONTINGENCY 

SHAPING OF ENVIRONMENT 

FORMATION OF DOMINANT COALITION --- AND SELECTION OF ADMINISTRATORS 

First , according to this perspective , research o rganisations d epend upon 

resources outsid e the organisation. Depending on the scarci ty and 

necessity o f  these resources ,  external organisations exert power ove r  

the res earch organisation . The sum of power exerted by different 

o rganisations is the " environmental contingency" of  the research 

o rganisation. Second , this environmental c ontingency is  refl ect ed in 

the distribution of power among problem solvers in the research 

organisation . On the basis of the ability to  deal with the ext ernal 

relations , a dominant coalition fo rms and administrato rs are sel ected in 

the organisation . Thi rd , once selected these  administrators shape the 

ex ternal environment . The shaping of the external environment alters 

the environmental contingency , and thus the whole process ensues again . 

Two aspects  of the above theory are of a particular importance in this 

study. 

Firs t ,  through attempts to shape the ext ernal environments , the 

administrators facil i tate interactions between their employees and the 
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employees of o ther selected organisations . Thus , the adminis trators 

influence the Work Programme Development stage of wo rk , because that 

stage is d ependent upon communication with external organisations . 

Second , administrators shape not only the external environment , but also 

the internal organisational structure .  Through shaping the internal 

structure of research organisations , the administrato rs affect  internal 

communication , and thus influence the Problem Solving stage of  work . 

This theory of  o rganisation is d iscussed more fully in Chapter 4 which 

also includes a s tatement of hypo theses  which are derived from the 

theory . 

LIMITATIONS OF THE STUDY 

Due to the limitation of resources necessary to carry out a large scale 

enquiry, it was decided to conduct an explorato ry case s tudy which aimed 

at testing the applicability of the theories c onstruc ted in one 

particular complex research o rganisation a government research 

laboratory. Characteris tics of  that o rganisation and its environment 

are outl ined in Chapter 2 .  

As a case study approach is limited , some interesting derivations from 

the theories could not be investigated and are , therefo re ,  subj ects fo r 
' 

further  enquiry . For example , the effects of d ifferent ext ernal 

organisational influences on the struc ture of research o rganisations 

were not examined . 

Thus , this study aims to explore plausible relations between variables 
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in an attempt to test and develop theories about wo rk patterns , wo rk 

organisations , and the effects  of  these organisations on the wo rk 

patterns . 

SUMMARY AND OUTLINE OF THE THESIS 

This  study concerns an aspect  of the process of knowledge development . 

Unlike rec ent stud ies in the so ciology o f  sc ience , however ,  i t  

investigates the work patterns of  "knowledge developers" ( problem 

so lvers ) , and the effects  their employing organisations have  on them . 

The thesis was logically divided· to deal with two problems : 

( i ) Problem I :  the social construc tion of work patterns , and 

( ii ) Problem II : the effects of  research o rganisations on these 

work patterns . 

Chapters 3 ,  5 . I ,  and 6 address Problem I .  Chapters 4 ,  5 . I I ,  and 7 

address Problem II . The organisation of the thesis is il lustrated by 

the fo llowing diagram : 
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SUMMARY AND 

CONCLUSIONS 
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The present research is a case study which attempts to test the utility 

of  theoretical frameworks developed to desc ribe and explain so cial 

processes in a research o rganisation .  The focal organisation was a 

research divis ion of a government department . A desc ription of this 

organisation , a necessary preface to the elaboration of relevant 

theoretical and methodological matters , follows in the next chapter . 
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NOTES 

[ 1 ] Al though changing over time , it can be assumed that at any one 
particular t ime  such a hierarchy exists ( Hagstrom 1 96 5 , Hargens 
1 975 , Gieryn 1 978 ) , and consists of c oncepts such as the fo llowing : 

Research area �spOcial ty >Discipl ine jscience 

[ 2 ] The internalists  attempt to map out knowledge development by 
fo cusing on factors internal to the sc ientific community . The 
externalists  look at the relationship between the sc ientific 
community and other institutions in the so ciety ; they examine the 
effects  of the context of sc ientific activity on that activity and 
their  product :  knowledge d evelopment . Thus , the distinction between 
internalist and externalist  l iterature in the so cio logy o f  sc ience 
is akin to the distinction between closed and open perspectives 
employed in the sociology o f  o rganisations ( see Chapter 4 ) . 

The classification of literature in so ciology 
ext ernalist  and internalist  should not be confused 
external and internal ( as used in Chapter 3 )  which 
and extra- organisational sources o f  communication . 

o f  sc ience into 
with categories 

concern intra-

[ 3 ] In this study , " parad igms" refer ( in Kuhn ' s 1 970 s ense) to cognitive 
rules , set  out by the proponents o f  a particular perspe ctive , which 
d etermine the relevant problems fo r investigation , suitable 
techniques fo r solution of  the problems , and the acceptability o f  
the resul ts .  The proponents o f  a perspective  whose  rul es are 
recognised and complied with , are frequently t ermed the " invisible  
college" o f  that perspective  ( Price 1 969a , Crane 1 972 ) . 

[ 4 ] This is rather surprising , s ince the internalist  tradi tion in the 
so ciology o f  sc ience emerged from investigating scientists in their 
organisations ( Ben-David 1 97 1 , Ben-David and Sullivan 1 975 ) . 
However ,  in the late sixties , the main attention in that tradition 
has shifted to exploring the so cial and cognitive  developments 
wi thin the sc ientific community as a whole , and the investigating 
of work organisations o f  sc ientists and engineers has become 
absorbed in the general area of management stud ies  ( Ben-David 1 97 1 , 
Ben-David 1 978 : 202) . In turn , literature in the management studies 
of sc ience lacks an ove rall perspective which would explain 
frequently contradictory repo rted findings ( see Chapters 3 and 4 ) . 

[ 5 ] As Whitley ( 1 977 : 23 )  pointed out , the internalist 
development theory implied : 

knowl edge 
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"1 Perfect  1 labour and produc t markets • • •  so that asid e from 
the benevolent s tate providing adequate  facilities and s taff 
there are no collective entities impeding the free flow o f  
information , men and materials . "  

A similar c ri ticism o f  the internalist theory 
development was advanced by Gaston ( 1 975 ) . 

Surely , knowledge "ut ilisation" entails also the 
knowledge and its accommodation into the goods 
so ciety at l arge . Therefore , it can be expected 
society is l ikely to affect  knowledge development . 

o f  knowledge 

acceptance of  
and services in 

that , in turn , 

[ 6 ] Symbiotic relationships which d enote  a mutual depend ence between 
unlike units  ( Hawley 1 950 ) , indicate that the relationships between 
sc ience and other institutions are j us t  as impo rtant as the 
relationships wi thin sc ience and the sc ientific community i tself .  It  
is  suggested that sc ience is "nested "  in so ciety . 

[ 7 ] Mench ( 1 974 )  who studied the relationship between sc ience and its 
util isation in indus try noted that the lag varies between 1 to 1 00 
years . Although he found the lag sho rtening in the present c entury , 
he explained this by e ffo rts o f  thos e  industries that are in their 
existence fully dependent on sc ience ( such as electronics ) . 

[ 8 ] The environment of innovation was d efined in terms of  four maj or 
classes of actors ( the professional community , the organisation , the 
client communities , and the po litical system - see Chapter  4 ) . As 
defined in this study ( and literature on technology t ransfer) , the 
environment of innovation excludes  cul ture , family and o ther 
impo rtant social factors o ther definitions may includ e .  

[9 ] For explanation o f  the terms used , s e e  Chapter 3 .  

[ 1 0 ] Fo r explanation of the terms used , see Chapter 4 .  
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CHAPTER 2 

DESCRIPTION OF THE RESEARCH ORGANISATION STUD IED AND ITS ENVIROill1ENT 

The research o rganisation which is the subj ect of the present research 

is one of the 22 divisions of  the Department of Scientific and 

Industrial Research (DSIR ) , a government d epartment . This particular 

Division is engaged in agricul tural and biological research . I ts  

relevant environment consists of  o ther organisations in  Agricul tural and 

Biological ( A  & B) research in New Zealand and overseas , organisations 

in agricultural extension and the farming community in New Zealand 

( clients in the economy) , and the New Zealand political sys tem ( see  

Chapter  4 ) . Other salient feature of this environment are discussed 

below by way of providing an outline of  the New Zealand situation [ 1 ] . 

A recent cross-national survey o f  expenditure and manpower utilisation 

in science ( OECD 1 979 ) repo rted that , compared with most o ther OECD 

countries surveyed : 

( i ) more research in New Zealand was financed by the 

government , 

( ii )  more research in New Zealand �as carried out in government 

laboratories , and 

( iii )  a greater proportion of monetary and manpower resources 

were spent on A & B research . 
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These characteristics reflect  the fac t  that agricul ture occupies  a 

central place in New Zealand ' s economy and , as well , substantiate the 

need to investigate the patterns of work in government laboratories 

engaged in A & B research . This  is  further evidenced ·by sugges tions 

that there is much room fo r improvement in the implementation of  

sc ientific advances o f  A & B research in the economy ( Crouch and Chamala 

1 975 , Cal laghan 1 957 , Squire and Hughes 1 973 , Atkinson 1 976 ) . 

Broadly speaking , government expendi ture on A & B research is allocated 

upon the advice of  the National Research Adviso ry Council ( NRAC) , among 

33 maj or A & B research o rganisations [ 2 ] . Of these A & B 

organisations , 23 are research d ivisions of four government departments ; 

o thers are research associations o r  institutes . The maj or  research 

o rganisations , which are located in several centres , administer a large 

number of  experimental stations , as well as substations which are spread 

throughout New Zealand ( see a map shown in Chapter 7 ) . The 1 0  divisions 

of the DSIR engaged in A & B research constitute about 30% of the maj or 

research o rganisations in that area of research . 

The DSIR consists o f  22 divisions and is , therefo re ,  the largest 

research " organisation" in New Zealand . Al though its Head Office 

controls the allocation of resources ( both material and human) and 

regulates patterns of  expenditure and staffing , control of  proj ects is 

delegated to the individual divisions ( Robertson 1 972 , 1 973 ) . The 

divisions can thus be viewed as a cluster of semi- independ ent research 

organisations , which are integrated under the umbrella of the DSIR . 

Thus , whil e the Division which was the subj ect of the present research 
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was considered as a research o rganisation ,  all other div isions o f  the 

DSIR , the Head Office of the DSIR and all o ther relevant o rganisations 

in the sc ientific community , agricul tural extension , the farming 

community and the po litical system were consid ered to be part of the 

o rganisational environment of the research o rganisation in focus . 

The rest  of  this chapter outl ines the characteristics o f  this research 

organisation . In particular , it deals wi th : 

( i ) some characteristics of  the organisation in comparison wi th 

some research o rganisations in New Zealand and overseas ; 

( ii ) characteristics o f  the members of the organisation which 

were derived from info rmation collected through two 

que stionnaires ; and 

( iii) an overview o f  the " proj ects"  being undertaken by workers in 

the organisation . 

COMPARATIVE FEATURES OF THE ORGANISATION 

The main charac teristics o f  the research o rganisation were assessed by 

focusing on the history ,  size , age and education struc tures o f  the 

organisation and comparing these  with other organisations which have  

been studied in similar  research overseas , and with the 33 research 

o rganisations engaged in A & B research in New Zealand . 

The find ings o f  this aspect  of  the research are summarised in Table 2 . 1 . 

In terms of  the selected characteristics , the o rganisation s tudied here 

appears , in many respects , to be unique rather than typical . 



Table 2 . 1 
Charact eristics o f  the organisation s tudied compared with 

o ther research o rganisations * 

Selected charact eristics 

Relative typicality ( 1 )  

a Number o f  sc ientists in 
an administrative unit  

b Arrangement into sections 

c History marked by turbu­
lence , challenges , and 
achievements 

Relative  uniqueness ( 2 )  

a Small number o f  sc ientists  # 

b Large number of  sc ientists in a 
geographical local i ty 

c Small ratio of sc ientists to 
science technicians ** 

d Fast  growth 1 970- 1 977 ** 

e Recent changes in the thrust o f  
ac tivities 

f Responsibility to maintain and 
develop a large scal e  national 
technological facility 

g Young mean age and age distribu­
tion of sc ientists ## 

2 1  

h Old mean age and age distribution 
of sc ience technicians ## 

i Low educational attainment by 
science technicians and high 
educational attainment by 
scientists ## ** 

j No substations 

* Unless  o therwise stated , the organisations includ ed in the 
comparison were the maj or  research o rganisations in A & B research 

in New Zealand 
( 1 ) Relat ive  typicality was d efined as a closeness to an average 
( 2 )  Relat ive  uniqueness was defined as a deviation from average 

** The uniqueness  was greater than the mean + 1 S .D .  
# In comparison wi th previous studies overseas 

## In comparison with o ther divisions of the DSIR only . 
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A brief history 

Although its o rigins can be t raced to a pos t  World War II  section in one 

DSIR d ivision , the research organisation studied became a D ivision of 

the DSIR on April 1 s t 1 962 , wi th the staff of 1 6  ( Atkinson 

1 976 : 1 23- 1 24 ) . 

The upgrading of  DSIR sections to divisional status as well  as their 

subsequent d evelopments can be said to  be the his to ries  o f  the 

D irectors of the divisions ( Atkinson passim , but especial ly Chapter 7 ,  

Cameron 1 974 ) . In the main , histories o f  these d ivisions have been 

characterised by turbulence , challenges and also achievements . These 

were certainly features of the history of the organisation which was the 

fo cus of the present research . 

The key to the development of  the Division was the building of a 

national technological facility worth over a million dollars ; 

spe cifically a complex of controlled Climate Rooms . Although these  were 

offic ial ly completed for the Royal visit in 1 970 , the tables of yearly 

use indicate that the use of the Climate Rooms as a nat ional facility 

did not properly begin until 1 973 ( Warrington 1 973 , Hardacre 1 975 ) . A 

process of  development which has in a number of important respects been 

plagued by problems over the years has , some seventeen years later , 

become a research facili ty which has a better perfo rmance than similar 

laborato ries overseas ( Warrington 1 974 : 1 8 , Atkinson 1 976 : 1 24 ) . This  

achievement was mainly the resul t o f  the perseverance and determination 

of the Director .  However , other staff also contributed to the final 

success by deploying their  special skills and indeed their physical 
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labour to the tasks at hand . 

For the scientists and sc ience technicians working in the Division , the 

" productive role" of the o rganisation began only upon the completion of  

the facility , following a radical change in the organisation ' s  fo rmal 

struc ture , and a change in the Direc torship .  

Thus , the history o f  the organisation investigated in  the present 

research differed from the histories o f  o ther DSIR d ivisions in that its  

full development involved : 

( i)  construction of  a large scal e  national facility , 

( ii)  comparatively recent adoption of  a productive role , and 

( iii)  fairly recent radical change in formal struc ture . 

In these respects , the organisation studied was unique . 

Size 

The organisation was regarded as small by the respondents and Head 

Office  personnel . Of the 54 people surveyed , 28 were sc ientists , 23 

science technicians , and 3 members of  the administrative staff . 

In relation to organisations investigated in similar stud ies overs eas , 

the size was indeed smal l .  The average size of o rganisations s tud�ed 

previously was 1 24 professionals ( Allen 1 977 : 1 46 ,  Hall 1 974 ) . 

However , in relation to the 33 A & B research organisations in New 

Zealand , the picture is not as s imple . Because , unlike other DSIR 

divisions , the organisation studied had no substations , i t  is 
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instruc tive to c onsid er  the sizes of o rganisations as  administrative 

and geographical units . ( The fo rmer includes all staff on payroll ; the 

latter focuses  on the c oncentration of staff in the maj or  locality . )  As 

an administrative unit , the o rganisation stud ied was fairly typical of  A 

& B research organisations in New Zealand : 28 scientists  c ompared with 

med ian 27 . 9  scientists  o f  all o rganisations compared . However , the 

organisation studied concentrated more sc ientists in one locality than 

did a maj ority o f  all the organisations compared : 28 sci entists compared 

with the median of 20 . 8  scientists . 

Rate of  growth 

In terms of  the increases o f  the staff levels between 1 970 and 1 977 , the 

organisation studied was the fastest  g rowing A & B d ivision of the DSIR ; 

moreover , it was among the three fastest growing A & B research 

organisations in New Zealand . 

Ratio be tween sc ience technicians and scientists 

By 1 977 the Division was one of  two organisations wi th the lowest ratio 

between sc ience technic ians and scientists . In comparison with o ther 

divisions of  the DSIR ,  there were fewer sc ienc e technicians per 

sc ientist  ( 0 . 6  compared with the mean ratio of  1 . 1 8 ) . 

Age struc ture 

Because of d ifficul ties in locating the appropriate figures for all A & 

B research o rganisations , the age structure was c ompared with A & B 

divisions of  the DSIR only. 
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Not only were the sc ientists in the organisation studied younger  on 

average ( 3 1  . 5  years c ompared with 38 . 2  mean years for all A & B 

divisions ) , but a study o f  the distribution of  age groups indicated that 

the overall age s truc ture was younger  than in o ther A & B d ivisions o f  

the DSIR .  

The age struc ture o f  sc ience technicians was , however ,  the oppo site  o f  

the pattern found for sc ientists . Science technicians in the 

organisation s tud ied were on average older than sc ience technic ians in 

all A & B d ivisions of the DSIR ( 3 5 . 4  years c ompared with 33 . 6  mean 

years ) . 

Staff qualifications 

In 1 977 , 64% of  sc ientists in the organisation stud ied had doctorates . 

This  was the third highest propo rtion of doctorates in the A & B 

divisions ( the mean was 47% ) , and among the top quarter of  al l 

organisations considered ( the mean was 45 . 4% ) . 

Science technic ians , on the contrary , had the lowest propo rtion of 

peo ple with certificates or degrees , compared with o ther A & B divisions 

of  the DSIR ( 1 1 %  as compared with the mean of  3 1  . 9% ) . 

OTHER SOC IO-POLITICAL CHARACTERISTICS 

In this s tudy , some so cio-political characteristics of  the 

organisational members were examined . These characteristics were 

studied in relation to the four maj or classes of ac tors : 
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A .  the professional community , 

B .  the organisation , 

c .  the c lient c ommunities , and 

D .  the political sys tem . 

The characteristics s tudied can be d ivided into three maj or categories : 

( i ) pas t  experi ence ( in A , B , C ,D ) , 

( ii )  soc ial " centrali ty"  of  the members ( in A , B , C ,D ) , and 

( iii )  attitudes ( toward A , B , C ,D ) . 

This sec tion of the chapter presents desc riptive  statistics o f  aggregate 

data on the characteristics in each of the above categories , o ther than 

tho se reported later in the maj or analyse s .  

Work related past  experience 

About 20% of the respondents attained their highest secondary education 

( usually UE or  its equivalent) overseas , and 40% each in the North and 

South Is land of New Zealand . Respondents educated in the North Island 

went to schools spread throughout the island ; a large number of  those  

educated in  secondary schools in  the South Island went to schools in 

Nelson . 

About 25% of  the respondents had Bachelor ' s degrees , 1 8% Master ' s ,  and 

37% had PhD ; about 20% were ho lders of  c ertificates and diplomas . 

Al though approximately a quarter of the respondents completed their 

highes t  tertiary education overseas , the largest single group ( 36%) did 

so at Massey University , New Zealand . 
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Typically the respondents had worked on average six years in the 

D ivision under  investigation; however , the median length of employment 

was five years and the mode three years . 

About two-thirds  o f  �he respondents were born in New Zealand . The next 

largest groups came from the UK ( 1 6% )  and the Netherlands (8% ) . On 

averag e ,  the respondents were brought up in cities ( places wi th 

po pulation sizes between 20 , 000 - 1 00 , 000 persons ) ; and in lower-middle  

class families .  

Wh ilst  about 6 5% o f  the respondents had a farming experience of l ess  

than one year , 1 0% had between one and five years o f  such experience ,  

and about 25% had farm expe rience of  longer than 1 0  years . 

The average age of respondents was 3 1 . 5  years . Typical ly ,  respondents 

were married , wi tH semi-professional or  professional working spouses , 

and with one child .  

Centrality o f  the respondents in  the four systems ( professional , 

organisational , client , and political ) 

The centrality of  the organisational members in the organisation 

includes the person ' s  placement in the communication netwo rks , fo rmal 

structure , pattern of  decision making , colleague netwo rk , info rmal 

network and the meri t list . All these characteristics are fully 

analys ed in the main analysis and need not to be discussed here . 

In the pro fessional community , the respondents were , on average , members 

o f  one professional society . About 1 0% of the respondents we re members 
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of  four or  more of  these so cieties . However , only 1 5% of  the 

respondents had held some elected office in these societies in the past  

three years . 

Whil st the respondents normally attended about two conferences in the 

pas t  three years , almos t  30% did not attend any . At the o ther extreme , 

1 4% of respondents went to more than six . About 80% of  the conferences 

attended were held in New Zealand ; o thers were in Australia , the United 

Kingdom and North America . 

In comparison with attendance at professional conferences , only 1 0% of  

the respondents participated in meetings wi th persons in  agricul tural 

extension , and 1 2% in meetings wi th the farming community . 

A vast  majority ( over 80% ) belonged to two voluntary associations in the 

local community . About 60% also held office in these o rganisations . 

These figures suggest that the respondents were fairly active in the 

local community ;  however ,  the maj ority of them went to public meetings 

only " sometimes " .  

The highest  po litical vo ting preference expressed by respo ndents was fo r 

the Labour Party , though the preference was , on average ,  weak . 

Attitudes towards the four systems 

The major  tool for assessing the respondent s '  attitudes toward the four 

systems was the Orientations Test which is desc ribed elsewhere in this 

report ( Chapt ers 4 ,  5 ,  and 7 ) . 

Four other attitudinal tes ts were carried out . The first studied the 
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respondents '  attitudes  toward the l ikely users of  their work . As might 

be expected , the respondents consid ered that the most likely users of  

their work would be sc ientists [ 3 ] . Agricul tural extension personnel and 

persons in the farming community .were not ,  in the main , considered to be 

likely users [ 4 ] . 

The second test addressed team work , the third responsibilities o f  

persons occupying high adminis trative po sitions and the fourth s tudied 

the respondents ' views o f  their organisation . The results o f  these 

tests are d escribed below because they represent a summary s tatement o f  

respond ents ' preferences regarding the struc ture of  their work and 

organisation. 

Attitudes toward team work 

Most respondents ( 95% )  prefer to work in teams rather than alone . 

Diagrams 2 . 1 and 2 . 11 summarise the observed mean preferences fo r a team 

approach to the organisation and the composition of  work t eams , 

respec tively [ 5 ] . 

Both d iagrams show little difference in preferences  expressed by 

sc ientists and science technicians . The differences which we re obse rved 

can be attributed to the indifference of sc ience technicians rather than 

to differing points of view . 

As shown in Diagram 2 .  I ,  the respondents prefer to work in " ad hoc"  

teams which would be set  up by a contributing member ,  irrespective  of  

whether the teams were set up  to so lve sc ientific or prac t ical 
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problems . 

The respondents did not wish to be located in any permanently 

established teams . 

The respondents expressed some caution in their response to the 

involvement of administrators in setting up research teams . The phrase 

" it depends "  perhaps best  desc ribes the hesitancy that characterised 

repl ies to this question .  

As shown in Diagram 2 . II ,  the preferred team member should be  of  

similar , if  not a higher degree of  competence and be , preferably , 

" compe tent" in a different research area to that o f  the team member . 

Persons in the agricul tural extension and the farming community were 

consid ered unsuitable fo r membership in " sc ientific " teams . They may 

well  be the suppliers of practical problems ( and this was highly valued 

by the respondents ) , but this appeared to be as far as any further 

exchanges of id eas should go . The respondents considered that client 

groups have no place in the so lving of the problems , nor are the resul ts 

of  sc ientific and technical work directed toward them . 

Roles of administrative po sitions 

Diagram 2 . II I  summarises attitudes toward people occupying the po sitions 

of Direc tor , section lead ers , and those  without administrative duties 

[ 6 ] . As shown in t�e diag ram , sc ientists and technicians see their role 

as reso lving work-related problems and organising their wo rk , whereas 

the role of  administrators , they considered , was to facilitate  

communication , contacts , and the provisions o f  other resources such as 
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space , equipment , funds and personnel . 

Respondents ' views of their organisation 

The examination of the respondents ' views of their organisation involved 

a test  based upon instruments developed by Cotgrove and Box ( 1 970 ) and 

Pearson ( 1 977 ) .  The resul ts are summarised in Table 2 . 2  [ 7 ] . 

The table shows that most of  the items included in the que stionnaire 

were considered important in the work of the respondent s . The 

respondents repo rted that the quality and quantity o f  human and material 

resources ,  which c an be reasonably easily manipulated to ends  d esired by 

the individuals and recognised and rewarded by the organisation , to be 

most important . The " external relations " , particularly wi th the economy 

were considered by respondents to be least important . 

Two fac tors which were between the two extremes  addressed 

" administrative procedures " ( Factor I I ) and " struc tural relations at 

DSIR" ( Factor  I I I ) . 

Diagram 2 . IV shows the mean sc ores of  each item on the importance scal e ,  

plotted against mean sc ores on the satisfaction scal e .  
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Table 2 . 2  
Respond ents ' ranks on importance and satisfact ion scal es 

---------------------------------------------------------------------- 1 
I 

ITEM DESCRIPI'ION RI RS FACTOR MEAN se . + : 
I 

---------------------------------------------------------------------- 1 
1 7  

1 23* 
22 
24 
3* 

20 
4* 
1 

Relations between sc ientists  and 
sci ence technicians 1 

Qual ity & quantity of  suppo rt personnel 2 
Autonomy 3 
Qual ity & quantity of  material resources 4 
Sys t em of promotions and rewards 7 
Library sys tem 9 
DSIR  administrative  procedures 1 7  
Recruitment po licy 24 

2 
7 
4 
5 

26 
6 

25 
23 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 3 . 835  : 
s . d . = . 475 : 

I 
I 
I 
I 
I 
I 
I 

---------------------------------------------------------------------- 1 
1 9  
1 6 
26 

1 1 8* 
2 

33 
30 

Buildings : Interior 8 
Arrangement of sections 1 0  
Contact with NZ colleagues 1 1  
Buildings : General 1 3  
Salaries 1 6  
Feedback 1 8  
Opportunity t o  extend formal education 23 

8 
1 0  
1 6  
3 

20 
1 9 
1 3  

I 
I 
I 
I 
I 
I 
I 

I I  3 . 444 : 
s . d . = . 1 88 : 

I 
I 
I 
I 
I 

---------------------------------------------------------------------- 1 
32* 
1 4  
1 5  
3 1  
9 

2 1 * 
7* 

27* 
6 
5* 
8 

1 1 3  
I 

Opportunity to extend expe rience 
Size  

5 
6 

Arrangement of  po sitions 1 4  
Opportunity t o  attend conferences 1 5  
Relations between staff and centre off.  1 9  
Publication policy 
Relations between staff and ADG ' s 
Contact with overseas colleagues 
Head Offic e po licies on application 
Head Offic e forward planning and dir .  
Relations between staff and HO admin . 
Rece ptiveness  to public issue s 

20 
2 1  
22 
26 
27 
29 
30 

1 2 
1 

1 4  
1 1  
1 5 
9 

29 
33 
28 
30 
22 
21  

I I I  3 . 278 
s . d . = . 337 

I 
I 
I 
I 

1----------------------------------------------------------------------

l I 1 1 0  Relations between staff and other : 

25 
1 1  * 
1 2  
28 
29 

DSIR  divis ions 1 2  1 7  : 
Output by others 25 1 8  : 
Liaison with Agr .  Extension 28 32 IV 2 . 905 : 
Liaison with the Farming c ommunity 3 1  3 1  s . d . = . 377 : 
Contact with extension personnel 32 27 : 
Contact with farmers 33 24 : 

I 
---------------------------------------------------------------------- 1 

' 

Notes to the table are shown overleaf . • • . . • . . • . .  
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RI 
RS 
+ 

Items with a high d ifference between ranks on importance and 
satisfaction scal es 
Rank on the importance scal e  
Rank on the satisfact ion sc ale  

Mean of  all items which loaded highly on  the factor 
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Although the rating on the satisfact ion scal e  was , generally , lower than 

on the importance scal e ,  there was a high rank-order correlation between 

the two scales ( r  = . 74 ) . The less impo rtant an item ,  the g reater was 

the respondents '  dissatisfaction with the state of the item .  This means 

that respondents were reasonably satisfied with those  items which they 

considered important , and dissatisfied with the states of tho s e  items 

which they considered unimportant . Ex ceptions to this pattern are 

clearly visible  in Diagram 2 . IV ,  and are summarised in Table 2 . 3 .  

I 
I 
I RI* 1 . 
I 
I 
I 
I 
I 
I 

1 3  
20 
2 
5 
7 

1 7  
2 1  
22  
27 
28 

Table 2 . 3  
I tems with high differential between mean scores on importance 

and satisfaction scales 

I 
I 

ITEM DESCRIPI'ION IMPORTANCE SATISFACTION J 
SCORE SCORE I 

I 
I 
I 
I 
I 

1 8  Buildings : general medium high I 
I 

2 1  Publication policy low high I 

23 Suppo rt personnel high medium 
32 Ex tend Experience high medium 
3 Rewards and Promotions high low 
4 HO administrative  procedures medium low 
7 Relations wi th ADG ' s low very low 

27 Contact with overseas colleague s low very low 
5 HO planning and direction low very low 

1 1  Liaison with Agr .  Extension low very low 

* Rank on the importance scale 

Relative to their  impo rtance , the respondent� seemed to have  been 

satisfied with the standard of accommodation and the sys tem of 
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publication po licies . ( They were also highly satisfied with the size of 

their  organisation . )  

The sc ores for quality and quantity of  support personnel and the 

opportunity to  extend experience , although considered reasonably 

satisfactory suggested that there was much room for improvement . 

The last s ix items in the table feature a score below " 3 "  which 

indicated dissatisfaction. These items covered the DSIR c ontext of  work 

and the relations between the o rganisation and the economy . 

concerning 

( excluding 

the administrative  sys tem 

salary) was considered 

of 

very 

rewards and 

important , 

An item 

promotions 

but very 

unsatisfactory .  This  finding clearly has significant po licy 

implications [ 8 ] . 

OVERVIEW OF PROJECTS 

I now turn to a consid eration of the proj ects  under way wi thin the 

organisation . Table 2 . 4  summarises the numbers of proj ects  repo rted on 

by the respondents in the study . 

In total , the respondents were involved in 454 proj ects . At the 

beginning of the study , the to tal number of proj ects was 322 . On 

average , each respondent was involved in 6 pro j ects , but the range was 1 

1 4  pro j ects . During the study , 1 32 pro j ects were added and 1 1 5 

terminated [ 9 ] . There was , then , a core of 207 proj ects which remained 

on the proj ect  schedule fo r the o rganisation throughout the s tudy .  
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Table 2 . 4  
Summary o f  proj ects  entered by the respondents 

Total Entries per 
No . o f  Respondent 

Entries 
X s . d .  range 

Entered at 28 . 4 . 1 977 322 6 . 0 3 . 1 2  1 - 1 4  
Added during study 1 32 2 . 4  3 . 09 0 - 1 4  
Concluded during study 91  1 . 7 2 . 36 0 - 1 0  
Dropped during study 24 0 . 4  1 . 23 0 - 7 

Total entered ( 1 +2 lines)  454 

All 454 pro jects entered by the respond ents were j ux taposed and 

overlayed . As a resul t ,  226 pro j ects  entered subsequent analysis  and 

are described below [ 1 0 ] . 

The proj ects  which were subsequently analysed can be desc ribed in terms 

of  the distinction between research , development and service types of  

work,  which has  been used frequently in previous studies ( Rosenbloom and 

Wolek 1 970 , Cotgrove and Box 1 970 , Whitl ey and Frost  1 973 ) . To avoid 

unnecessary complexity , however ,  this distinction was not used further 

in this study .  

Over 60% of  all  proj ects  were in  research , 1 2% in service activities and 

about 1 4% of proj ects  c oncerned developmental activities . Hyb rids ,  

which can be defined as proj ects in more than one maj or type of  

activity , accounted for about 1 0% of all proj ects  analysed . 
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Distribution of proj ect stages 

Diagram 2 . V shows that a maj ority of proj ects were at the Problem 

Solving stag e ;  the others , in desc ending o rder ,  were at the Idea 

Generation stage , the Concluding stage and the Proj ect Propo sal stag e .  

The data thus indicate that during the study there were more proj ects at 

the pre-problem so lving stages than there were at the concluding stag e .  

Thus over the course o f  the present research , there appeared to b e  no 

apparent problems in replacing a c oncluded proj e ct with a new one . 

The fac t  that the Proj ec t  Proposal stage appeared the l east number of 

times indicates that during the course of the research , there was l ikely 

to be a low degree of rigorous fo rmal control over  the work o f  the 

respondents .  This lack o f  fo rmal control of proj ects was confirmed in 

interviews [ 1 1  ] • 

Pro j ect  characteristics in terms o f  facilities used 

Diagram 2 . VI shows an overal l bias toward the use of  specialised 

in-house equipment . This equipment was used more ext ensively than any 

other class of  maj or  facilitie s .  

leas t .  

The use o f  farm plo ts featured the 

Characteristics  of proj ects in terms of communications 

On averag e ,  4 . 7 items of info rmation were introduced into the wo rk fo r 

each proj ec t .  This level of commun ication input was similar fo r the wo rk 

of all o ccupational groups , persons working in different types of  

activities ( research , development , s ervice ) , and " work areas " which we re 
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examined in the Information Flow Questionnaires ( Appendix A ) . This 

ind icates that where the work o f  o rganisational members is 

conceptualised in terms of problem solving activities ( whatever the type 

of problem so lving act ivities) , people  are likely to require a s imilar 

degree of information to carry out their work . This  po int , which is 

contrary to the findings of previous stud ies , wi ll be explained later 

in Chapter 6 .  

The process of proj ects  

The resul ts from the present research suggest that the characterisation 

of proj ects as linear processes ( that is proceeding from IG to PP to PS 

to C stages)  was rather simplistic . During the study , only 24% of 

proj ec t  stages changed in a linear fashion , whereas 64% remained the 

same throughout the study and 0 . 6% were d ropped and reinstated later .  

Further , many proj ects  featured more than one stage .  Because proj ects  

had this dynamic quality ,  constraints were introduced into the present 

investigation which made  the analyses required more complex than had 

been expe cted at the outset . 

The results from an examination of the ratio between unchanged and 

changed statuses of pro j ect stages in terms of  communication input are 

shown in Diagram 2 . VI I . This d iagram repo rts the propo rtions between 

changed and unchanged statuses of the four stages . In response to 

communication input , there was a smoother transition of proj ects at the 

Proj ect  Propo sal and Conc lud ing stages , whereas a backlog of proj ects  

tended to  occur at  the Idea Generation and Problem Solving stages . Since 

there was no fo rmal control of proj ects , and there we re more id eas on 



CJl 
QJ OJJ m � Cli 
� 
CJ 
QJ . ...., 
0 
� 

p.. 

44 

Diagram 2 . VII 
Pro j e c t  s t ag e s : pr opo rt ions o f  c hang ed and unchanged proj e c t  s tage s  
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new pro j ects than there were proj ects c oncluded , the " problem"  area 

appears to be the Problem Solving stage .  There appears to be a need to 

aid the problem so lvers in the ac tual problem-solving activity , in order 

to overcome a work blockage .  

In  general , the use of  facilities did not change as proj ects changed 

from one stage  to another . Consequently , the role of facilities in the 

work of problem so lvers was not investigated further .  

SUMMARY AND CONCLUS ION 

This  chapter presented a desc ription of the o rganisation studied and 

briefly outl ined its environment . 

Al though the organisation studied appeared small in relation to 

organisations investigated in similar overseas s tudies , i ts  s ize did not 

differ significantly from other o rganisations engaged in Agricul tural 

and Biological ( A & B) research in New Zealand . The organisation 

investigated in the present research had , however , a g reater growth 

rate , a lower  ratio between sc ience technicians and sc ientists who were 

younger and better qualified , and an olde r ,  lower qualified population 

of science technic ians than analogous research organisations in New 

Zealand . The organisation studied appeared to be , in many respects , 

unique rather than typical . Infe rences based upon the findings of the 

study mus t , therefore , be d rawn with caution . 

Somewhat unexpec tedly , other findings showed that the members of  the 

organisation s tudied were brought up in cities , in lower middle class 
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families and , on average , had li ttl e direct farm experience .  

It appeared that the members were involved in professional and non-work 

related voluntary organisations ( more so in the latter than the former) , 

but cared littl e fo r participation in client communities and politics . 

Some of these points  were confirmed in an analysis of  the respondent s '  

attitudes . 

Whilst the client communities were seen as necessary to provide research 

problems , their representatives were consid ered to have no place  in the 

research teams . Also , members of client groups were not consid ered to 

be the likely users of the resul ts of the respondents ' work . The 

fo rmation of external relations wi th the client communities was 

considered to be the least important aspect  of work . These results 

appear to be consistent wi th administrative practices which simply tend 

to ignore these relations . 

Yet the respondents believe  that some liaison with client communities is 

essential ; moreover ,  they expressed some dissatisfaction with the 

practices of administrators in this matter . From the po int of view o f  

respondents ,  the role o f  administrators was construed a s  facil itating 

communication , contact s ,  and the use of resources , includ ing the 

elaboration of links wi th the client communities .  This  can ,  indeed , be 

expected because a review of  the innovation environment in New Zealand 

agricul ture is likely to indicate that a member of an A & B research 

o rganisation attempting to cooperate with actors in other classes is 

likely to face a maze of o rganisations and relations which are 

confounded by diverse conflict s .  
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The respondents saw their primary role  as the so lving of problems ; and 

they desired to carry out their tasks wi th as l ittl e administrative 

interference as possible . They also saw their  important role in setting 

up of  research teams ; and they desired flexible struc tures to do so . 

Overal l ,  respondents appeared to be generally satisfied with 

arrangements fo r matters which they thought were highly important . They 

were reasonably satisfied with the amount of autonomy they had and the 

availabili ty of human and material resources they needed to exercise the 

autonomous decisions which they wished to make in their  wo rk . They 

were , however , v ery dissatisfied with the administrative system of 

rewards and promotions which they regarded as a very important part of 

their work . 

The data indicated that respond ents were engaged in several proj ects , 

simultaneously . On average , the respondents were wo rking on six 

proj ects , with the maj ority of  these proj ects  at the Problem Solving 

stage .  The proj ects  under way at the t ime the present research was 

carried out featured an extensive  use of specialised in-house equipment . 

The transition of work from one s tage to another was more complex in the 

research setting of this s tudy than was anticipated . This  resul t 

represents a difficul ty which is not infrequently encountered , when an 

investigation seeks to map the " real " world . Nevertheless , there was 

evidence to suggest a relationship between communications input and 

proj ects . This relationship was s tudied more closely in the analyses  of 

the present research . 
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NOTES 

[ 1 ] For more details on each maj or class of actors see New Zealand 
Offic ial Yearbook , Agricul tural Statistics , Lloyd 1 974 ( for  some 
reviews of New Zealand ' s  agricul ture) ; Mclintock 1 96 6 : 1 3- 1 6 ,  Gibbs 
1 979 , Hercus 1 970 , Dale 1 979 , Gidley 1 977 , Squire and Hughes 1 973 
( for some reviews and bibliographies on agricul tural extension) ; 
Jackson 1 973 , Cleveland 1 972  ( for some reviews of the · New Zealand 
system of  government ) ; and Callaghan 1 957 , Atkinson 1 976 , Hoare 
1 976 , Dick  1 957  ( for some reviews of New Zealand ' s  s c ience and the 
relationship between the four c lasses of actors) . 

[ 2 ] For the purpose  of the comparisons carried out in this s tudy , any 
organisation in Agricul tural and Biological research noted in the 
List of Research Wo rkers in Agricul tural Sciences in the 
Commonweal th 1 978 and which was headed by a Director was c onsid ered 
a major A & B research organisation ( the list may thus differ from 
DSIR ' s  trad itional definition of  which d ivisions constitute the A & 
B sector) . 

[ 3 ] The mean attitude score was 3 . 2  on a scale 1 -5 ;  5 being the 
highest . 

[ 4 ] The mean attitude score was 2 . 4  on the same scal e  as in footnote 
[ 3 ] . 

[ 5 ] The instruments  and the scal es are shown in Questionnaire II , 
Ques tions 1 3a and 1 3b .  The tests  used were published in Glueck and 
Thorp ( 1 97 1 ) .  

[ 6 ] The ins truments and scales are shown in Questionnaire I I , Questions 
1 4  and 1 4a .  The tests were adapted from Glueck and Thorp ( 1 97 1 ) .  

[ 7 ] The instruments  are shown in Questionnaire III . Table 2 . 2  which 
summarises  the findings shows the number of each item ( co rresponding 
to the one in the questionnaire) and its  d escription , the rank o f  
each item on the importance and satisfaction sc al es and some 
desc riptions of the factor analysis which was carried out to find 
the dimensions of the importance scal e .  The items in the table are 
arranged in o rder of the factors . As terisked items are further 
discussed later in the text . 

The responses to the question reque sting the respondents to evaluate  
the importance of each item were factor analysed . A four factor 
Varimax solution was found interpret the data bes t .  

Whilst the use o f  factor analysis can b e  considered inappropriate 
here , it was used merely to group together " s imilar" items on an 
other than purely intuitive basis . The results were not used to 
make claims fo r theoretical nor methodological validi ty of the 
tests . 

[ 8] A detail ed analys is of responses of sc ientists and sc ience 
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technicians ( not shown here ) showed no s tatistically significant 
difference between the evaluations made by the two occupational 
groups . This  overall agreement then tends to confirm Hagstrom ' s 
( 1 96 5 )  no tion that sc ience technicians tend to adopt the norms  and 
values o f  sc ientists . The differences which were found indicated 
that sc ientists accentuated the need for an elaboration of  the 
external relations . Science technicians appeared to be more 
dissatisfied with the organisational and administrative procedures 
which . indicated that they were acutely aware that al though their 
attitudes  were s imilar to those  of sc ientists , the Public Service 
codes treat the two occupational groups d ifferently . 

[ 9 ] Of the 1 1 5  pro j ects  which were terminated during the study , 9 1  ( 79%) 
were concluded and only 24 ( 2 1 % )  were d ropped . Of these 24 dropped 
proj ects , 1 3  ( 54%) were terminated due to the departure of a team 
leader .  These changes affected only a small number of persons , but 
resul ted in extensive changes  in their wo rkloads . Eight proj ects 
( 33% )  were temporarily suspended due to pressure of  o ther wo rk , and 
two were transferred to o ther persons . One proj ect was d ropped 
because it was found to dupl icate the wo rk of another person wi thin 
the organisation . The reasons given fo r d ropping a proj ect  ind icate 
that , during the study , there were hardly any administrative 
" surgeries" on the work o f  the respondents . 

[ 1 0 ] Pro j ects in the areas of  administration and committees we re 
excluded from the analys is ;  pro j ects of  j oint nature were combined ; 
and o ther proj ects  which we re considered too trivial to be s tud ied 
separately were g rouped . 

[ 1 1 ] In  the past ,  there were two sys tems of fo rmal control of pro j ects 
( discussions at professional staff meetings and set up panels ) . 
Both systems were said to have  " fizzled out" . It was commented that 
while especial ly the firs t system was working , " it was good" . 
However , as so on as some propo sals were not discussed , the sys tem 
collapsed . As it  was put : " there is only one reason to have  
proposals  • •  ( to discuss them ) • •  no t to file them away in  a filing 
cabine t  • .  which is po intl ess" . The difficul ties wi th maintaining a 
fo rmal proj ect c ontrol system are ext ensive .  As suggested , " all 
staff are expe cted to submit propo sal s  to the Director concerning 
maj or proj ects" ( Triennial Review 1 978/79 : 5 ) . However , just what 
constitutes these maj or proj ects in view of the process of idea 
development outl ined in Chapter 3 is , understandably , problematic . 
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CHAPTER 3 

A THEORY OF WORK PATTERNS OF PROBLEM SOLVERS IN RESEARCH ORGANISATIONS 

This analysis o f  knowledge creation begins by looking at wo rk patterns 

of problem so lvers . 

A survey of relevant l iterature concerning the work of  sc ientists and 

engineers shows an inconclusive s tate of affairs . Because of the lack o f  

a sufficiently integrated perspective , the field features s tudies wi th 

contradictory findings and no theory which would reconcile these 

differences . 

explained . 

Hence , the various wo rk patterns are no t ad equately 

Research and development , the maj or types of work activities in research 

organisations , have been studied whilst  investigating both the wo rk o f  

sc ientists ( Merton 1 938 ,  Crane 1 972 , Storer 1 966 , Hagstrom 1 965 ) and 

indus trial sc ientists/engineers ( Allen et al 1 966 , Marquis and Allen 

1 966 , Marcson 1 960 , Strauss and Rainwater 1 962 , Kornhauser 1 962 ) . A 

major similari ty between otherwise different systems of wo rk ( Toulmin 

1 96 9 , Price  1 969b , Sklair 1 973 ) was found in problem-solving activities . 

Thi s  similarity i s  the s tarting point o f  analyses c arried out in this 

chapter .  In the present study , work patterns are considered in terms of 

problem-solving activities . People engaged in this type of  wo rk are 

simply termed problem so lvers . I will  argue that problem so lving take s 
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place in stages , and that each s tage in the problem-solving process  is  

charac terised by a specific fo rm of c ommunication. 

chapter looks a t :  

( i ) Stages o f  work , 

( ii ) Structure of communication , and 

Consequently , this 

( iii ) Relationships b etween the stages of wo rk and struc ture of  

communication . 

In this thesis , I attempt to provide a wider perspe ctive by trying to 

integrate the s tudy of work patterns of sc ientists and engineers wi th 

so ciological stud ies o f  the process of knowledge development . 

I begin with the notion of  work s tages . 

I .  WORK STAGES 

In the l iterature , problem-solving activity was considered as the 

formulating and solving of proj ects . The process was said to begin by 

some recognition of a problem or a research po ssibil ity that becomes 

defined , solved and concluded and finally either accepted or  rej ected by 

some users ( Johnston 1 974 , Myers and Marquis 1 96 9 ,  Go ldhar 1 974 , Gruber 

and Marquis 1 969 , Rao and Rao 1 973 , Frischmuth and Allen 1 969 ) . 

Thus , problem- solving act ivity was consid ered as a linear process which 

can be characterised in terms of four stages : 

( i) Idea Generation ( IG ) : a particular problem is defined in 

response to some need , or by the recognition that it is  
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technically feasible to solve an existing problem ( Go ldhar 

1 974 , Gruber and Marquis 1 969 , Langrish et al 1 972 ) . 

( ii )  Proj ec t  Proposal ( PP ) : occurs when the demand and the 

appropriate  technical approach are put together ( Go ldhar 

1 974) . 

( iii ) Probl em Solving ( PS ) : frequently termed the " puzzle- solving " 

stage ( Kuhn 1 970 , Johnston 1 974 ) , i t  consists of  the actual 

activities aimed to so lve or reso lve the initial problem 

( Gruber and Marquis 1 96 9 ,  Johnston 1 974) . 

( iv )  Concluding ( C ) :  the proj ect is  wound up and the resul ts 

( whether positive o r  negative)  " leave" the organisation . 

This may occur in various fo rms of " technical information" ; 

either as embodied in the crude s tate of id eas , o r  in the 

literature , or in hardware ( Johnston 1 974 : 78 ) . 

The linearity o f  the problem- solving process can be illustrated as 

fo llows : 

IDEA GENERATION -- > PROJECT  PROPOSAL --> PROBLEM SOLUTION --> CONCLUDING 
( I G ) ( PP ) ( PS ) ( C )  

Such a pattern typifies the problem-solving process in a s ingle proj ect . 

However , each problem so lver  may be involved in several proj ects 

simultaneously. Indeed , some researchers have  noted that because of the 

paramount importance which can be attributed to the choice of research 

problems ( Gieryn 1 978 , Zuckerman 1 978) , professional problem solvers 

tend to routinise their work by paying attention to several proj ects at 

the same time ( Hargens 1 975 ) . This then helps to reduce the po ssib il i ty 

of "disastrous frustration" which may occur when a " sc ientist  invests 
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all his intellectual and psychological resources in one research topic" 

( Stinchcombe quo ted by Hargens 1 975 : 60 ) . The overal l work pattern fo r 

any given problem so lver  can thus be  characterised as fo llows : 

AT TIME T 

PROJECT 1 I I IG  I pp - -> PS - -> c I - � -> 
PROJECT  2 IG I - � - > pp I - � -> PS - -> c 
PROJECT 3 IG -- >  pp - 1 -> PS I - � -> c 
PROJECT  4 IG --> PP --> PS - 1 -> c I 

I 

A problem so lver  may then be wo rking , s imul taneously , on the so lution of 

a number of proj ects ( PS stage) and preparing drafts of  one or  two 

papers with a view to publication ( C  s t age) . Another proj ect  wi th which 

s/he is involved my be awaiting a decision on funding ( the PP s tage ) ; 

further proj ects may s til l be in the process of fo rmulation ( the IG 

stag e) . 

The work o f  problem so lvers involved with several proj ects 

simultaneously is  l ikely to have a different struc ture from the 

" one-proj ec t"  situation . Whilst pas t  stud ies focused mainly on wo rk 

involving single  proj ects ( Baker et  al 1 967 , Fisher 1 979 ) , this study 

concerns the investigation of a wo rk organisation in which problem 

solvers are carrying out a number of proj ects , s imultaneously . The study 

thus re-examines the definition of problem-solving activities . In 

essence , I will  argue that problem-solving activities concern not only 

the processes o f  proj ects , but also a b roader issue : the development of  

work programmes wi thin which the processes of  proj ects take place . Even 

the " one-proj ec t "  si tua tions can be seen to be part of  a wo rk programme . 

In these instances , one proj ect fo llows another ;  a logical connection 

exists  between proj ect s .  Because previous investigations have general ly 
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neglected consid eration of  this issue , some contradictory find ings shown 

in the empirical studies completed to date could not be  explained . The 

argument is as fo llows . 

Because the involvement wi th several proj ects at any one t ime may mean 

that the cho ice of a research problem in one proj ect is  related to the 

choices of problems in other proj ects  [ 1 ] , it is possible to suggest 

that several proj ects , consisting of  several problems , are likely to 

form around a single work theme . Mo reover ,  several work themes are 

likely to to form the work programme of problem so lvers . Consequently , 

the work o f  problem so lvers can be  consid ered as the formation and 

development of  inter-related " ideas " . The struc ture of  these " ideas " is 

il lus trated in Diagram 3 . I . 

Diagram 3 .  I 
The s truc ture of id eas in the wo rk o f  problem solvers 
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In the above scheme , work programmes  refer  to the sum of  problem 

so lvers ' work activities which may consis t of  one or more wo rk themes . 

Work themes desc ribe those  id eas which denote work areas from which 

pro j ects are derived . Themes expand and decline in emphasis as the wo rk 
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interest s  of  problem so lvers change . Work proj ects are ideas in the 

form of specific tasks which are to be reso lved . They have a definite 

beginning and an end . Problems  are the smallest components of  work and 

address not  only the " problem "  investigated i n  a proj ect , but also the 

choice of theories , methodologies , the operatio� 

procedures for writing up resul ts ,  and so on
·
. [ 2 ] 

of instruments , 

Whereas the above concepts ad dress the struc ture of " ideas" at any one 

time , the present investigation fo cused on the processes of these 

" ideas " , over time .  The process of  proj ects  has already been discussed 

as occurring in four stages . Further concepts , however ,  need to be 

introduced to explicate the developments of wo rk themes and work 

programm es . ( Work problems we re discarded from analysis in this s tudy . )  

Mulkay ( et al 1 975 ) discussed work themes in terms of  three stages . A 

work theme is in either an exploratory ,  growth , o r  decline stage 

depend ing upon the quality and quanti ty o f  problem so lvers ' networks . 

Work programmes c an be consid ered us ing the life cycles  of  the problem 

so lvers ( Hill e t  al 1 974 , Hill  1 976 ) . For example , there is some 

evidence to suggest  that natural scientists achieve high produc tivity at  

about age 30 . 

However , for simplicity , I focus on "Work Programme Development ( WD )  " ,  

which is d efined as the process whereby the choice of  wo rk themes al ters 

the d irection of work programmes . This c oncept thus addresses the 

processes of work themes and work programmes from the po int of view of  

ind ividual problem so lvers . The present fo rmulation argues that Wo rk 

Programme Development is an important stage in the process of knowledge 
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cre ation , prior to and different from the stages  of  proj ects . It  

constitutes a metaphysical "weltanschauung" upon which al l proj ects are 

based . Although such "weltanschauung" includes what Kuhn ( 1 970 ) termed 

paradigms , it is  much more . It is what problem solvers c onsc iously and 

unconsciously consider parad igms , as well  as the resul ts of perceptions 

of developments in the so ciety at large . That research programmes 

within which research " problems" are selected , are affected by such 

"weltanschauung"  is also a conclusion recently reached by Crothers 

( 1 97 9 )  and Mulkay ( 1 979 ) .  For example , during the time in which the 

pres ent research was carried out , energy issues became paramount in New 

Zealand . Such d emands s trengthened some sc ientists ' willingness to 

further develop work themes related to energy farming . Another example 

involved a sc ientist  whose concern wi th the problem of fo od produc tion 

in third-world countries resul ted in his d etermination to study 

alternative supplies of those  fertil isers which would be " at a pric e the 

world could affo rd" . The actual studies were , of course , carried out 

within sc ientific parad igms . 

Later  in thi s  chapter I will show that the d efinition of the wo rk o f  

problem solvers , which includes the Work Programme Development stage , 

enables a theoretical reconciliation of some contradictory findings in 

the literature .  

In sum , I argue that Work Programme Developments and the various s tages  

of proj ects c onstitute the wo rk act ivities of  problem solvers who wo rk 

on a multipl icity of  proj ects . Thus , under this new fo rmulation , the 

process of these s tages of work can be illustrated as follows : 
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Stages of work 

Although for different proj ects d ifferent stages  occur simultaneously , 

and problem so lvers are likely to define and re-define the direction of 

their  work continuously , these s tages can logically be  considered as 
· ,  

categories which exclusively exhaust the work act ivities of  problem 

solvers ; they are s tages o f  work . 

Previous research has , however ,  focused mainly on the communication 

patterns of problem so lvers working on proj ects  at two maj or proj ect  

stages : Idea Generation , and Problem Solving . For s implicity , this 

study did so too ; the two other s tages  in the processes of proj ects  

( Proj ec t  Proposal and Concluding stages)  were discarded from analyses . 

The focus of  this study was thus on three wo rk stages , as il lustrated 

below.  

Work Programme Development --> Idea Generation - -> Problem Solving 

WD IG PS 

II . STRUCTURE OF COMMUNICATION 

Having discuss ed the s tages of wo rk , this section of the theoretical 

formulation examines the importance of communication in the wo rk 

activities o f  problem so lvers and addresses the struc ture of such 

communication . In the next section I will suggest that each stage of 

work is l ikely to be asso ciated with a particular s truc ture pf 

communication . 
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Because of the complexity inherent in the discussion of c ommunications , 

the analysis is d iv ided into four sections : 

( i )  An introduction to the notion of " info nnation matrix " , 

( ii )  The definit ion of " significant info nnation" which comprises 

the information matrix , 

( iii )  The structure of the infonnation matrix , and 

( iv ) A d iscussion of the dimens ions of  the info rmation matrix 

adopted in this investigation. 

1 .  INTRODUCTION 

Each stage of work evolves on the basis of c ommunication . 

When the Work Programmes are being fonnulated , decisions on what themes 

are to be explored are l ikely to depend upon problem solvers ' 

interpretation of events in their environment ( Mullins 1 973 , Mulkay et  

al 1 97 5 ) . 

At the Idea Generation stage , a proj ect can be generated by e ither of 

two communicated stimulii : awareness of  either a problem or  of a 

technology . 

A Pro j ec t  Propo sal  cannot be  fo nnulated without communication about both 

the problem and the technology to be employed .  

At the Problem Solv ing stage , previous studies found that the higher 

the number of al ternatives c onsid ered , the higher was the proj ects ' 

success rate ( Allen 1 969 ) . Such alternat ives were consid ered fo llowing 
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communications of their existence . I t  is also  generally accepted that 

as new information comes to hand , the Problem Solving stage involves a 

redefinition of the initial problem ( Johnston 1 974 : 80 ) . 

Even at the Concluding stag e ,  the appropriate fo rmat fo r presenting 

resul ts needs to be the subj ect of communication , because the 

requi rements  of d ifferent j ournals may vary . 

Thus , each s tage occurs in an information environment which affects  it . 

This environment c an be mapped . To avo id confusion which may a rise out 

of using the concepts of " information environment" and " o rganisational 

environment" , the info rmation environment will be termed " info rmation 

matrix" ( Johnston 1 974 ) . 

The next two sections examine what c onstitutes the info rmation �atrix 

and its struc ture . 

2 .  DEFINITION OF SIGNIFICANT INFORMATION 

Goldhar ( 1 974 )  defined the info rmation matrix as fo llows : 

" • • •  the enti re process of  a proj ect can be defined as an 
" organisation" of many d iverse  bi ts and pieces of  both new and 
existing technical and market info rmation . "  

A similar , but in some respects l ess satisfactory , definition was 

advanced also by Johns ton ( 1 974 : 80 ) . 

The definition indicates that the info rmation matrix consists o f  new and 

ex ist ing info rmation; that is info rmation newly communicated to the 
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problem so lvers , as well  as info rmation problem solvers already 

possess . This study fo cuses  only on info rmation newly communicated to 

the problem so lvers because this is  the info rmation found to be most 

directly influential on their  work . As previous studies indicated , 

knowledge  which problem so lvers al ready po ssess tends to influence only 

their preparedness to seek and consider various info rmation stimulii  

( Allen and Marquis 1 964 , Allen et al  1 968) . 

The definition also points out what kind of info rmation counts . This is 

of  a fundamental methodological impo rtance . One may imagine that the 

info rmation matrix comprises "bits and pieces" of  info rmation which are 

in the environment of problem so lvers . This means that info rmation given 

by a pe rson can be seen as the sufficient condi tion fo r that info rmation 

to belong to the info rmation matrix . Many previous studies partially 

constructed the info rmation matrix of problem solvers investigated on 

such a basis ( Allen and Cohen 1 969 , Shotwell 1 97 1 , Frost  and Whitl ey 

1 972 , Hall 1 9� + ) . In these  studies , the criterion fo r accepting a piece 

of info rmation into the info rmation matrix was that the exchange of 

information was mutually acknowledged by both its  sender  and receiver .  

However ,  Goldhar ( 1 974)  and Johnston ( 1 974)  suggest that the info rmation 

which counts is that which is pe rceived as s ignificant by the problem 

solvers , that is  the receivers , alone . It is  the info rmation that is 

" orga'nised " by the problem so lvers which is important , whether o r  not 

its giver was consc ious of  giving i t .  As Rodgers ( 1 95 1  : 503 ) noted in a 

textbook o f  social psychology : 

"As expe riences occur in the life of individual , they are either 
( a) symbolised , perceived and organised into some relation to 
self , or ( b) ignored , because there is no perceived relationship 



to the self-structure , o r  ( c) denied symbolisation , o r  given a 
distorted symbolisation , because the experience is inconsistent 
wi th the s truc ture of the self . "  

6 1  

Thus , i n  this s tudy , the info rmation matrix was cons truc ted on the basis 

of significant information , that is info rmation which problem solvers 

considered likely to influence their work [ 3 ] . In testing the theory o f  

work patterns advanced i n  this chapter , significant info rmation was 

treated as the unit  of  analysis . 

3 .  STRUCTURE OF THE INFORMATION MATRIX 

Information items in the info rmation matrix differ al ong several 

dimensions . Having determined what c onsti tutes the info rmation items , 

I now turn to discuss the s truc ture of the info rmation matrix . I begin 

by reviewing stud ies which have  investigated communication among problem 

so lvers , be cause these are the most relevant fo r the problem at hand . 

Early s tud ies of  the patterns of communication among problem problems 

were succinctly summed up by Burns ( 1 969 : 43 )  in his apho rism " The 

mechanism of technological ( information) transfer is one of agents , not 

agencies" . Info rmation exchanges  were most efficient , he suggested , in 

oral and in info rmal circumstances . Recent research is summarised in 

Table 3 . 1 . 

The table shows that the info rmation matrix is a complex phenomenon 

which c onsists of many dimensions ; it  entails the whole process of 

communication . 
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Table 3 . 1  
Summary of  research on communication among 

problem so lvers 

Studies 

Allen 1 966 , 1 968 , 1 977 , Allen 
and Cohen 1 96 9 , Frost and 
Whitley 1 97 1 , Whitley and 
Frost  1 973 , Utte rback 1 97 1 , 
Baker et al 1 96 7 ,  Hall 1 974 

Johnston and Gibbons 1 975 , 
Hagstrom 1 96 5 , Menzel 1 970 , 
Sho t well 1 97 1 

Myers and Marquis 1 969 , 
1 Wal sh and Baker 1 972 , 

Pruthi and Nagpaul 1 978 , 
Johns ton and Gibbons 1 975 , 
Kat z  and Tushman 1 979 

Wal sh and Baker 1 972 , 
Hall 1 974 

Myers 1 970 , Ro thwell and 
and Robertson 1 973 , 
Hall  1 974 

Wolek 1 970 

Maj or 
Variables 
Considered 

sources 
of 

info rmation 

" 

types 
of 

info rmation 

ci rcumstances 
of transfer 

mode of 
transfer 

I 
I 
I 
I 
I 
I 
I 
I 

info rmation l 
complexity l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Findings 

Internal oral sources 
are general ly more 
important than 
external oral or  
written sources  

External oral and 
written sources are more 
important than internal 
sources 

administrative types 
of info rmation are 
important ; previous 
other studies c ited 
above fo cused on tech­
nical type of info r­
mation alone 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Formal circumstances l 
( meetings )  are important l 
Other stud ies over- l 
emphasised importance of l 
info rmal circumstances  l 

I 
I 

Both active  and passive  l 
modes of  transfer found 
important . Other s tudies 
fail ed to differentiate 
( see also under  proj ect  
stages)  

The greater the info . 
complexity ,  the g reater 
the use of o ral sources ; l 
the lesser such c omplex . J 
the greater the use of l 
sources written l 

continued overleaf 

I 
I 
I 
I 
I ------------------------------------------------------------------------- 1 
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I 
I 
I 
I 
I 

Studies i 
I 

Major 
Variables 
Consid ered 
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Findings 
------------------------------ 1-------------------------------------------

1 
Myers 1 970 , Utte rback 1 97 1 , i 
shown also in Ro thwell and i 
Robertson 1 973 , Fisher i 
1 �9 i 

Baker et al 1 967 

Pelz and Andrews 1 966 , 
1 Smith 1 970 , Kat z  and 

Tushman 1 979 , Connolly 1 97 5 ,  
Conra th 1 973 , Johns ton and i 
Gibbons 1 975  i 

I 
I 

Fisher 1 979 i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

proj ect 
stages  

" 

target  of  
info rmation 

( task 
complexi ty* ) 

task 
" newness" 

( routiness)  

The less  advanced the 
stage , the greater the 
use of written sources . 
The more advanced the 
stage , the greater the 
use of o ral sources . 
Also , the less advanced 
the stage , the greater 
the passive pe rsual of 
information . The more 
advanced the s tage , the 
more active pe rsual of 
info rmation 

Idea Generation s tage 
is asso ciated with the 
extensive  use of 
external oral sources 

The higher the task 
complexity ,  the higher 
the communication needs 

The newer the task , 
the greater the 
reliance on ext ernal 
sources ;  the more " rou­
tine" the task , the 
greater the reliance on 
internal sources 

------------------------------ � -------------------------------------------

* In pas t  literature , this variable was also termed task 
uncertainty and found also related to environmental uncertainty 

( Lawrence and Lorsch 1 967 , Duncan 1 973 , Gailbraith 1 973 ) . 

Fol lowing the discussion of those d imensions of  communication which we re 

consid ered in this s tudy ,  the last part of this chapter deals wi th the 

relations between them and the stages  of  work . The d iscussions · d raw 
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heavily on the info rmation presented in Table 3 . 1 . 

4 .  DIMENSIONS OF THE INFORMATION MATRIX ADOPTED IN THIS STUDY 

Although there appears to be l ittl e agreement as to what c ommunication 

is ( Dance 1 970 ) , this s tudy adopted a s imple but , it is  argued , an 

effective  definition of- c ommun ication: the t ransmis sion and reception of 

info rmation by the use of symbols ( Berelson and Steiner 1 964 : 254 , 

Williams 1 968 : 1 7 ) . Given this d efinition , the process  of communication 

can be viewed as c omprising six dimensions . These d imensions can be 

outlined , very generally , by the fo llowing sequence of questions : Who 

communicates , what , wi th whom do they communicate , through what 

channel s , how ,  and with what effect? Thus , in this s tudy , the fo cus was 

on the fo llowing six dimensions of  the info rmation matrix : 

( i) the sources o f  info rmation , 

( ii )  the type s o f  information , 

( iii )  the receivers ( targe ts)  of the info rmation , 

( iv)  the circumstances of  information transfe r ,  

( v) the modes of  info rmation transfer , and 

( vi)  the effects  of  the info rmation on the receivers . 

The dimens ions shown above cover nearly all the variables c onsid ered in 

previous s tudies [ 4 ] . 

4 . 1 .  Sources of info rmation ( Who communicates? ) 

The sources of  info rmation are people or  written material that provide 

the information . 
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This study fo cused on  three sources o f  info rmation , based upon a 

two-dimensional classification which is shown in Table 3 . 2 .  

Table 3 . 2  
Sources of Information 

Internal 

External 

Oral Written 

X 

X X 

X ind icates that the cell forms a category 
of  sources of info rmation accepted in this study .  

In pas t  studies , each d imension was used in different stud ies ( Allen 

1 969 , Johnston 1 974 ; Rosenbloom and Wolek 1 970 , Goldhar 1 974 ) [ 5 ] . For 

conceptual clarity the two dimensions were combined . However , as no 

contribut ion to the role of internal written sources was expected , only 

a three-fold classification of sources of info rmation was made . For 

brevity , these sources will  be termed as fo llows : 

( a) internal ( implying oral ) , 

( b) external ( implyi ng o ral ) , and 

( c ) written ( implying external ) .  

4 . 2 .  Types  of info rmation ( What is communicated? ) 

Types o f  info rmation fo cus on the contents of the 

communicated . 

info rmation 

The present study fo cused on five basic types of info rmation , defined on 
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the basis of  the field of activity from which the info rmation arose  ( as 

in Walsh and Baker 1 972 , Pruthi and Nagpaul 1 978 , Kat z  and Tushman 

1 979 ) . As shown in Table 3 . 3 ,  the five basic types were grouped into 

two maj or categories . The two broad types of info rmation examined 

address the " to tal " pool of info rmation received by the respondents . 

Table 3 . 3  
Types of  Information 

Broad types 

scientific/technical 

I 
I 

organisational/administrative I 
I 
I 
I 

Basic types 

scientific 
client 
technical 

organisational 
administrative  

------------------------------- � ----------------

Scientific/technical info rmation was d efined as info rmation of a 

sc ientific/technical nature which is l ikely to affect  the content of 

work [ 6 ] . 

Scientific info rmation is info rmation covering scientific findings 

and/or data and/or methods which derive from a sc ientific disc ourse . 

Client information is info rmation which expounds c onditions and/or 

method s  found or  used by client communities . 

Technical info rmation is  information not covered by the above categories 

which is , however , likely to affect wo rk in  the way stressed by the 

generic definition of sc ientific/technical info rmation . 

Organisational/administrative info rmation was defined as info rmation 
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which is l ikely to affect  the fo rm or organisation of work . 

Organisational information concerns fo recasting and planning 

act ivities . 

Administrative information is info rmation which details the availabili ty 

of manpower ,  time , and other resources .  

4 . 3  Receivers o f  info rmation ( With whom does c ommunication take place? ) 

Previous res earch fo cused on the communication patterns  o f  a variety o f  

problem so lvers grouped according to certain charact eristics of  the 

tasks they worked on . Whils t  some looked at b road occupational 

groupings ( Rosenbloom and Wolek 1 970 , Cotgrove and Box 1 970 , Whitl ey and 

Frost  1 973 ) , others investigated the different c ommunication patterns of  

problem solvers in  different research areas ( Herzog 1 97 5 , Hargens 1 975 ) . 

Yet others looked at the asso ciation between communications and stages  

of work ( Myers 1 970 , Utterback 1 97 1 ) .  Resul ts from these and similar 

studies were  summarised in Table  3 . 1 . 

The present s tudy fo cused on two such characteristics : 

( i) Stages of work , as d iscussed at the beginning of this 

chapter , and 

( ii ) Occupational groups , defined in terms of the fo llowing 

categories : 

( a ) sci entists , 

( b ) sci ence technic ians , and 

( c ) administrative staff .  
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4 . 4  Circumstances o f  info rmation transfer ( Through what channels does 

communication occur? ) 

As shown in Table  3 . 4 ,  the circumstances of  info rmation transfers were 

conceptualised differently fo r the exchanges o f  oral info rmation and the 

receiving of written messages . 

Table 3 . 4  
Circumstances o f  info rmation transfer 

Informal 
Formal 

Point ed out 
Not Pointed out 

Oral 

X 
X 

Written 

X 
X 

X denotes the categories of  c ircumstances  of info rmation 
transfer fo r oral and written communications . 

Informal denotes c ircumstances when exchanges  of  oral info rmation were 

not pre-arranged . 

Formal means those  circumstances when exchanges  o f  oral info rmation took 

place at pre-arranged regular or irregular meetings . 

"Pointed out" info rmation from written material indicates that the 

information was d iscussed befo re it was received . 

When information from written material was not "pointed out" to problem 

solvers by o thers , the problem so lvers presumably evaluated the wri tten 

message independently. 
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4 . 5  Modes of info rmation transfer ( How does c ommunication occur? ) 

Modes of info rmation transfer  denote  the extent to which info rmation was 

sought by problem so lvers ( Rothwell and Robertson 1 973 , Hall 1 974) . 

In this study , a distinction was made between two modes of  info rmation 

transfer : 

( a ) ac t ive , and 

( b ) pas s ive . 

Information was acquired passively if  it  was volunteered to the 

respondent in oral exchanges o r  gathered through regular reading or more 

or les s  randomly from the literature . Conversely , the ac tive mode of 

acquis ition o ccurred when an item of info rmation was sought from o thers 

or by a purposeful search of literature . 

4 . 6 Effects  of info rmation ( What happened? ) 

The effect  of info rmation was defined in terms of  the receiver ' s 

perceived importance of the info rmation ( Hall 1 974 , Johns ton and Gibbons 

1 975 ) . Given this definition , it was necessary to attempt to measure 

the importance of info rmation items to problem solvers . Self-perceived 

importance was measured on a three-step Likert- type scal e  which defined 

the weight respondents attached to the info rmation. 
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III . RELATIONSHIPS BETWEEN STAGES OF WORK AND DIMENSIONS OF 

COMMUNICATION 

A determination of the relationships between the s tages  of work and 

other dimensions of  communication is the maj or focus in the construc tion 

of a theory fo r analys ing the work of problem solvers . To recapitulate , 

the focus was on three s tages of wo rk : Work Programme Development ( WD) , 

Idea Generation ( IG ) , and Problem Solving ( PS) . As shown in the 

previous section , the s tages of work are real ly a part of the s truc ture 

of the info rmation matrix (Receivers of  info rmation) . Other d imensions 

of the info rmation matrix were :  Sources of info rmation , Types of  

information , Circumstances of info rmation transfer ,  Mod es of  info rmation 

transfer , and Effects  of the info rmation. Oc cupational groups , a special 

variable , constituted , together with the s tages of work , the " Receivers " 

of information. 

Sources of info rmation and stages  of  wo rk 

As shown in Table  3 . 1 , the role of info rmation sources has , in the 

research undertaken to date , at tracted the wid est  attention .  But ,  as the 

table al so indicates , these s tudies have generated contradictory 

findings .  The present approach argues that thes e  apparently 

contradictory findings can be explained by looking at : 

( i ) the condit ions under which the findings can be consid ered 

applicable , and 

( ii )  the work pa tterns of problem so lvers which consist  not only 

of stages of pro j ects but also the Work Programme Development 
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stage o f  work . 

The initial attempt to explain some of the contradictions involves 

specifying the conditions under which different findings apply . To do 

so , let me restate and elaborate the relevant findings  shown in Table 

The findings  summarised in Table  3 . 1  show that in general , 

( i ) the greater the info rmation complexity ,  the greater the 

importance of o ral communication; and conversely , the lower 

the information complexity ,  the greater the importance of  

written material ( Wo lek 1 970) , 

( ii )  the less advanced a proj ect stage , the g reater the 

importance of written material ; and conversely , the more 

advanced the proj ect stag e ,  the greater the importance of  

oral sources ( Fisher 1 979 ) [ 7 ] . 

( iii )  the more routine a task i s ,  the greater is the likelihood 

of  the importance of internal sources ; conversely the less 

routine , the . .  t t  newer a task is , the greater 

likelihood of the importance of external sources . 

is the 

The third point can be consid ered as an expression of a condition fo r 

the validi ty o f  the two other po ints . Hence , under the condition of 

working on routine tasks , written material is likely to  be the most 

important source of info rmation in the Idea Generation ( IG )  stage . In 

the Problem Solving ( PS )  stag e ,  oral internal sources are likely to  be , 

und er the same  conditions , most impo rtant . 
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Thi s  is c onsistent with intuitive  expectations . Proj ects , it has b een 

not ed ( Goldhar  1 974 ) come into being as a fusion of simple id eas . These 

are found in j ournals which repo rt so lutions to problems . As Gordon 

( 1 968 in Wolek 1 970 : 234 ) suggested : 

"The most  elegant so lution to a given problem is one where the 
so lution is the simplest in propo rtion to the complexi ty o f  the 
variables involved . "  

Journals in areas wi th which a problem so lver is acquainted are most 

likely to provide the problem so lver  with the least complex messages . 

Consistently , Scott ( 1 96 2 )  no ted : 

"The main funct ion of the literature is not that of  a reference 
source but as a primary source of stimulation" . 

In the Problem Solving stage , the information complexity increases .  At 

that stage , problem so lvers face a variety o f  problems . When wo rking on 

routine tasks , internal sources are like ly to be consul ted , as these  are 

asso ciated with the lowest " cos t"  of info rmation transfer through 

repeated use ( Allen 1 968 : 227 ) . 

Under  different c ondi tions , different work patterns c an occur . In 

circumstance s  of  non-routine tasks , problem so lvers are l ikely to turn 

to external sources in an attempt to untangle complex info rmation . As 

the cost of information transfer increases , there will  appear to be no 

al te rnative to the problem so lver but to engage in the exchange across 

the boundary of the research o rganisation . 

Thus , the specification of the conditions under  which info rmation 

exchanges take place , as was done above , t ends to explain some of the 

contradic tory findings in the li terature ( compare e . g .  Allen 1 968 with 
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Johnston and Gibbons 1 975 , shown in Table  3 . 1  . ) . 

In a ttempt ing to explain other contradictions in the relevant findings , 

it c an be argued that these can only be interpreted by defining the wo rk 

o f  problem so lvers in terms of stages  which include the one which is 

prior  to the s tages of  proj ects . 

As also shown in Table  3 . 1 , some studies po inted out that the 

generation of proj ects is asso ciated with a significant and extensive 

use of external oral sources ( Baker et al 1 967 ) . Because these are oral 

sources , the findings  imply a high task complexi ty .  This is because the 

use of oral sources was found to be asso ciated with high task complexity 

( see above ) . 

abov e .  

Yet , such findings are contradictory t o  thos e  discussed 

A resolution of  this c ontradiction can be found if it is  suggested that 

there is a work s tage which is prior to the generation of proj ects : the 

Work Programme Development . It  is  suggested that this is  a different 

situation , where problem so lvers face high task uncertainty and high 

information complexity .  Work a t  this stage , therefore ,  requires o ral 

communication . On the basis of Bake r ' s ( et al 1 967 ) findings , I suggest 

that this o ral communication comes from ext ernal sources . 

The definition of stages of work , where two distinct ive s tages  are prior 

to the Problem Solving stage , thus  enabled a reso lution of further 

contradic tions in the literature .  

In sum , there are three maj or stages  in the wo rk o f  problem solvers : 

Work Programme Development ( WD) , Idea Generation ( IG ) , and Problem 

Solving (PS) . 
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The so urces o f  info rmation are likely to have differential impact upon 

the three s tages . Where problem solvers are wo rking on " routine" 

problems ( as it  was expec t ed in the organisation s tudied ) , it  is  

hypo thesised that : 

1 • 1 • 1 In the Work Development s tage , info rmation from external 

oral sources is l ikely to  be more influential than 

information from internal oral sources and written 

materials . 

1 • 1 • 2 In the Idea Generation stag e ,  info rmation from written 

material s is l ikely to be more influential than info rmation 

from internal and external o ral sources .  

1 • 1 • 3 In the Problem Solving stage , info rmation from internal oral 

sources  is l ikely to be more influential than information 

from ex ternal oral sources and written material s .  

These  hypotheses  are summarised in Diagram 3 . II .  

Diagram 3 .  I I  
Relationships between sources o f  info rmation 

and stages  of work 

Sources  of  
Information 

Oral External ( E )  
Oral Internal ( I )  
Writ ten Mat erial ( WM) 

* 

WD 

* 

IG 
Stages of work 

* 

PS 

* The asterisk indicates the like ly significant 
relationship . 
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Type of  information and s tages of work 

There is a dearth of evidence which would throw light on what types of 

info rmation are important in the d ifferent s tages of  wo rk . Previous 

studies merely do cumented the impo rtance of sc ientific/technical and 

organisational/adminis trative types o f  info rmation in the work o f  

problem solvers ( Walsh and Baker 1 97 1 , Pruthi and Nagpaul 1 978 , Kat z  and 

Tushman 1 979 ) . The importance of d ifferent types of info rmation in the 

stages  of work need to be deduced . 

In the Work Programme Development ( WD) stage , a problem solver needs to 

interpret a variety of stimulii . It  has been suggested that to choose 

the " right " proj ect , a problem so lver  has to interpret the d evelopments 

in science and also in the so cio-political community ( Mulkay 1 975 , 1 979 , 

Merton and Gaston 1 977 ) . At the same t ime , a problem so lver need s to be 

concerned about the avail ability of  human and material resources which 

would facilitate the e . .'ploration of a particular theme . This  po int is 

il lustrated by the example of another division of the DSIR which 

requires an answer  to three questions befo re a new proj ect  can be 

approved : contribution to international sc ience , contribution to New 

Zealand , and feasibility of the technique s envisaged by the propo sed 

res earch . 

Therefore , in the Work Programme Development ( WD) stage , all types of  

information , that is sc ientific , client , technical , organisational and 

adm inistrative , are likely to be impo rtant . 

Judging from the reliance on written material in the Idea Generation 

( IG )  stage , it appears that only sc ientific and technical types of  
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information will be found to be important in this stage of wo rk . 

In the Problem Solving ( PS ) stag e ,  the reliance on internal sources 

suggests  that only three types of  info rmation will  be important in this 

stage : s cientific , technical , and adminis trativ e .  

Thus , types of  info rmation are likely to have a differential impact upon 

the three stages o f  work , as the fo llowing hypo theses suggest : 

1 • 2 .  1 In the Work Programme Development ( WD) stage , all types of  

information are likely to be influential ; there will be no 

special emphasis on any single type of info rmation . 

1 • 2 .  2 In the Idea Generation ( IG ) stag e ,  sc ientific and technical 

types of info rmation will be more influential than client , 

organisational and administrative  types of info rmation . 

1 • 2 .  3 In the Problem Solving ( PS ) stage , sc ientific , technical and 

adminis tra ti  ve types of info rmation will be most 

influential . 

Thes e  hypo theses are summarised in Diagram 3 . III . 



Diagram 3 .  III 
Types of info rmation and stages of work 

Type s  of 
Information 

Scientific * * * 
Client * 
Technical * * * 
Organisational * 
Administrative * * 

WD IG PS 
Stages of work 

* The asterisks indicate the cells which are like ly to  
show s ignificant relationship ( at the WD stage , the full  
column o f  asterisks indicates that no s ingle type will  

dominate) . 

Modes  of info rmat ion transfer and stages  of work 
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Modes  of info rmat ion transfer denote the ext ent to which info rmation is 

sought . 

As shown in Tabl e 3 . 1 , previous stud ies indicate that the less  advanced 

the proj ect  stage , the more likely i s  the search fo r info rmation to be 

pass ive . The more advanced the proj ect  stage , the more l ikely are 

problem solvers to pursue info rmation actively ( Myers 1 970 , Rothwell and 

Robertson 1 973 , Fisher 1 979 ) . 

This  makes sense intui tively . In situa tions where several proj ects are 

being undertaken s imultaneously , the principal task o f  problem so lvers 

is likely to be so lving problems arising from proj ects in hand . This is 

because solut ions al one count in the distributions of reward s .  

The refo re ,  problem so lvers are likely to  spend mos t  o f  their time on 

the Problem Solving stage of work ; moreover ,  it is likely that they 
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will actively seek out relevant info rmation . 

Al though work at the Problem Solving ( PS ) stage is l ikely to resul t in 

the most  time-consum ing and the most act ive  communication , work a t  the 

Idea Generation ( IG ) stage is l ikely to depend on a slow crystallisation 

of ideas , based on developments in the literature .  The process is then 

likely to consist  of a passive  receiving of info rmation which , as it 

were , becomes "queued " in the mind of the problem solver .  From time to 

time  these id eas are reinfo rced or replaced by new info rmation . The 

same can be said about info rmation which is  l ikely to affect  the Wo rk 

Programme Development ( WD) stage of work . 

Thus , the mode of info rmation is likely to have a differential impact 

upon the three s tages  of work . It  is hypo thesised that : 

1 • 3 .  1 In the Work Programme Developm ent ( WD) stage , a pass ive  

acquisition of info rmation is l ikely to be more influential 
• 

than an act ive  mode . 

1 . 3 . 2  In the Idea Generation ( IG ) stage , a passive acqui s ition of 

info rmation is also like ly to be more influential than an 

active mode . 

1 . 3 . 3  In the Probl em Solving ( PS ) stage , an active mode of  

information acquisition is l ikely to be more influent ial 

than a passive  mode . 

These hypotheses are shown in Diagram 3 . IV .  



Diagram 3 . IV 
Modes of info rmation transfer and stages of  work 

Modes of 
Informat ion 
Trans fer 

Active 
Passiv e * 

WD 

* 
* 

IG PS 
Stages o f  work 

* Asterisks indicate the cells which are likely to 
show s ignificant relationship 

Circumstances of info rmation transfer and stages  of wo rk 
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The circumstances of  info rmation transfer denote the channels through 

which c ommunication occurs . 

Circumstances of info rmation transfer which c oncern oral exchanges  and 

written material will be discussed in turn. 

From findings reported in previous s tud ies it  is  suggested that fo rmal 

meetings are likely to be more influential in the passive  mode of o ral 

information transfer ,  whereas info rmal oral exchanges are likely to be 

most influential in the active  mode ( Walsh and Baker 1 972 , Hall  1 974) . 

Because it was suggested earlier that the passive mode is l ike ly to be 

asso ciated with the Work Programme Development ( WD) stage  and the active 

mode with the Problem Solving ( PS ) stage , it is  reasonable to antic ipate  

that formal circumstances of info rmation transfer will  be  associated 

with the Work Programme Development ( WD) stage , and info rmal 

circumstances wi th the Problem Solving ( PS ) stag e .  

I f  science depends , t o  some extent , upon consensus among researchers 
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( Moravcsik 1 977) then it  c an be expected that written material , 

important in the Idea Generation ( IG ) stage , is l ikely to be more 

influential in circumstances where id eas from these sources are po inted 

out to the problem so lvers than in tho s e  circumstances where the 

information is merely read . 

Consequently ,  it can be expected that circumstances of information 

transfer have a differential impact upon the three s tages  of wo rk . 

Thus , it is hypo thesised that : 

1 .  4 . 1 

1 • 4 .  2 

1 . 4 . 3  

In the Work Programme Development ( WD) 

circumstances are likely to be more 

informal circumstances . 

stage , formal 

influential than 

In the Idea Generation ( IG ) stage , " pointed out" literature 

is likely to be more influential than literature not 

" po inted out " . 

In the Problem Solving ( PS ) stage , informal circumstance s  

are likely to  be  more influential than fo rmal 

circumstances . 

These hypo theses are summarised in Diagram 3 . V .  



Diagram 3 . V  
Circumstances o f  info rmation transfer and stages  o f  work 

Circumstances 
of Transfer 

For Oral Transfer 
Informal 
Formal 

For Written Transfer 
Point ed out 
Not pointed out 

* 

WD 

Effects  of  info rmation and stages  of  work 

* 

* 

IG PS 
Stages of work 

8 1  

There is no reason to suggest that the perceived info rmation importance 

wil l  vary wi th the s tages  of  work . Thus I argue that info rmation 

received in each stage  is l ikely to be consid ered equally important . 

Thus , it was hypo thesised : 

1 • 5 .  1 The effects of  info rmation are not likely to vary with 

s tages  of work . 

Occupational groups and communication 

In discussing the dimensions of the info rmation matrix , I pointed out 

that two variables were consid ered in the d imension of the " receivers "  

of the information : the " stages  of work" and " occupational groups " .  

Whe reas the fo rmer was selected as the maj or dependent variable in the 

present s tudy ,  oc cupational groups we re treated as a " controlling " , 

antecedent variable . The reasons fo r doing so become apparent from the 
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argument which fo llows . 

Previous s tudies have shown that the amount of  communication diffe rs 

with work ac t iv ities o f  problem so lvers ( Ackoff and Halbert 1 958 , Herner 

1 954 , McLaughlin et al 1 96 5 , Allen 1 96 6 ) . Ackoff and Halbert ( 1 958) , for 

example , found that research chemists spent on average 33 . 4% of their  

total work t ime on  communication , whereas engineers spent only 20% o f  

their to tal work t ime o n  communication.  Such findings are consistent 

wi th findings from stud ies of o rganisations . This research indicates 

that task complexity is  d irec tly associated with the amount of  

communication required fo r the tasks ( Lawrence and Lorsch 1 967 , Duncan 

1 973 , Hall  1 972 , Hage et al 1 97 1 , Gailbraith 1 973 , Van de Ven et al 

1 976 ) .  It can thus be expe cted that sc ientists are likely to require a 

lar�e amount of info rmation.  Science technicians , whose work can be 

imagined as being akin to the wo rk of engineers , are l ikely to require 

less info rmation than sc ientis ts . Administrative staff , whose work is  

assumed to be  of the l owes t  task complexity , are like ly to  requi re even 

less info rmation than sc ience technicians . 

But , whilst previous s tud ies indicated that the quantity o f  info rmation 

is l ikely to vary between · diffe rent o ccupational groups , the research 

find ings from previous s tud ies provide no evidence to suppo rt the idea 

that the quality of  their work patterns ( the struc ture of their  

communication pattern) wil l  differ also . 

Intuitively , however ,  this appears to be unlikely . Indeed , some  

variation in the quality o f  wo rk o f  the three occupa tional groups 

examined in this study can be expe cted .  Here , I faced a dilemma . Whils t  

the hypo theses advanced i n  this chapter attempt to develop a theory fo r 
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explaining the work patterns of problem solvers , this may not be correct 

fo r al l problem so lvers . However , because the relevant research 

literature offers no guide  to the differences , I decid ed to use the 

occupational groups as a " controlling " ,  anteced ent variable , because  it 

was antic ipated that such an approach might provide some data on 

relationships between the occupational groups and communications fo r 

further study .  Such an analys is might , i t  was expected , throw some 

light on the relationships between the three occupational groups in the 

organisation investigated . 

SUMMARY AND CONCLUS ION 

This  chapter has attempted to develop a theory to desc ribe and explain 

the work patterns of problem so lvers . As such ,  it consists of the 

del ineation of the maj or dimensions of  wo rk pa ttern.s 

specification of hypo theses  concerning these dimensions . 

and the 

Within this theoretical framework , the wo rk o f  problem so lvers was 

defined as the fo rmation and development of  id eas which evolve in 

response to info rmation . 

A review of the literature showed that info rmation gathering is a part 

of the process of communication. Six dimens ions of communication we re 

disc ussed : sources and types of  info rmation , activities to which the 

information related , the circumstances and mode of info rmation transfer ,  

and the effect  o f  the info rmation on the receivers . 

In constructing the theory of  work patterns , the relationships between 



84 

stages of work and the other dimensions of c ommunication were explored . 

Three  important stages o f  work were consid ered in this study : Work 

Programme Development ( WD) , Idea Generation ( IG)  and the Problem Solving 

( PS ) . It was anticipated that c ommunication has a d ifferential impact 

upon the three stages o f  work . Thi rt een hypo theses were fo rmulated in 

an effort to investigate the util i ty of the theoretical framework . By 

way of  recapitulation , the hypo theses are summaris ed in the fo llowing 

table  ( shown already in Chapter 1 ) : 

I 
I 

Dimens ions of Stages of Work I 
I 

Communication WD IG PS I 
I 
I 
I 
I 
I 

Sources  Ex ternal Wri tten Mat .  Internal I 
I 
I 
I 

Type s " ALL" se + TEC SC , TEC + ADMIN I 
I 
I 
I 

Modes Passive  Passive Active  I 
I 
I 
I 

Circumstances Formal Discussion Informal I 
I 

- I  
I 

Effects  I 
I 
I 
I 

Work Programme Development is l ike ly to be asso ciated with mainly 

external sources ,  all considered types of information , a passive mode of 

information transfer and formal circumstances . 

The Idea Generation stage • is  likely to be associated with mainly written 

material s ,  sc ientific and technical types of info rmation , and also wi th 

a pas s ive mode of  info rmation transfer and those circumstances which 

involve a discussion of the written messages . 
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The Problem Solving stage is l ikely to be asso ciated with mainly 

internal sources , scientific , technical and administrative  types o f  

information , an active  mode o f  info rmation transfer and info rmal 

circumstances . 

The hypo theses logically extend the task of d elineating the roles o f  the 

various categories of the d imensions of c ommunication , a task initiated 

by Johnston and Gibbons ( 1 97 5 ) . Unlike the arguments in some s tudies 

which suggest  that some categories of  variables are more important than 

others , the broad conclusion made on the bases of arguments advanced in 

this  chapter  is that each category o f  al l variables consid ered is 

equal ly important in the work of  problem solvers , although the degree of 

importance may well  vary wi th the s tages of wo rk . 

The theory o f  work patterns summarised above was assumed to be valid for 

al l problem so lvers . Whils t  the main thrust of  the theory i s  d irected 

at the work patterns of problem solvers in general , intuitive 

expec tations suggest that this may not be valid for all problem solvers . 

To explore the relationships between occupational groups , s tages  o f  

work , and o ther dimensions of  communication , oc cupational groups were , 

for the purposes of the present research , treated as " controlling " , 

ant ecedent variable . 

The next chapter deals wi th the second issue , "Problem II"  of  the s tudy :  

how organisations affect  work patterns ; more specifically , the effects  

of organisat ions on  oral communications . 
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NOTES 

[ 1 ] This process which provides logical continuity o f  work i s  l ikely to 
occur given that problem solvers c an exercise their autonomy . 

[ 2 ] Note that the concepts used here differ from those  employed in 
desc ribing the struc ture of knowledge ( see Chapter 1 note 1 ) .  
However ,  like the relations among the concepts in the struc ture of 
knowledge , the " ideas" are , more or  less , in a dynamic s tate over  
t ime .  Problems may become proj ects , proj ects may become  themes ; what 
may be consid ered as themes may in fact change into single 
proj ects . 

[ 3 ] For a more elaborate definition , see under " types of  info rmation" 
and footnote  [ 6 ] . 

[ 4 ] Information complexity , a variable which addresses  the struc ture of  
the communicated message was c onsidered in the fo rmulation of 
hypo theses only. This  is because previous research suggests that 
info rmation complexity varies wi th the sources of info rmation ( Wo lek 
1 970) . These findings were not d isputed in other studies and there 
was no reason to dispute them here . 

The variable task complexity was c onsidered whils t  looking at the 
communication patterns of d ifferent occupational groups in the 
organisation s tud ied . 

[ 5 ] The investigation of innovations in past studies also looked at 
sources termed " personal " which c overed those i t erns of info rmation 
problem so lvers po ssessed prior to the commencement of the 
innovation ( Baker et al 1 967 , Myers and Marquis 1 969 , Langrish et al 
1 972 , Johns ton and Gibbons 1 975 ) . However , as noted earlier , this 
" source" was excluded from this s tudy . 

[ 6 ] Formally ,  significiant sc ientific/technical info rmation was defined 
as info rmation of a sc ientific/technical nature which 

EITHER concerns an on-going proj ect in any s tage of its course 
and in that case l eads to a change in opinion about the 
approach ( approaches)  considered in the so lution to that 
proj ect . This  means that if one approach is at present 
sl ightly favoured over  other approaches , then any 
sc ientific/technical info rmation that will cause a change in 
this balance is c onsidered as significant 
sc ientific/technical info rmation ; 

OR concerns a work area . In this case information is 
significant if it is  regarded as important fo r its  present or  
po tential use . 

[ 7 ] This generalisation is , however ,  valid only in the context  of  
investigating the processes of proj ects consisting of two s tages  
Idea Generation and Problem Solution . 

• 
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CHAPTER 4 

A THEORY OF THE EFFECTS OF ORGANISATIONS ON ORAL FLOWS OF COMMUNICATION 

The fundamental assumption underlying the theoretical analysis carried 

out in this chapter is that the transfer of o ral info rmation plays an 

important rol e  in the work o f  problem solvers . 

Past studies , which were reviewed in the previous chapter , indicated 

that most of  the info rmation used by problem solvers is l ikely to be 

received orally . The importance of wri tten material , as was 

hypo thesised , can be seen mainly as  a stimulus to ideas in the Idea 

Generation stage of work . 

The findings from previous stud ies indicated that o rganisational 

struc ture affects  the flows of internal oral communications , and i t  was 

this basic perspect ive which was employed to investigate the factors 

which may be l ike ly to influence these  flows . However , unlike previous 

studies , the set of po tential influences  on the internal communication 

flows was derived from the organisational theory which is d iscussed 

below. Further , the choice of an " open sys tem "  theory of o rganisations 

enabled a more sys tematic investigation of the relationships between 

research o rganisations and their environments . The fo rmulation of the 

theoretical framework provided a unified whole within which each 

hypo thesised relationship could be located in relation to o ther 



88 

processes in o rganisations . 

Thus , the adoption of the organisational theory not only allowed a more 

systematic investigation of the effects o rganisations have on internal 

communication flows , but it also guid ed the investigation of external 

communication patterns , and suggested how various findings could be 

interpreted . 

It will also be shown that research o rganisations themselves , as wel l  as 

outside organisations , constrain the process of knowledge development . 

In particular , this chapter addresses :  

( i) a theory o f  o rganisations , 

( ii ) this theory ' s applicabili ty to research organisations , 

( iii ) the effects of  organisations on internal flows of oral 

communication ( Part A) , and 

( iv) the effects of  organisations on external flows of  oral 

communication ( Part B) . 

A THEORY OF ORGANISATIONS 

Some literature reviews in the so ciology o f  organisations classify 

material on the basis of  historical development in the field ( Davis et  

al 1 972 , Pugh 1 97 1 , Perrow 1 972 ) . Others fo cus on the central variables 

that studies employ ( Silverman 1 970 , Eldridge and Crombie 1 974) . Ye t 

others differentiate s tud ies according to the number of d imensions of  

organisations included in  the analys is ( Whisler 1 970) . 
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All reviews , however , po int to a gradual shift from the investigation 

of organisations as " closed " sys tems to the investigation of 

organisations as " open" systems ; that is , from examining a l imited set 

of  factors internal to an organisation , to the investigation of the 

relationships between these internal factors and the environments of 

o rganisations ( Scott 1 975 ) . This  " open" system approach to organisations 

has been employed in the present s tudy . 

Early s tudies addressing the relationship between o rganisations and 

their environments ,  which suggested that organisations had no choice but 

to adapt to their environments ( see e . g . Emery and Trist  1 96 5 ) , have been 

cri ticised as too deterministic ( Child 1 972 , Pfeffer  and Salancik 1 978 , 

Pfeffer  1 978 ) . More recently , however , increasing attention has been 

drawn to the re-examination of these relationships ( Aldrich and Pfeffer 

1 976 ) . These attempts have been called variously a po litical economy 

model , a dependence exchange , an ecology model , or the resource 

dependence perspective  ( Aldrich and Pfeffer 1 976 ) . 

The resource dependence perspective  ( shown in Pfeffer and Salanc ik 1 978 , 

Pfeffer 1 978 ) appears the most c oherent statement of  this trend . It is  

employed in this study because it  sets  out a framework which addresses 

the inter-relationships between organisations and their environments .  

Further , the theory allows a c lear and 

elaboration of the relationships wi thin 

relatively s traightfo rward 

the organisation . This  

perspective then can be used to  account fo r the ways : 

( i ) other organisations affect  a research o rganisation , and 

( ii ) research organisations in turn affect the wo rk o f  their own 
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employees . 

This resource dependence approach to the s tudy of o rganisations , which 

is analogous to theories  of o ligopoly and the behavioral theory of the 

firm ( Aldrich and Pfeffer 1 976 : 84 ) , can be outlined in terms of the 

three cyclical steps , shown below.  ( The theoretical framewo rk i tself 

will  be elaborated and the terms defined in the next sections . ) 

In Chapter 1 ,  the fo llowing diagram was used to illustrate the three 

cyclical steps : 

RESOURCE DEPENDENCY 
• 

• 
ENVIRONMENTAL C ONTINGENCY 

SHAPING OF ENVIRONMENT 

FORMATION OF DOMINANT COALITION 

AND SELECTION OF ADMINISTRATORS 

( i) According to the resource dependence pe rspective , 

organisations depend upon resources outsid e the 

organisation . Depending on the scarcity and necessity o f  

these resources ,  external organisations exert power over  the 
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research o rganisation . The sum of power exerted by 

different o rganisations is the " environmental contingency" 

of the fo cal organisation . 

( ii )  This environmental contingency is  refl ected in the 

distribution of power among people within the fo cal 

organisation . On the basis of the ability to deal with the 

external relations , a dominant coalition fo rms and 

administrators are selected wi thin the organisation . 

( iii )  The dominant coalition within the fo cal organisation 

responds to and shapes its environment and thus " enac ts"  the 

organisational environment ( " envi ronmental contingency" ) .  

In addit ion , however , the dominant coalition also shape s the 

internal organisational struc tur e .  

The processes associated with each of these steps are complex . As Stern 

( 1 979 : 6 1 3 )  pointed out : 

" Conflic t , coalition , and a considerable  degree of 
indeterminancy are manifest at each step . " 

Thus , al though the resource dependence approach to o rganisations 

sugges ts that the work of  employees is  affected by the environment of 

the organisation , the framework is  not d eterministic , especial ly since 

it attempts to account fo r some of the freedom enj oyed by employees . 

Pfeffer and Salancik ( 1 978 ) term this disc retionary power " s trategic 

cho ice " ( a term coined by Child 1 972 )  [ 1 ] • 
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Definit ions 

In the resource dependence theory of o rganisations , organisations are 

defined as coalitions of varying interests , within the boundaries of the 

focal organisation ( Pfeffer and Salancik 1 978 : 259 ) . 

The dominant coalition within the fo cal o rganisation is  a group of  

participants who have  the ability to formulate constitutions , rul es , 

procedures , and info rmation systems that l imit  the po tential power of 

o thers and ensure their own continuing control ( Pfeffer and Salancik 

1 978 : 235 ) . [ 2 ] 

"Administrators" are defined as people who have  been granted a fo rmal 

authority to exercise power over  other peopl e within the organisation . 

Although the ideas o f  dominant c oalitions and "administrators" mus t  be  

unders tood as  distinct concepts , it  i s  assumed , for the purposes o f  the 

present study , that " administrators" occupy powerful positions in the 

dominant c oalitions . In the ensuing discussion , therefo re ,  the term ' '  

" research administrators" has b een used instead of the term "dominant 

coalition" . 

Environments are defined as sets  of  o rganisations o f  varying powe r ,  

beyond the boundaries o f  the fo cal organisation . 

Organisational boundaries are defined by the organisation ' s  c ontrol over  

the activities of  participants relative  to  the control which o ther 

social entities have over these  same  personnel and their activities 

( Pfeffer and Salancik 1 978 : 259 ) . [ 3 ] 

According to the resource dependence pe rspective , o rganisational 
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structure comprises the interlocked activities and behaviour of so cial 

actors ( Pfeffer and Salancik 1 978) . However , unlike the expositions of  

the relationships between organisations and their environments ,  Pfeffer 

and Salancik ' s discussion of o rganisational struc ture was limited . In 

the present s tudy , a two-dimensional working definition of 

organisational struc ture was adopted . This d efinition was d erived from 

two complementary theories of  o rganisations . 

March and Simon ( 1 958 : 1 70 )  defined o rganisational struc ture as : 

" tho se aspects o f  the pattern of behavior in the organisation 
that are relatively s table  and that change only slowly" . 

The sys tems theoretic ian Walt er Buckley ( 1 967 : 1 28) addressed the concept 

of struc ture in terms of morphogenic processes which we re defined as : 

" sets of alternat ive  actions , or  tendencies to ac t in certain 
ways , asso ciated with the components ,  and the constraints , that 
specify or limit these alternative actions " . 

The synthesis of thes e  two definitions provided the basis fo r the 

definition of organisational struc ture ad opted in the present study : 

( i ) a relatively s table pattern of behaviour , and 

( ii ) the constraints that specify or limit these behaviours . 

Both dimensions of  the definition are mul tifaceted ( Katz and Kahn 1 966 , 

Scott 1 967 , Perrow 1 972 , Azumi  and Rage 1 972 , Scott  1 97 5 ) , and can be 

subsumed under the s tudy of :  

( i ) the work patterns of the employees o f  the organisation , and 

( ii ) those  collective  entities which research administrators 
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form and/or maintain , and which constrain the work 

patterns . 

A theoretical framework fo r the s tudy of  work patterns implied under  ( i ) 

above was d iscussed in Chapter 3 .  For the purposes of this 

investigation , the wo rk patterns of problem so lvers were represented by 

the patterns of oral communication . 

The collective  entities implied by ( ii )  above can be defined in terms of  

a typo logy o f  the properties of  collectivities which was devised by 

Lazarsfeld and Menzel ( 1 96 1 ) .  Scott  ( 1 97 5 )  has argued that this 

typology can also be used for the analysis of o rganisations . These 

properties of collectivities are in the present study , therefo re ,  

defined as o rganisational properties . 

In the present s tudy , the investigation of the effects  of  research 

organisations on the work patterns of  their employees was undertaken by 

exploring the relationships between some of the properties of  

organisations suggested by Lazarsfeld and Menzel ( 1 96 1 ) ,  and the 

communication networks . 

The properties of o rganisations and those variables which constituted 

thes e  properties in the present s tudy are as fo llows : 

( i ) analyt ic properties ( autonomy , work related o rientations , 

and socially recognised work competence ) , 

( ii )  struc tural properties ( formal struc ture , info rmal netwo rks , 

phys ical distances , and colleague networks) , and 

( iii )  global properties ( use of facilities)  [ 4 ] . 
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Nominal defini tions fo r the subcategories  of  each of  these properties 

are given below. 

Autonomy means the degree to which a pe rson has power with respec t  to 

his/her environment ( Selznick 1 953 )  and entails such things as the 

freedom of choice of work problems and the methods used for their 

so lution . 

Work related orientations were defined as  the sets of  attitud es toward 

the work related environment which provided the underlying ideas of  the 

organisational members , their dispo sitions to act toward others and to 

define and evaluate these o thers in various waY.S (Riley 1 963 : 1 85 ) . 

Socially recognised work compe tence was d efined as the evaluation of the 

person ' s performance in terms of the criteria of the professional 

community and the o rganisation ( Whitl ey and Frost  1 97 1 ) .  

Formal structure is  defined by the netwo rk o f  relationships involved in 

determining "who is administratively responsible to whom" in the 

organisation ( Allen 1 968 , Frost  and Whitl ey 1 97 1 , Hall 1 974 , Bit z  et al 

1 975 ) . 

' 

Info rmal networks were defined sociometrically in terms of who chooses  

whom as  informal contacts  wi thin the organisation ( Al len 1 968 , Frost and 

Whitley 1 97 1 , Hall  1 974 , Pruthi and Nagpaul 1 978 ) . 

Physical distances were defined in terms of  the physical location of 

pe rsonnel within the organisation . 

Colleague networks we re defined in terms of the patterns of  who works 

wi th whom as a colleague ( a  team member) on proj ects . It is a concept 
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similar to " task struc ture" which was used in previous s tud ies ( Whitley 

and Fros t  1 972 , Hall  1 974 ) . 

The use of  facilities was defined as the degree to which problem solvers 

actually used certain maj or facilities  in the organisation . 

APPLICATION OF THE THEORY TO RESEARCH ORGANISATIONS 

The purpose of this section is to show precisely how research 

organisations affect  knowledge development through influencing oral 

communication . A three-point summary of the theory , as applicable  t o  

research o rganisations [ 5 ] , provides a convenient po int of  departure for 

this d iscussion : 

( i) Research o rganisations , the maj or employers o f  knowledge 

makers today ( Price 1 965b , Sklair 1 973 ) , depend on resources 

from a variety of sources which are insid e as well as 

outsid e  the sc ientific community . The providers of these 

resources have power over the research o rganisations . This  

power varies wi th the fo cal organisation ' s  d efinition of  

how critical and scarce the resources which the external 

organisations provide are likely to be . The sum of power 

exerted by different o rganisations defines the environmental 

contingency of  the fo cal organisation . 

( ii ) On the basis o f  such a d istribution of power , research 

administrators are selected . 

( iii ) Once  selec ted , the research administrators wi ll  t end to 

( a ) shape internal organisational struc tures , and 



( b)  enact the external organisational environment by 

reacting to changes in the environmental contingency 

of their own o rganisation , as well  as changing it to 

suit their interests . 
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Through enacting their environments ,  research adminis trators " fuse" a 

variety of  intra- and extra- scientific interests ( Scott 1 967 ) . It  is 

through research organisations , therefo re , that the symbiotic exchange 

between the sc ientific and extra-scientific communities takes place . 

By shaping the internal organisational struc ture which impedes o r  

facilitates work patterns , research o rganisations influence the " problem 

areas " which are investigated ; moreover , research o rganisations affect  

the " asso ciations" among problem so lvers , which are fo nned as  a 

consequence of the dynamics of  these processes . 

The theory of  o rganisations outl ined is akin to the theory of  a two-way 

process of info rmation transfer between environments and the research 

o rganisations which has been proposed by All en and Cohen ( 1 96 9 ) . 

However , unlike Allen and Cohen ' s theory ,  which has b een criticised fo r 

its simplici ty ( Rogers and Shoemaker 1 97 1  : 208 ) [ 6 ] , the resource 

dependence theory allows examination of the extent to which the 

interaction between researchers and their o rganisational environment is 

fac il itated ( or impeded) by the research administrators . It mus t  b e  

recognised that the flow of  info rmation into a research o rganisation 

does not necessarily occur in a two-way process through research 

administrato rs . Instead , research adminis trato rs aid or  inhibi t  

info rmation flows through their own actions . The adoption of this 
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approach to the s tudy o f  organisation explicitly acknowledges , then , 

that communication between organisations and their environments is 

multifaceted [ 7 ] . 

The remainder  of this chapter is d evoted to a discussion of how res earch 

administrators : 

( i) influence the work pa tterns of  o thers in research 

o rganisations , and 

( ii ) "enact"  their environments .  

PART A 

EFFECTS OF RESEARCH ORGANISATIONS ON INTERNAL ORAL COMMUNICATIONS 

The problem addressed here concerns the question of how research 

administrators influence the work pat terns of  problem solvers . 

The theoretical framework adopted in the present study suggests that 

res earch administrators c onstrain work patterns by shaping the analytic , 

struc tural and global properties of  o rganisations . 

Thus , a c entral task o f  this investigation is to test whether the three 

types of properties of o rganisations specified earlier in this chapter 

significantly affect  the work patterns of employees of the government 

res earch organisation investigated in the present research . 

Previous res earch had indicated that , contrary to intui tion , problem 

so lvers do not use those  channels o f  info rmation which provide the most 
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rewards for problem solving . As Allen ( 1 968 : 227 )  noted , problem 

so lvers : 

" ac t  in a manner which is intended not to maximi ze gain , but 
rather to minimize loss " . 

Allen ( 1 96 6 ,  et  al 1 968 , 1 968)  found that problem so lvers used channels 

which they saw as more accessible or  easier to use rather than channels 

which were evaluated highly in  terms of their technical quality .  Since 

ease of  use was found to be based upon the history o f  the use , existing 

communication networks were found to play a very important part in 

research o rganisations ; moreover these networks were l ikely to indicate 

who is likely to communicate with whom in the future ( Allen 1 968 , Allen 

and Cohen 1 969 , Allen 1 977 , Fro st and Whitl ey 1 97 1 , Walsh and Baker 

1 972 , Hall 1 974 , Pruthi and Nagpaul 1 978 ) . 

An analysis o f  the relevant literature suggested that four 

organisational variables were likely to influence the fo rmation of 

internal communication patterns . The findings from these s tud ies are 

summarised in Table 4 . 1 . 

Al though Allen ' s research indicated the effects of  geographical distance 

and the statistically independent effects of  fo rmal and info rmal 

struc tures , the· resul ts from stud ies in the United Kingdom ( Whitl ey and 

Frost  1 973 , Walsh and Baker 1 972 , Hall 1 974) and in India ( Pruthi and 

Nagpaul 1 978 ) which sought to repl icate Allen ' s investigations suggested 

that the task struc ture is l ikely to overrid e the importance of 

geographical distance ; and that info rmal networks played only a marginal 

role . The resul ts from stud ies undertaken to date appear to be , then , 

inconclusive . In the present investigation ,  an attempt was made to 
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replicate and to extend the studies already cited . The theory o f  

organisations discussed previously provided the framework fo r this 

effort . 

Table  4 . 1  
Important variables in the s tudy ' o f  

internal oral communication netwo rks 

Variables 

Studies Formal Informal Geographical Task 
Structure Network Distance St ruc ture 

Allen 1 968 , Allen 
and Cohen 1 969 

Allen 1 977 

Whitl ey and Frost  
1 973 

Walsh and Baker 1 972 

Hall  1 974  

Pruthi and Nagpaul 
1 978 

+ 

NI 

+ 

NI 

+ 

+ 

+ NI NI 

NI + NI 

+ 

+ 

+ + 

+ + 

+ indicates a statistically s ignificant relationship 
between a communication netwo rk and the indicated variab le 

ind icates that the relationship was not  statistical ly 
significant 

NI indicates that the effects  of the variable on 
the communication netwo rk was not investigated . 

The theoretical framework advanced in an attempt to desc ribe and explain 

the effects  of organisations on the wo rk patterns of members l ed to the 

fo rmulation of a seri es of hypo theses . These hypo theses sought to 

pred ict the relationships between the communication netwo rks and 
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variables derived from the three properties of  organisations , defined 

earlier .  

Structural and global properties 

The structural and global properties of o rganisations used in the 

present investigation were : fo rmal struc ture , info rmal networks , 

physical ( geographical ) distance and colleague netwo rks ( task 

struc ture) . 

All four variables which were id entified from the previous s tudies 

( summarised in Tabl e 4 . 1 )  can be jus tified in terms of the early 

management and organisational stud ies ( Taylor 1 947 , Fayo l 1 949 , March 

and Simon 1 958 , Katz and Kahn 1 966 ) and research carried out by members 

of the so-call ed school  of human relations ( Mayo 1 933 , 1 949 ) . In 

Lazarsfeld and Menzel ' s  typo logy , all are " s t ruc tural " properties  of  

collectivities , addressing the relations among organisational members . 

The relations among organisational members and technology ( facilities ) , 

has been added to the l ist because it has been emphasised by tho se  

organisational theorist s  who have  looked at o rganisations as 

so cio-technical systems ( Woodward 1 958 , 1 96 5 , Blauner 1 964 , Rice 1 958 , 

Emery and Trist 1 965 , Ackoff and Emery 1 972 ) . 

Given that the properties of  o rganisations are likely to be interrelated 

( Stinchcombe 1 967 , Schon 1 973 ) , it  seemed reasonable to argue that the 

struc tural and global properties of o rganisations are likely to affect  

the fo rmation of communication networks . 

From this perspective  it  can be hypo thesised that the employees of  
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research organisations are more likely to communicate significant work 

related info rmation with : 

Hyp . 2 .  1 m embers of  the same section ,  

Hyp . 2 . 2  informal contac ts , 

Hyp . 2 . 3  persons in c lose physical proximity to them , 

Hyp . 2 . 4  colleague s ,  and 

Hyp . 2 . 5  pe rsons who share the same facil ity ,  

than with o thers in the organisation .  

Analytic propert ies 

Structural and global properties are not ,  however, the only factors 

which are likely to affect the wo rk o f  problem solvers in research 

organisations . Previous studies o f  o rganisations have pointed out that 

organisations comprise so cial groups whose  members not only have 

patterned and ordered relations , but also differential views about the 

purpose , operation , environment and the future of o rganisation , and of 

personal ities , motives and attitudes as well ( Weber 1 947 , Lawrence and 

Lorsch 1 967 , Romans 1 950 , Stinchc ombe 1 967 , Schon 1 973 ) . In Lazarsfeld 

and Menzel ' s  ( 1 96 1 ) terms , these  so cial features are defined as the 

analytic properties of o rganisations . Buckley ( 1 967 ) designated them 

"predispositions to act '' in his definition of the struc ture of social 

systems . Indeed , this dimension of organisational struc ture does not 

deal with pa tterned act ivities , but wi th pred ispositions to act ;  not 

with manifest  activities but rather with the latent roles of  

partic ipants . The dimension has , in other studies , been termed 
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"homophily" ( La zarsfeld and Merton 1 964 , Rogers and Shoemaker 1 97 1 ) ,  and 

deal s with the similarity be tween human beings in terms of the analyt ic 

properties ( Mo lnar 1 978 ) [8 ] . 

In this s tudy , three categories o f  the analytic properties were 

considered because previous studies in the sociology o f  sc ience have 

emphasised their impo rtance in unders tanding of the wo rk patterns o f  

problem solvers : 

( i ) autonomy ( Glaser 1 963 , Hagstrom 1 96 5 ,  Marquis and Allen 

1 966 , Storer 1 968 ) , 

( ii )  work related ori entations ( Gouldner 1 957 , 1 958 , Goldberg e t  

al 1 96 4 , Grimes and Berger 1 970 , Fried lander 1 97 1 , Flange 

and Brumbaugh 1 974 ) , and 

( iii )  socially recognised work competence ( Glaser 1 963 , Hagstrom 

1 965 , Cole  and Co le  1 968 , Allen and Cohen 1 969 ) . 

Given the findings from previous stud ies , it  was assumed that the higher 

the research c ompe tence of problem so lvers , the higher the s trength of  

their orientation and autonomy is l ikely to be ( Festinger  1 957 , Romans 

1 96 1 , Newcomb 1 96 1 , Glaser  1 963 ) . 

Likewise , the results from previous research l ed to the assumption that 

high compe tence ( and therefo re high strength of  o rientation and high 

degree of autonomy) resul ts in a high l evel of attract ion between 

persons who possess these attributes . In turn , s trong attraction is 

likely to lead to a greater reciprocity of  wo rk ( work relations) which , 

in turn , is l ikely to contribute to the maintenance of high c ompetence , 

s trength of o rientation and autonomy ( Glaser 1 963 ) . Because wo rk 
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patterns were , in this study , conceptualised in terms o f  patterns o f  

communication , i t  was hypo thesised that the employees o f  research 

o rganisations were more likely to communicate s ignificant wo rk related 

information with : 

Hyp . 2 . 6  

Hyp . 2 . 7  

hyp . 2 . 8  

persons wi th a similar s trength o f  o rientation , 

pe rsons wi th a similar degree of autonomy , and 

persons wi th a similar degree of research competence , 

than with o thers in the o rganisation . 

P�T B 

EFFECTS OF RESEARCH ORGANISATIONS ON EXTERNAL ORAL COMMUNICATIONS 

The resource dependence approach to the s tudy o f  organisations suggests 

that research administrators wi thin research o rganisations both 

facilitate and inhibi t  interactions among their staff , as well  as 

between thei r  own and other organisations in their environment s .  It can , 

therefore , be expected that when the existing relationships between the 

organisational members and employees  of o ther organisations are mapped , 

the patterns of inhibi tion and facili tation by the research 

administrato rs should be reveal ed . The resul ts of such an investigation 

should also reveal the environmental contingency enac ted by the research 

administrators . 

The importance of such analyses fo r the unders tanding of the wo rk o f  

problem so lvers i s  obvious when their work pa tterns are consid ered . 

Info rmation gained from external sources is likely to be impo rtant in  
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the Work Programme Development s tage of work because information gained 

from such sources  provides , as i t  were , a "window to reali ty" . On the 

basis o f  information gained through that "window" , problem solvers 

select problems fo r investigation .  

Johnson ' s  ( 1 972 ) theory of  occupational control , as appl ied by Johnston 

and Robbins ( 1 977 ) , can be used to explore the struc ture of 

environmental contingencies fo r different types of research 

organisations . A number of po ssib ilities can be suggested . 

The environmental contingency o f  industrial laborato ries , fo r example ,  

is likely to be dominated by the patron organisations ( e . g .  customers , 

vendors ) . The environmental contingency o f  universities , to take another 

example , is likely to comprise  no t only o ther research ( collegiate) 

organisations , but also the po litical sys tem .  The environmental 

contingency of government research o rganisations (natural sc iences) , the 

focal type of o rganisation in the present study , is l ikely to consist  of  

o ther organisations in  the sc ientific community , and may involve the 

mediative power of o rganisations in the po litical system , the economy 

and the bureauc racy . Therefo re , the varying power of patron , 

co llegiate ,  and mediative organisations can be said to influence the 

environmental contingency of research o rganisations . 

Two limitations of  the present case s tudy must , however , be noted : 

( i ) The fit of Johnson' s theory is  not tested . 

( ii )  It  is concerned only wi th the environment of a New Zealand 

government reseach organisation engaged in biological and 

agricultural research . 
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From Johnson ' s ( 1 972 ) theory , it can be expected that four classes of  

o rganisations will be likely to constitute the environmental contingency 

of the organisation examined in the present research : 

( i ) the scientific community ( both international and national ) , 

( ii ) clients in the economy ( in this study , these are pe rsons in 

agricul tural extension and the farming community [ 9 ] ) ,  

( iii ) the po litical system ( institutional and non-institutional 

[ 1 0 ] ) ,  and 

( iv ) the bureaucracy ( represented by the Head Office of the 

organisation) . 

While these four classes of organisations constitute the environmental 

contingency o f  the organisation investigated in the present study , i t  

was expected that the problem so lvers in the organisation would 

communicate d ifferently wi th pe rsonnel in the four classes of  

organisations . In the present case , it  is argued that c ommunication 

between the members of  the fo cal organisation and personnel in the four 

classes of organisation can be ranked , quantitatively . 

Members of research o rganisations are likely to communicate mainly wi th 

members of o ther research organisations ( Price 1 969 , Allen 1 968 , Toulmin 

1 96 9 ) , and these  are , therefo re ,  likely to be the most frequently used 

partners in external communication . Because the organisation studied is 

a part of the Public Servic e , it is plausible 

class of actors ranked with respe ct  to 

to expect  that 

the quantity o f  

the next 

ext ernal 

communication will be the bureauc racy , which not only s ervices the 

organisation in terms of decisions and regulations c oncerning the 
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acquisition of resources , but also  interprets the po litical demands of  

the government of the day .  

The clients in the economy are likely t o  rank next , because all research 

carried out in government laboratories should be " in the nat ional 

interest "  ( Scientific and Industrial Research Ac t 1 974 ) . 

The po litical system comprises a category o f  actors who are leas t l ikely 

to be sources of external , work related communication . Thus , it can be 

hypo thesised : 

Hyp . 2 . 9  : The quantity o f  work related communication from external 

sources is l ikely to be rank ordered , from most  to least , 

as fo llows : o ther research o rganisations , the bureauc racy , 

clients in the economy , and the po litical system .  

In an attempt t o  investigate further how research administrators o rder  

the environment of the o rganisation stud ied , the present study also 

investigated the effects of physical distance [ 1 1 ] . It was expected that 

the rate  of communication with external organisations would be l ikely to 

vary significantly according to the physical distances  b etween the 

sources of the info rmation and the fo cal organisation ( Allen and 

Fustfeld 1 975 , Allen 1 977 ) . Because the most significant organi sations 

in the pol itical sys tem and the bureauc racy are located in Wellington , 

the hypo theses fo rmulated concern only the firs t two classes of  

o rganisations . 

It was hypo thesised that : 

Hyp . 2 . 1 0  The greater the physical distance between research 



organisations and the focal research o rganisation , the lower 

the rate of communication between them is likely to be . 

Hyp . 2 . 1 1  The greater the physical distance between client 

o rganisations in the economy and the fo cal research 

o rganisation , the lower the rate of communication between 

them is l ikely to be . 

SUMMARY AND CONCLUSION 

1 08 

This chapter focused attention on some of the organisational factors 

which were deemed likely to influence the netwo rks of o ral 

communication . 

Unl ike previous stud ies , the present study employed an organisational 

theory to try and delineate which factors were likely to affect  these 

communications . The resource dependence perspective on o rganisations was 

selected as the most  appropriate theoretical framewo rk . Within this 

framework , three interrelated steps were used to summarise the 

processes in organisations , as well  as to delineate the nature of 

exchanges between organisations and their environments .  

The shaping of o rganisations by their environments , which was termed 

" enacting" the organisational environment , resul ts in soc ial processes 

which shift the balance of power within the o rganisation over time and 

according to circumstances . As far as research o rganisations are 

concerned it  was argued that these processes affect  the process of  

knowledge development . 
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An understanding of these processes is  c ruc ial to an understanding of 

the effects of administrative actions . The theoretical framework 

propo sed suggested that unless administrators were able to b ring about 

changes in al l three s teps , their  attempts to influence knowledge 

production purposefully, were unlikely to suc ceed . 

Coupled with related theories of o rganisations and their environments ,  

the resource d ependence pe rspective led to the delineation of  analytic 

and structural factors which , it was suggested , would be likely to 

influence communication .  The relationships of  these variables and 

communication networks were d esc ribed by eight hypo theses . Finally , the 

pattern of external communication as influenced by the variable of 

physical distance was d iscussed . 

The nex t chapter elaborates the methodological issues involved in the 

present investigation. 

' '  
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NOTES 

[ 1 ] From the organisational rather than individual point of view ,  
Pfeffer and Salancik ( 1 978 ) suggest  that there i s  a " loose 
coupling" between o rganisations . This term has been used to denote  
the relationships between o rganisations which are  based on the 
filtered and imperfect effects  of one o rganisation on another .  

[ 2 ] The coalition participants provide behaviours , resources and 
capabilities that are most needed or desired by o ther 
organisational participants . As a consequence , its members come to 
have more influence and control over  the o rganisation , because  one 
of the rewards fo r contributing the most c ritical resources is the 
abili ty to control and direct o rganisational action ( Pfeffer and 
Salancik 1 978 : 27 ) . 

[ 3 ] The resource d ependence perspective  defines the key concepts in 
terms of  relationships of one " object"  to  another . 

Organisations are d efined as c liques of  peopl e in relation to 
others . 

Environments do not exist " independently" of  the focal o rganisation , 
but only in relation to it . For example , as organisation A in the 
environment of the fo cal organisation B loses its  power over  
organisation B because of the loss of control over  resources 
required by organisation B, the importance of the o rganisation A 
diminishes relative  to organisation B .  Organisation A may , indeed , 
cease to be  a part of  the environment of B ,  even though in itself ,  
its power over  other organisations ( say C and D )  may b e  greater . 
Environments are not " obj ectiv e  realities"  ( Pfeffer and Salancik 
1 978 : 260 ) . 

The boundaries of  o rganisations are not d efined exclusively either 
by their walls o r  the personnel on their payroll . Rathe r ,  if  a 
pe rson' s act ivity X ( say research) is controlled by o rganisation A 
then , the act iv ity X is a part of  o rganisation A ( not the person) . 
However , for the purpose of the present study , the payroll was 
consid ered as a sufficient indicator  of a person ' s membership in an 
organisation.  

[ 4 ] Lazarsfeld and Menzel set out three maj or  groups of  properties of 
collectivities . These are : 

analytic properties ( based upon data about each member of the 
organisation) , 

struc tural properties ( based upon  data about the relations among 
organisational members ) , and 

the global properties ( not based on info rmation about the properties 
of individual members but on non-member  characteris tics of  the 
collectivities , such as technology) . 



1 1 1  

Thus al though the "use of  facilities" addresses a relation and can 
be thus located among the struc tural properties of c ollectivities , 
the variable is not based upon data about the relations among 
organisational members , but on the data about the relations between 
organisational members and one of the global properties o f  
collectivities , namely the technology . It  was thus l ocated in the 
third category o f  the properties . 

[ 5 ] For generalised statements see Pfeffer and Salancik ( 1 978 ) , Pfeffer 
( 1 978 ) and Stern ( 1 979 ) . 

[ 6 ] As Rogers and Shoemake r ( 1 97 1  : 208) noted : 

"The overall cri ticism of  the two-step theory • • •  i s  mainly 
that it does  not tell us enough . The flow of communication 
• • •  is far more complicated than two s teps . What is known 
about the • • • communication process is  too detail ed to be  
expressed in  one sentence o r  in  two s teps . "  

[ 7 ] I t  i s  c onsid ered unreasonable  to suggest that knowledge makers 
communicate with other knowledge makers through dominant 
coalitions whom Allen and Cohen ( 1 96 9 )  termed " gatekeepers "  and who 
were found indistinguishable from administrators ( Frost  and Whitley 
1 97 1 ) .  However , it  is  reasonable to argue that communications are 
facilitated or  inhibited by the dominant coalitions , which may 
include administrators . 

The term "gatekeeper" has been propo sed by Allen and Cohen ( 1 969 )  
to denote  high c ommunicators ( communication stars ) who "keep the 
gates " by channelling external info rmation into research 
o rganisations . In view o f  the earlier definition of the dominant 
coalition and Fros t  and Whi tl ey ' s ( 1 97 1 ) research findings , i t  can 
be suggested that the "gatekeepers "  fo rm ,  at l east in part , the 
dominant coalition in research o rganisations . In this c ontext , the 
term "gatekeeper" appears supe rfluous . 

[ 8] The existence of homophilic behaviour is now well  established in 
the literature  ( Romans 1 950 , Blau 1 95 5 ,  Campbell  and Alexander  
1 965 , Rogers and Shoemaker 1 97 1  : 2 1 0 ) . 

[ 9 ] Studies in the transfer of technology indicate the importance of 
the class of  actors who mediates between scientific research and 
industrial users . In the engineering industry , this c lass o f  
actors can b e  d efined a s  technologists , and the channel o f  
ac tivity asso ciated with them , technology ( Gruber and Marquis 
1 96 9 ,  Davidson et al 1 974 , Cetron and Davidson 1 977 ) . In 
agricul ture , agricul tural ext ension is l ikely to play this role . 

[ 1 0 ] Two theories from poli tical sc ience were adopted in this s tudy . 

First , Dahl ' s  ( 1 96 1 ) desc ription of the capitalist  system of  
government as consisting of interest groups was accepted . Various 
organisations such as trad e unions and other voluntary 
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organisations fo rm these interest groups and together they attempt 
to influence the government ' s  actions concerning the allocation of  
resources . In this s tudy , interest groups and the government were 
termed the " institutional " political system . 

Second , the seventies saw the emergence of so cial movements which 
b ecame non-institutionalised pressure g roups ( Cleveland 1 97 1 ) .  
Unlike the traditional interest groups , these  so cial movements 
fo rmed around an idea , value , or a definite po licy and normally 
disbanded after the achievement of their goals ( Cleveland 1 97 1 , 
Jackson 1 973 ) . On the basis o f  the central value , their  organisers 
were able to mobilise people from all walks of l ife , includ ing 
research o rganisations . In this s tudy , the social movements were 
termed the " non-institutional " po li tical sys tem . 

[ 1 1 ] The effects of  similarity ( Bierfelder 1 974 ) were not 
investigated . The inclusion of this variable would have requi red 
the measurement of the relevant attributes  o f  both communication 
partners . In the case of external communication ,  this c ondition 
could not be met in the present study . 
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CHAPTER 5 

METHODOLOGY 

This chapt er sets out the methodological aspects  of  the present 

research . Following a s tatement of the maj or  research d esign decisions 

adopted , the chapter deals wi th the fo llowing particular topics :  

( i) ope rationalisation of variables ; 

( ii )  selection and construc tion of instruments ;  

( iii )  indices  c onstruc tion ( where appropriate ) ; 

( iv)  data collection ;  

( v) validation of the instruments ; 

( vi) methods of  data analysis . 

As has been indicated in Chapter 1 of this repo rt , the obj ectives of  the 

study can be d iv ided into two maj or groups . The first group deal t wi th 

a theory o f  the work patterns of problem so lvers .  The second group 

addressed the relationships between certain characteristics  of the 

research organisation and these wo rk pa tterns . The methodological 

discussion is , likewise , d ivided into two parts . Both parts are 

introduced by a summary of the variables involved in the analysis and a 

statement of the areas where hypo theses  were fo rmulated . 

With the ex ception of the discussion of the construc tion of indices 
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whi ch is not appl icable in this part , the issues outlined above are the 

major headings in Part I ,  around which the analysis is  o rdered . 

In Part II  o f  the present chapter on methodology , these issues are 

reorganised to avoid unnecessary repe tition . 

RESEARCH DESIGN 

To test the hypo theses  presented in Chapter 3 ,  

methodological decisions were mad e :  

two fundamental 

( i ) the data concerning the patterns of communication were 

obtained by aggregating 1 2  samples 

behaviour , weighted for absences ; 

( ii ) the data were analysed by means of 

log- linear modelling technique . 

of communication 

the hierarchical 

To test the hypo theses presented in Chapter 4 ,  three fundamental 

methodological decisions were mad e :  

( i ) the flows of internal communication were analysed by the 

means of Harary ' s ( et al 1 96 5 )  theory of graphs ( a theory 

which was used in previous research by Allen 1 968 , Allen and 

Cohen 1 969 , Allen and Cooney 1 974 , All en 1 977 , Hall  1 974 , 

Fro st  and Whitl ey 1 97 1 , Pruthi and Nagpaul 1 978) , 

( ii ) the effects  of  the organisation on the flows of internal 

communication were analysed by means of a local ly o ptimal 

tes t . This technique was c onsid ered more sensitive and more 

appropriate than the Kolmogorov-Smirnov test used in 
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previous studies ( Allen 1 968 , Allen and Cohen 1 969 , Allen 

and Cooney 1 97 4 ,  Allen 1 977 , Hall 1 974 ) . The local ly optimal 

test not only enabled testing 

allowed the strength of the 

for independence , but also  

relationship between the 

variables under  investigation to be estimated . 

WORK PATTERNS OF PROBLEM SOLVERS 

1 1 5 

The theory o f  work patterns presented in Chapter 3 focused on seven 

variables . Stages of work were consid ered as the d ependent variable , 

and the five dimensions of  communication ( sources ,  type s ,  modes , 

circumstances and effects ) were designated as independent variables . To 

test  whe ther this theoretical framework can be  applicable to all problem 

solvers , the hypo theses were investigated whilst  " controlling"  fo r the 

seventh variable :  the occupational groups . 

The theory of  work pa tterns involved specifying the expected struc ture 

of communication characteristic of each s tage of work . 

OPERATIONALISATION OF VARIABLES 

For the present s tudy , the info rmation matrix was c onstruc ted on the 

basis of aggregating 1 2  samples of the communication behaviour of 

problem so lvers in the government research organisation selected for 
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investigation . As will be  desc ribed fully in later sections of this 

chapter , the respondents were asked to record and desc rib e , on 1 2  

separate  o ccasions , each significant item of information they received 

during a specified t ime pe riod . Significant info rmation was d efined as 

an information which was l ikely to affect  the content or  context o f  

work.  

The diary entries , each of  which represented an item of  info rmation , 

were the units of  analysis . The dependent and independent variables 

were obtained from the desc ription of these info rmation items . Thus , 

all variables consid ered in this part were measured by means of the 

Information Flow Ques tionnaires ( Appendix A) . 

Sources  of info rmation 

In the Information Flow Ques tionnaires , the respondents were asked to 

record and desc ribe each significant item of info rmation they received 

from pe rsons and from written mat erial , separately ( Ques tions 4a , 4b) . 

The source "written material " was assigned to the entries in Question 

4b. ( Consistent with the theoretical framewo rk d iscussed in Chapter 3 ,  

responses denoting internal memos  and letters were d iscarded from the 

analysis . ) 

The classification of info rmation items into internal and external 

( oral ) so urces was carried out on  the basis of respondents ' naming the 

persons from whom they received the info rmation , and the organisation 

they represented . Any person from the organisation studied was 

considered as an internal ( oral ) source ; any other person was defined as 

an ex ternal ( oral ) source of info rmation . 



1 1 7 

Types of  information 

In one subquestion common to Questions 4a and 4 b ,  the respondents were 

asked to classify the content of  the info rmation items . Originally ,  

eight categori es were set  out . These are defined in Appendix B .  Five 

basic types were construc ted from responses to this subque stion : 

( i) scientific ( deno ted by the " sc ientific" category in  the 

ques tionnaire ) ; 

( ii ) client ( by aggregating information denoted " extension" and 

" indus try" ) ; 

( iii ) technical ( denoted by " other technical " in the 

ques tionnaire ) ; 

( iv) organisational ( denoted by the " fo recas ting and planning " 

category in the questionnaire ) ; and 

( v) administrative ( by aggregating information denoted 

" resources " ,  " time" and "manpower" in the questionnaire ) . 

Modes of info rmation transfer 

The mode of information transfer was measured by asking the respondents 

to specify whether the info rmation was " volunteered " to them ( and thus 

received passiv ely) or " sought" by them ( and thus acquired actively) . 

A passive mode of info rmation acquisition from written material occurred 

if the info rmation was obtained at " random " or through " regular 

reading " ;  an activ e  mode occurred if the information was obtained 

through " purposeful search" . 
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Circumstances of information transfer 

The circumstances of info rmation transfer in o ral exchanges we re 

measured by a d irect  question: whether the information was obtained 

" informally" , or " formally" . 

An i tern of info rmation from written material was " po inted out" to the 

respondents if they entered the name of the person who d rew written 

material to their  attention . Otherwise , the item of info rmation was 

classified as " no t  po inted out " . 

Effects  of information 

The effects  of the information on the respondents we re measured by the 

means of three-step Likert-type statements which requi red the 

respondents to indicate how s trongly the info rmation was likely to 

affec t  their  work . 

Stages o f  work 

If the info rmation entered by the respondents on the questionnaire fo rms 

related to a s ingle proj ect ,  then the characteristics of the proj ects 

ind icated whether the info rmation item related to the Idea Generation -

or Problem Solving stages of  the proj ects . All entries relating to 

other stages , as well  as all entries relating to proj ects  which were in 

both the Idea Generation and the Problem Solving stages  simul taneously ,  

were exc luded from analysis . 
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If an item of info rmation related to more than one proj ect , an "area"  

( defined in Ques t ion 1 )  or "work in general " , then this item of 

information was d eemed to be related to the Work Programme Development 

stage of work . 

Occupational groups 

The respondents were divided into three occupational groups ( scientists , 

science technicians , adminis trative s taff) depending upon their  

classification in  the Public Service Occupational Classes ( science , 

science technicians , and clerical/ executive) . An exception was the 

Director who , although l isted in the " sc ience" occupational class , was 

fo r the purposes o f  the present research c lassified as administrative 

staff member .  

Other dimensions o f  c ommunication 

In the subque stion relating to the " types"  of info rmation , the 

respondents were also  required to indicate whether the organisational 

and administrative  info rmation had positive or negative effects on 

their work . For the sake of simplicity , this d istinction was ignored . 

In the questionnaire , the respondents were also asked to indicate when 

the info rmation was l ikely to be useful . This variable originated in the 

pilot  tes ts which indicated a need to provide room fo r the 

classification of info rmation along this d im ension , largely because some 

received information was not c onsidered to be of immediate applicability 

by respondents .  The po int was conceded also because Orr ( 1 970 ) called 

for such a classification , and Hall ( 1 974 ) used it in his research . 
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Unfortunately , interviews throughout the study showed that the 

classification of info rmation according to the timing of its usefulness  

was not clearly unders tood by  the respondents , irrespective  of numerous 

attempts which were made by the researcher to define it in letters 

accompanying the que stionnaires and in subsequent discussions . The maj or 

confusion rested in the distinct ion between info rmation which "will"  o r  

"might " affect work . The respondents were asked t o  tick the category 

"might in the future" only in the latter event s . However ,  some 

respondents d id not distinguish between "might" and "will"  precisely. 

This ' dimension ' of communication was , therefo re ,  excluded from 

subsequent analysis . 

SELECTION AND CONSTRUCTION OF THE INSTRUMENT 

Instrument selection 

In pas t  s tudies , three methods of data collection have been used to 

collect information on communication behaviour : 

( i ) Single Quest ionnaire ( Pelz and Andrews 1 966 , Rosenbloom and 

Wolek 1 97 0 ,  Allen and Cooney 1 973 ) , 

( ii ) Solution Development Reco rd ( Allen at al 1 96 6 , Gerstberger 

et  al  1 968 , Allen 1 96 9 ) , and 

( iii ) Time-sample series of  que stionnaires ( Frost and Whitley 

1 973 , Whitley and Fros t  1 972 , Hall 1 974 , Allen and Cohen 

1 96 9 ,  Bitz  et al 1 975 ) . 
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I n  this s tudy ,  the time- sample series o f  que stionnaires was used , though 

some mod ifications we re necessary in the l ight of the theoretical 

framework developed for this s tudy , and because of findings from pilot 

tests c onduc ted prior to the actual collection of info rmation . Because 

of the need to gather data similar to tho s e  obtained by the second 

metho d ,  the Solution Development Record , the adapted t ime-sample series  

of questionnaires utilised some aspe c ts of  that methodology . 

The single que stionnaire methodology was not used because the responses  

collected by such means are likely t o  reflect the respond ents ' beliefs 

about their work rather than the actual communication behaviour . 

The Solution D�velopment Record ( SDR ) was c onsidered limited to the 

circumstances where there are maj or ,  clearly defined proj ects  that have 

a definite beginning and end , and which also constitute the maj or 

workload of problem so lvers investigated . In the present research 

setting , this was not the case , and the SDR was , therefo re , no t used . 

However , this study , l ike tho s e  employing the SDR approach , related 

information items to proj ects  and used a s imilar 

information items recorded . 

definition of 

Researchers who have used the time-sample series of questionnaires d id 

not , until recently , de fine what item of info rmation was to be recorded 

( Hall 1 974 ) . General ly , thos e  s tudies which have employed the 

time-sample quest ionnaires asked the respondents to record with whom 

they engaged in a technical discussion .  

Unlike the previous studies , respondents in the present study were asked 

to record only the significant info rmation they received . They were 
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also asked to desc ribe i t  and to indicate the process of i t s  transfer 

and its  effect . Final ly , they were requi red to relate it  to a 

particular proj ect . 

Instrument c onstruc tion 

The Information Flow Questionnaire which was used to gather the relevant 

data is shown in Appendix A. Ques tions 1 ,  2 ,  and 3 were designed to 

elicit  info rmation pertinent to the proj ects . Questions 4 6 were 

designed to generate data on the info rmation matrix , and the l inking of 

the two areas . 

Aft er consul tations wi th section leaders and two independent experts , 1 5  

work areas were delineated . Nine of these defined specific research 

areas , and the remaining six categories addressed the biological and 

technical aspects  of  service ,  extension , and development types of  

act ivity . In Question 1 of the Questionnaire , the respondents were asked 

to tick any of the wo rk areas in which they were involved at the time of  

the study . In order to s implify the analys is ,  the responses  from this 

ques tion were not analysed . Instead of c lassifying responses into areas 

of work , the responses were c lassified into occupational groups . 

Question 2 asked the respondents to list all proj ects they were involved 

at the time the que stionnaire was issued . In the same que stion , the 

respondents were asked to relate these proj ects  to their work areas and 

to state the s tage in which these proj ects  we re at when the info rmation 

for the present study was collected . In Question 3 ,  the respond ents we re 

asked to desc ribe the facilities they used in each proj ect . The analys is 

of this variable will be shown in Part II of  this chapter . The responses  
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to Questions - 3 were copied from old to new forms prior to the next 

issue ; and the respondents were asked to record any changes .  

Questions 4 - 6 were laid out in a manner which was d esigned to 

facilitate quick and clear responses . 

DATA COLLECTION 

This section is d ivided into two subsections : the time-sampling , and the 

administration of the que stionnaires . 

Time-sampling 

Previous s tudies which have used time-sample questionnaires issued the 

instruments 1 0- 1 2 t imes over a period of 1 0- 1 2 weeks ( Whitley and Frost  

1 972 , Frost  and Whitl ey 1 97 1 , Hall 1 974 ) . Theoretical ly , Ritchie 

( 1 976 )  argue s that the questionnaires be administered 1 0- 1 2 t imes over 

the period of 6-8 weeks . 

Because some past  researchers encountered problems wi th the small number 

of info rmation items  recorded on the fo rms ( Bi tz et al 1 97 5 ) , it was 

assumed for the purposes of the research that the greater  the number of 

times the questionnaires could be administered , the more valid and 

reliable the ensuing info rmation matrices were likely to  be . However ,  

there is a limit  to which an organisation would permit  the use of its  

employees ' time for the purpose  of a so cial science research proj ect . 

Also , decision on the time  span of a s tudy which utilises this 

methodology must  be made with a reference to the broad cyc lical 
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patterns of work which o ccur in  o rganisations such as the one s tud i ed in 

the present research . Because the organisation studied is involved in 

agricultural research and is , therefore ,  dependent on seasonal cycles , 

the period of 6-8 weeks suggested by Ri tchie ( 1 97 6 )  was c onsid ered 

unsuitable . 

The above dilemmas were discussed at a meeting with section leaders 

prior to the study , and it was agreed to issue the que s tionnaires  1 2  

times over a period of five consecutive months • •  

As in the previous s tudies , the selection of the actual days on which 

the que stionnaires were issued followed the rul es fo r systematic random 

sampling . The time pe riod of five months was d ivided into 1 2  two-weekly 

interval s .  A day was randomly selected in each period but in such a way 

that the total sample contained at least two samples from each day of  

the week .  

Unlike previous stud ies where " day" was not d efined , the present s tudy 

covered all hours of  the period . To do this , a week was d ivided into 

four blocks of 24 hours and one block o f  72 hours .  The " day" was then 

defined as a time period beginning on 5pm of the previous day ( for 

Tuesdays , Wednesdays , Thursdays and Fridays ) , o r  Friday ( for Mondays ) , 

and end ing at  5pm on the day the questionnaire was issued . This  

approach was adopted because resul ts from pilot  stud ies indicated that 

problem so lvers read j ournals or attend work-related meetings  in 

evenings , or over  weekends . 

Unlike previous stud ies , the respo ndents we re also reque sted to fil l in 

the que stionnaires if  they were away on a business trip on the day the 
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ques tionnaire was issued . The aim of the study was to asc ertain the wo rk 

patterns , wherever they occur , no t just communication behaviour when the 

respondents were working within the organisation . 

Administration of the questionnaires 

The que stionnaires and their administration were consid ered complex from 

the outset . A s trategy was ,  therefo re ,  devised to s t imulate interest in 

the study , to ensure , as far as po ssible , uniformity in understanding 

the various que stions and definitions used , and to sustain the 

respondents ' interest in the s tudy throughout its duration . This was 

done through a series of info rmal and formal meetings , a pract ice run 

accompanied by a list of definitions ( see Appendix B) , letters enclosed 

with each issue of the que stionnaire ( Appendix C ) , and follow up 

interviews . By using these measures , full cooperation was secured . 

The questionnaire fo rms together with the covering letter and an 

envelope were distributed to the respondents between 5 pm and 8 am of 

the period covered by the que stionnaires . The completed fo rms we re 

collected at 5 pm , that is, a t  the end of the period covered . All 

completed forms were checked and followed up in cases o f  obviously wrong 

or que stionable entries . 

The Information Flow Questionnaires  were administered between 28 . 4 . 1 977 

and 28 . 9 . 1 977 . 
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VALIDATION OF THE INSTRUMENT 

Reliability 

Reliability measures show the precision of the instruments ( Kerlinger  

1 973 : 443 ) . Three s e t s  of  tests  were carried out . These focused on  the 

stability of the instruments ,  Kerlinger ' s coefficient of reliability ,  

and the dependabili ty o f  the instruments . 

Stability o f  the que stionnaires 

The mean responses per sample ( weighted and unweighted fo r absences ) are 

shown in Diagram 5 . I .  Tests  were carried out to establish whether or not 

the variations that existed could be explained by consid ering : 

( i) the issuing of the que stionnaires on different days o f  the 

week ; 

( ii ) high and low response rates ; and 

( iii ) high �d low rates of absenteeism . 

To investigate the effects  of the days of  the week , the Kruskall-Wallis 

non-parametric test , which compares the sums  of  ranks of individuals 

according to their number of entries per sample , was used to test the 

hypothesis that days of the week did not affect  the relative number of 

entries by the respondents .  ( The same  test  was carried out by Hall 

1 974 . )  The details of  the analysis are shown in Appendix D .  The low 

s tatistic H ( . 1 38 )  indicates that there were no · significant differences  

between the responses  to the que stionnaires issued on  different days of  

the week . 
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In past research , communication netwo rks were construc ted on the basis 

of weighting questionnaire entries fo r abs ences ( Hall 1 974) . The 

analyses undertaken in the present research adopted the same procedure , 

provided that absenteeism did not effect  the struc ture of the responses . 

The same  tes t  was used to s tudy the effects  of  d iffe rent response 

rates . To carry out this test , the days on which were repo rted ( i)  the 

lowest and highes t  c ommunication entries ( Questionnaires 9 and 1 1  

respe ctively) and ( ii ) the lowest  and highest abs enteeism 

( Questionnaires 9 and 4 , 6  respe ctively) were taken ,  and the rank 

ordering of the respondents we re compared by means o f  the Kendall Tau 

rank correlation coefficient . ( The same test was done by Hall 1 974 . )  

Details of these analyses are shown in Appendix E .  The high c oefficents 

in all tests indicate that neither abs enteeism nor different rates of  

responses affected the s truc ture of the responses . 

Thus , re sul ts from all tests  d iscussed to this po int indicated that the 

questionnaires were s table : neither days of the week , absenteeism , nor 

response rates affected the struc ture of the responses . ( As wil l  also be 

shown in the analys is of variance discussed below,  there was no 

significant d ifference between the samples of  communication behaviour . ) 

Thus , in construc ting the work patterns and the communication netwo rks , 

the data were weighted for absences . 

Kerlinger ' s c oeffic ient of  reliability 

The coefficient o f  reliabili ty used in the present investigation was as 

defined by Kerlinger  ( 1 973 : 446 ) : 



" • • •  proportion of e rror variance to the to tal obtained variance 
yielded by a measuring instrument , sub tracted from 1 . 0 ,  the 
index 1 . 0 ind icating perfect reliabil i ty . "  
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The detail s of  the analys is are shown in Table 5 . 1 . In carrying out the 

analys is , missing data were substituted by values fo r which the 

residuals were effectively zero . This s tep was necessary to make the 

analysis valid . A study o f  residuals indicated only a moderate 

departure from normali ty .  Thus , having met the assumptions underlying 

the test , the resul ts c an be accepted as valid . The high coeffic ient o f  

rel iability , r = . go ,  shows that the instrument was highly reliable . 

Table 5 .  1 
Reliability of  Information Flow Questionnaires 

using two-way analysis of variance* and Kerlinger ' s fo rmula 

Source d . f .  

Between Samples 1 1  
Between Individuals 52 
Residual 506 

Total 569 

s s  

93 . 03 
2542 . 58 
2406 . 69 

5042 . 30 

MS 

8 . 46 
48 . 90 
4 . 76 

8 . 86 

Coefficient of reliability ( r) :  

F 

1 .  78 NS 
1 0 . 28 *** 

r = 1 - V ( e) /V ( ind ) = 1 - 4 . 76/48 . 90 = 0 . 90 

* The analysis was carried out on B6700 using program 
TEDDYBEAR written by J . B . Wilson of Otago University . 

Dependabili ty of  the que stionnaires 

Two checks we re carried out to measure the dependabili ty of the 

questionnaires . Firs t , all entries which recorded a public servant as a 
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source of info rmation were checked against an offic ial list of pe rsons 

employed in the Public Service .  From the 476 entries which were 

checked , only 2 ( . 0 1 % )  persons were not identified , and these 

ind ividual s may have been employed on special work contracts which were 

not recorded in the official list . 

Second , the respond ents were asked in interviews to evaluate how 

consistent they consid ered their  responses throughout  the study . With 

the ex ception of one person ,  all indicated a satisfactory level  of  

consistency.  

Validity 

A correlation test was c arried out to establish whether or not the 

instrument used measured " significant" info rmation . 

Significant information , it  will be recalled , was defined as info rmation 

which is l ikely to affect  the content or  context of  work . I t  was 

anticipated that the more info rmation was received in a proj e ct , the 

higher would be the rate of change in the proj ect . 

All coded proj ects were divided into five groups , according to the 

number of info rmation items received by them ( information ties ) . This  

was correlated with the extent to  which changes o ccurred in  proj ect  

stages . The resul ts are summarised in Diagram 5 . II .  As the diagram 

shows , there was an increase in the proportions of  s tages  which changed 

into any of the ensuing stages ( from 1 4 . 5% for proj ects  wi th no ties to 

31 . 8% for proj ec ts wi th 1 0  or mo re ties ) . Thus , the great er the quantity 

o f  info rmation received for a given proj ect , the greater was the rate of  
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change in the proj ect . This result shows that not only d id the 

questionnaires  m easure " s ignificant" information as d efined , but the 

argument that the quantity of c ommunication is proportionately related 

to the efficiency o f  problem so lvers ' work was also substantiated . In 

terms of proj ect throughput , a greater amount of info rmation meant 

higher effic iency in work . 

The resul ts from the statistic al test outl ined above were corroborated 

by information given in interviews . Over 80% of the respondents who 

specified the criteria used in their decisions to enter info rmation into 

the questionnaires ( 60% of al l respondents ) indicated in the interviews 

that they entered information items  which had a " subj ective" 

significance fo r their work . 

METHODS USED IN INVESTIGATING THE HYPOTHESES 

One of the maj or aims of the study was to show the relationship between 

particular stages  of work and the communication patterns asso ciated with 

them . These relationships were studied by means of  the hierarchical 

log-linear modelling technique of contingency table analys is . 

Broad ly speaking , the hypo theses specified the expected relationships 

between dimensions of communication and stages of work . However , i t  was 

consid ered necessary to investigate these fo r the different occupational 

groups within the organisation studied . Thus , the analyt ical task was 

thought to be two fold , and comprised the examination of :  

( i ) the relations between dimensions of communication and 
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stages of  work ; and 

( ii )  the linkages  between the two-way relationships and the 

occupational groups . 

Because with one exception ( effects  of info rmation) , the variables 

considered in this s tudy were categorical , the hypo theses required the 

examination of two-way and three-way contingency tables . However ,  

because the hierarchical log-linear modelling technique was employed , 

tasks ( i ) and ( ii )  could be combined into a s ingle analys is .  In the 

language of the log- linear method ,  task ( i) can be regarded as a part of  

a recursive  system of all  consid ered variables ( Goodman 1 973 , 1 979 ) . 

Log-linear modelling technique 

The log-linear technique is a modern metho d  for the analysis of  

contingency tables . This  technique was employed because it offers a 

mathematically coherent and struc tured procedure which enables the 

id entification of simple and complex relationships between variables in 

a mul ti-variable situation . Further ,  i t  i s  now regarded as a 

s tatistical technique which supe rcedes the traditional methods of 

contingency tables analyses based on the Chi square (Up ton 1 978 : 46 ,  

Reynolds 1 977 ) . Inde ed , a survey o f  stud ies shown in the Sociological 

Abstracts since 1 975  ind icated that about two- thirds of  the stud ies 

which examined the relationships between categorical variables employed 

the log- linear  method of analys is . 

In the context of the so cial sc iences , the technique was d eveloped by 

Goodman ( 1 970 , 1 97 1 a ,  1 97 1 b ,  1 972a , 1 972b , 1 973 , 1 979 ) , and among 

others , popularised by Davis ( 1 974 ) , elaborated by Duncan ( 1 975 ) , Lever 
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( 1 979 ) , Allison ( 1 980) , and summarised by Everitt ( 1 977) , Reynolds 

( 1 977 ) and Upton ( 1 978) . 

The log-linear modelling technique enables a systematic desc ription of 

the relationships among variables ( Fienberg 1 978 : 3 ) . In general , the 

method involves two analyses : 

( i) finding a model for relationships which best fits  the data , 

and 

( ii ) examining each relationship . 

To outl ine how this  technique was used in thi s  s tudy to substantiate the 

hypo theses presented in Chapter 3 ,  each part of  the analysis will be 

examined sequentially . A summary o f  the procedure used in the study 

will conclude this section . 

Fitting of models to the data 

In general , the fitting of models to the data means the finding of 

relationships which can be  considered suffic ient for explaining all the 

relationships c onsid ered . I t  is therefo re a method which attempts to 

simplify a c omplex situation by depicting only s ignificant 

relationships . These relationships can denote two-way asso ciations , as 

well as higher-order interactions . The technique is  termed 

"hierarchical " ,  because the higher-order relationships derive , 

hierarchically , from the lower-order analyses . 

In studying which relationships are significant , the log- linear 
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modelling technique also enables the examination of causal relations 

( Goodman 1 973 , 1 979 , Everitt  1 977 , Upton 1 978 , Fienberg 1 978) . Whilst 

causal relationships can be specified prior to the " fi tting of models" 

and then only the hypo thesised relationships are includ ed in the 

analys is ( Goodman 1 979 ) , causal relationships can also  be inferred from 

the over-all analys is ( Lever 1 979 ) . In this study , the latter approach 

was ad opted . This  is because the computer provides the capacity fo r 

fitting all models in a three-way table automatical ly ; and because the 

study o f  the relationships between the occupational groups and their 

pattern of work was , as has already been suggested , exploratory . 

Thus , the first part of the log-linear t echnique was employed to 

ind icate which relationships sufficiently explained all possible 

relationships in the three-way tables consid ered , and , as well , to 

ind icate the causal links . 

Examining each relationship 

While  the log-linear technique is regarded as appropriate primarily in 

situations involving dichotomous variables ( Thornton 1 978 ) , this is only 

because po lytomous variables present spe cial problems in interpreting 

the figures indicating relationships b etween variables ( Up ton 

1 978 : 1 02 ) . Because in this study , the variab les consid ered were mostly 

polytomous , this situation was of a particular interest .  The method 

used to analys e the data in the present research is elaborated below. 

In log- linear models , an association between two variables is defined by 

a significant likeliho od-ratio Chi square ;  and by figures representing 

multipl icative  odds ratios ( or additive  log-odds ratios ) between cells 
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in contingency tables . These figures , termed parameter estimates , thus 

sub stitute  the trad i tional differences b etween the expected and observed 

frequencies . Unlike the t rad i tional measures , however ,  the standardised 

values of the parameter estimates will  be approximately normally 

distributed with a zero mean and a variance equal to one . Two figures , 

the parameter estimates , and their standardised values , thus ind icate 

the extent to which each c ell  contributed to the l ikelihood-ratio Chi 

square . The standardised value denotes the significance of the cell ' s 

frequency and the parameter estimate d enotes the relative  strength of  

the observed relationship between categories . 

In the case of d icho tomous variables A and B ,  the interpretation is 

simple because the models constrain the relationships by assuming that 

the parameter estimate in the cell  1 , 1 is the same as fo r cell 2 , 2  and 

bears the same but negative  value as c ells 2 , 1  and 1 , 2 .  Thus , a 

parameter estimate summarises the strength of  the relationship between 

dicho tomous variables . 

In the case  of po lytomies , however ,  no s ingle figure can be used to 

point out the relationship between the variables . Rathe r ,  an 

examination of the relationships between each pair of categories is  

required . Goodman ( 1 979 )  suggests that Duncan ' s  ( 1 97 5 )  method of 

replacing polytomous variables wi th a set of  dummy d icho tomies is 

appro priate here [ 1  ] .  The method involves the partitioning of 

variables . However , Upton ( 1 978 )  do cumented that a s tudy of  each c ell 

parameter estimate in a table of po lytomous variables leads to the same  

conclusions without reso rting to  the complex computation involved in 

Duncan ' s  method . In the present research , Duncan ' s method would have 
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involved the analys is of  up to 45�way tables . Therefo re , Upton ' s ( 1 978 ) 

suggestion of examining the cells in the table was ad opted in the 

present research b ecause of its  relative s implicity and acceptability .  

An examinat ion of  the parameter estimates  and their standardised values 

will clearly reveal not only the cells which significantly contribute to 

the significance of the overal l association , but also at l east the 

relative  extent of the asso ciation . 

In sum , each relationship was investigated by examining those  parameter 

estimates which s ignificantly contributed to a s ignificant 

likelihood-ratio Chi square , and by comparing the resul ts wi th the 

hypotheses presented in Chapter 3 .  

Summary of the procedure adopted 

The examination of the relationships d iscussed in Chapter 3 was c arried 

o· ·.t in a series o f  three s teps  using the log- linear modelling 

technique . The three s teps were as fo llows : 

( i ) The three-way table was s tud ied to reveal the complexi ty o f  

the relationships which needed to b e  examined , and to throw 

some light on the causali ties which may be involved . This  

step consis ted of simul taneous tests  showing the level ( or  

order) of c omplexity which must  be  considered t o  fit the 

data , and the actual fitting of log- linear models . 

( ii ) Each of the significant two-way relationships was explored 

by " collapsing " the three-way table , that is , summing over  

the categories of the " other" variable ( Goodman 1 979 , 
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All ison 1 980 ) . These explorations reveal ed trends  in the 

two-way relationships ( Up ton 1 978 ) . 

( iii ) If the three-way interaction was s ignificant , the third step 

was perfo rmed . This involved the analys is of  the three-way 

interaction ( in the same  manner as the analysis o f  a 

two-way association) , and the study of  the difference 

between the trends denoted by the two-way asso ciations and 

the three-way interaction . 

The computation was carried out on the IBM 370/1 68 using BMDP programs . 

The advantages and dissadvantages o f  these programs have been discussed 

by Dale and Maindonald ( 1 980) . 

SUMMARY OF PART I 

Part I add ressed the methodological issues involved in attempts to 

empirically test  the theoretical framework outlined in Chapter 3 .  The 

findings from these analyses will be discussed in Chapter  6 .  

The data were obtained through aggregating , and weighting fo r absences , 

samples of the communication behaviour of 54 respondents in one 

government research o rganisation . The data colle ction was carried out 

over a period of five months in 1 977 using a series  of Information Flow 

Questionnaires . 

Tests  showed that the instrument used was reliable and valid . 

The reasons fo r using , and the application of ,  the hierarchical 

log-linear method for analysing contingency tables to test the 
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hypo theses presented in Chapter  3 were also discussed . 

PART II  

THE RESEARCH ORGANISATION , ITS ENVIRONMENT AND THE WORK PATTERNS OF ITS 

EMPLOYEES 

The theory o f  the effects of research o rganisations on the wo rk pat terns 

of problem so lvers advanced in Chapter 4 explored two subproblems : 

( i )  the effects  of research o rganisations on internal 

communication , and 

( ii )  the effects  of  research o rganisations on ext ernal 

communication . 

The organisation of the present chapter  on methodology reflects this 

d istinction in that it is d ivided into two parts . Part A deals wi th the 

methodological issues involved in investigating subproblem ( i ) .  Part B 

deal s with the methodological issue s arising from the empirical study of  

subproblem ( ii ) . 

PART A 

ORGANISATIONAL EFFECTS ON INTERNAL COMMUNICATION 

The theoretical framework advanced in Chapter 4 to analyse the internal 

communication patterns highlighted two complex concepts ( the variables 
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which were actually investigated are in brackets) : 

( i) Work patterns  ( int ernal communication) , and 

( ii )  Collectiv e  entities which constrain the wo rk patterns , 

especially : 

( a) analyt ic properties of the organisations ( autonomy , work 

related orientations , and socially recognised work 

competence) ;  

( b) struc tural properties of  organisations ( formal 

struc ture , info rmal networks , physical distances , and 

colleague networks ) ;  and 

( c ) Global properties ( the use of facilities) . 

Each variable is d iscussed , in turn , in terms of the methodological 

issues referred to at the beginning of the present chapter . 

INTERNAL COMMUNICATION 

Operationalisation 

As in previous stud ies , the communication netwo rks we re construc ted on 

the basis of aggregating data , weighted fo r absences , from all 1 2  issue s 

of the Information Flow Questionnaires . Sociometric matrices were used 

to manipulate the data .  

Eight networks of  internal communication were construc ted , using the 

type of info rmation ex changed . Five of these netwo rks involved the 

basic types of info rmation: sc ientific , client , t echnical , 

organisational , and administrativ e ;  three were aggregates : 
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sc ientific/technical ( aggregates sc ientific , c lient , and technical types 

of  information) , organisational/administrative ( aggregates 

organisational and administrative  types o f  info rmation) , and total 

received ( aggregates al l basic types of  info rmation) . 

In the matrices construc ted for each netwo rk , each c ell  indicated the 

number of relevant info rmation exchanges between any two persons in the 

organisation . However , for some analyses , it was necessary to fo cus on 

only the pa ths between people , no t the number of ex changes .  

Non- trivial communication paths 

As in previous studies ( Allen and Cohen 1 969 , Frost and Whi tl ey 1 97 1 , 

Shotwell 1 97 1 , Hall 1 974 , Pruthi and Nagpaul 1 978) , the present s tudy 

used sociometric technique s to construc t the internal communication 

patterns as o riginally desc ribed by Harary , Norman and Cartwright 

( 1 965 )  • 

This  method suggests that if B ob tains an item of info rmation from A ,  A 

transmitted a message to B via the path AB . If C ob tains info rmation 

from B, B transmitted a message to C via the path BC . It is then argued 
. 

that there is a po tential for the transmission of message  from A to C 

via the path ABC .  

However , if , fo r example , person A gave info rmation to person B only 

once during the pe riod of the study , the path AB can be said to more 

trivial ( less effective) than a path AC which was used say 3 - 5 times . 

The frequency wi th which a pa th was used was the basis fo r 

dis tinguishing non- trivial from trivial paths . 



TYPE OF 
INFORMATION 

1 

Total/Rec 186 
SC/Tech 139 
se 8o 

Tech 72 
Client 12 
Org/Adm 103 
Admin 87 

I Org 51 

Tab l e  5 . 2  
Frequencies o f  c ommun i c a t ing d i ffe rent type s o f  info rma t ion , and 

the d e te rmination of " non- t rivial " pa ths 

NON-TRIVIAL PATHS 

FREQUENCIES OF COMMUNICATIONS CUT-QFF STATISTICS INDEX 

2 3 4 5 6 7 8-10 ll-14 34-36 Total N N Of �otal 

106 33 21 15 .10 7 ll 7 1 397 4 72 18 
66 20 16 5 2 5 5 4 1 263 3 58 22 
35 9 10 2 2 2 1 2 - 143 2 63  44  
32  9 4 5 1 1 1 2 - 128 2 55 44 

2 1 - - - - - - - 15 1 15 100 
60 14 9 5 6 1 1 1 - 200 2 97 49 
46 10 2 2 2 - - - - 149 2 62 42 
22 2 3 3 3 - - - - 146 1 146 100 
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Table 5 . 2  summarises  the distribution of the frequencies according to 

the paths established for all type s of information consid ered . These 

data show that most  paths we re used only a few t imes . These findings 

are consistent wi th those  repo rted in previous studies ( Frost and 

Whitley 1 97 1 , Hall  1 974) . 

An analysis o f  the data , using Harary ' s ( et al 1 96 5 )  method of networks 

transformation , generated the index which separated trivial from 

non- trivial paths . This ind ex , as well as some relevant s tatistics of  

the non- trivial paths , are also  shown in Table 5 . 2 .  

The networks o f  internal communication were construc ted from responses 

obtained to the Informat ion Flow Questionnaires . This instrument was 

described in Part I of the present chapter .  

The validation of the Information Flow Ques tionnaires was also discussed 

in Part I of the present chapter .  

AUTONOMY 

Operat ionalisation 

Autonomy was defined , nominal ly , as the degree to which people have 

power with respe ct  to their environment ( see  Chapter 4 ) . Operationally , 

autonomy can be measured in t erms of the degree to which peopl e can make 

effective decisions on the fo llowing work r elated matters : 

( i ) what they do , 



( ii )  how they do it , 

( iii)  when they do it , 

( iv)  with whom they do i t ,  and 

( v) what will  be done with the outc ome of their work . 

Selection and construc tion of instruments 
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Price ( 1 972 ) suggested that Inkson ' s ( et al 1 970 ) scal e best  measures 

autonomy as defined above , s ince this scale  measures the degree to which 

respondents can make decisions about various actions . For the purpose  of 

the present study , three modifications were made to the scal e .  Firs t , 

the words " can make effective  decisions" were substituted for the 

original words " autho rity to decid e" . Second , instead of the 

Guttman- like statements used by Inkson ,  the respondents we re asked to 

evaluat e  each domain item in terms of Likert- type statements .  This  was 

done to make al l instruments measuring attitudes consistent . Third , on 

the bas is of  Price ( 1 972 )  who suggested that Inkson ' s scale could be 

shortened , 1 3  domain items we re used instead of the 23 includ ed in the 

original scale . The domain items included were determined through an 

elaboration of the operational definition shown above . These items , 

together with the titl es of the relevant statistics , are shown in Table 

5 . 3 .  The items were printed in the que stionnaire randomly . 

The domain items included were determined through an elaboration of the 

operational definition shown above . These items , toge ther with the 

titles of the relevant dimensions and statistics , are shown in Table 

5 . 3 .  The items we re printed in the que stionnaire , randomly .  
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Table 5 . 3  
Autonomy scal e  and its evaluation 

I 
IT . DIM . DESCRIPriON MEAN MEAN T VALUE I 

I 
TOP BOT. I 

I 
25% 25% I 

I 
I 
I 
I 
I 

A 1  IV  Determine a team member 4 . 67 1 • 1 0 1 0 .  1 1  *** I 
I 

A2 IV Interview new employees 3 . 42 0 . 90 4 . 52 *** I 
I 

A3 I Terminate proj ect  4 . 75 1 . 50 9 .  5 1  *** I 
I 

A4 V Determine j ournal fo r pub . 4. 92 0 . 30 27 . 76 *** I 
I 

A5 I Initiate new proj ect 4. 58 1 . 20 1 2 .  1 1  *** I 
I 

A6 IV Select new employee 3 . 50 o . so 5 . 27 *** I 
I 

A7 V Determine client 2 . 08 0 . 70 1 . 82 I N . S . 1 
AB I I I  Determine priorities in wo rk 4 . 83 1 . 50 9 . 98 *** I 

I 
A9 I Determine work problem 4 . 83 1 . 90 7 . 53 *** I 

I 
A 1 0 I I  Determine methods in wo rk 4 . 92 2 . 20 6 . 26 *** I 

I 
A 1 1 I Determine content of work 4 . 1 7  2 . 70 3 . 63 ** I 

I 
A1 2 V Dete rmine what is published 4 . 75 0 . 60 1 6 . 81 *** I 

I 
A 1 3 I Enter new work area 4 . 42 1 . 1 0  1 4 . 36 *** I 

I 
I 
I 

Level s of  significance ( two tail ed test) : 
*** ( 0 . 00 1 ) 

** ( 0 .  01  ) 
N .  S .  p > O .  05 

Indices construc tion 

To compute  the indices required , the interrelationships between items 

were analys ed in order  to determine the unid imensionali ty of  the scal es 

and to establish the items which measured the concept best ( Nunnally 

1 967 , Grimes and Berger  1 970 , Flango and Brumbaugh 1 974 ) . Mayn tz ' s ( et 

al 1 976 : 55-57)  method was selected to do this fo r all the scales used in 

the present study . This  metho d c onsists of  dividing respondents into 

four groups on the basis of a " t emporary" to tal score , and using the 

t- test to compare the mean responses of the two extreme  g roups on each 

item . When values given by the two groups are no t significantly 
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different fo r an item ,  that item is j udged to be measuring another 

dimension and is , therefo re , rej ected from the computation of the total 

score . 

The resul ts o f  the test c arried out to determine the autonomy sc ores 

were also  shown in Table 5 . 3 .  

Because item A7 was not evaluated as significantly different by the top 

and bottom 25% of the respondents , it was not included in the 

computation of the autonomy sc ores . The autonomy sc ore fo r each 

respondent was c omputed by summing up their sc ores on all o ther items . 

The frequency distribution of the autonomy sc ores of  al l respondents is 

shown in Diagram 5 . II I . The sc ore 35 was chosen as the cut off fo r 

dicho tomising this variable , or , in o ther words , fo r distinguishing 

" autonomous " from "non-autonomous"  respondents . This po int was chosen 

because the median score was 34 . 3 ;  moreover ,  the largest gap b etween any 

two ad jacent scores occurred betwr ;n the scores of 34 and 38 . 

Rel iability and validity o f  the instrument 

Two coefficients of reliability were computed using the 1 2  items 

selec ted for the final scal e .  A coeffic ient alpha was . 96 1 . A 

Spearman-Brown ' s coeffic ient of  reliability based on spl it-half model 

was • 954 . [ 2 ] 

The instrument was assumed to be valid on the basis of a content 

analys is of the items , and because of their similarity to the items 
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included in the scale which had been devised by Inkson ( et al 1 970 ) , and 

which i tself has been shown to be valid ( Price 1 972 ) . 

On the basis of the resul ts obtained from these computations , the scale 

was j udged to be both valid and reliable . 

WORK RELATED ORIENTATIONS 

Ope rationalisation 

Work related orientations , which have al ready been defined as sets  of  

attitudes toward the work related environment ( see  Chapter 3 )  were 

measured on the basis of the professional/local scal e  devised by 

Gouldner ( 1 957 , 1 958) . 

Three modi fications were made to Gouldner ' s scal e .  These modifications 

were based on the theoretical framewo rk developed for the present s tudy , 

and the li terature which has b een published since Gouldner ' s o riginal 

studies : 

( i ) Work related orientations we re assumed to be 

multidimensional rather than unid imensional as o riginally 

argued by Gouldner  ( Go ldberg et al 1 964 , Glaser  1 963 , Grimes 

and Berger 1 970 ) . 

( ii )  Unl ike Gouldner ' s and also unlike many o ther studies 

( Go ldberg et al 1 964 , Berger and Grimes 1 973 , Grimes and 

Berg er 1 970 , Flange and Brumbaugh 1 974 , Fried lander  1 97 1 ) ,  

orientations we re consid ered in terms of  the four dimensions 



delineated in the theoretical framework employed in the 

present research ( see Chapter 4 ) . 

( iii )  Two parameters rather than the three used by Gouldner were 

assumed to be underlying each dimension : 

( a) loyal ty/ reference group o rientation , and 

( b) commitment to specialised skills . 

This decision was based on the fact  that Grimes and Berge r  

( 1 970) ind icated that the difference between loyalty and 

reference group orientation was not entirely clear .  

Selection and construc tion of the instrument 
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Various technique s have  been developed for measuring work related 

orientations ( Gouldner 1 958 , Goldberg et al 1 96 4 ,  Pelz  and Andrews 1 966 , 

Friedlander 1 97 1  ) .  On the basis o f  arguments advanced by Grimes and 

Berger ( 1 970 ) , Goldberg ' s ( et al 1 964)  format was used in this s tudy . 

In constructing the instrument , at  least three "marker" items should be 

selec ted pe r dimension , although it has been suggested that eight items 

pe r dimension is mo re desirable ( Flango and Brumbaugh 1 974 )  to  ensure 

that an at titude is appraised in a sufficient number of d ifferent ways 

( Scott 1 968 : 2 1 1 ) .  Table 5 . 4 summarises the items which were selected to 

measure the four dimensions of  wo rk related orientations . The table 

shows the randomly assigned item numbers , the desc ription of the item ,  

the parameter of the item ,  and where appl icable , the loadings which 

were obtained on that item in previous s tudies . The loadings on the 

appropriate factor achieved in the present study are also includ ed in 
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the table . 

I 

Table 5 . 4  
Orientations toward the sc ientific community ,  the o rganisation , 

the client communities and the po litical sys tem 

ITEM DIM DESCRIPI'ION G ' G  G&B HES 

AT28 I I  Theoretical relevance . 58 . 56 . 60 
AT 1 7  I I  Breakthrough in  theoretical knowledge . 56 . 69 - 35 
AT 5 I I  Research o riginated from se . literature ** ** *** 

AT 6 I Reputation in professional community . 73 . 46 . 68 
AT 1 8  I Opinion of colleague . 76 . 62 
AT22 I Challenge  of the id ea . 69 . 68 . 68 
AT30 I Enj oyment of  working on the idea . 65 . 62 . 64 

AT 3 I I  Obtaining respectable resul ts - 45 
AT 7 I DS IR policies * * . 63 
AT 8 I Preferences of the Director - 53 . 65 
AT 1 1  I I  Usefulness to  o ther DSIR d ivisions . 68 
AT 1 9 I Opinion of superviso r . 56 . 29# 
AT23 I Goals o f  the organisation . 48 • 7 1  - 39# 
AT24 I I  Promotion . 2 1  • 6 1  . 04# 
AT29 I Government po licies * * . 64 
AT32 I Reputation in the organisation * * 

• 1 1  # 

AT 2 I I  Breakthrough in  pract ical knowledge *** 

AT 1 2  I Maintenance of profit of farmers - 53 
AT 1 3  I Ad hoc trouble- shoo t ing . 7 1  
AT 1 4  I Problems  in Agr . Ex tension . 83 
AT 1 5 I I  Farmers ' level of technical skill  - 47 
AT 1 6  I I  Farmer suppo rt . 59 
AT2 1  I Desirable goals of  the farming community . 69 
AT26 I I  Client acceptance of  findings . 80 
AT27 I Potential developments of agricul ture . 79 
AT 4 I Opinion of persons in Agr .  Extension . 65 
AT 1 0  I I  Problems d erived from Agr .  Extension . 60 
AT3 1 I I  Opportunity to write  in  client j ournals . 69 
AT20 I Enhance status in the farming community . 79 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

AT 1 I Current public issue s . 09# : 
AT 9 I Ideas o riginated from moral issue s . 62 I 

I 
AT25 I Ideas o riginated from vo luntary o rgani sations . 58 I 

I 
AT33 I Ideas o riginated from social movements . 62 I 

I 
I 
I 

Notes to the table are shown overleaf • • . •  
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G ' G  - Goldberg ( et al 1 974 )  
B&G - Grimes and Berger  ( 1 973 )  
HES - the present s tudy 
* See related items , for example AT23 and AT6 
** The source of the item is in Pelz and Andrews ( 1 966 )  
*** The item did not measure this dimension and was 

ex cluded from the computation of the score . 
# Because of the low loading achieved in the study , these 

items were excluded from the computation of the 
orientation scores . 

four dimensions of work related orientations 

orientations) are elaborated below : 

1 5 1 

( or  simply 

Respondents ' orientations toward the professional community were 

measured by s even items ; six of  these can be regarded as marker items 

which were addressed to either awareness of d evelopments in sc ientifi9 

fields or " professional self-gratification" ( Goldberg et al 1 964 ) . In 

constructing this scal e  of items , item AT5 was added as this was 

considered to be an appropriate elaboration of this d imension of 

orientations ( Pelz and Andrews 1 96 6 ) . 

�e orientations of respondents toward the organisation were measured by 

nine items . Four of these were marker items . The items concerning the 

goals of the organisation were extended to cover the goals o f  the DSIR 

and government po licies as well . 

�e items which denoted the orientations toward the client communities 

were construc ted by deduction from the parameters underlying the 

d imensions of the orientations . As was al ready suggested , previous 

s tudies which examined the construc t did not include this particular 

dimension of o rientations . 

�e items which were chosen to desc ribe the orientations toward the 
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political sys tem were inferred from Wilensky ( 1 964 ) , who po inted out 

that o rientations may also be toward particular programmes and po licies 

which are rooted in various so cial movements and moral issue s .  

Ind ices construc tion 

As in the construc tion of the autonomy scal e ,  Mayntz ' s ( e t al 1 976 )  

method of testing the interrelationships between items was used to test  

the unidimens ionality o f  each o ri entations scal e .  As  a resul t ,  i tems AT2 

and AT5 were d isc arded from further  analysis . 

In subsequent analys is , the struc ture of  the dimensions was studied by 

means of factor analys is . Following Berger and Grimes ( 1 973 ) , the 

principal-ax is so lution and Varimax rotation were applied to analyse the 

structure of responses to items measuring all four d imensions of 

o rientations . Since only four d imensions were expected , the Varimax 

rotation was computed using a four factor so lution [ 3 ] . The rotated 

factor matrix clearly showed the four dimensions which had been 

anticipated theoretical ly . 

The computation of the orientations sc ore fo r each respondent was based 

only on thos e  i terns , which "measured "  the relevant d imension of each of  

the orientations . The fo rmulae shown below were used to cal culate these 

scores  fo r each respondent : 

A ( AT6 + AT22 + AT28 + AT1 8 + AT30 ) /5 
B ( AT7 + AT8 + AT 1 1  + AT29 ) /4 
C ( AT 1 4  + AT26 + AT27 + AT20 + AT2 1 + AT1 3 + AT4 

+ AT3 1  + AT 1 6 ) /9 
D ( AT9 + AT33 + AT25 ) /3 

whe re A - orientations toward professional community , 



� - orientations toward the organisation , 
C - orientations toward the client c ommunities , 
D - orientations toward the po litical system .  
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The frequency distributions of all four scal es is shown in Diagram 5 . IV .  

The information shown in  this diagram indicates that wi th the exception 
0 

o f  the scal e  measuring the o rientations toward the prrfessional 

community , the maj ority of respo ndents sc ored below " 3 "  on all o ther 

dimensions . On average , the respondents were , therefo re ,  not highly 

oriented toward the organisation , the client communities or the 

political system . 

Each of the scale  was d icho tomised . The median of 3 . 2  was used as the 

cutting off point for the professional orientations scal e .  A s core value 

of 3 . 01 was used to dicho tomise the o ther three scales . This  was done to 

ensure that " highly oriented " respondents had a score which was at least 

above the average sc ore " 3 " .  

Reliability and validity o f  the instrument 

The valid ity of each of the scal es used was e stablished on the basis of 

content analysis , and in terms o f  the numerous marker items which were 

included from previous studies . 

Two coeffic ients o f  reliability ,  alpha , and Spearman-Brown , were 

computed . The resul ts fo r these calculations are shown in Table 5 . 5 .  

It was noteworthy that these coefficients o f  reliability were higher 

than those reported by Berger and Grimes ( 1 973 ) ;  and it was conclud ed 

that the instruments used to measure the orientations o f  respondents 

were reliable and valid . 
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Diagram 5 . IV 
Re spondent s ' orientations scores 
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Table 5 . 5  
Reliabil i ty o f  o rientations scales  

ORIENTATIONS ALPHA SPEARMAN-
BROWN 

Professional . 844 . 803 
Organisational . 884 . 868 
Client . 929  . 900 
Political system . 800 • 7 1 1 

SOC IALLY RECOGNISED WORK COMPETENCE 

Ope rat ionalisation 

In the previous s tudies on research o rganisations that have includ ed 

this variable , two maj or  fo rms of so cial ly recognised work competence 

were normally put fo rward : evaluations of the researcher ' s  pe rfo rmance 

in terms of organisational criteria ; and the j udgements of the 

pro fessional community ( Glaser  1 963 , Cole and Co le 1 968 , Whitl ey and 

Frost  1 973 ) . Consequently , the term "social ly recognised work 

compe tence" wil l be used , synonymously , wi th the term " perfo rmance" . 

Both dimensions o f  pe rfo rmance outlined above  have been employed in the 

present investigation. However , because as has al ready been noted 

( Chapter 4 ) , the environmental contingency o f  the organisation which was 

the subj ect of  the present research comprised four , rather than two , 

classes of actors , it was also  necessary to analyse the pe rfo rmances  of  

respondents in  terms of both the client community and the po litical 

sys tem .  
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Selection and construc tion of instruments 

The evaluation of individuals ' performances in terms of o rganisational 

criteria was measured in terms of the ranks assigned to each person on 

an offic ial "meri t list" , which is assembled by the organisation 

bi-annual ly fo r the purposes of d etermining the salary levels of  

scientists  and science technicians . The existence of the merit lists 

overcam e  the need to set up a committee of senior sc ientists to evaluate 

the pe rfo rmance of the organi sation ' s members ( as was done in Whitl ey 

and Frost 1 973 , Frost  and Whitl ey 1 97 1 , Hall 1 974) . 

Two categories of respondents were construc ted from the meri t  lists  fo r 

1 976 and 1 978 . Tho se sc ientists  and sc ience technic ians who were above 

the middle rank were defined as high pe rfo rmers . Low pe rfo rmers were 

defined as those  sc ientists and science technicians who were below the 

middle rank . The three administrative  pe rsons were , fo r the purpo se  of 

the present investigation , defined as high pe rfo rmers , although they are 

not included in the official meri t list . 

Previous research suggests that the best methods fo r evaluating people ' s 

pe rfo rmances in terms of  professional criteria were measures of the 

quality o f  work as indicated by publications , c i tations , honorific 

awards and the prestige of the employing organisation ( Merton 1 938 , 

Hagstrom 1 965 , Storer 1 966 , Cole and Cole 1 968 ) . However , as a survey o f  

the Science  Citation Index reveal ed , there were very few citations o f  

the work done by the respondents ; moreover ,  investigation o f  honorific 

awards and the prestige of the o rganisation did not prove fruitful in 
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the present study .  In fac t , only the number o f  publications per 

respondent c ould be used to measure this variable . 

Table 5 . 7 
Publication record of al l respondents in farm and ext ension 

j ournals 

I 
I 
I RELATIVE CUM I 
I ABSOLUTE FREQ FREQ I 
I COUNT FREQ (PCT ) (PCT ) I 
I 

o .  45 88 . 2  88 . 2  
1 .  4 7 - 9  96 . 1  
3 .  2 3 - 9 1 00 . 0  

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

TOTAL 51  1 00 . 0  

Table 5 . 6  reports the frequency d istribution of publications o f  the 
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respondents in the professional literature ( proceedings , New Zealand 

and overseas sc ientific j ournals , artic les in books and engineering 

literature) . On the basis of this d istribution , respondents wi th four 

or more publications were considered high perfo rmers , and tho s e  with 

three or less were defined as low pe rformers , in terms of  the 

professional criteria . 

An attempt was made to evaluate  the respondents '  perfo rmances in terms 

of the client c ommunities . However , as the data shown in Table  5 . 7  make 

clear , the number of publications of this kind was very small .  Further 

analysis of this dimension was abandoned . Because there was only limited 

explicit contact wi th the po li tical system ( see Chapter 6 )  and 

participation in that sys tem was also limited ( Chapter 2 ) , the 

evaluation of the respondents ' perfo rmance in terms of the po litical 

system was also abandoned . 

FORMAL STRUCTURE 

As in previous s tudies , the fo rmal struc ture of the fo cal organisation 

was defined as "who is administratively responsible  to whom in the 

organisation" ( Allen 1 968 , Frost and Whi tl ey 1 97 1 , Hall 1 974 , Bitz e t  al 

1 975 ) . The formal struc ture chart of the organisation in fo cus is shown 

in Diagram 5 . V .  

eight groups . 

This info rmation was used to divide respondents into 
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INFOfu�AL NETWORKS 0 Administ rative Staff 

The informal networks of  the focal o rganisation were defined , as in 

previous studies , using so ciometric  t echnique s :  who cho s es whom as an 

informal contact ( All en 1 968 , Fros t  and TNhitl ey 1 97 1 , Hall  1 974 , Pruthi 

and Nagpaul 1 978 ) . Three circumstance s  we re consid ered : 

( i ) regular lunch c ontact s , 

( ii )  regular after  work contacts ,  and 

( iii )  informal c ontacts which c ombined ( i ) and ( ii ) . 

PHYSICAL ( GEOGRAPHICAL)  DISTANCE 

Allen ( 1 975 : 1 54 )  de fined this variable in terms of  the actual walking 

distance separating the office  desks of any pai r  of individuals .  

Allen ' s technique was abandoned in favour of  a clustering technique fo r 

two reasons • 
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Firs t , the data collect ion procedure in Allen ' s method was c onsidered 

too time - consuming in relation to the benefits obtained . Second , the 

distances  between desks ( as measured by Allen) , had to be supplemented 

by the calculation of the distances  b etween work benches . It  was not 

possible  to determine which of  the measurements would be more accurate 

because not al l persons we re either at their desks o r  in laborato ries  

at  any given time .  

Inst ead of using Allen ' s metho d ,  it was d ecided to  use  a technique 

similar to that used in the operationalisation of the fo rmal struc ture :  

the determination of  c lusters . Eight groups were consid ered , each of  

which occupied distinct block of  o ffices in  the buildings used by  the 

o rganisation . A map showing the distribution of the respondents in these 

build ings is shown in Diagram 5 . VI . 

COLLEAGUE NETWORKS 

The colleague networks were defined in terms of "who works wi th whom as 

a colleague ( a  team member) on proj ects" . Al though the organisation kept 

a formal register of proj ects which showed such detail s , observations 

during the s tudy led to the conclusion that the register was inadequate , 

because not all of the proj ects  respondents entered in the Information 

Flow Ques tionnaires were shown in the fo rmal register.  

The relevant data were obtained by asking the respondents to name al l 

the team members involved in each of the proj ects they had named in the 

Informat ion Flow Questionnaires . As anticipated , the responses  did not 

mutually agree . However , as in the treatment of the data used in 
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Diagram 5 . VI 
Physical l o ca t ion o f  respond ent s o n  the o rganisational premi s e s  
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delineating communication patterns , colleague netwo rks were construc ted 

on the basis o f  each respondent ' s  id entification of his/her team 

member .  

USE OF FACILITIES 

The use of facilities  was d efined by the degree to which respondents 

actually used any one of five pre-determined facilities which we re in 

the research organisation which was the fo cus of the present s tudy . All 

respondents were asked to repo rt the extent to which they used each 

facility . 

Ind ices  construc tion 

When the respondents  entered the receipt of significant info rmation 

pertaining to a particular proj ect , that proj ect was also charac terised 

in terms of fac il i ties used for undertaking work relevant to that 

pro j ec t . The scores  fo r each facility were then computed for each 

respondent by averaging the rel evant values of their  entries . 

The frequency distribution of al l scores is shown in Table 5 . 8 .  

The use o f  facilities , shown in Table 5 . 8 ,  which was al ready summarised 

in Diagram 2 . V  ( Chapter 2 ) , indicates that the in-house specialised 

equipment was the mos t frequently used facili ty .  The next most 

frequently used facil ity was the Climate Rooms . The o ther three maj or 

facilities ( glasshouses , farm plots owned by research o rganisations , and 

farm plo ts  owned by farmers ) , were , on average ,  hardly used at al l .  
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However , since one of the aims of this s tudy was to map the relationship 

between the research o rganisation and the client communities ( farmers , 

horticulturalists , etc . ) , it was decid ed to also measure the use of  farm 

plo ts  as a common denominator fo r communication . 

Table 5 . 8  
Use of facilities 

Rates Climate In-housed Glasshouses Research Farmer 
of use rooms E & I owned owned 

* fields field 

0- 5 30 1 3  36 30 50 
6 - 1 0 2 2 5 1 0  1 

1 1  - 1  5 2 4 6 1 1 
1 6 -20 1 2 4 2 0 
2 1 -24 3 5 1 5 1 
25 -30 2 9 0 1 0 
3 1 -35 4 4 1 1 1 
36 -40 1 0  1 5  1 4 0 

Total 54 54 54 54 54 

Mean 1 3 . 5  22 . 1  6 . 0  8 . 8  1 . 6 
S .  D .  1 6 . 3  1 5 .  1 8 . 6 1 2 .  4 5 . 7  
Median 4 . 5  25 . 8  4 . 0  4 . 5  1 . 6 

* With reference to the original scale used , the rates of use 
are expressed in the multiples of 1 0 . 

It  was , then , decid ed to retain three categories o f  facilities used by 

the respondents : Climate Rooms , in-house  equipment , and fields 

( irrespective of ownership) . 

The dichotomisation of the three scal es was carried out in two ways . 

For the Climate Rooms and in-house equipment , it  was decid ed to separate 
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from others those  people who used the facilities more than to " a  greater 

ex tent " . The cut off point was 30 . 0 . For the use of field s , the score 

of 20 . 0  was used to separate from others those people who used the 

facility more than to a " limited extent" . As the data shown in Table 

5 . 8 ind icate the selection of a higher index value would have  resulted 

in very few relationships b etween facility users . 

METHODS OF ANALYSIS USED IN INVESTIGATING HYPOTHESES SHOWN IN  CHAPTER 4 ,  

PART A 

The hypotheses  presented in Part A o f  Chapter 4 called fo r tests which 

would measure whether or not internal communications occur within groups 

wi th certain characteristic s ,  and would measure the strengths of such 

associations . The properties analysed were analytic , s truc tural and 

global . Analytic  variables and the s ingle global variable considered had 

ord inal qualities . These variables were dicho tomised . The struc tural 

characteristics  we re dicho tomised in that a respondent was either a 

member of ,  say , section A ,  o r  not .  

The transformat ion of all independent variables into dicho tomies enabled 

the s election of a s ingle type of test to investigate the hypo theses . 

While  the advantage of this approach was the uniformity of  resul ts and , 

therefore , an overview of  the relationships , the disadvantage was that 

much of the info rmation inherent in ordinal variables was los t .  

However , as the present study was explorato ry i n  nature , the unifo rmity 

of tests ( even at the expense of loss of some info rmation) was 

considered preferable . 
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One method of analysis has , fo r investigating the relationships between 

communication networks and o rganisational struc tures , dominated previous 

research in the field . The metho d ,  devised by Allen ( 1 968 , Allen and 

Cohen 1 969 , Allen 1 977 ) and which was used by Fros t  and Whitley ( 1 97 1 ) ,  

Conrath ( 1 973 ) and Hall ( 1 974 ) , used the Kolmogorov-Smirnov , one sample ,  

test of significance . 

Nevertheless , the Kolmogorov-Smirnov test was not used in this s tudy fo r 

reasons discussed below : 

( i ) A measure of the s trength of the relationship was 

considered desirable . The Kolmogorov-Smirnov test does not 

prov ide it . 

( ii ) The Kolmogorov-Smirnov test is not considered very 

sensitive .  As  Noether ( in Hall 1 974 ) showed , when 

discontinuous d istributions are used 

Kolmogorov-Smirnov tes t , a conservative value 

obtained . A more sensitive  test was desired . 

in the 

will be 

( iii ) Some preliminary t ests  showed that the use of the 

Kolmogorov-Smirnov test to examine the relationship between 

organisational struc tures and communications , can lead to 

highly mislead ing resul ts .  In circumstances  when the 

observed frequency distribution approaches the theoretical 

binomial or hype rgeometric distribution , the test  statistic 

D will be insignificant even in a case o f ,  s tatistically 

speaking , a " pe rfect" asso ciation .  

In  the present investigation , a test  which was d erived from maximum 
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likelihood estimation technique s as the locally optimal test was used to 

examine the hypo theses shown in Part A of  Chapter 4 .  This test is  

d esc ribed below [ 4 ] . 

The locally o ptimal test  

To  il lustrate the appl ication of  this statistical tes t , the fo llowing 

hypotheses are consid ered . Work related communication is more like ly to 

occur with : 

2 . 1 members o f  the same section , and 
2 . 2  informal contacts , 

than with o thers in the organisation . 

In each test  of  an hypo thesis , the respondents , N ,  were d ivided into 

groups depending upon their membership of the same section , o r  info rmal 

contacts . Each individual could have contacted M =  N - 1 peopl e .  For 

each individual , i ,  a number of o ther respondents , m ( i ) , were regarded 

as " special "  targets . These " special " targets were other members of  

his/her section , or his/her info rmal contacts . All o ther respondents , M 

- m( i) , were "non-specials" . 

In testing the significance and extent of communicating with the 

" special" targets , as oppo sed to communicating at random , two situations 

arise ( Hall 1 974 ) : 

( i) Binomial case : It was assumed that contacts  are made 

independently ; repeated contact s  wi th the same targets  are 

counted as separate contacts . In this case it was assumed 

that the occurence of a previous c ontact wi th a certain 
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target makes no difference to the probability o f  a future 

contact with this target . It is also  supposed that 

different individuals behave independently ; in particular 

the fact that individual , i ' contacts a targe t person ,  j ' 

makes no difference to the probability that person j 

contacts target person i .  

Hype rgeometric case : This is  the situation where multiple 

contacts  are counted only once ; that is , no distinction is 

made between single  and multiple contacts . In this 

situa tion it is stil l necessary to assume that individuals 

act independently , but a tendency towards multiple contacts  

is of no importance .  
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In the example quo ted above , hypo thesis 2 . 1  is akin  to the binomial 

situation ,  and hypo thesis 2 . 2  is akin to the hype rgeometric s ituation . 

The examination of the hypo theses in both situa tions fo llowed the same 

method , but different computational formulae were utilised . 

The examination of each hypo thesis involved setting up a s imple model , 

which depended on a test statistic S ,  such that S = 1 corresponded to 

the assumption that there was a " pe rfect "  preference fo r " special" 

targets , and that S was near zero if  there was no preference fo r 

"special" targets . Under the null hypo thesis that the " specials"  have no 

special attraction , the s tatistic S would be roughly normally 

distributed with a zero mean and a variance equal to one . Thus , the 

statistic S provides an approximate measure of the s trength of the 

relationship under investigation , and its standard deviation would 

indicate the statistical significance of the relationship .  
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The method of computation of the s tatistic and its variance d iffered fo r 

the two situations used in the present example .  

In examining hypo theses akin to the binomial situatio n ,  the test aimed 

to determine whether people communicated randomly wi th o ther members of  

the organisation ( that is , the null hypo thesis ) , or  whether their 

choices were influenced by their membership in manifes t  group struc tures 

( formal structure , geographical grouping ) , or latent group struc tures 

( autonomy , orientations , compe tence , and use of facili ties ) . The number 

of actual  communications was analysed [ 5 ] .  

In examining hypo theses akin to the hype rgeometric situa tion , the test 

aimed to determine the probability that a choice of communication 

partners was not made randomly ( that is , the null hypo thesis ) , but was 

influenced by the choice of o ther peopl e fo r d ifferent purpo ses 

( info rmal contacts  and colleague s ) . Consequently , the analyses involved 

the number  of non- trivial communication paths , rather than the number of  

actual communications [ 6 ] .  

The statistics were computed on the B6700 computer using a FORTRAN 

program wri tten by the researcher .  

PllT B 

EFFECTS OF RESEARCH ORGANISATIONS ON EXTERNAL COMMUNICATION 

In examining the relationships between the research o rganisation and its 

environment , the present study fo cused on ext ernal communication , and 
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two variables which were defined as struc tural properties o f  the 

organisational environment : environmental contingency ,  and the physical 

dis tances o f  the sources o f  info rmation which were external to the 

focal organisation . 

Each of these variables is  considered , in turn , in terms of  the 

methodological issues which were outl ined at the beginning of the 

present chapter .  

PATTERNS OF EXTERNAL COMMUNICATIONS 

Operationalisation 

Patterns of  external communication were defined operationally in terms 

of the strength of  communication ties between external organisations and 

the focal organisation. The s trength of  a tie was c omputed by summing up 

information received from , and given to , persons from external 

organisations , and dividing the sum by two . 

Selection , construc tion and validation of instruments 

The patterns of  external communication were construc ted from responses 

to Questions 4 and 6 in the Information Flow Questionnaires . 

ENVIRONMENTAL CONTINGENCY 

In Chapter 4 ,  environmental contingency was defined as the sum of 
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"power" exerted by d ifferent o rganisations over the fo cal organisation . 

This  "power" can be  defined as the ability to influence organisational 

decisions in ways that produced outcomes favoured by the influencing 

body ( Pfeffe r and Salancik 1 978 : 230 ) . As a first approximation of this 

environmental contingency , this " power" can be assessed in terms o f  the 

strength of communication between the fo cal organisation and the 

organisations in i t s  environments .  This is b ecause the influence process 

is likely to be refl ected in the struc ture of communications . As Dill  

( 1 96 2 : 97 ,  in Pfeffer and Salancik 1 978 : 74 )  noted : 

" To link organisational actions to env ironmental inputs , i t  is  
necessary to analyze an o rganisation ' s exposure to info rmation 

" 

Operationally, environmental contingency was ,  then , defined in terms of 

the strength of communication ties between the external organisations 

and the fo cal organisation as outl ined above in the discussion of 

external communication . 

PHYS ICAL DISTANCES ( EXTERNAL ORGANISATIONS ) 

The physical distances between the external and focal organisations we re 

measured in terms o f  the direct l ine distance ( in miles ) between them 

( as in Allen and Cooney 1 973 ) . 

These  data were obtained from the Information Flow Ques tionnaires . In 

Questions 4 and 6 ,  the respondents we re asked to name the organisation 

which was the source ( or destination) of the info rmation they received . 

The addresses of these organisations we re determined and the distance 
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involved was measured on a map . 

METHODS OF ANALYSIS USED IN INVESTIGATING HYPOTHESIS SHOWN IN  CHAPTER 4 ,  

PART B 

As shown in Part B of Chapter 4 ,  the hypo theses which concerned the 

effec ts of research o rganisations on ext ernal communications c alled for 

the "mapping " of  external communications , and then a comparison of  the 

frequencies of some external communications wi th the physical distances 

of the sources of these commun ications . 

The "mapping " o f  these external communication used frequency counts . 

Techniques of graphical representation were used to s tudy the 

relationship between the ext ernal communication and physical distances . 

DATA COLLECTION 

The data on the variables involved in the present investigation were 

obtained through various means : 

( i ) Communication networks , both internal and external 

communications , were construc ted on the basis of responses 

to the Information Flow Questionnaires . This  instrument , 

which was d iscussed in Part I of  this chapte r ,  also provided 

info rmation on : 

( ii ) colleague networks , 

( iii ) use of facilities , and 



( iv) the physical distances of  external sources o f  info rmation . 

( v) Socially recognised work compe tence , defined in terms o f  

organisational criteri a ,  was obtained from the official 

merit lis ts used by the Department of Scientific and 

Industrial Research . 

( vi) Socially recognised work c ompetence in 

professional criteria ( publication record ) , 

( vii ) autonomy , 

( viii ) info rmal contacts , and 

( ix ) work related orientations were construc ted 

gathered by means of Questionnaire II ( see below) . 

terms of 

from data 

( x ) Formal structure  was obtained from the adminis trative  chart 

of the o rganisation , and 

( xi) phys ical distances between the respondents were established 

from examination of the building plans of the o rganisation . 
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Let me now address the o ther two que stionnaires which were issued to the 

respondents . These  que stionnaires , among other things , sought data on 

the variables c entral to the purposes of the present s tudy : Social ly 

recognised compe tence in terms of professional criteria ( Ques tion 4 ,  

Questionnaire II ) , Autonomy ( Question 1 0 ,  Questionnaire I I ) , Work 

related orientations ( Question 1 1 , Ques tionnaire I I ) , and Informal 

networks (Question 1 ,  Quest ionnaire II ) . Responses to the remaining 

questions in these que stionnaires were outl ined in Chapter  2 of this 

repo rt . 
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Selec tion and construc tion of the que stionnaires 

For two reasons , a self-administered que stionnaire fo rmat was selected 

despite its disadvantages  ( see e . g .  Kerlinger 1 973 : 487 ) : 

( i ) The Informat ion Flow Questionnaires and the interviews 

conducted during their issues d id interrupt the wo rk o f  the 

respondent s . Further interviews would have resul ted in an 

unacceptable level of interruption of the wo rk in the 

organisation . 

( ii ) Measurement of  the attitudes o f  respondents requi red zero 

overflow of b ias . This  condition could occur as a resul t 

of communication between those  respondents who were tested 

and tho se who were not tested . In the organisation s tud ied , 

the close physical proximity o f  al l respondents would have 

made this c ircumstance a real problem . 

All scal es and o ther demographic and attitud inal que stions were 

initially organised in one questionnaire and a pilot test was carried 

out in an organisation similar to the fo cal organisation. As a resul t o f  

this tes t , some que stions were re-worded and the que stionnaire was spl it 

into two parts : Questionnaire II  and Questionnaire III  ( shown in 

Appendices  G and H ,  respe ctively) . 

Administration of the que stionnaires 

The fo rms were issued on a Friday fo llowing the completion of the 

Information Flow Questionnaires  run , and collected the fo llowing 

Monday .  
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During five month pe riod in which the data were collected , two 

scientists a� tw sc ience technic ians left the organisation . 

Completed Questionnaires II  and III were received by mail from one of 

the scientists , but only partially completed forms were returned from 

the other sc ient is t .  Although the ques tionnaires were sent to a sc ience 

technician who retired , no reply was received . The other sc ience 

technician who left during the s tudy could not be contacted . Because one 

clerk in the administrative  section did not wish to participate  in this 

study , the pool of info rmation fo r the analyses repo rted was d erived 

from 51 questionnaires . 

SUMMARY OF PART I I  

Part II  of  this chapter addressed the methodological issues involved in 

the attempts to empirical ly t est  the hypo theses outl ined in Chapt�r 4 .  

The operat ionalisation of each o f  the variables investigated , the 

instruments  which were used to measure them , and the method of analysis 

used in examining the relevant hypo theses were discussed . 

Analys es of  data from several instruments indicated that these 

instruments  were reliable and valid . 

To investigate the relationships between the research o rganisation and 

internal communication , the relevant variables we re set  out to enable 

the use of a locally optimal tes t .  In general , the analyses involved 

the computing of indices which made it po ssible to decid e whether each 
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respondent belonged to a manifest o r  latent group . The locally o ptimal 

test was then used to establish whether internal communication occurred 

at random , or whether this kind of c ommunication was influenced by such 

groupings .  

The investigations o f  hypo theses c oncerning the effects  o f  research 

organisations on external communication relied on simple frequency 

counts  and graphical representations of relationships . 

The nex t two chapters d iscuss the findings from examinations of  

hypo theses presented in  Chapters 3 and 4 .  



1 76 

NOTES 

[ 1 ] Othe r m e tho ds o f  r educ ing po lyt omies to d i cho tomies inc lud e the 
study o f  thei r  o rtho gonal t rans fo rms .  This m etho d was no t used in 
the pres ent s tudy b e cause the categories of the variab l e s  we re no t 
o rd inal . 

[ 2 ] The c o e ffic i ent al pha is akin to Ke rling e r ' s fo rmula fo r cal cul ating 
the c o e ffic i ent o f  reliab il i ty wh ich is d iscu s s ed in Part I o f  the 
pr esent chap t e r .  

The Spearman-Brown c o e f fi c i ent d iv i d e s  the va riab l e  into two s ub s e t s  
which a r e  then c o rrelated . Thi �  c o rrelation measur e s  the ext ent to 
wh ich the two halve s measur e the same t hing . 

Bo th the above c o e f fic ients o f  reliabil i ty are freque ntly featured 
in so c i al s c ience repo rts . It was o nl y  a ft e r  the analys is o f  
rel i ab i l i ty s hown in Part I was c om p l e t ed , that these c o e ffic i ents 
became avail ab le through the SPSS on the B6700 . 

[ 3 ] The use o f  fac t o r  analys is may not b e  consid e red val id in the 
pres ent appl i c a t i o n .  Howev e r , i t  wa s u s ed here m e re l y  as a check o n  
unusual re sul ts , and t o  e s t ab lish tho s e  i t ems wh i c h  int e r- c o rrela ted 
and thus m easured one and the same t hing . The analys is wa s n o t  
carried o u t  t o  make · any c laims o f  the o r e t i c al impo rtanc e .  
Nev erthe l e s s , the findings we re in the pred i c t ed d i re c tion . I f  they 
are c o ns id e red as r e sul ts from a " p ilo t "  study , they may j u s t i fy 
fur the r  inv e s tigation o f  the d im ens ions o f  o rientations wh ich have 
been largely igno red in previous stud ie s . 

[ 4 ] I wish to exp r e s s  my grati tud e to Dr R . Davies o f  AMD Div is ion o f  
the DS IR fo r his analys is o f  the problem o f  the pres ent 
inv es t i gation , and the de rivation of the l o c al ly o ptimal t e s ts . 

[ 5 ]  The s ta tis tic , S ,  and i t s  vari anc e ,  V ,  we re c om pu t ed by the 
fo llowing fo rmula e : 

s = 

N 
2: (Xi-Il£Itti/M) 

i=1 
N 

. � I1i (1 -r!li/M) 
i=1 

whe re : 
N = numb e r  o f  respo nd e nts , 

V = 

N 
2: (Ilz:In.z:/M ( 1 - In£ /M) i=1 [.� I1i (1 - IniJM) J 2 

'l-=1 

M =  numb e r  o f  al l p o s s ible targe ts ( N - 1 ) ,  
m( i )  = number of " s p e c i al " targe ts , 
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n( i) � number o f  all contac t s , and 
x ( i) = number  o f  c ontact s  wi th " special " targets . 

[ 6 ]  The statistic , S ,  and its  variance ,  V ,  in the hyperge om etric 
situation were  computed by the fo llowing fo rmulae : 

s = 

N 
r <Xi - mz:Il.£/M> 

i=1 
N 
r min <In£ I1i > -111£!1£/M 

i=1 

r�'here : 
N = numbe r  of  respo ndents , 

v = 

N 
1/M-1 L: n .m . (1-m .,!M) (1-n ./ M) . 1 " "  " " 

[ 
-z..= 

N ]2 
r min (In£ , I1i > -111£ I1i/M i=1 

M =  number  of  al l possib le cho ices ( N - 1 ) ,  
m ( i ) = number o f  choices  in one netwo rk , 
n( i) = number of  cho ices  in another netwo rk , 
x ( i) = number of  choices c ommon to m ( i) and n( i ) . 



1 78 

CHAPTER 6 

WORK PATTERNS OF PROBLEM SOLVERS : FINDINGS 

This chapter repo rts findings based upon the empirical investigation of 

hypo theses presented in Chapter 3 .  

Each of the hypo theses 

solvers ; consid ered 

ad dressed an aspect of  communication 

together the hypo theses  fo rmed an 

of problem 

attempt to 

fo rmulate  a theory of the wo rk patterns of problem so lvers . 

Th� theory focused on three s tages  of  work and anticipated the pat terns 

of communication asso ciated with each stage . 

Hypo theses  1 . 1 . 1 - 1 . 1  . 3  deal t wi th sources of information , 

" 

" 

" 

1 . 2 . 1 - 1 . 2 . 3  

1 . 3 . 1 - 1 . 3 . 3  

1 . 4 . 1 -1 . 4 . 3  

" 

" 

" 

" 

" 

" 

types of info rmation , 

modes of information transfer , 

circumstances of info rmation 

transfer ,  and 

Hypothesis 2 . 5 . 1  " " effects of information . 

In Chapters 

hypotheses : 

and 3 ,  Table 1 . 1 provided the fo llowing overview o f  the 
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Summary of hypo these s  concerning work patterns 
of problem solvers 

Dimensions of Stages of  Work 
Communication WD IG PS 

Source s  External Written Mat .  Internal 

Type s ' ALL ' se + TEC SC , TEC + ADMIN 

Modes Passive Passive Ac tive  

Circumstances Formal Discussion Informal 

Effe cts  
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To test  the theoretical framework ,  the hypo theses were investigated fo r 

each category o f  occupational groups . The relationships among the s tages  

of work, the dim ensions of  communication , and the occupational groups 

were  stud ied by means of log-linear models . It should , however ,  be noted 

that because one dimension of communication had categories which 

differed for oral and written communication and another exclud ed some 

data , the log-linear modelling technique was not used to find the 

as so ciations which best explain the relationships amongst  all seven 

variables . Rather ,  the log- linear technique was used to s tudy the 

relationships among each dim ension of communication , stages of work and 

occupational groups . Thi s  sort of  appl ication permitted examination of 

the hypothesised relationships in three-way tables . 

The investigations involved three general steps : 

( i ) The three-way table  was studied to determine the complexi ty 

of the relationships and to explore the " causalities"  

involved . This s tep consisted of simul taneous tests showing 
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the level ( or o rder) of c omplexity which should be 

considered to " fit "  the data ; and the actual fit ting of 

log-linear models . 

( ii) Each o f  the significant two-way associations was explore� by 

" collapsing" the three-way table , in other words , summing 

over the categories of the " o ther" variable ( Goodman 1 979 , 

Allison 1 980 ) .  These  explorations revealed trends in the 

two-way relationships (Upton 1 978) . 

( iii ) If the three-way interaction was significant , the third step 

was c arried out . Thi s  step involved the analysis of  the 

three-way interaction ( in the same manner as the analysis o f  

a two-way a ssociation) ; and the study o f  the difference 

between the trends indicated by the two-way associations , 

and the three-way interaction . 

In this chapter , the following terminology , which was suggested by Davis 

( 1 974) , has been used : " item skew" means the distribution of cases in 

the categories  o f  variables shown in the marginals of  two-way tables ; 

the term "association" addresses the relationship between two variables ; 

the term " interaction" was reserved for the relationships among the 

three variables in question. 

The responses of 5 1  persons were includ ed in the data set studied . The 

responses of three persons were exclud ed because the nature of their 

work did no t involve problem solving in the sense it  has been used in 

the present study . All responses  were weighted for absences . 

The results o f  investigations indi.cated that all variables were highly 
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skewed . Also , the association between the s tages  of wo rk and 

occupat ional groups was significant . Fo r simplicity of  presentation , 

all  item skews and the asso ciation between the stages of  work and 

occupational groups which pe rmeated the investigations of  all 

hypotheses , are discussed firs t .  Then , the findings  concerning each 

group of hypo theses will be discussed in turn . 

ITEM SKEWS - FREQUENCIES OF VARIABLES 

All variables consid ered in this part of  the s tudy had frequencies which 

were s ignificantly unevenly distributed among the variables ' 

categories . Such item skews are desc ribed and , where appropriate , 

interpreted in terms of  previous stud ies . 

Sources of information 

Communication from internal sources accounted for about 50% of al l 

informat ion receiv ed ;  the categories of external oral sources and 

wri tten material accounted for 25% of info rmation items each . 

The proportion found in this s tudy is qui te similar to propo rtions of 

sources utilisation found in previous studies . Pro j ect  SAPPHO ,  fo r 

example , found that 53 . 7% of id eas leading to s ignificant innovation 

originated in-hous e ;  the rest from external sources ( Ro thwell and 

Robertson 1 973 : 2 1 1 ) .  Similarly , Allen ( 1 966 )  in a study o f  1 7  

developm ent programmes found that out of a to tal of 706 messages which 

resulted in technical ideas consid ered during the course  of the 

proj ects , exactly half originated internal ly and half externally 
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( Ro thwell and Robertson 1 973 : 2 1 5 ) . Both the above stud ies employed a 

similar method of data collection and emphasis on  " s ignificant" 

info rmation as the present study . Using a d ifferent methodology , Allen 

( 1 968)  found the ratio of use of internal and external sources to be 

35 : 65 .  In o ther stud ies , if info rmation from "personal experience"  was 

exc luded from consideration , then Johnston and Gibbons ( 1 975 ) and 

Langrish ( et al 1 972 ) al so found a proportion of 50 : 50 between the use 

of internal and external sources . 

Stages of work 

The Problem Solving and Wo rk Programme Development stages each had 

approximately 45% of the information entries ; however ,  the respondents 

used only 1 0% of info rmation entries in the Idea Generation stage . 

The ratio of info rmation received at each stage of a proj ect  is 

consistent wi th the distribution of  s tages  in al l the proj ects . About 

80% of all proj ects were at the Problem Solving stage and , indeed , 80% 

of the info rmation input to proj ects  related to that s tage . 

The high level of info rmation input into the Work Programme Development 

stage indicates that the respondents we re seriously considering a 

variety of  information inputs which was not directly relevant to the 

proj ects , but which might bear on the selection of future topic s .  The 

1tlo rk Programme Development was ,  then , shown to be a s ignificant " s tage" 

in work. 
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Types of info rmation 

Communication of sc ientific/ technical types of info rmation accounted fo r 

about 68% of  information received ; the remaining 32% was the 

communication of info rmation of an o rganisational/administrative 

nature . 

A look at the basic types of  communication shows that the c ommunication 

of scient ific info rmation accounted for 40% of all info rmation 

received , technical info rmation fo r 26% , and client info rmation fo r 

only 2%.  The communication of o rganisational and administrative types 

o f  info rmation were 1 3% and 1 9% respe ctively . 

The communicat ion of administrative  info rmation was about a fifth o f  all 

exchanges and therefore propo rtionate to the number of categories ; the 

communication of client and o rganisational info rmation was s ignificantly 

smaller whereas the communication of sc ientific and technical 

information was significantly higher .  The high level of c ommunication 

fo r sc ientific information and the very low level fo r communication of 

client information were the extremes . 

The ratio of  7 : 3  found between sc ientific/technical info rmation and 

organisation/administrative info rmation in the present study is s imilar 

to that repo rted by Pruthi and Nagpaul ( 1 978) , who used similar  a 

methodology o f  data collect ion.  The resul ts are , however ,  d ifferent from 

the ratio of  2 : 3  repo rted by Walsh and Baker ( 1 972 ) .  The differences 

may , however , be explained by the different methodologies employed . 

Unl ike this s tudy , Walsh and Baker ( 1 972 )  gathered their  data through 

observations at meetings , a situation where 



organisational/administrative  

predominate . 

Mod es o f  info rmation transfer  

info rmation might 
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be  expected to 

Analys is of all the info rmation received by respondents indicated that 

56% of the information was received passively and , obviously , 44% was 

rec eived activ ely . 

This  pro portion is  s imilar to the one repo rted by Hall ( 1 974 ) . 

Circumstances of  info rmation transfer  

Nearly 85% of al l oral info rmation was received by respondents 

informally , and 1 5% of oral info rmation was received formally. Findings 

like these perhaps led Burns ( 1 969 )  to his famous quo te that info rmation 

transfer is a matter  of agents and not agencies . 

Only about 20% of info rmation from written material was " po inted out" by 

others to the respondents ; about SO% of info rmation from these sources 

was " not  pointed out" by anyone . Past  stud ies d id not offer findings 

wi th which this result  c ould be compared . 

Effects of info rmation 

Whereas effect " 1 " ( "not very strongly" ) accounted for about 50% of all 

info rmation items , and effect  "2"  ( " strongly" ) for 40% , only about 1 0% 

of info rmation was rated by the respondents as effect  " 3 "  ( "very 

s trongly" ) .  Previous studies in the field do not provide findings wi th 
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which these resul ts could be compared . Nevertheless , the lower 

frequencies repo rted for each o rdinal category defining the degree of 

impact  of the info rmation conformed to what might be expected , 

intuitively.  

Occupational groups 

Scientists received 53% of al l info rmation in the data studied , sc ience 

technicians 34% and administrative  staff the remaining 1 3% .  

However , the three g roups were unequal i n  s ize . When the communications 

of the groups were divided by the number of peopl e which constituted 

each group , these differences in information input between each 

occupational 
\ 

category were found to be insignificant . This  finding 

appears to be contrary to the findings of previous s tudies which 

ind icated that sc ientists are likely to require a greater info rmation 

input than engineers ( Ackoff and Halbert 1 958 , McLaughlin et  al 1 96 5 , 

Allen 1 966 , Kat z  and Tushman 1 979 ) . Two factors may account fo r this 

contradic tory finding . Firs t , neither of the groups was homogenous . 

Second , in an o rganisation employing both sc ientists and sc ience 

technicians , the latter may adopt the atti tudes and work habits  of the 

former (Hagstrom 1 96 5 ) . Nevertheless , the findings from the present 

research suggest that neither of these po ssibilities c onstitute a 

completely satisfactory explanation , especially since the resul ts 

indicated that the quantity of communication did not d iffer fo r 

res po ndents in diffe rent occupational groups , but the quality o f  their 

communication did differ .  
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Sec tion summary and conclusion 

While  the frequency distributions fo r al l variables includ ed in the 

present study were uneven ,  these  distributions generally d id not differ 

from tho s e  found in previous s tudies . The exception to this pattern was 

the variable involving the classification of  occupational groups . The 

results here indicated that al l problem so lvers in the fo cal 

organisation received approximately equal amounts of info rmation in 

their work . Where there were no findings  from previous studies , the 

observed distributions confo rmed to what had been expected , 

intui tively . 

STAGES OF WORK AND OC CUPATIONAL GROUPS 

Numbers showing the frequencies , log parameter estimates and their 

standardised values which d epic t the association between the two 

variables , are shown in Table  6 . 1 .  

A standard metho d ,  commonly used in presenting findings generated by 

log- linear technique s ,  has been ad opted in the present research . The 

salient points of this method are as fo llows : 

( i ) Instead of presenting three tables indicating observed 

frequencies , parameter estimates and their standardised 

values ,  this info rmation has been summarised in one table . 

( ii ) In the standard format ad opted , Column indicates the 

cells used in the given analysis , Column 2 reports the 

observed frequencies , Column 3 shows the log parameter 



estimates ( or parameter estimates fo r sho rt ) , and Column 4 

reports the standardised value s of the relevant parameter 

estimates . Column 5 indicates the standardised values that 

were greater than the standard " z" scores . 

( iii ) The statistical significance of  each analysis is shown in 

standard form beneath the table . 

Table 6 . 1  
Asso ciation between Occupat ional groups ( Groups , G) , 

and Stages of  wo rk ( Stages , A) 

Cells 

GA( 1 1  ) 
GA( 1 2 ) 
GA( 1 3 ) 
GA( 2 1 ) 
GA( 22 )  
GA( 23 ) 
GA( 3 1 ) 
GA( 32 )  
GA( 33 )  

Freq .  Param . Stand . 
Estim .  Value 

422 - . 1 0  - 1  • 56 
79 . 03 • 26 

333 . 07 1 . 00 
1 1  7 - . 81 - 1 1 • 26 
47 . 07 • 7 1  
3 69  . 74 9 . 57 
1 73 . 9 1  9 . 48 
1 0  - . 1 0  - . 64 
20 - . 81 -6 . 55 

Level s of Significance :  
*** p < . 00 1  

Sig . 

(*** ) 

*** 
*** 

(*** ) 

Parentheses po int out negative relationships 
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The cell s  in the tab le were id entified by letters deno ting the variables 

( G  stood for Occupational groups , A fo r Stages of work) . Numbers d enoted 

the categories  of each variable . In the Table 6 . 1 , the cell GA( 1 1 )  

addressed the relationship between sc ientists and the Wo rk Programme 

Development stag e ,  cell GA( 22 )  between sc ience technicians and the Idea 

Generation stag e ,  and cell GA( 33 )  addressed the relationship between 

administrative staff and the Problem Solving stage . A guide to the 
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numbers and their  respective  categories  is provided at the beginning of 

all relevant sections of this chapter .  

The informat ion reported in  Table  6 . 1  indicates  the statistical 

significance of the association examined . Four of the relationships 

were statistically significant . 

From the info rmation presented in Table 6 . 1 , i t  can be seen that 

scientists received the expected number of items of info rmation in all 

three s tages o f  work . 

Respondents in the occupational group sc ience technicians received 

significantly more info rmation in the Problem Solving stage  ( . 74) , and 

significantly less information in the Wo rk Programme Development stage 

( - . 81 ) '  

es timates 

strong . 

than d id 

( shown in 

the other two occupational groups . The parameter 

brackets ) indicate that these  relationships were 

For administrative  staff , the observed relationships were the reverse of  

those  indicated fo r sc ience technic ians . Administrative  staff received 

significantly more info rmation in the Wo rk Programme Development s tage 

( . 9 1 ) ,  and significantly less info rmation in the Problem So lving stage 

( - . 81 ) , than d id the other two occupational groups . 

Bec ause the asso ciation between occupational groups and s tages  of work 

occurs in all subsequent analys es , the pattern of findings was repo rted 

first . The asso ciation was obviously statistically significant in the 

examination of all sub sequent three-way tables repo rted in the present 

chapter and should , therefo re ,  be borne in mind in examining the results  



1 89 

which fo llow. 

SOURCES OF INFORMATION , STAGES OF WORK AND OCCUPATIONAL GROUPS 

The findings to be repo rted resul t from empirical tests of  the fo llowing 

hypo theses : 

1 . 1 . 1 

1 • 1 • 2 

1 • 1 • 3 

In the Work Development s tage , info rmation from external 

oral sources is l ikely to be more influential than 

info rmat ion 

material s .  

from internal oral sources and written 

In the Idea Generation stage , info rmation from written 

materials is  l ikely to  be more influential than info rmation 

from internal and ext ernal oral sources . 

In the Problem Solving stage , info rmation from internal oral 

sources is likely to be more influential than info rmation 

from external oral sources and written material s .  

In this  section , the interpretation o f  the resul ts has been desc ribed 

more fully than in other sections which show only substantive find ings . 

Thi s  approach was adopted in o rder to familiarise the read er with the 

use , meaning and interpretation of the various tests  c arried out in the 

present research . 

The table of raw data which was analysed in this section is shown in 

Table  6 . 2 .  The numbers asso ciated with the categories o f  the variables 

involved in the analysis id entify the cells in al l o ther tables in this 

section . 
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The number at tached to each category id entifies that category in o ther 

tables shown in this section . 

Table 6 . 2  
Cross- tabulation of Occupational groups ( Groups , G ) , 

Stages of  work ( Stages , A ) , and 
Sources of  Information ( Sources , S )  

Groups Stages Sources ( S )  
G A Internal External Wri tten 

1 2 3 

Scient WD 1 1 93 1 08 1 20 
1 IG 2 20 29 30 

PS 3 1 54 72 1 07 

SC . Tech WD 1 6 1  29 2 7  
2 IG 2 1 7  5 2 5  

PS  3 227 79 64 

Admin WD 1 74 71 28 
3 IG 2 4 4 2 

PS 3 1 7  2 

Simultaneous tes ts showing the level ( or  order) of complexity which mus t  

be considered t o  fit the data , revealed that only the three-factor model 

was adequate . The resul ts of these tests are shown in Table 6 . 3 .  

Table 6 . 3  
The resul ts of fitting all K-factor marginals 

K-FACTOR 
1 
2 
3 

D. F .  
6 

1 2  
8 

LR CHISQ 
1 097 . 06 
362 . 52 
28 . 22 

PROB . 
o . o  
o . o  
0 . 0004 

Following Davis ( 1 974 : 2 1 3-2 1 4 ) , the statistics mean that : 
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( i ) the lone three-factor  interact ion is  s ignificant ( p < . 00 1 ) ,  

and 

( ii ) the re may or may not b e  i tem skews and non zero partial 

asso ciations amongst the variables . 

To find which item skews and asso ciations are significant , all possible 

log- linear models were fitted to the data . The results , shown in Table 

6 . 4 ,  indicated that al l item skews and associations considered were 

statistically significant . None of the effects c onsidered can be 

eliminated from the analyses  as insignificant . This means that the data 

can be explained only by the means of  the saturated model . 

Table 6 . 4  
Models fitted to explain the data in Table 6 . 1  

Model DF Likelihood- Pro b .  
Ratio Chisq 

s 24 1 328 . 26 o . o  
A 24 957 . 60 o . o  
G 24 1 080 . 47 o . o  
S , A  22 798 . 06 o . o  
S , G 22 920 . 94 o . o  
A , G 22 550 . 27 o . o  
S , A , G  20 390 . 74 o . o  
SA 1 8  757 . 25 o . o  
SG 1 8  875 . 70 o . o  
AG 1 8  263 . 02 o . o  
SA , G  1 6 349 . 92 o . o  
SG , A 1 6  345 . 50 o . o  
AG, S 1 6  1 03 . 48 o . o  
SA , SG 1 2  304 . 69 o . o  
AS , AG 1 2 62 . 67 o . o  
GS , GA 1 2  58 . 25 o . o  
SA , SG , AG 8 I 28 . 22 0 . 0004 

The results o f  tests repo rted in Table  6 . 4  indicate that : 
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( i ) All variables were significantly skewed . 

( ii ) Controlling fo r occupational groups , there was a 

significant partial asso ciation between sources of 

informat ion and stages  of work which was essential ly the 

same fo r each o ccupational group . 

( iii ) Controlling for sources of info rmation , there was a 

significant partial association between stages  of work and 

occupat ional groups . 

( iv ) Controlling fo r s tages  of  work , there was a s ignificant 

partial asso ciation between sources of information and 

occupational groups ; and 

( v) when the d eg ree of asso ciation between any two variables and 

the level of the third was analysed , it  was clear that the 

interaction was s tatistical ly s ignificant . 

In other words , there were complex relationships amongst  the three 

variables : there were two-directional causal links between each pair of  

the three variables , plus a significant interaction . The main 

relationship investigated was , therefo re , not a spurious one . 

To id entify the sources o f  significance in each asso c iation , the 

parameters of each of the relevant two-way tables were consid ered . The 

sources of significance in the interaction were subsequently examined 

with reference  to the three-way table . 

Sources of info rmation and stages of  work 

Table 6 . 5  shows the frequencies , parameter estimates 

s tandardised values fo r each cell . 

and their  



Table 6 . 5  
Association between Stages of  work and Sources of  info rmation 

__. I  

____... 
-----. 

Cells 

AS ( 1 1  ) 
AS ( 1 2 ) 
AS ( 1 3 ) 
AS ( 2 1 ) 
AS ( 22 ) 
AS ( 23 ) 
AS ( 3 1 ) 
AS ( 32 ) 
AS ( 33 ) 

Freq .  Param . Stand . 
Es tim . Value 

328 . 06 1 . 1 9  
208 • 1 2 1 . 99 
1 76 - . 1 8  -3 . 2 1 
4 1  - . 37 -4 . 3 1 
37 . 03 . 38 
58 - 33 4 . 1 5  

398 . 30 5 . 48 
1 5 1  - . 1 5  -2 - 47 
1 74 - .  1 5  -2 . 60 

Levels of Significance : 
* p < . 05 

** p < . 01 
*** p < . 00 1  

Sig . 

* 
(** ) 

( *** ) 

*** 
*** 
(**) 

(*** ) 

Parentheses po int out negative relationships 

1 93 

Bec ause the hypo theses suggested a greater use of a certain category o f  

information source in specified work stages , only po sitive deviations 

from the random model were considered . Fo r the sake of c larity these 

cells in Table 6 . 5  are id entified by arrows . 

The cell AS ( 1 2 ) deno tes the relationship between Work Programme 

Development and external sources of info rmation ,  AS ( 23 ) the relationship 

between Idea Generation and wri tten material , and AS ( 3 1 ) denotes the 

relationship between Problem Solving and internal sources of 

information . These were precisely the cells which were hypo thesised to 

be significantly and positively different from a random model based on 

expected cell distribution. The data repo rted in Table 6 . 5  indicate 

that : 
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( i ) The Work Programme Development stage was significantly but 

weakly ( . 1 2 ) asso ciated with the use of info rmation from 

external sources .  

( ii ) The Idea Generation stage was significantly and moderately 

( . 34 ) assoc iated with the use of wri tten material . 

( iii ) The Problem Solving stage was s ignificantly and also 

moderately ( . 30 ) assoc iated with the use of internal sources 

of info rmation.  

Occupational groups and sources of  information 

The observed frequencies , cell  parameters and their standardised values 

are shown in Table 6 . 6 .  

Table 6 . 6  
Occupational groups ( Groups , G ) by 

Sources o f  info rmation ( Sources , S ) 

Cells  Freq . Param . Stand . Sig . 
Estim . Value 

GS ( 1 1  ) 367 - . 1 5  -3 . 22 ( ** ) 
GS ( 1 2 ) 209 - . 1 2  -2 . 34 ( * )  
GS ( 1 3 ) 257 . 28 4 . 82 *** 
GS ( 2 1 ) 305 . 1 8  3 . 55 *** 
GS ( 22 ) 1 1  3 - . 2 1 -3 . 42 ( ***) 
GS ( 2 ) 1 1  6 . 023 . 35 
GS (3 1 ) 95 - . 03 - . 44 
GS (32 ) 76 . 33 4 .  57 *** 
GS (33 ) 32 - . 30 -3 . 43 (***) 

Levels of Significance :  
* p < . 05 

** p < . 01 
*** p < . 00 1  

Parentheses po int out negative relationships 
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The data indicated that the association between the two variables was 

complex . Scientists used significantly more wri tten material ( . 28)  and 

significantly less info rmation from internal ( - . 1 5 ) and ext ernal ( - . 1 2 ) 

sources than the other two occupational groups . 

Sci ence technicians used significantly more information from internal 

sources ( . 1 8 ) but , more importantly ,  they used significantly less 

info rmation from external sources ( - . 2 1 ) ,  than the other groups . 

Finally , respondents in the administrative category used significantly 

more information from external sources ( . 35 ) and significantly less 

info rmation from written material ( - . 30) , than the other two groups . 

In general , therefore ,  the data indicated tha t ,  in comparison with each 

other , sci entists tended to rely more on written material , sc ience 

technicians on internal sources , and administrative staff on the 

ext ernal sources of info rmation. 

Interaction between the three variables 

The cells  of the three-way table with significant standardised values of  

the parameter estimates are shown in  Table 6 . 7 .  

The table reveals two po ints which are contrary to the trends  noted in 

previous sec t ion :  

( i ) Scientists tended to use significantly more info rmation from 

internal sources ( . 24 ) and significantly less from external 

sources ( - . 28 )  in the Wo rk Programme Development stage than 

expe cted . 



( ii )  Science technicians tended to use significantly more 

information from external sources in the Problem Solving 

stag e  ( . 47 ) than expected . 

Table  6 . 7  
Interaction between Occupational groups ( Groups , G ) , 

Stages of work ( St ages , A ) , and Sources of  info rmation 
( Sources , S)  

Cells 

GAS ( 1 1 1 )  
GAS (  1 2 1  ) 
GAS ( 222)  
GAS ( 223 ) 
GAS ( 232 ) 
GAS ( 3 1 1 )  
GAS ( 33 1 ) 
GAS (332 ) 

Freq .  Param . Stand . 
Es tim . Value 

. 24 2 . 63 
- . 28 -2 . 53 
- . 50 -2 . 73 

. 38 2 . 33 

. 47 2 . 85 
- . 29 -2 . 03 

. 38 1 .  9 1  
- . 54 -1  • 90 

Levels of Significance :  
* p < . 05 

** p < . 01 

Sig . 

** 

( ** ) 
(** ) 

** 

** 
(* ) 
* (* )  

Parentheses po int out negative relationships 
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Consis tent with the trends observed elsewhere in the data analysed here , 

science technicians used significantly more written material in the Idea 

Generation s tage ( . 38 ) and significantly less info rmation from external 

sources in that stage ( - . 50 ) . Administrative s taff tended to use 

significantly more info rmation from internal sources in the Problem 

Solving stage ( . 38 )  and significantly less from external sources in that 

s tage ( - . 54 ) , than was expec ted .  



1 97 

Section summary and conclusion 

Examination of the relationships between sources of info rmation , s tages  

of work and occupational groups using log-linear models l ed to the 

fo llowing conclusions : there were significant i tem skews , partial 

asso ciations between each pair of the variables analysed , and a 

significant interaction between the three variables . ( The association 

between the three occupational groups and stages of work , as well as the 

items skews , have  al ready been discussed in the present chapter . ) 

Res ul ts from the analyses o f  the asso ciation between s tages  of work and 

sources of information confirmed the hypo theses . The Wo rk Programme 

Devel opment s tage of work was significantly asso ciated with info rmation 

from external sources ; Idea Generation with info rmation from written 

mat erial , and Problem Solving with info rmation from internal sources .  

Compared with the other two occupational groups c onsidered , scientists 

used significantly more wri tten material , science technicians more 

int ernal sources ,  and administrative  personnel mo re ext ernal sources of 

info rmation . 

Considered overall ,  these findings were deemed to be consistent wi th 

findings from the analysis of the asso ciation between occupa tional 

groups and stages of work . Because the findings indicated that sc ience 

technicians , compared with the other two occupational groups , used more 

information in the Probl em Solving stage then , it  can be expected that 

internal sources will be used most  ext ensively bY  this o ccupational 

group . Administrative s taff, because they received most  info rmation in 

the Work Programme Development s tage, can be expec ted to deal wi th mainly 



ex ternal sources . These particular findings may be  construed as 

accentuating the resul ts obtained from the empirical testing of the 

hypo thesis fo rmulated to examine this particular set o f  variables . 

The statis tical significance of the interaction in three cells 

! GAS ( 1 1 1  ) ,  GAS ( 1 2 1 ) ,  GAS ( 232 ) } was c ontrary to the trends outl ined 

above . The impo rtance of these relationships can be set out in two 

points : 

( i ) Scientists tended to develop their work programmes 

significantly more on the basis of information from internal 

sources , and significantly less on the basis of info rmation 

received from external sources than was expe c t ed .  

This pattern in the sources of  info rmation is  general ly in line wi th the 

pol icy of the organisation ,  which suggests that put ting 

of scientists of  d iverse specialties is l ikely to 

cross-fertil isation of id eas . This  pattern of info rmation 

toge ther groups 

resul t in a 

use , however ,  

has been largely ignored in recent studies i n  the so ciology of  sc ience . 

Friedki n ( 1 978) , for example , who pointed out that the proximity of  

members to  each o ther within organisations is  l ikely to affect wo rk 

programme developments , has argued that organisational influence has 

generally been ignored in the current so ciology o f  sc ience literature .  

The finding s of  this study clearly sugges t  that sc ience develops not 

only through sc ientists ' communication with an international scientific 

community ,  but also through the strong influences  which organisations 

have on work patterns . 

( ii )  Science technicians tended to draw info rmation in the 



Problem Solving stage significantly more from external 

sources than was expected .  
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These findings are similar to those  repo rted by Johnston and Gibbons 

( 1 975 ) . In Chapter 3 it was argued that this pattern of c ommunication 

is l ikely to  occur when the organisation has limited resources fo r 

coping with the task at  hand . Indeed , at  the time of the s tudy , s cience 

technicians were developing new cul ture cabinets and ext ending the 

control facilities of the Climate Rooms . Only limited expertise was 

available within the organisation to assist wi th these d evelopments .  

Consequently,  organisational barriers had to be overcome , even though 

the cost  of the info rmation gained was higher ( see Chapter 4 ) . 

TYPES OF INFORMATION , STAGES OF WORK AND OC CUPATIONAL GROUPS 

In this sec tion , the findings of the analyses undertaken were predicated 

on the fol lowing hypo theses : 

1 • 2 .  1 

1 • 2 .  2 

1 • 2 .  3 

In the Work Programme Development ( WD) stag e ,  all types of  

info rmation are likely to be influential ; there wil l  be no 

spe cial emphasis on any single type of info rmation . 

In the Idea Generation ( IG )  stag e ,  scientific and technical 

types of info rmation will  be more influential than client , 

organisational and administrative  types of info rmation . 

In the Problem Solving ( PS )  stage , sc ientific , technical and 

adminis trative types o f  info rmation will  be most 

influential . 
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The raw data used in the analyses repo rted in this section are shown in 

Table  6 . 8 .  

Table 6 . 8  
Cross- tabulation of Types of info rmation ( Types , T ) , 

Stages of  work ( Stages , A) , and Occupational groups ( Groups , G )  

I 
I 

GROUPS STAGES TYPES ( T )  I 
I 

G A SCIEN . CLIENT TECH. ORG . ADMIN . l  
1 2 3 4 5 I 

I 
I 
I 
I 
I 

SC IENT WD 1 204 1 8  43 67 90 I 
I 

1 IG 2 7 1  7 1 0 0 I 

PS 3 240 1 5 26 1 5 37 

SC . TECH WD 1 1 8  0 48 2 1  30 
2 IG 2 9 0 3 1  0 7 

PS 3 59 0 2 1 9 1 9 71  

ADMIN WD 1 1 0  6 25 72 60 
3 IG 2 7 0 0 2 0 

PS 3 0 0 1 2  9 0 

Simultaneous tests  po inted out that only the three-factor model fits the 

data ; attempts to find a simpler model which would fit the data failed . 

The resul ts indicated that al l item skews , asso ciations and the 

interaction were s ignificant . Therefo re , none of the effects  c onsidered 

can be eliminated from analysis ; the data could only be explained by 

means of the saturated model . 

The next two sections examine the asso ciations between the types of 

info rmation and the stages  of  work ( TA ) , and between the types of 

info rmation and the occupational groups ( TG ) . The interaction ( GAT) 

will be discussed last in this section . 
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Types of info rmation and stag es of work 

Tabl e 6 . 9  shows the resul ts of the relevant analysis . 

Table 6 . 9  
Association between Stages o f  work ( A) and Types o f  info rmation ( T ) 

In the 

Cells 

TA( 1 1  ) 
TA( 1 2 ) 
TA( 1 3 ) 
TA( 2 1 ) 
TA( 2 2 )  
TA( 23 )  
TA( 3 1 ) 
TA( 32 )  
TA( 33 )  
TA( 4 1 ) 
TA( 4 2 )  
TA( 43 )  
TA( 5 1 ) 
TA( 5 2 )  
TA( 53 )  

Freq .  Param . Stand . 
Es tim .  Value 
( log) 

232 - . 56 -6 . 73 
87 . 62 4 - 77 

299 - . 06 - . 7 1 
24 - . 25 - 1  - 49 
7 . 72 3 - 04 

1 5  - . 47 -2 . 52 
1 1  6 - . 64 -6 . 60 
32 . 24 1 .  6 1  

257 . 40 4 . 22 
1 60 1 . 02 5 - 49 

2 - . 98 -2 .82 
43 - . 04 - . 20 

1 80 - 43 3 - 42 
7 - . 60 -2 . 67 

1 08 • 1 7  1 . 27 

Level s of Significance : 
* p < . 05 

** p < . 01 
*** p < . 00 1  

Sig . 

( *** ) 
*** 

** 
(* )  

( *** ) 

*** 
*** 
( ** )  

*** 
(**)  

Parentheses po int out negative  relationships 

Work Programme Development stage , the respondents used 

significantly more organisational ( 1  . 02 )  and administrative ( . 43 )  type s 

of info rmation , and significantly less sc ientific ( - . 56 )  and technical 

( - . 64 )  types of information , than expected .  

In the Idea Generation stag e ,  the respond ents used significantly more 

sc ientific ( . 62 ) and client info rmation ( . 72 ) , and significantly less 
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organisational ( - . 98 )  and administrative ( - . 60) types o f  info rmation , 

than expected .  

In the Problem Solving stag e ,  the respondents used significantly more 

technical info rmation ( . 40 ) , and significantly less c lient info rmation 

( - . 47 ) , than expe c ted .  The po sitive  but not statistical ly significant 

use of administrative info rmation ( . 1 7 ) at this stage should also be 

noted . 

Discussion 

The high parameter estimates in the " significant" cells indicate strong 

relationships between the relevant categories of  the two variables . 

These  resul ts appear to be , however , somewhat contrary to the 

expectations spe cified in the hypo theses . However , it  can be argued 

that some of the findings extend the theory of work pat terns advanced in 

Chapter 3 ,  whereas o thers only appear to be contrary to the theoretical 

framework which has been proposed . 

It  was argued that organisational information would be used 

significantly more in the Work Programme Development s tage than in any 

other stage . Nevertheless i t  was also  expected that all o ther types of  

info rmation would be used , significantly, a t  this s tage , too . 

Unexpec tedly, therefo re ,  administrative information , which it was 

hypo thesised would be salient in the Problem Solving s tage was ,  instead , 

used significantly more in the Work Programme Development s tage . The 

find ing that sc ientific/ technical types of info rmation 

significantly le ss at this s tage was also unexpected . 

were used 
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Thus , it appears that the Work Programme Development stage  was 

influenced more by what o thers intended to do , and by the availability 

of  resources , than by what o thers had already done . One po ssible 

interpretation of these findings may be  that the respondents fo rmed 

their work programme well  in advance of the actual work being done . 

were consid ered by the While the finding that c lient interests 

respondents in the setting up of spe cific proj ects ( Idea Generation 

stage ) and not in the Work Programme Development was unexpected , the 

small number of items of c lient information involved in the analysis 

renders this finding somewhat dubious . Otherwise , the analysis showed a 

significant pattern fo r the use of sc ientific info rmation which was 

consistent with hypo thesis 1 . 2 . 2 .  

In the Problem Solving stage  respondents used significantly more 

technical information and significantly less  client info rmation . These 

relationships were , however , the weake st of those analysed . From these  

findings it may be inferred that respondents tended to  use  largely 

technical and administrative  types of info rmation in this stage . Because 

the hypothesis anticipated a significant use of both these  types of 

info rmation , hypo thesis 1 . 2 . 3  can be regarded as substantiated as wel l .  

The more substantial use o f  technical info rmation and the less 

substantial use of sc ientific info rmation in the Problem Solving stage 

seemed to indicate somewhat greater concern on the part of  respondents 

about the use of particul ar techniques and facilities . This finding was 

also consistent wi th the considerations which lay behind the fo rmulation 

of this particular hypo thesis . 

In sum , the data which appear contrary to the hypo thesised relationships 
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either extended the theory o f  work patterns advanced in Chapter 3 (Hyp . 

1 . 2 . 1 ) ,  or , in general , sub stantiated the hypo theses  ( Hyp . 1 . 2 . 2  and 

1 . 2 . 3 ) . 

Types of info rmation and occupational groups 

Table  6 . 1 0  shows the results of the relevant analyses . 

Table  6 . 1 0  
Association between Types of  info rmation and 

Occupational groups . 

CELLS 

TG ( 1 1  ) 
TG ( 1 2 ) 
TG( 1 3 ) 
TG ( 2 1 ) 
TG ( 22 )  
TG (23 ) 
TG ( 3 1 ) 
TG ( 32 )  
TG (33 ) 
TG ( 4 1 ) 
TG ( 42 )  
TG (43 )  
TG ( 5 1  ) 
TG ( 5 2 )  
TG ( 5 3 )  

FREQ . PARAM . STAND. 
ESTIM . VALUE 
( LOG) 

5 1 5 • 90 7 . 01 
86 . 25 1 . 1 7  
1 7  - 1  • 1 6  -6 . 65 
40 1 . 26 3 . 1 4  
0 -2 . 01 -2 . 63 
6 . 75 1 . 72 

70 -1 . 08 -8 . 27 
298 1 . 48 7 . 28 
37 - . 40 -2 . 67 
82 - . 58 -4 . 44 
40 - .  1 7  - . 79 
83 . 75 5 . 32 

1 27 - . 5 1  -4 . 1 4  
1 08 · 45 2 . 1 9  
60 . 06 . 43 

Level s of Significance : 
** p < . 01 

*** p < . 00 1  

SIG.  

*** 

( *** ) 
** 

(**)  

(*** ) 
*** 
(**)  

(*** ) 

*** 
(*** ) 

Parentheses po int out negative relationships 

The findings are discussed in order of the three occupational groups . 

Respondents in the sc ientist  group tended to use significantly more 
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client ( 1  . 26 )  and scientific ( . 90 )  info rmation and s ignificantly less of  

all the o ther types o f  info rmation , than did the other two groups . 

Not unexpected ly ,  respondent s  in  sc ience technician group used 

significantly more technical ( . 75 ) info rmation , and significantly less 

client information ( -2 . 01 ) .  These  asso ciations were very strong . 

Respondents in the administrative group used significantly more 

organisational information ( . 75 ) , and significantly less of  the 

sc ientific ( - 1 . 1 6 )  and technical ( - . 40 )  type s of info rmation . 

Interaction between the three variables 

The cells of  the three way table  with significant standardised values of 

the parameter estimates are shown in Table  6 . 1 1 . 

The 

Table 6 . 1 1  
Interact ion between Types of  info rmation ( Type , T ) , 

Stages of  work ( Stages , A )  and Occupational groups ( Groups , G )  

CELLS 

GAT ( 2 1 5 )  
GAT ( 2 2 1 ) 
GAT ( 3 1 4 ) 
GAT ( 32 1 ) 
GAT ( 333 )  

PARAM . STAND . 
ESTIM . VALUE 
( LOG) 

-.  7 1  -2 . 33 
- . 86 -2 . 67 
- . 72 -2 . 44 

. 82 2 . 03 

. 92 2 . 38 

Level s of Significance : 
* p < . 05 

** p < . 01 

SIG .  

(* ) 
(**) 

(* ) 
* 
* 

Parentheses po int out negative relationships 

statistics repo rted in this table  indicate the negative 

relationships in the use of administrative info rmation by sc ience 
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technicians in the Work Programme Development s tage ( - . 7 1 ) ;  in the use 

of sc ientific info rmation by sc ience technicians in the Idea Generation 

s tage ( - . 86 ) ; and in the use of o rganisational info rmation by 

administrative s taff in the Work Programme Development s tage ( - . 72 ) . The 

relationships in the use of sc ientific info rmation by adminis trative  

s taff in the Work Programme Development s tage ( . 82 ) ;  and in  the use  of 

technical information by administrative s taff in the Problem So lving 

stage ( . 92 ) were po sitiv e .  

Only one cell appears to b e  contrary t o  the trends  shown i n  the 

examinations of the rel evant asso ciations : although the info rmation 

received by respondents in the administrative group was mostly 

organisational , which was most  influential in the Wo rk Programme 

Development s tage , the resul ts indicated that this group used this type 

of info rmation significantly less in that stage than did the o ther two 

groups . 

These results suggest that unlike the other two occupational groups in 

the organisation , administrative  staff tended not to develop their  wo rk 

in response to the intentions of o thers , but in response to the o thers ' 

ongoing activities "here �nd " now • Their use of client information in 

the Work Programme Development stage , though c ommendable , was limited ; 

its s tatistical significance is , therefo re ,  somewhat dubious . 

Sec tion summary and conclusion 

Just as was found in the analysis of  the effects  of  sources of 

info rmation on the stages of work , the investigation of the effects  of 
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information on s tages of work indicated that the effects  we re complex . 

The item skews , the three asso ciations , and the lone interaction 

examined were all statistically significant . 

Considered overall ,  the findings indicated that Work Programme 

Development s tage was not influenced by a broad range of information , 

but mainly by organisational info rmation.  This  trend suggests  that at 

this s tage the respondents tended to respond largely to the intentions 

rather than to the day-to-day concerns of the others . The exception 

to this trend were the resul ts fo r respondents in the administrative  

category , who tended to  respond to  info rmation on  event s  which had 

already taken place . As expected , the respondents used mainly sc ientific 

info rmation in the Idea Generation stag e ;  moreover ,  and in general , they 

used scientific , administrative ,  but largely technical types of  

information in  the Problem Solving stag e .  

Otherwise ,  the findings indicated that sc ientists received mainly 

scientific and client type s of info rmation , that sc ience technicians 

received mainly technical info rmation , and that administrative staff 

received mainly organisational info rmation. 

MODES OF INFORMATION TRANSFER , STAGES OF WORK AND OC CUPATIONAL GROUPS 

In this section , the repo rt on the results of  investigations was b ased 

upon the examination of the fo llowing hypo theses :  

1 . 3 . 1 . In the Work Programme Development ( WD) stage , a passive  

acquisition of  info rmation is like ly to be more influential 
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than an ac tive  mode . 

1 • 3 .  2 In the Idea Generation ( IG ) stag e ,  a passive acquisition of 

information is also likely to be more influential than an 

active mod e .  

1 - 3 - 3  In the Probl em Solving ( PS ) stag e ,  an act ive mode of  

info rmation acquisition is  likely to be  more influential 

than a passive  mode . 

The raw data analysed in this section are shown in Table  6 . 1 2 . 

Table 6 . 1 2  
Cross-tabulation between occupational groups ( Groups , G ) , 

Stages o f  work ( Stages , A) and Modes of  info rmation transfer ( Modes , M) 

GROUPS 
G 

SC IENT 
1 

SC . TECH 
2 

ADMIN 
3 

STAGES 
A 

WD 1 
IG 2 
PS 3 

WD 1 
IG 2 
PS 3 

WD 1 
IG 2 
PS 3 

MODES ( M) 
PASSIVE ACTIVE 

1 2 

272 1 25 
44 25 

1 46 1 7 1 

76  35  
25  1 5 

1 75 1 83 

8 1  85 
5 5 
2 1 8  

Attempts to find a simpler model which would explain the data showed 

that only the interaction can be disc arded from the analys is . All 

asso ciations were significant and are examined seriatim in this 

section . 



Modes of info rmation transfer and stages of  work 

Table  6 . 1 3  shows the resul ts of the relevant analysis . 

Table  6 . 1 3  
Association between Modes o f  info rmation ( Modes , M )  and 

Stages of work ( Stages , A) 

Cells  

MA( 1 1  ) 
MA( 1 2 ) 
MA( 1 3 ) 

Param . Stand . 
Es tim .  Value 
( log) 

• 1 3 2 .  96 
. 1  0 1 . 44 

- . 22 -5 . 23 

Level s of Significance : 
** p < . 01 

*** p < . 00 1  

Sig . 

** 

( ***
) 

Parentheses po int out negative relationships 
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The association between the modes of oral info rmation transfer and 

stages of work was statistical ly significant but weak . The overal l 

results suppo rted hypo theses 1 . 3 . 1 and 1 . 3 . 3 .  

The data confirmed that Work Programme Development was significantly 

asso ciated with a passive  mode of info rmation transfer ( . 1 3 ) ;  the 

Problem Solving stage was significantly asso ciated with an act ive mode 

of information transfer ( - . 22 ) . The po sitive value of the parameter 

estimate fo r the Idea Generation s tage indicates the direction of the 

relationship . Hypo thesis 1 . 3 . 2  was , then , substantiated only partially . 



Modes of info rmation transfer and occupational groups 

Table  6 . 1 4 shows the resul ts of the relevant analysis . 

Table  6 . 1 4  
Association between Mod es of  information transfer ( Mo des , M) and 

Stages of  work ( Stages , A)  

Cells  

GM( 1 1 )  
GM( 2 1 ) 
GM( 3 1 ) 

Param . Stand . 
Estim . Value 
( log) 

• 1 3  3 - 42 
. 03 . 74 

- .  1 6  -3 . 05 

Levels o f  Significance :  
** p < . 01 

*** p < . 001  

Sig . 

*** 

( ** )  

Parentheses po int out  negative relationships 

2 1 0 

The analys is indicated that whereas sc ientists tended to receive 

significantly more info rmation passively , administrative staff tended to 

receive significantly more info rmation actively ._ 

Sec tion summary and conclusion 

In general , the findings  presented in this section confirmed the 

hypotheses . Al though the suppo rt fo r hypo thesis 1 . 3 . 2  was not 

statistical ly significant , the data were distributed in the anticipated 

direction . The other two hypo theses were confirmed by the data , ye t the 

relationships we re , relative to the findings presented in o ther sections 

of this chapter , weak . 



2 1 1 

C IRCUMSTANCES OF INFORMATION TRANSFER , STAGES OF WORK AND OCCUPATIONAL 

GROUPS 

In this section of the repo rt findings which pe rtain to the hypo theses 

shown below are presented : 

1 • 4 .  1 

1 • 4 - 2  

1 • 4 - 3  

In the Work Programme Development ( WD) 

circumstances are likely to  be more 

info rmal circumstances . 

s tage , formal 

influential than 

In the Idea Generation ( IG ) stage , " po inted out "  li terature 

is l ikely to be more influential than literature not 

" pointed out" . 

In the Problem Solving ( PS ) stag e ,  info rmal circumstances  

are likely to  be more influential than fo rmal 

circumstances . 

Circumstances of info rmation transfer of oral information 

Table  6 . 1 5  presents the relevant raw data . It  shows only the 

circumstances of oral info rmation transfer .  

At tempts to  find a simpler model which would be adequate to explain the 

variations repo rted in the data shown in Tabl e  6 . 1 5  indicated that only 

two associations were s ignificant : the one between s tages  of work and 

circumstances of info rmation transfer ( AC ) , and the other between s tages  

of  work and occupational groups ( AG ) . The asso ciation between 

circumstances of info rmation transfer and o ccupational groups was not 

s tatistically significant [ 1  ] .  



Table 6 . 1 5  
Cross-tabulation between Occupat ional groups ( Groups , G ) , 

Stages of  work ( Stages , A) and Circumstances  of  
oral info rmation transfer ( Ci rc , C ) 

GROUPS STAGES CIRC ( C ) 
G A INFORMAL FORMAL 

1 2 

SC IENT WD 1 228 74 
1 IG 2 43 5 

PS 3 1 99 27 

SC . TECH WD 1 69  20 
IG 2 1 9 2 

2 PS 3 278 27 

ADMIN WD 1 1 23 22 
3 IG 2 5 2 

PS 3 1 8  0 

2 1 2 

The results of  the tests threw some light on the po ssible nature of the 

causal relationships b etween the three variables : the model which b est  

fitted the data indicated that there was no spurious relationship 

between circumstances of insfo rmation tranfer and stages of wo rk , and 

that the fo llowing causal relationship may b e  inferred ( Lever 1 979 ) : 

GROUPS - - - > STAGES - - - > C IRCUMSTANCES 

This  s equence was precisely the causal order which was assumed to be 

valid in the fo rmulation of the hypo theses spe cified in Chapter  3 .  The 

theory o f  work patterns advanced in that chapter was predicated on the 

notion that the s tages  of wo rk would significantly influence the way 

information was gathered . In other words , it  was expected that problem 

so lvers would , fo r example , attend seminars to ext end their knowledge 



2 1 3 

·about events in their environment ; however ,  i t  was not expected that the 

work being done would be found to have been brought about by 

communications alone . 

Circumstances of  information transfer and stages of work 

Table  6 . 1 6  shows the results of  the relevant analyses . As in the 

previous section , the table  was simplified because the variable mapping 

the circumstances of info rmation transfer was d ichotomised . 

Table 6 . 1 6  
Asso ciation between Circumstances o f  o ral info rmation 

transfer ( Circ , C)  and Stages of work ( Stages , A) 

Cells  

AC ( 1 1 )  
AC ( 2 1 ) 
AC ( 3 1 ) 

Param. Stand . 
Estim.  Value 
( log) 

- . 27 -3 . 79 
. 07 . 60 
. 20 2 . 54 

Level s o f  Significance :  
* p < . 05 

*** p < . 00 1  

Sig . 

( *** ) 

* 

Parentheses po int out negative relationships 

The relationship was s ignificant ye t ,  as the parameter estimates 

indicate ,  weak . The indicated statistical significance can be 

explained by reference to two categories of stages of work . 

Whereas the respondents received significantly more information , 

fo rmally , in the Work Programme Development s tage ( . 27 ) , they received 

significantly more info rmation , info rmally , in the Problem Solving stage 

( . 20 ) . Thus , the data suppo rted the two hypo theses which concerned oral 
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communication . 

Circumstances of  info rmation transfer of written info rmation 

Investigations similar to those  above reveal ed that the model which best 

fitted the data excluded the asso ciations b etween s tages of  wo rk and 

circumstances of  written info rmation transfe r ,  and between circumstances 

of written info rmation transfer and occupational groups . The only 

significant asso ciation indicated was the one between occupational 

groups and stages of  work . 

Therefore , analys is did not suppo rt hypo thesis  1 . 4 . 2 ,  which antic ipated 

the relationship between Idea Generation s tage and the " po inted out " 

circumstance of the info rmation transfer of written material . 

Section summary and conclusion 

The results of  investigations presented in this section suppo rted the 

hypo theses which c oncerned oral exchanges of info rmation . However ,  the 

hypo thesis which c oncerned the relationship between the Idea Generation 

stage and circumstances of written info rmation exchange was not 

suppo rted . Nevertheless , the resul ts indicated that the direction of 

the causal links b etween the three variables was c onsistent wi th the 

direction suggested by the present theory o f  work patterns . 

EFFECTS OF INFORMATION, STAGES OF WORK AND OCCUPATIONAL GROUPS 

In this  section , the fo llowing hypo thesis was examined : 



1 • 5 .  1 The effects  of  info rmation are not l ike ly to  vary with 

s tages  of work . 

The data analys ed in this section are shown in Table 6 . 1 7 .  

Table 6 . 1 7  
Cross- tabulation between Occupational groups ( Groups , G ) , 

Stages o f  work ( Stages , A) and Effects  of info rmation ( Effects , E )  

GROUPS STAGES EFFECT ( E )  
G A 2 3 

SCIENT WD 1 256  1 4 1  2 5  
1 IG 2 28 35 1 6  

PS 3 1 44 1 5 1  38 

SC . TECH WD 1 66  38 1 3 
2 IG 2 1 8  2 5  4 

PS 3 1 79 1 53 38 

ADMIN WD 1 86 78 8 
3 IG 2 2 6 1 

PS 3 2 1 6  2 

2 1 5 

The fitting of the models to the data indicated that two asso ciations : 

between the s tages of work and effects  of  info rmation ( AE) , and between 

s tages  of work and occupational groups ( AG) , were sufficient to explain 

the variation in Table 6 . 1 7 [ 2 ] . 

Thus , as in the previous section , the model which best fitted the data 

is the one which excluded the effects  of the tested variable and the 

occupational group . This  finding means that there was no spurious 

relationship between the two variables and the causal order is , then , as 

fo llows : 
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GROUPS ---> STAGES ---> EFFECTS 

But , the significance of the asso ciation between s tages  of  work and the 

effec ts of information indicated that , contrary to the relationship 

predicted , the d ifferent s tages were found to be asso ciated with the 

effects  of the information .  

Effects  of info rmation and s tages o f  work 

Table  6 . 1 8 shows the resul ts o f  the relevant analysis . 

Table 6 . 1 8  
Asso ciation between Effe cts of  info rmation ( Effects , E) , 

and Stages of work ( Stages , A) 

Cel l s  

AE ( 1 1 )  
AE ( 1 2 ) 
AE ( 1 3 ) 
AE ( 2 1 ) 
AE ( 22 )  
AE ( 23 )  
AE ( 3 1 )  
AE ( 32 )  
AE ( 3 3 )  

Freq_ .  Param . Stand . 
Es tim . Value 
( log) 

408 . 37 5 . 96 
257 - . 04 - . 60 
46 - . 33 -3 . 72 
48 - . 34 -3 . 85 
66 . 03 . 33 
2 1  • 3 1  2 . 78 

325 - . 03 - . 48 
320 • 01 • 1 6 
78 . 02 • 23 

Levels of  Significance : 
** p < . 0 1  

*** p < . 00 1  

Sig . 

*** 

( *** ) 
( *** ) 

** 

Parentheses po int out negative relationships 

The a�so ciation among the effects of info rmation and stages of wo rk can 

be explained by reference to moderately strong relationships between 

four categories o f  the two variables . 
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Whereas the Work Programme Development was asso ciat ed with info rmation 

considered by the respondents to have the weake st impact , the Idea 

Generation s tage was asso ciated with info rmation to have  the s trongest 

impact .  The Probl em Solving s tage was not s ignificantly a sso ciated with 

either of the categories of the variable . 

However ,  the asso ciations were not linear .  The results  o f  analyses 

using orthogonal transformations of the ordinal variable  which mapped 

the effects  of info rmation , indicated that both the 

non- linear trends in the data were highly significant . 

Discussion 

linear and 

The resul ts of  the tests presented in this section did not provide 

findings which would substantiate the hypo thesis . 

Although no significant relationships were anticipated , there was a 

moderately s trong association between the use of the least important 

information in the Wo rk Programme Development s tage of work and the most 

important info rmation in the Idea Generation s tage . However ,  the 

analysis showed that there were no linear trends in the data . Whereas 

these resul ts suggest that the findings were inconclusive , further tests  

indicated that the association between s tage s  of  wo rk and the effects  of  

info rmation was spurious . 

On the basis o f  the resul ts which showed a strong asso ciation between 

the stages of  work and sources of  info rmation ( presented in an earlier 

section of this chapter) , a subsid iary hypo thesis - that sources of 
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information are s ignificantly asso ciated with the effects  o f  info rmation 

- was investigated . However , the Chi square of 3 . 67 ( with 4 degrees of 

freedom ) ind icated that this was not the case . The perception of the 

effects of information did not vary wi th the sources of info rmation . 

Given the above resul t ,  the validity of  several similar hypo theses were 

explored . Findings from these investigations indicated that the more 

the information was actively pursued and the more the info rmation was 

related to specific proj ect s , the greater was its  perceived effect .  

Because the Idea Generation s tage of wo rk did relate to spe cific 

proj ects and the Work Programme Development s tage did not ,  the effects  

of info rmation varied with different s tages of  work . Thus , the 

associa tion between s tages of work and the effects  of info rmation 

relationship was , thus·, found spurious . 

Section summary and conclusion 

Whereas the log-linear tests indicated a relationship between the s tages  

of  work and the effects of  info rmation , subsequent analyses reveal ed two 

intervening variables . The consideration of a direct relationship 

between the stages  of work and the effects  of info rmation can thus be  

discarded . 



SUMMARY AND CONCLUS ION 

This chapt er repo rted data generated by empirical t es ts 

hypotheses presented in Chapter 3 .  

The item skews are summarised firs t .  

2 1 9 

o f  the 

The categories fo r variables had significantly skewed frequencies . 

Nevertheless , the item skews found in the present study were generally 

consistent with the findings of previous s tudies . The differences  

observed were explained through the uses  of  different methodologies in  

different studies . The statistically similar amounts of  info rmation 

items received by the three occupational groups was an exception . A 

tentative  explanation was sought in the notion that problem so lvers 

working in close physical proximity would be like ly to adopt the wo rk 

habits of each o ther ;  however ,  subsequent examination o f  the findings 

indicated differences in the quality o f  the wo rk patterns and , 

therefo re , raised doub ts about the validi ty of  this explanation . 

The overall findings  involving the hypo thesised asso ciations b etween the 

variables are summarised in Table  6 . 1 9 . 

The summary shown in Table 6 . 1 9  ind icates that 1 0  out of  the 1 3  

hypotheses fo rmulated were at l east partial ly suppo rted by the data 

analysed in the present s tudy . 

A summary of  the directions of the asso ciations found in the present 

analys is are shown in Table 6 . 20 .  



Dimens ions of  
Communication 

Table  6 . 1 9  
Summary o f  findings 

Stages of work 
WD IG 
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I 
I 
I 

PS I 
I 

Category Sig . ea tegory Sig . Category s · I �g . I 

Sources  External * Written *** Internal *** 

Types Org + Adm . ### Scientif . *** Technic . *** 
Sci + Tech Client ## Scientif .  
Client Admin . 

Modes Passive  ** Passive Active  *** 

Circumstances Formal *** Point ed out Informal *** 

Effects no significant relationship anticipated 
least str .  ( 1 ) Most str . ( 1 ) 

*-*** Asterisks indicate significant relationships anticipated 
in the hypo theses .  

#-### Hashes indicate significant relationships found , but not 
anticipated in hypo theses . 

- Dashes indicate hypo thesised relationships which were not found . 
( 1 ) Whilst  these effects  were significant at p < . 0 1 level , 
no linear trend were established . Resul ts inconclusiv e .  

I 
I 
I 
I 
I 

Overall ,  these findings substantiated the claims advanced in the theory 

o f  work patterns of problem so lvers . There were , however , exceptions 

which requi re further comment . 

The relationship between the types of  info rmation and the Wo rk Programme 

Development stage of work was c ontrary to expectations . However , the 

actual findings make theoretical sense and it may be argued that they 

o ffered a useful extension of the theory .  The relationships between the 

other stages  and the types of  info rmation were , generally , 

substantiated . Because of the lower frequency o f  client info rmation 
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reported by the respondents , the significance of this type of 

information was consid ered moot and therefore discarded . In the Problem 

Solving stage , the high use of technical info rmation but insignificant 

use of sc ientific and administrative info rmation only 

confirmed the hypothesis . 

Table 6 . 20 
Summary o f  the directions of  the findings 

Hypotheses 

1 • 1 • 1 
1 • 1 • 2 
1 • 1 • 3 

1 • 2 .  1 
1 • 2 .  2 
1 • 2 .  3 

1 • 4 .  1 
1 • 4 .  2 
1 • 4 .  3 

1 . 5 

Direction of Finding s  

Suppo rted 
Supported 
Supported 

Not Suppo rted 
Supported 
Supported Partially 

Supported 
Supported Partial ly 
Supported 

Supported 
Not Suppo rted 
Suppo rted 

No t Suppo rted ; Other tests indicate 
Intervening variables . 

partial ly 

It was al so true that there was no empirical evidence that linked mode s , 

strongly ,  to the Idea Generation stage , or  to the circumstances of 

information transfer .  This was c onsidered a maj or failure in  the 

context  of the present s tudy . 

The resul ts o f  the maj or analys is of  the relationship between the s tages 
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of work and effects of info rmation appeared contrary to expectations . 

However , further tests indicated two intervening variables which 

explained the variations in this relationship.  The intervening variables 

did not include " s tages of work" or " sources of  info rmation" , but the 

"mode of info rmation persual" and " info rmation specifici ty" . 

Thus , the present resul ts indicated the fo llowing patterns of wo rk 

[ find ings contrary to the hypo thesised relationships are bracketed] : 

Work Programme Development was asso ciated with ext ernal oral sources , 

mainly [ organisational ] type of info rmation , a passive  mode of 

information transfe r ,  and formal circumstances of  info rmation transfer .  

[ Informat ion received at this stage was considered to have the weake st 

impact . ] 

The Idea Generation stage was asso ciated with info rmation from written 

material , and sc ientific and [ client ] types of info rmation . [ No other 

associations we re found significant . ]  [ Information received at this 

stage was consid ered to have  the s trongest impact upon  the wo rk of the 

respondents . ] 

The Problem Solving stage was asso ciated with internal oral sources , 

_ technical [ but not sc ientific and administrative] info rmation , an active 

mode of info rmation ex change and info rmal circumstances of  info rmation 

transfer .  The effects of info rmation were not significantly related to 

this stage . In two cases , the causal inference indicated that the stages 

of work tended to determine the pattern of communication . 

In general , therefore , the findings provided evidence which was 

considered promising fo r further investigation of the propo sition that 
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the re is a particular pattern of c ommunication which is asso ciated with 

each d ifferent stage of problem so lvers ' work . 

Contrary to the findings from previous stud ies , the resul ts from the 

present study indicated that al l o ccupational groups tended to receive  a 

similar quantity of info rmation ; however ,  the quality o f  their wo rk 

patterns appeared to differ .  This  finding was the obverse of what had 

been predicted . 

Respondents in the scientist category tended to draw s ignificantly more 

information both passively,  and from written material , than did either 

of the other two occupational groups c onsidered . Contrary to  the trends 

for all respondents , which indicated the significant use of external 

sources of info rmation at the Work Programme Development stage , 

scientists tended to use s ignificantly more info rmation from internal 

so urces  at that s tage .  

Science technic ians tended t o  receive  significantly more technical 

information more actively , and mo re in the Problem Solving stage than 

did either of  the other two o ccupational groups . Contrary to the trends 

linking the use of internal sources at the Problem Solving stage , 

science technicians tended to receive  more info rmation from external 

so urces at that stage . 

Administrative s taff tended to receive  significantly more info rmation 

which affected the Work Programme Development s tage than did either of 

the other two occupational groups . Members of this o ccupational group 

received significantly more organisational type of info rmation , but 

significantly less so in the Work Programme Development stage . This was 
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al so contrary to the trends which indicated significant use of  

organisational info rmation in  the Wo rk Programme Development s tage . 

It can , then , be concluded that the quality o f  work patterns d iffered 

for diffe rent occupational groups . However ,  although each o ccupational 

group used a different pattern of communication , their actual  use of 

info rmation in the three stages o f  work was similar .  The behaviour 

which was c ontrary to the trends fo r the organisation as a whole was 

ad equately explained in the preceding sections of the present chapter . 

Thus , despite a number of unexpected findings , the pattern of 

communication asso ciated with each stage can , general ly, be  regarded as 

similar fo r all groups of problem so lvers . 

In the next chapter ,  the effects  of  wo rk organisations on  the oral 

communication patterns are examined . 
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NOTES 

[ 1 ] The desc ription was based on findings in the fo llowing table : 

Models fitted to explain data in Table 6 . 1 5  

MODEL DF LIKELIHOOD- PROB . 
RATIO CHISQ 

c 1 6  1 005 . 24 o . o  
A 1 5 1 1 30 .  68 o . o  
G 1 5 1 376 . 43 o . o  
C , A  1 4  525 . 1 8  o . o  
C , G  1 4  770 . 94 o . o  
A , G  1 3  896 . 37 o . o  
C , A , G  1 2 290 . 88 o . o  
CA 1 2  496 . 1 0  o . o  
CG 1 2  762 . 95 o . o  
AG 9 644 . 74 o . o  
CA , G  1 0  26 1  • 79 o . o  
CG , A  1 0  282 . 89 o . o  
AG , C  8 39 . 25 o . o  
CA , CG 8 2 53 . 81 o . o  
AC , AG 6 1 o .  1 7  o .  1 1 78 
GC , GA 6 3 1 . 27 o . o  
CA , CG , AG 4 4 . 7 1 0 . 3 1 38 
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[ 2 ]  The desc ription was based on findings in the following table : 

Models fitted to explain data in Table  6 . 1 7 

MODEL DF LIKELIHOOD- PROB . 
RATIO CHISQ 

E 24 1 30 1  . 1 9  o . o  
A 24 1 282 . 3 1 o . o  
G 24 1 403 . 1 5  o . o  
E , A  22  768 . 34 o . o  
E , G  22 889 . 1 9  o . o  
A , G  22 870 . 30 o . o  
E , A , G 20 356 . 33 o . o  
EA 1 8  729 . 1 9  o . o  
EG 1 8  880 . 1 3  o . o  
AG 1 8  583 . 06 o . o  
EA , G  1 6 3 1 7 .  1 9 o . o  
EG , A  1 6  347 . 27 0 . 0  
AG, E 1 6  69 . 08 o . o  
EA , EG 1 2 308 . 1 3  o . o  
AE , AG 1 2 29 . 94 0 . 0029 
GE , GA 1 2  60 . 03 o . o  
EA , EG , AG 4 1 4 . 01 0 . 0073 
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CHAPTER 7 

EFFECTS OF THE RESEARCH ORGANISATION ON ORAL C OMMUNICATION 

The previous chapter fo cused on findings concerning dimensions o f  

communication and the work of problem so lvers . The present chapter 

reports findings  from investigating the effects of  

organisation on  oral communications . 

the research 

As was the case in Chapter 4 ,  which set out the theoretical framewo rk 

fo r the present investigation , the presentation of resul ts here is  

divided into two parts .  Part A deals wi th the effects  o f  the research 

organisation on internal flows of oral communication .  Part B examines 

the patterns · of communication from sources which are external to the 

fo cal organisation .  

PART A 

NE�NORKS OF INTERNAL ORAL COMMUNICATION AND RESEARCH ORGANISATIONS 

This part repo rts findings based upon the examination of hypo theses 

presented in Part A of  Chapter 4 .  Thus it concerns oral communication 

among persons wi thin the organisation. Such communication accounted for 

about 50% of the information items repo rted by the respondents .  
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Each of the hypo theses examined here addressed the association between 

internal oral communication and an aspect  of the organisational 

struc ture ; together the hypo theses fo rmed an attempt to test  a theory 

of  the effects of  work organisations on  that aspect of the wo rk patterns 

of problem so lvers which involved internal oral communication . The 

theory suggested that internal communications are likely to be 

cons trained by certain s truc tural , analyt ic and global properties of 

organisations . The eight hypo theses  which were fo rmulated are 

reproduced below : 

Employees of research organisations are more likely to communicate 

significant work related info rmation with : 

Hyp . 2 . 1  

Hyp . 2 .  2 

Hyp . 2 . 3  

Hyp . 2 . 4  

Hyp . 2 .  5 

Hyp . 2 .  6 

Hyp . 2 . 7 

Hyp . 2 . 8  

members o f  the same section , 

their  informal contacts , 

persons in their physical proximity , 

colleague s ,  

persons who share the same  facility , 

persons wi th a similar s trength of  orientation , 

persons wi th a similar degree of autonomy , and 

pe rsons wi th a similar degree of research competence , 

than with o thers in the organisation . 

As indicated in Chapter 5 ,  eight netwo rks of  internal communication were 

constructed . These were based on the fo llowing types of info rmation : 

( i ) scientific ,  

( ii ) cl ient , 
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( iii) technical , 

( iv) organisational , 

( v) administrative , 

( vi) scientific/technical ( aggregated networks i - iii) , 

( vii) organisational/administrative  ( aggregated netwo rks iv and 

v) , and 

( viii )  to tal ( aggregated networks i - v) . 

A local ly optimal test was used to investigate each asso ciation 

between the communication networks ( the dependent variables) and the 

variables which in this s tudy were defined as part of the 

" organisational struc ture" ( the independent variables) . The test  used 

was desc ribed in Chapter 5 .  

Following the presentation of the findings concerning the associations 

between the dependent and independent variables , the asso ciations among 

the dependent variables , as wel l  as those  among the independent 

variables , wi ll  be discussed . 

Associations between the depend ent and independent variables 

The resul ts of the investigations are summarised in Table 7 . 1 . Each 

figure was obtained from one local ly optimal test of the association 

between the variables shown in the margins of the table . 
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Table 7 . 1  
Asso ciations between organisational properties 

and communication networks 

1 
I 

A .  STRUCTURAL AND GLOBAL PROPERTIES 1 
I 

Communication Formal Informal Geography Colleag . Use of Fac .  l 
Networks s sig s sig s sig s s ig s s ig I 

I 
I 
I 
I 
I 

Total Received - 43 *** 
• 1 4  *** . 37 *** . 54 *** . 24 *** I 

I 
I 

Scient . /Technic .  - 55 *** . 1 3  *** . 50 *** - 59 *** . 29 *** 

Scientific . 56 *** . 24 *** - 49 *** . 60 *** - 34 *** 

Client • 41 *** - . 1 0  NS - 35 * . 27 *** . 2 1  NS 
Technical - 55 *** . 02 NS • 5 1  *** . 60 *** . 24 ** 

Organis . /  Admin . . 24 *** . 1 4  *** 
• 1 9 *** - 45 *** . 1  0 NS 

Organisational . 22 *** 
• 1 3  *** 

• 1 3 *** . 5 1  *** 
• 1 6 NS 

Admini strative  . 25 *** 
• 1 6  *** . 23 *** . 4 1 *** . 08 NS 

B .  ANALYTIC PROPERTIES 
Orienta t .  Autonomy Com( Org) Com( Prof) 

s sig s sig s sig s sig 

Total Received - . 01 NS . 32 *** 
• 4 1  *** . 24 *** 

Scient . /Technic .  - . 08 NS • 3 1  *** 
• 3 1  *** . 26 *** 

Scientific - .  1 1  NS . 59 *** - 34 ** - 35 *** 

Client I . 07 NS . 09 NS • 2 1  NS . 22 NS I 
Technical : - . 06 NS - . 05 NS . 29 * . 09 NS 

I 
I 

Organ is . /  Admin . I . 09 NS . 32 *** . 52 *** . 22 ** I 
I 
I 

Organisational I 
• 1 6  NS - 39 ** . 67 *** . 30 * I 

Administrative  I . 06 NS . 27 * . 38 *** 
• 1 6 NS I 

I 
I 

Levels of Significance : 
* p < . 05 

** p < • 01 
*** p < . 00 1  

NS p > . 05 

In general , most of the tested asso ciations we re found to be 

s ta tis tic ally s ignificant . These findings were taken to substantiate the 
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claim that research organisations do affect the flow o f  internal 

communications . The notable exception was the latent netwo rk involving 

work related orientations . This  particular network d id not relate to any 

of the communication networks investigated . 

Formal struc ture was found to �e significantly · related to all 

communication networks , but espe cial ly to  the communication of 

scientific/technical types of information ( . 5 5 ) . The asso ciation of this 

variable  to the communication of organisation/administrative  types of  

information was , however , relatively weak ( . 24) . Overall though , the 

hypo thesised asso ciation was substantiated . The statistic S summarising 

the association between formal struc ture and all communication netwo rks 

was a moderate . 43 .  

Informal networks were significantly related to three out of the five 

basic communication networks . The associations we re , however ,  weak 

( . 1 4 ) . Thus , whilst  some support was given to the expected asso ciation , 

the overall effect  of  info rmal networks o� communication was about three 

times weaker than the effect of the fo rmal s tructure . 

The association between geographical distance and the communication 

flows was similar to the asso ciations found between the fo rmal struc ture 

and the communication flows . The s tatistic S summarising the asso ciation 

between geographical distance and all communication netwo rks was a 

moderate . 37 .  

The analyses carried out indicated that the colleague netwo rks had the 

greatest influence on the communication ne two rks ( . 54 ) . The 

associations were very strong for the netwo rks of  sc ientific/ technical 
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types o f  information ( . 59 ) , and moderately high fo r the networks 

involving organisational/administrative types of info rmation ( . 45 ) . 

The variable which concerned the use of facilities t ended to influence 

significantly only two out of the five basic types of info rmation ;  

moreover , this influence was rather weak ( . 29 ) . Thus only limited 

suppo rt was given to the expected relationship b e tween the use of 

facilities and internal commun ications . 

Work related orientations were not significantly related to any o f  the 

communication networks which were analysed . Overal l ,  the association 

was very close to zero . This  resul t indicated that highly oriented 

people did not choose each o ther as c ommun ication partners . Hypo thesis 

2 . 6  which suggested such a relationship was not , then , suppo rted . 

Autonomy was found to have  influenced three out of the five basic 

communication networks . The se were the same as  fo r the info rmal 

networks . The communication of sc ientific info rmation t ended to occur 

more significantly and strong ly among respondents who were defined as 

autonomous than between autonomous and non-autonomous respondents ( . 5 9 ) . 

The asso ciation between this variable and the netwo rks of  

organisational/administrativ e  types of  info rmation was moderate ( . 32 ) . 

Socially recognised work compe tence in terms of  the organisational 

cri teria , a term which fo r the sake of brevity will be used 

synonymously wi th the term organisational perfo rmance ,  was found to be 

significantly but only moderately asso ciated with the aggregate netwo rk 

de fined by the to tal received info rmation ( . 4 1 ) .  This  moderate 

asso ciation can , however , be explained by reference to the very high 
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effect  of this variable on the network of o rganisational info rmation 

( • 67 ) • 

Socially recognised competence defined in terms of  professional 

criteria , a term which fo r the sake of brevity wil l  be used 

synonymously with the term professional perfo rmance , was also  found to 

be significantly asso ciated with the aggregate netwo rk defined by the 

total received info rmation . The asso ciation was , however ,  relatively 

weak ( . 24) ; it can be explained by reference to the moderate effects  o f  

this variable o n  sc ientific ( . 35 ) and the organisational ( . 30) netwo rks 

of  information . 

Table 7 . 2  summarises the significant asso ciations which we re found in 

the analysis . 

The resul ts summarised in Table  7 . 2  indicate  that , in general , all of 

the commun ication networks were influenced strongly by three variables : 

colleague networks , fo rmal s truc tur e ,  and 

Nevertheless , 

asso ciations . 

there were variations in 

geographical distance . 

the s trength of these 

The influence of the variables measuring fo rmal struc ture and 

geographical distance on the fo rmation of organisational/administrative  

networks was weaker than on the newo rks involving scientific/ technical 

types of info rmation . The networks involving 

organisational/administrative  types o f  info rmation were influenced quit e  

s trongly by the latent networks based on  organisational perfo rmance and 

autonomy . 
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Table 7 . 2  
Summary of  results showing significant associations b etween 

organisational properties and internal communication networks . 

COMMUNICATION NETWORKS 

I 
Scient . Techn .  Client Sc/Tech Organ . Admin . Or/ Admin : Total 
Var . s Var . s Var .  s Var . s Var .  s Var .  s Var .  s 

I Var .  s I 
I 
I 
I 
I 

1 . 60 1 . 60 2 • 4 1  1 • 59 3 • 67 1 • 41 3 . 52 I 1 . 54 I 
5 • 59 2 . 55 4 . 35 2 • 55 1 • 5 1  3 . 38 1 . 45 I 2 . 44 I 
2 . 56 4 • 5 1  1 . 27 4 • 50 5 . 39 5 . 27 5 . 32 I 3 • 4 1  I 
4 . 49 6 . 29 5 • 31 6 . 30 2 . 25 2 . 24 I 4 . 35 I 
6 . 35 1 . 24 3 • 31 2 . 22 4 • 23 6 . 22 I 5 . 32 I 
3 • 34 1 . 29 4 • 1 3 8 • 1 6  4 • 1 9 I 6 . 24 I 
1 . 34 6 . 26 8 . 1 3  8 . 1 4  I 1 . 24 I 
8 • 24 8 • 1 3  I 8 • 1 4  I 

I 
I 

1 .  Colleague network 5 .  Autonomy 
2 .  Formal struc ture 6 .  Competence ( Professional ) 
3 .  Compe tence ( Organisational) 1 . Use of Facilities 
4 .  Geographical struc ture 8 .  Info rmal netwo rks 

The overall pat tern of these findings suggests that whereas the 

communication of sc ientific types of information tended to occur among 

colleagues within sections and in close physical proximity to each 

other , the communication of organisational/administrative  type s of  

information was more likely to transc end sectional and geographical 

boundaries . Communications of this latter kind were also more likely to 

take place among respondents who were both autonomous and high 

organisational performers . 

A brief summary 

Overall , the resul ts of  the analyses repo rted above provided at l east 
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general suppo rt fo r seven out of the eight hypo theses investigated in 

the present research . The pattern of resul ts obtained suggests that 

properties of the organisation studied did affect  internal 

communications . 

The resul ts reported here also indicated the relative  strengths of the 

associations which were investigated . In general , five organisational 

variables influenced the fo rmation of info rmation networks ( colleague 

netwo rks , autonomy , formal struc ture , geography , and organisational 

perfo rmance) . The significance of the effects of these organisational 

variables on each of the communication netwo rks was , however , variable . 

In brief , the s truc tural variables tended to be most influential in the 

formation of sc ientific/technical networks , whereas the analytic 

variables were found to be impo rtant in the 

organisational/administrative  type s of information . 

netwo rks involving 

The next two sections of  this chapter examine the associations among the 

dependent and independent variables respectively .  

Associations among the d ependent variables 

Given the pattern of findings shown in Table 7 . 1 , it seemed reasonable  

to examine the supplementary hypo thesis that respondents communicated 

different types of info rmation with the same peopl e within the 

organisation . This  hypo thesis was tested by examining the commonalities  

of " non- trivial " communication paths ( see Chapter 5 ) . 

Overall ,  there was a high asso ciation between the aggregate netwo rks 

involving scientific/technical and organisational/administrative  
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information ( . 56 ) .  

The resul ts of  the tests showing the asso ciations among the netwo rks fo r 

the basic types o f  info rmation are shown in Table  7 . 3 .  Each figure shows 

the result from a single local ly opt imal test . All tests we re carried 

out using formulae fo r the hypergeometric situation . 

Table 7 . 3  
Associations among communication netwo rks 

--------------------------------------------------------------------- 1 

Scientific 
S s ig .  

Client 
S s ig . 

Technical 
S sig . 

Organis .  
S s ig .  

I 
Administrat . l 

S . 11 s �g .  
I 

--------------------------------------------------------------------- : 
Scientific 
Client 
Technical 
Organisational 
Administrative  

. 23 ** . 47 *** 
1 . o  ** 

. 35 

. 08 

. 35 

*** 
NS 

*** 

. 32 
• 2 1  
. 37 
. 52 

*** 
NS 

*** 
*** 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--------------------------------------------------------------------- 1 

Levels of  Significance : 
** p < . 01 

*** p < . 001 
NS p > . 05 

The results shown in Table 7 . 3  ind icate  that , wi th the exception of the 

network involving client info rmatio n ,  all of the asso ciations tested 

were very s ignificant . Nevertheless , the high fluc tuations observed in 

the test s tatistics fo r the asso ciations involving client info rmation 

indicated that this network was not " stable" . This lack o f  stability 

probably arises from the fact that this particular netwo rk involved only 

a small number of exchanges which may well have occurred by chance . 

If the find ings fo r the network of  c lient info rmation are excluded from 

consid eration , the remaining findings appear to confirm the 

supplementary hypo thesis : wi thin the organisation ,  respondents d id tend 
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to communicate different types of info rmation with the same peopl e .  

Associations among the independent variables  

Let  me briefly recapitulate the findings presented so far :  

( i ) respondents  tended to communicate work related info rmation 

from internal sources within the hypo thesised 

organisational constraints ;  

( ii ) they tended to communicate different types of  o rally 

exchanged info rmation with the same peopl e within the 

organisation . 

Now ,  the associations among the independent variables are examined in an 

attempt to throw further light on the formation of communication 

networks . 

Two clusters of  interrelated independent variables were antic ipated : 

( i ) On the one hand , it  was expected that peopl e hired and 

placed formally into a section of  the organisation would be 

likely to be placed in close geographical proximity to 

other members of that section . Where these sections are 

formed on a disc iplinary basis , it may also be expected that 

the sec tion members will tend to use similar facilities ; 

moreover , i t  can be expected that wo rk colleagues wi ll  tend 

to be selected from section members because they wil l  

probably be working o n  similar problems and are likely to  be  



familiar with the technique s these problems involve . 

Info rmal networks are also likely to fo rm on the basis o f  

sectional membership because members are more likely to  b e  

acquainted with each o ther than with members in o ther 

sections . For these reasons , it  was anticipated that 

variables cons tituting the s truc tural properties of  the 

organisation would be interrelated . 

( ii) On the other hand , it is unlikely that any one section will  

tend to  monopo lise the highly autonomous , highly oriented 

and highly compe tent people who are working within an 

organisation . This po ssib ility 

similar analyt ic properties 

suggests that 

are likely to  

peopl e wi th 

be spread 

throughout the organisation . Nevertheless , as has al ready 

been discussed in Chapter 4 ,  highly competent peopl e are 

al so likely to be highly oriented and highly autonomous 

( Glaser 1 963 ) . Thus , it was anticipated that the variables 

constituting the analyt ic properties o f  organisations would 

al so be interrelated . 

238 

The supplementary hypo thesis which anticipated the two clusters of  

interrelated independent variables is examined below . 

The relevant findings are shown in Table 7 . 4 .  They are also summarised 

in Diagram ? . I .  Again , each figure represents the finding from a 

single locally optimal test . Each test  used the fo rmulae fo r a 

hypergeometric situa tion . It should be no ted that a s truc tural or 

latent relationship was regarded as a "non- trivial path" . The 

commonalities of such paths were analysed ( see Chapter 5 ) . 
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5 
6 
7 
8 
9 

Table 7 , 4  
Associations among ind ependent variables 

2 3 4 
s sig s sig s sig 

. 37 *** . 73 *** . 60 *** 
. 28 *** . 39 *** 

. 59 *** 

1 .  Formal structure 
2 .  Info rmal networks 
3 .  Geographical struc ture 
4 .  Colleague Network 
5 .  Use of  Fac ilities 

Level s 

5 6 7 8 
s s ig s s ig s sig s s ig 

. 4 1  *** . 05 NS • 1 1  NS . 05 NS 

. 25 *** . 26 ** . 47 *** . 3 1  ** 

. 52 *** . 01 NS . 1 4  NS . 09 NS 

. 40 *** . 1 8  NS . 47 *** . 39 *** 
- . 06 NS - . 02 NS - . 02 NS 

. 32 *** . 45 *** 
. 45 *** 

6 .  Orientations 
7 .  Autonomy 
8 .  Competence ( Organisational ) 
9 .  Competence ( Professional ) 

of Significance :  
* p < . 05 

** p < . 01 
*** p < . 00 1  

NS p > . 05 
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1 
1 

9 1 
1 

s s ig l 
1 
1 
1 
I 

• 1 4 NS 1 

. 20 * 

. 1 7  * 

. 38 *** 

. 1 2  * 

. 24 *** 

. 60 *** 

. 59 *** 

The results shown in Table  7 . 4  substantiated the supplementary 

hypo thesis because they suggest that al l of the struc tural variables 

tended to be  interrelated . Mo re spe cifically , respondents wi thin close  

proximity to  each o ther tended to be in the same section , used sim ilar 

facilities , and tended to select each o ther as wo rk colleagues and 

info rmal contacts . All o f  the analytic variables we re also interrelated : 

high pe rfo rmers in terms of professional criteria tended to be highly 

autonomous persons , and highly oriented ; these respondents we re also 

high on the merit list of  the organisation . 
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Diagram 7 .  I 
Significant asso ciations among independent variables  
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In addition to suppo rting the supplementary hypo thesis , the data 

reveal ed an interesting pattern in the relationships between the 

analytic  and struc tural variables insofar as there was fairly s trong 

evidence to suggest  that in the organisation s tudied , the link between 
• 

the two properties o f  organisation occurred via colleague and info rmal 

networks . This finding suggests that the s truc tural barriers between 

people in the organisation may be overcome by the fo rmation of 

colleague and info rmal netwo rks . These colleague and info rmal netwo rks , 

in turn , tended to fo rm among highly autonomous and highly oriented , 

high pe rformers . 

Summary and conclusion 

The findings of all  tests repo rted in Part A of this chapter reveal ed a 

complex pattern of relationships among the variables which were 

analysed . Nevertheless , the findings substantiat ed the claim that 

research organisations affect  internal patterns of c ommunication . 

With the exception of the network involving client info rmation , all 

other networks were significantly interrelated . These findings 

ind icated that , in general , respondents tended to choose the same people 

as the suppl iers of all types o f  info rmation within the organisation . 

This pattern is c onsistent wi th Hillier ' s ( 1 960) theory which suggests 

that problem so lvers tend to fo rm "concentric layers of peopl e" around 

them . In general , each such layer provides all types of info rmation . 

Once a supplier of  one type of  info rmation is perceived to be useful and 

trus tworthy , the problem so lver is unlikely to doub t the trustworthiness 

of the supplier when exchanges of o ther types of info rmation are 
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involved , even though there may be o thers in the organisation who are 

more qualified to give it . This  interpretation is also consistent wi th 

findings of o ther research . A search fo r information from sources most 

qual ified to give it  would assume a rational and mechanical learning 

model of problem so lvers . However ,  as Allen ( 1 96 6 )  showed , this does not 

occur : problem so lvers were found to gather info rmation so as to 

minimise loss rather than to maximise gain ( see Chapter  4 ) . 

The results reported here indicated that c ommunica tion netwo rks were 

significantly influenced by seven out of  the eight variables s tud ied . 

Of these variables , colleague networks , formal struc ture , geographical 

distance , autonomy and perfo rmance in terms of organisational criteria 

had the s trongest  effects  on the fo rmation of communication networks . 

The colleague networks were clearly the most influential . But the 

findings also indicated that whil e sc ientific/ technical communication 

occurred mainly wi thin struc tural constraints , the communication of 

organisational/administrative  types of  info rmation tended to overrid e 

these barriers . Final ly , the resul ts indicated that the communication 

of organisational/administrative info rmatiorv was influenced more by the 

analytic  than by the struc tural properties of  the fo cal organisation . 

Overall ,  then , the findings from the present study corroborate those 

obtained from previous s tudies which indicate that task struc ture 

( colleague netwo rks ) 

communication networks 

Evans Woods and Levene 

is the most important variable affecting 

( Frost  and Whitl ey 1 97 1 , Walsh and Baker 1 972 , 

1 974 , Hall  1 974) . The c laim that the task 

structure can overrid e geographical distance ( Fros t  and lNhitl ey 1 97 1 , 

Wal sh and Baker 1 972 , Hall 1 974 )  has also been suppo rted . However , the 
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suggestion that info rmal netwo rks are of marginal impo rtance ( Frost and 

Whitl ey 1 97 1 , Pruthi and Nagpaul 1 978) cannot be suppo rted , because the 

findings from the present study suggest that info rmal contacts tended to 

strengthen the colleague netwo rks . 

Even though the colleague netwo rks can override geographical distance , 

this latter variable  did constrain communications , s ignificantly and 

strongly. This finding corroborates those  obtained by ( Al len 1 968 , 

Allen and Cohen 1 96 9 , Allen 1 977 ) .  The effects o f  physical distance 

mus t ,  therefore , be consid ered further in future s tudies of research 

organisations . 

The structural variables fo rmed one cluster of interrelated variables ; 

the second clus ter comprised analyt ic variables . These  two clusters we re 

found to be interconnected by colleague and info rmal netwo rks . This 

finding suggested that these variables tended to 

structural barriers . 

overrid e other 

Finally ,  the present finding s  suggest that communications involving 

sc ientific/ technical type s o f  information initially fo rmed within fo rmal 

sections , and were , therefo re ,  likely to be constrained by physical 

proximities . Nevertheless , because problem solvers do  ge t acquainted 

with others in the organisation through communications involving 

organisational/administrative types of information and through info rmal 

networks , and as a consequence , are likely to perceive  the available 

expe rtise within the organisation , they were likely to approach " similar 

others " to work on j oint proj ects . Eventually, the present findings 

suggest that colleague networks will  transc end the boundaries of the 
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formal sections ; moreover ,  these colleague networks were likely to be 

maintained through the constant updating of information about the 

compe tence of o thers . 

PART B 

EFFECTS OF THE RESEARCH ORGANISATION ON EXTERNAL COMMUNICATION 

This part repo rts findings based upon the examination of hypo theses 

presented in Part B of  Chapter 4 ,  where it was argued that an 

understanding of the communication between problem solvers wi thin a wo rk 

organisation and their organisational environment would throw light on  

the environmental contingency o f  the organisation . Because this 

environmental contingency is , according to the resource dependence 

theory of  organisations ( Pfeffer and Salancik 1 978) , " enacted "  by the 

res earch administrators ( dominant c oali tion) within the organisation , a 

study of the external communication is  l �kely to reveal the pattern of  

relationships suppo rted by  these administrators . 

The environmental contingency o f  the organisation s tudied 

antic ipated in the fo llowing hypo thesis : 

Hyp . 2 . 9  : The quantity of  work related communication from external 

sources is likely to be rank ordered , from mos t  to leas t , 

as fo llows : o ther research organisations , the bureaucracy ,  

cl ients in  the economy , and the po litical system . 

was 

The influence of research administrators on external communication was 

also examined in the fo llowing hypo theses :  
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Hyp . 2 . 1 0  The greater the physical distance between research 

o rganisations and the fo cal research organisation , the lower 

the rate of c ommunication between them is likely to be . 

Hyp . 2 .  1 1  The greater the physical distance between cli ent 

o rganisations in the economy and the fo cal research 

o rganisation , the lower the rate of communication between 

them is likely to be . 

The environmental contingency o f  the organisation 

The analys es repo rted in this part of the present chapter concern only 

about 25% of the info rmation items repo rted by the respondents .  

Table 7 . 5  summarises the communication pattern between the organisation 

studied and five " classes" of external organisations . 

As antic ipated , communication with o rganisations in the sc ientific 

community dominated external communications . About 80% of al l ext ernal 

communications took place with organisations in that community . At the 

other extreme ,  direc t  communication with o rganisations in the po litical 

system was negligible . 

The frequency of c ommunication with organisations in the bureauc racy 

( the Head Office of the Department of  Scientific and Industrial 

Research) and the client community were similar; however ,  twice  as much 

informat ion was given by respondents to the client community as was 

rec eived from clients . These frequencies are intriguing insofar as 

respondents cons id ered info rmation input from the client community 
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important , but they did not think that these clients we re l ikely to be  

the "users " of their work ( Chapter 2 ) . The findings repo rted in  Table  

7 . 5  suggest that the reality o f  the  situation is  somewhat different : 

respondents tended to advise the c lients more than they listened to 

them . However , this pattern of communication mus t  be  interpreted within 

the context of the 6% of all external communication which o ccurred with 

client communities . 

Table 7 . 5  
Frequencies o f  communications wi th c lasses o f  external organisations 

Classes o f  External Received Given To tal 
Organisations N % N % N % 

Scientific Community 334 76 . 1  368 83 . 5  702 80 . 0  

Bureauc racy 25 5 . 7  23 5 . 2  48 5 . 5  

Client Communities 1 8  4 . 4  35  7 . 9  5 3  6 . 0  

Political Syst em 4 1 . 0 8 1 . 8 1 2 1 . 4 

Other 56 1 2 . 8  7 1 . 6 6 3  7 .  1 

Totals 437 1 oo . o  44 1 1 00 . 0  878 1 00 . 0  

Table 7 . 6  shows the proportions o f  the different types o f  info rmation 

which were received from the external organisations . 

In general , the info rmation shown in Table  7 . 6  shows that sc ience 

organisations are sources of all types of info rmation . Referring again 

to Hillier ' s  ( 1 960) theory alluded to in Part A of the present chapter , 

ex ternal organisations can be said to comprise further " concentric 

layers of people" , each of which is being used as a source of 
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information . Only when this general source cannot provide information , 

is a more specialised source sought . Using this theory we can , for 

example , explain the finding that the client c ommunity provid ed only 25% 

of all client information received from external sources , as well as the 

finding that 50% of the to tal client info rmation received by the 

respondents in this investigation came , in fac t , from internal sources . 

Table 7 . 6  
Proport ions o f  external communication per types o f  info rmation 

I 
I 

Types of info rmation I 
I 

External Sources I 
I 
I 

I I I 
Scien . l Client Tech . I Organ . 1 Admin . l 
Col . %  I Co l . % Col . %  Co L %  I CoL%  I 

I I I 
I I I 
I I I 
I I I 
I I 

DSIR* 26 . 7  I 25 . 0  33 - 3  46 . 6  I 58 . 4  I 
Other NZ sc . orgs 37 - 3  o . o  29 . 0  20 . 7  I 9 - 9  I 
Sc . o rgs  overseas 26 0 1 1 6 0 6 1 . 4 o . o  I 3 . 0  I 
Bureaucracy** 0 . 7  8 . 4  o . o  25 . 9  I 6 . 0  I 

I Client comm ' s 3 . 7  25 . 0  o . o  3 - 4  I 7 . 0  I 
Political system o . o  8 . 4  o . o  o . o  I 3 . 0  I 
Other 5 - 5  1 6 0 6 36 . 3 3 - 4  I 1 2 0 7 I 

I 
I 
I 
I 

1 00 . 0  1 oo . o  1 00 . 0  1 00 . 0  I 1 00 . 0  I 
I 
I 

* Excludes Head Office  
** Head Offic e of  the DSIR 

Scientists overseas provided only about a qua rter of the sc ientific 

information received by respondents from external sources . The 

remaining three-quart ers of the sc ientific info rmation received from 

external sources came  from sc ience organisations in New Zealand . A 

study of the effects o f  info rmation from these external sources on  the 

work of the respondents indicated that there was no significant 
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association . Thus , info rmation from sc ience o rganisations overseas was 

no more important than info rmation from other external sources . 

The fact  that external communication from bureaucrat ic o rganisations 

supplied about a quarter of o rganisational information from external 

sources was s ignificant . More specifical ly , this finding suggests that 

al though there was negligible d i rect influence from the po litical 

community , the respondents , predictably , took notice of info rmation 

about planning and forecasting act ivities which came from the Head 

Office of the o rganisation stud ied . 

Diagram 7 . II shows the resul ts generated by trying to map the social ly 

construc ted info rmation environment of the fo cal organisation . This 

d iagram is based on the analysis of the strength of communication ties 

between the organisation studied and external organisations ( see Chapter 

5 ) . The focal organisation was d rawn as a " centre" of  its  external 

organisational environment in a manner that was c onsistent wi th 

Hillier ' s ( 1 960 )  theory .  Organisations in this environm ent were placed 

around this " centre" in a way that showed how close they were to the 

centre in terms of communication t ies . The stronger the tie was , the 

closer the external o rganisation was to the fo cal organi sation.  

Communication ties wi th 31  other organisations were id entified and 

analysed . These ties includ ed only organisations in New Zealand , 

because communication with overseas o rganisations was rather diffuse .  In 

general , there was only one communication with any g iven organisation 

overseas . 

Overall , the frequency o f  communication with external o rganisations was 



Diagram 7 . II 
Distances of external o rganisations in t erms of  

c ommunication t i e s  wi th the o rganisation s tudied 
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similar to the frequency of  communication with internal sources ; that 

is , there were few communications with many organisations and there was 

extensive  communication with only a few o rganisations . 

Diagram 7 . II shows c learly that closest  to the organisation s tud ied was 

one university ( 4 2 . 5 ) . Four other divisions of  the DSIR and one other A 

& B science organisation in New Zealand ( 30 . 0 ,  on average ) were nex t .  

Organisations in Agricul tural Extension and the farming community were , 

generally , on the " periphery" of the environment of  the fo cal 

organisation . The only other- than- science o rganisation with a strength 

of communicat ion tie equal to or higher than the mean value was the Head 

Office  of the DSIR ( 24 . 0) . 

In general , therefore ,  the findings substantiated the anticipated 

organisational environment of  the organisation studied . 

Association between external communication and physical distance 

Diagram 7 . II I  shows the distribution of sc ience organisations engaged in 

biological and agricul tural research in New Zealand . The map shows four 

maj or centres o f  agricul tural research and a large number of smaller 

organisations , which are spread throughout the country . 

Diagram ? . IV shows the numbers of al l organisations relative  to their 

distance from the organisation stud ied and the strength of  the 

communication ties wi th them . It shows clearly that the selection of 

external communication partners during the study appeared to occur on 

the basis o f  geographically-determined ease of access , rather than the 

quantitative  d i stribution of various organisations of agricul tural 

science in New Zealand . The findings also indicated that the rate of 
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communication with external organisations was inversely related to the 

dis tance of the external organisations from the focal organisation . 

The organisation studied is located in one of the centres o f  New 

Zealand ' s ag ricul tural research and indus try .  Nevertheless , the 

communication patterns wi th the clients , who were mainly 400 miles 

distant , indicated that hypo thesis 2 . 1 1 should be rej ected without 

und ertaking any s tatistical tests . Geographical distance , then , affected 

the patterns o f  communication with sc ience organisations , but not wi th 

c li ent communities . 

SUMMARY AND CONCLUS IONS 

This chapter attempted to provide empirical support fo r the hypo theses 

presented in Chapter 4 .  Part A of  the present chapter examined the 

effec ts of the research o rganisation on internal communication . In Part 

B, the effects  of the research o rganisation on external communication 

were inves tigated . 

Overall , this chapter presented strong evidence to suppo rt the 

plausibility o f  the claim that research o rganisations influence the wo rk 

patterns of  their employees . Both struc tural proximities and 

respondents ' similarities were found to affect  the patterns of  internal , 

as well as external , communication. 

Inte rnal communications were found to be fo rmed within the struc tural 

proximities o f  the fo cal organisation and among people wi th similar 

attributes . The analyses also indicated that initial ly , struc tural 
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constraints influenced internal communication ; however , the data also 

suggested that as problem so lvers b ecame acquainted with o thers in the 

organisation through informal networks , they were likely to approach 

" similar others" and to team up fo r j oint proj ects . The colleague 

network was , then , found to be the most constraining facto r in the flows 

of  internal communication ; moreover  this netwo rk transc ended barriers 

d efined by o ther struc tural proxim ities . The data also suggested that 

this was likely to be maintained through reciprocal perceptions of  

respondents '  compe tence . Thus , the present findings confirmed Glaser ' s 

( 1 96 3 )  thesis , which has , however , received little  attention in recent 

s tudies in the sociology of sc ience . 

The pattern of external communication reveal ed by the findings was 

generally consistent with expectations . By far the greatest  amount of 

external communication was wi th o rganisations which employed research 

sc ientists , in other words , wi th the members of o ther o rganisations in 

the sc ientific community . Communications wi th the client communities 

were very weak . Somewhat suprisingly ,  direct  wo rk related communications 

with organisations in the po litical system were the weakest  of all .  The 

influence of  po litical organisations on the work of  the respondents 

tended to be indirect and where it occurred , it  appeared to be 

channelled 

unexpectedly , 

through 

the 

the 

data 

bureauc racy 

showed that 

c ommunications comming from this source . 

of  the Head 

respondents took 

Office .  

notice 

No t 

of 

The mapping of  the external communication according to physical distance 

between the fo cal organisation and � ther organisations in its 

environment showed that communication wi th o ther sc ientific 
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organisations declined a s  the distance increased . This was c onsistent 

with findings showed by Allen and Fustfeld ( 1 975 ) .  External 

communication with the client communities was not ,  however ,  constrained 

by physical distance .  These findings suggested that whereas the 

res earch administrators wi thin the o rganisation d id not exert much 

influence on the formation of external relationships vi th o ther 

sc ientists , they did influence communication with the client community . 

What  little involvement there was wi th the farming industry had , inde ed , 

been initiated by the focal organisation ' s past  Director . 

Overall ,  then , the findings substantiated the propo sition that research 

o rganisations affect  the formation of " asso c iations " between problem 

solvers . Evidence was presented which showed that the organisation 

studied did so in respect  of both internal and external communications . 

Since scienti fic knowledge development was said to occur through the 

growth of these  communication associations ( Chapter 1 ) , we can conclude 

that research organisations do indeed affect  knowledge development . 

In the next and final chapter of  this repo rt , the two streams of  

investigation pursued in the present research , the study of  the work 

patterns of problem solvers and the effects of  the research organisation 

on them , are summarised and discussed . 
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CHAPTER 8 

WORK PATTERNS IN A RESEARCH ORGANISATION 

This thesis  involved an investigation of some social aspects  of  

sc ientific knowledge development . 

A theory which addressed the d escription and explanat ion of this kind of 

knowledge development was outl ined in Chapter 1 .  This theory was based 

on a survey o f  l iterature in the so ciology o f  sc ience which indicated 

that science tends to develop through the "patterned growth" of 

explorations . It  was then argued that wo rk organisations influence the 

fo rmation of asso ciations among researchers . The networks arising from 

these asso ciations fo rm the bases fo r the patterned growth of  sc ientific 

explorations . Thus , work organisations influence sc ientific knowledge 

development . Further , it was argued that these wo rk organisations 

attrac t ,  concentrate , and fuse a weal th of both intra- and extra­

scientific info rmation. As a consequence , work organisations employing 

researchers can also be consid ered as so cial entities through which 

symbiotic relationships between the sc ientific and o ther communities in 

society take plac e .  

In summary then , i t  was argued that wo rk organisations and their effects 

on the work patterns of their  employees are important phenomena which 

should be investigated to unders tand how sc ientific knowledge is created 
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and utilised . 

However , as Ben-David ( 1 97 1 , 1 978) ind icated , the attention of 

sociologists interested in sc ience shifted , in the sixties , to the 

exploration of developments wi thin the sc ientific community as a whole . 

As a resul t ,  investigations of o rganisations employing sc ientists  and 

engineers became absorbed into the general area of management s tud ies . 

A review o f  these latter studies indicated the lack o f  an integrative 

pe rspective  which would explain the contradictory findings which we re 

found frequently in previous research . 

To try and bring work organisations back to the analys is of  processes of  

sc ientific knowledge development , it  was necessary to draw on the 

literature in five maj or areas of research in the social sc iences : 

( i ) soc iology o f  sc ience , 

( ii )  management s tudies of  R & D organisations , 

( iii )  info rmation users studies , 

( iv) transfer of technology , and 

( v) sociology and the management s tud ies of organisations . 

Any claim for the significance of the present study rests then on the 

attempt to integrate theoretical and empirical stud ies in the above 

specialties because each area contributes to the understanding of 

scientific knowledge development . 

Basically , the problem was approached by s tudying the effects  of  wo rk 

organisations on work related communications , an essential component of 

the work of problem so lvers . In an effo rt to narrow the sc ope of the 
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present -study ,  the work organisation chos en fo r study was a specific 

research organisa tion. The thesis of the study was ,  then , that research 

organisations c onstrain work related communications and thereby 

significantly affect  the �rocess  o f  sc ientific knowledge development . 

In order to explore the explanatory utility o f  this thesis ,  the work 

patterns of problem solvers had to be desc ribed . Unfortunately , previous 

stud ies  d id not provide an explicit , validated theory which desc ribed 

and explained these work patterns ad equately. The present study 

attempted to overcome this d eficiency by dealing with two maj or topics :  

( i ) the work patterns o f  problem solvers ( Problem I ) , and 

( ii ) the effects  of  research organisations on these work 

patterns ( Problem I I ) . 

Following an attempt to elaborate general theoretical frameworks fo r 

each of  these problems , their exploratory usefulness was tested in an 

empirical investigation of  one government research organisation in New 

Zealand � 

In this final chapter , the findings from the research are brought 

together by : 

( i ) summarising the communications struc ture associated with 

each stage of work in terms of the theory advanced in 

Chapter  3 and the findings repo rted in Chapter 6 ,  

( ii ) pointing out how research organisations affect  communication 

struc tures in terms of  the theory advanced in Chapter 4 and 

the findings presented in Chapter 7 ,  and 

( iii ) drawing conclusions and implications for further research , 
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and for research administrators . 

WORK PATTERNS OF PROBLEM SOLVERS 

In the present study , the work o f  problem solvers ( Problem I )  was 

analysed in terms of s tages of  work and the pattern of c ommunication 

particular to each stage .  Three s tages  of  work were delineated : 

( i ) The Work Programme Development stage which involved the 

direct ion of the work and the relationships among wo rk 

proj ects . 

( ii )  The Idea Generation stage wbich concerned the fo rmulation 

of spe cific proj ects to be investigated , and 

( iii )  The Problem Solving stage , the stage in which the specific 

proj ects  were actually being so lved . 

The Work Programme Development stage  of work had not been considered in 

previous research , but i ts introduct ion as a stage of wo rk which is 

prior to , and independent o f ,  the processes of  actual proj ects was an 

attempt to further clarify the work of  problem so lvers . The concept of 

work patterns which includes this stage assumed that there is a 

relationship between the proj ects  o f  individual problem solvers . This 

approach was consid ered to be particularly appropriate  in wo rk 

situations where problem so lvers worked on a number  of proj ects  

simultaneously , espe cial ly since the id ea appeared to contribute to the 

reso lution of  

literature .  

several apparently contradictory findings in the 
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A review of stud ies which had investigated the communication patterns o f  

problem solvers indicated that the stages o f  work evolved in response to 

communication and therefore it was an important part of  the wo rk o f  

problem so lvers . Each s tage o f  work was defined in terms o f  a 

particular struc ture of communication .  By extending the previous 

investigations of the roles of  various dimensions of  c ommunication in 

the work o f  problem so lvers , it  was hypo thesised that : 

( i ) Work Programme Development is l ikely to be associated with 

mainly external sources , all considered types of  

information , a passive mode of information t ransfer and 

formal circumstances . 

( ii ) The Idea Generation s tage is l ikely to be asso ciated with 

mainly wri tten materials , sc ientific and technical types of  

information , and also with a passive mode of info rmation 

transfer and those  circumstances which involve a discussion 

of the writ ten messages . 

( iii ) The Problem Solving stage  is l ikely to be asso ciated with 

mainly internal sources , s c ientific , t echnical and 

administrative  types of  info rmation , an ac tive mode of 

information transfer and info rmal circumstances . 

In sum , it was argued that all categories of the dimensions of 

communication considered in the present study were likely to be 

important in the work of problem solvers , but that c ertain kinds  of 

information were believed to more or  less important at different s tages 

of work.  
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Because it was thought that the theoretical framework which info rmed the 

present study may not have  been equally val id for al l problem solvers , 

the specific work patterns of  the three g roups ( scientists , sc ience 

technicians , and administrative staff) were analysed . 

Because the testing of the theory involved the study o f  the 

relationships among three categorical variables ( dimensions of 

communication , stages of work , and occupational groups ) , the log-linear 

modelling technique was the main statistical technique used to analyse 

these data .  

Considered a s  a whole ,  the findings generally suppo rted the hypo theses . 

The claim that there was a particular communication pattern assoc iated 

with each stage of work was substantiated . Nevertheless , i t  mus t  be  

remembered that the present research was undertaken in only one research 

o rganisation .  As a consequence , more comprehensive theoretical and 

empirical studies are required befo re any conclusive claims fo r the 

generalisability of these findings c an be mad e .  

The roles o f  communication in the wo rk of  problem so lvers 

In this s tudy,  it was antic ipated that the quantity of communication 

would be proportionately asso ciated with the transition of proj ects  from 

the Idea Generation stage through to the Concluding stag e .  In essence , 

this means that as a consequence of communication , the wo rk " problems" 

of respondents were defined , worked on , and so lved . The important po int 

here was the suggestion that the rate of communication contributed to 

the efficiency of problem-solving activity . 
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�t was also argued that the quality of communication contributed to the 

definition of the "problems " worked on by respondents ,  and also to the 

kinds of so lutions generated . These linkages we re the basis fo r 

judgements about the effectiveness of  the wo rk o f  problem solvers . 

The role of research administrators in the communication patterns was 

crucial in influencing the efficiency and effectiveness of  the problem 

solvers . 

EFFECTS OF WORK ORGANISATIONS ON THE WORK PATTERNS OF THEIR EMPLOYEES 

Because communications are of c ruc ial importance in the wo rk o f  problem 

so lvers , the present study attempted to examine closely the effects  of  

certain organisational characteris tics on the communications of  problem 

solvers . The question in this part of the present research was "what 

facil itates and/or  inhibits work communication"? Mo re specifical ly , the 

present analysis . fo cused on the effects  o f  research o rganisations on 

oral communication . This  particular focus was adopted because the 

analyses of the effects of o rganisations on wri tten communication would 

have entailed a comparative s tudy of l ibrary systems . This step could 

not be inc luded in the present case study . 

In the present research , a theory propo sed by Pfeffer  and Salancik 

( 1 978 ) was used to investigate Problem I I : the effects of research 

organisations on oral communication . This particular theory guided the 

selection of relevant variables , and provided the framewo rk fo r the 

interpretation of resul ts wi thin the context of more general social 

processes in o rganisations . The ad option of a theory o f  o rganisations 
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enabled more systematic explorations of the relationships be tween 

research o rganisations and communication than had been achieved in 

previous s tudies . 

The · resource dependence approach to the study o f  organisations propo sed 

by Pfeffer  and Salancik ( 1 978 ) was ad opted as the theoretical framework 

fo r this phase of the present study . According to this approach , the 

so cial processes of o rganisation can be outl ined in three cyclical 

steps : 

( i) Organisational environments affect the 

power within o rganisations . 

distribution of  

( ii ) On  the basis o f  such d istribution of power ,  the dominant 

coalitions wi thin the fo cal organisations are fo rmed and 

administrators are selected . 

( iii ) Once selected , these administrato rs shape organisational 

structure and respond to and , in turn , shape their  

organisational environments . These latter processes we re 

termed " enac ting" the environments .  

This theory o f  organisations indicated the problems which may a rise  as 

changes occur in o rganisational practices . The intertwined processes 

which involve organisations , their struc tures and their  organisational 

environments suggested that a change in one of the processes is l ikely 

to be accompanied by consequential change in the other processes  as 

well .  To develop this further ,  it can be argued , fo r example ,  that a 

change in the relationship b etween an o rganisation and its 

organisational environment is l ikely to resul t  in changes in the 
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structure and compos ition of the dominant coalition and in the 

organisational struc ture . This  so rt of change in the internal s truc ture 

of the organisation is also likely to resul t in a change in the ext ernal 

relationships of the o rganisation . 

The effects of  research o rganisations on the work patterns of  problem 

so lvers were studied by examining the relationships between :  

( i ) the organisational struc ture and internal o ral 

communication , and between 

( ii ) the environmental struc ture ( envi ronmental contingency) and 

the pattern of  external oral communication . 

Both subproblems we re derived from Pfeffer and Salancik' s ( 1 978) theory 

as fo llows : 

( i) Through their  shaping of the internal organisational 

struc ture , research administrato rs constrain internal 

communications ; 

( ii ) Through thei r  attempts to " enact "  their organisational 

environments ,  research administrato rs constrain external 

communications . 

Because the present s tudy took the fo rm of a detail ed case study , these 

two subproblems were approached differently : 

( i) The effects  of  o rganisations on internal communications 

were explored by examining the asso ciations between the 

three prope rties of " organisational struc ture" , which we re 

operational ised in terms of  eight variables ( autonomy , wo rk 



-related orientations , socially recognised work c ompetence , 

formal struc ture , informal networks , physical distance , 

colleague networks , and the use o f  facilities ) , and internal 

communication networks . Locally o ptimal tests  were used to 

study the observed relationships . 

( ii )  The effects  o f  organisations on external oral communication 

were studied by : 

( a) postulating the l ikely environmental contingency and 

examining whether the pattern of external communication 

refl ected this contingency , and 

( b) focusing on the effects  of  physical distance on the 

pattern o f  external communications . 

This  particular sub problem was investigated mainly by 

"mapping" the external communication ,  and by interpreting 

the significance of the "map" which was obtained . 
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The results generated by the analysis of data generally supported the 

hypotheses which had been fo rmulated and thus substantiated the 

proposition that research o rganisations have significant effects on the 

work patterns o f  their employees . Because o f  these effects , 

organisations d irectly influence sc ientific knowledge development . In 

other words , the work of problem solvers i s  a function of the particular 

research o rganisation that employs them . Because they possess a 

particular constellation of propert ie s , research o rganisation foster the 

developments of c ertain kinds o f  research , and inhibit  o ther kinds of 

� esearch . 
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EFFECTS OF RESEARCH ORGANISATIONS ON THE WORK PROGRAMME DEVELOPMENT 

STAGE 

As expected , the Work Programme Development s tage of wo rk was found , 

overall ,  to be s ignificantly asso ciated with external sources of  

info rmation , a passive  mode of informat ion transfer ,  and formal 

circumstances  of info rmation transfer .  This  particular s tage of wo rk 

was also found to be significantly associated with transfers of  

o rganisational and , t o  a lesser degree , administrative  types of  

information . Nevertheless , the asso ciation between this s tage of  work 

and the types of  information was unexpected . This finding usefully 

extended , it was argued , the theory of the work pat terns advanced in the 

present res earch . 

Contrary to these general trends , the wo rk of  sc ientists at this s tage 

was also s ignificantly affected by info rmation from internal sources ; 

the work of adminis trative s taff was significantly influenced by o ther 

than organisational type of info rmation . 

Each significant finding is d iscussed below , seriatim .  

The direction of the wo rk programmes o f  problem so lvers was found to be 

affec ted by info rmation concerning the fo recasting and planning 

activities of o thers , and the availability o f  resources . 

The effec t  of administrative  info rmation on the wo rk programmes of  

problem so lvers appeared to  be  the resul t of si tuations involving 

limited resources ,  a condition that may well exist  in many research 
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organisations . If , for example ,  a piece of equipment cannot b e  

purchased , the problem so lvers are not l ikely to generate projects which 

would require such a piece of equipment . In the particular organisation 

investigated , the respondents were reasonably " satisfied " with 

information they rec eived concerning resources . Ind eed , the limitations 

imposed upon the problem so lvers by the Department of Scientific and 

Indust rial Research and the relative  iso lation of New Zealand from the 

rest  o f  the world , were accepted by the respondents as facts of life . 

These limitations nevertheless  constrained the direct ion of  their work . 

The g reater observed importance of o rganisational info nnation , compared 

with the anticipated importance of sc ientific , c li ent , and technical 

information in the Work Programme Development stage of  work , extended 

the fo nnulations set out in Chapter 3 .  While  it  can be said that 

sc ientific , client , and technical info nnation address " past "  

achievements , organisational info nnation concerned activities which we re 

forecasted or planned ; that is they involved " future" developments .  

Thus , in the organisation investigated , it was the " so cial construc tion 

of the future" , more than " past achievements"  which affected the 

development of work programmes . Nevertheless , this so cial construc tion 

of the future contained , as was argued in Chapter 3 ,  intra- and extra­

scientific influences . Several examples should make this clear .  

One scientist  noted , wi th some concern , that if  he was to respond to 

immed iate problems and to set up research to get  answers to such 

problems , by the time he "had these  answers there would have been too 

few of them and it  would have been too late" . Ins tead , he noted , he 

attempted to do research which might provide answe rs to problems which 
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could become issues by the time work on the research theme was 

completed . In o ther words , in the development of his wo rk programme , 

this scientist attempt ed to anticipate  c rucial issues and to have 

undertaken the necessary research before , as it  were , the issues 

emerged . One of his research themes came into existence fo llowing the 

realisation that some of his work in lipid biosynthesis also had some 

application to oil seeds . This  occurred befo re the energy situation had 

worsened and become impo rtant economic and po litical issue . Fo llowing 

discussions with o ther sc ientists outside  the organisation and the 

integ ration of research planning act ivities of al l parties , a new 

research theme which would explore the adaptability of plants wi th high 

o il concentrates to New Zealand conditions was initiated . 

Ano ther sc ientist  developed a research theme following his prediction 

that  there would be a need to provide a chemical analysis of plant 

material in physiological studies which were related to animal 

nutrition.  During the period of the present investigation , this 

research theme comprised five proj ects  but was being wound up because 

the required method of analys is had already been developed and the 

results had been desc ribed in several academic j ournals . Because the 

method of analys is had been developed and proved in the situations which 

he had predicted , there was l ittle po int in pursuing the propo sed 

research . 

The processes of  fusing the planning activities o f  several people 

including those in the client community ,  and of anticipa ting future 

research and development requirements c an be il lustrated by the 

fo llowing example ,  which involved a research theme that attempted to 
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apply the research findings from investigation of fo rage crop systems . 

At firs t , the theme  was d eveloped to : 

" see  plant systems being used by farmers well befo re they 
are released commercially , so that we can get  farmers ' attitudes 
as to their usefulnes s  and any problems they might face  wi th 
them . "  

As the sc ientist  c oncerned indicated , this was necessary because o f  the 

anticipated resistance of farmers to anything new , especially to that 

which they could not see working on farms . 

This research theme was then developed when this sc ientist  tried to 

tackle practical constraints in his attempts to gain a footho ld in the 

farming community , and on the basis of his 'thinking about the logical 

consequences of introducing a new system of cropping to the farming 

comuni ty . 

The practical constraints  involved planning the activities o f  several 

groups : 

"Before we could do any work with fo rage cropping sys tems , we 
needed a large size rig which could be used for cutting and 
fine chopping of fo rage . There was none ( about ) and the only 
way I could see of getting ( one) was to have a farmer buy i t ,  
and b e  guaranteed • • •  a minimum acreage ( for contract wo rk) that 
could affo rd to pay fo r it . So my now massive involvement wi th 
( a government farm in the district ) grew out of a completely 
different need : a need to have a private contracto r ,  or his 
gear , in the distric t in order to do my cropping work • • •  " 

However , the introduc tion of  a " fo rage crop c onserved feed sys tem"  to 

the farming community might contribute to the goal of produc ing meat 

" out of season" . Such a development would , he considered , give New 

Zealand an edge in the overseas market and at the same  time , might 

assist  in the decentralisation of meat works . During the period of  the 
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" fieldwork" for the present investigation , this sc ientist  was developing 

this theme by investigating the " seasonal pattern fo r the killing of 

stock" . 

In sum , the developments of  work programmes  are affected by info rmation 

concerning the " so cial construc tion of the future" . 

However , the work o f  administrative  s taff appeared to be an exception to 

this trend . Their work programmes tended to develop in response to 

day-to-day problems . 

It therefore appeared , that in the o rganisation investigated , the 

"planning" role was carried out by problem solvers , no t by 

administrators . 

While these findings  may suprise some administrato rs , the respondents 

unhesitantingly claim this " role" fo r problem solvers . As was shown in 

Chapter 2 ,  the respondents considered it their role to " plan and 

organise"  their work . The arguments developed in the course of the 

present research c orroborate this po int of view . Researchers are 

employed in the DSIR to do " sc ience in the national interest" . Neither 

" science"  nor " the national interest" can , however , be determined and 

dictated with absolut e precision. Science , I argued , involves the 

formation of asso ciations which have international significance .  The 

colleague networks analysed and desc ribed in the present investigation 

supported this po int . As has been shown in Chapter 7 ,  these colleague 

networks are like ly to form among highly autonomous , and highly o riented 

people who are also likely to be high perfo rmers in terms of  

pro fessional criteria . The colleague netwo rks were , then , formed on  the 
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basis  of perceptions of  " expe rtise" among peopl e .  This " expertise" is , 

as has already been suggested , achieved through the self-motivated 

pursuit of  research themes , and the logical development o f  the wo rk 

programmes of  problem so lvers . As one respondent , a sc ientis t ,  no ted : 

" I  started working on ( x) about five years ago and got 
publishable resul ts and good feedback from o ther sc ientists . 
Since that was more feedback than I was getting on any o f  my 
other proj ects  at that tim e ,  this encouraged me to get more into 
the ( x) " .  

The involvement in research themes can , then , be influenced by 

presenting problem so lvers wi th info rmation which will modify their 

"weltschauung" .  These modifications wil l ,  in turn , be reflected in the 

way their work subsequently develops . 

In general , Work Programme Development was affected by info rmation from 

ex ternal sources . The pattern of findings which resul ted were 

consistent with expectations . 

As was shown in Chapter 7 ,  info rmation from ext ernal sources was 

constrained by the organisation. Consistent wi th the anticipated 

environmental contingency which administrators wi thin the o rganisation 

" enact " , work related communication from external sources occurred 

mostly wi th members of o ther research organisations , then , in d esc ending 

order of  frequency wi th the bureaucracy , clients in the economy , and the 

po litical system . Further analys is showed that , whereas communication 

with o ther research o rganisations declined with physical distance , 

communication with c lients in the economy was not affected by d istance . 

More s pe cifical ly , the findings indicated that , whereas administrators 

wi thin the organisation did not facilitate any particular ties wi th 
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res earch o rganisations , they d id facilitate communication with the 

client community . Thus , by facilitating different c ommunication 

contacts , research administrato rs d id affect  the d irection of their 

employees ' work programmes . 

As expec ted , Work Programme Developments were affected by fo rmal 

circumstances o f  info rmation transfer and a passive mode of such 

info rmation transfer .  

As  one sc ientist put it : 

" I  am too busy doing research to be  able  to go out to look fo r 
' problems ' • " 

The work programmes were affected most by info rmation which the 

respondents received at the meetings and se�inars which they attended . 

How can res earch administ rators affect  the direction of work in view o f  

the findings summarised s o  far? 

The present po sition argues that facilitating policy- related external 

communication is the most construc tive  way to influence the direction of 

work in research o rganisations . Consequently ,  research administrators 

should o rganise seminars between their staff and representatives of  

those external organisations which c ould be selected on  the basis of  

some policy which addressed questions such as  " in whose  interests should 

we do research"?  If the direction of work should entail , fo r example ,  

more farming related problems , then the appropriate representatives from 

farming indus try should be invited to the research o rganisation to 

present their  " construc tion of real ity" ( the present and future 
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developments in their sector of the New Zealand society) . For such 

presentations to be autho ritative , they must be backed fully by the top 

administrators . 

Because the top administrators in the DSIR are external to their 

d ivisions , they should also be prepared to present their interpretations 

of relevant developments in New Zealand society .  Steps l ike this are 

important because top administrato rs develop their ideas and opinions in 

d iscussion with the top representatives of o ther sc ience organisations , 

and client and political communities . The findings from the present 

study indicated that the top administrators were listened to by the 

respondents ( Chapter 7 ) . 

Thus , discussions rather than a series of  instruc tions , prohibitions and 

poli tical manipulations are likely to be one of the maj or po sitive  roles 

that NRAC , DS IR Head Office , and administrators wi thin the d ivisions 

could play in affecting the direction of New Zealand science in the 

future .  

The idea that d iscussions and seminars should b e  organised o n  a regular 

basis is consistent wi th a recommendation put fo rward recently by the 

Director of the R & D Research Unit  in Manchester . He suggested 

( Pearson 1 978 ) , that s eminars in research o rganisations should take : 

" the fo rm of  sc enarios o r  alternative futures , against 
which the proj ected outputs from research proj ects and 
programmes can be tested • • •  such info rmation is o f  value at the 
start-up of proj ects  and , if regularly updated , at subsequent 
reviews , wi th proj ect  leaders and team members being more aware 
of the factors which must b e  monito red and which , if they 
change , could lead to s ignificant revisions in these wo rk 
programmes . " 
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Contrary to the general trends , the work programmes of  sc ientists we re 

al so significantly affected by info rmation from internal sources . 

As shown in Chapter 7 ,  organisational/administrative networks of  

internal communications were , in  the main , affected by  three internal 

organisational struc tures : organisational perfo rmance ,  colleague 

networks , and autonomy. These resul ts suggested that the wo rk 

programmes o f  sc ientists were also significantly affected by info rmation 

concerning planning and forecasting , which was given by autonomous wo rk 

colleagues at internal seminars and meetings . It is also noteworthy 

that autonomous work colleagues were highly evaluated by the employing 

organisation . 

These  findings substantiated further the effects  research o rganisations 

have on the work of their employees . Work colleagues wi thin the 

organisations also influenced the direction of work . The findings 

presented in Chapter 7 al so showed that colleague networks tended to 

transcend formal sections . This  is an important po int because it  

suggests that " experts" in  different sections can set  up j oint pro j ects 

and explore problems in research areas which are "marginal " to  the 

mainstream of sc ientific disc ourse ( the importance of this po int was 

discussed in Chapter 1 ) .  The organisation which was the fo cus of the 

present study appears to be well  aware of such po ssibilities insofar as 

it was organised into six sc ientific sections whose members investigated 

"plants "  from the po int of  view o f  at l east six sc ientific spe cial ties . 

According to the Director , the reason fo r employing peopl e in diverse 

special ties is because such people would , by their interactions , 

inc rease the likelihood that significant sc ientific knowledge will  be 
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created . While a study 

discussed in the present 

of the proj ects  of the respondents ( not 

repo rt) indicated that many such interactions 

were yet to be fo rmed , the findings d id indicate that the work 

programmes of sc ientists  were affected by work colleagues located within 

as well  as outsid e the fo rmal sections . 

organisation 

occurring . 

studied , useful interactions 

In sho rt , wi thin the 

across sections were 

Thus , the finding summarised above implied that next to the facilitation 

of ex ternal communications , research adminis trators should :  

( i ) Continue to hire highly qualified staff whose  po tential 

interac tion should resul t in creative approaches to relevant 

res earch areas . 

( ii )  At the same  time ,  research administrators should provide fo r 

the further education of al l staff so as to stimulate the 

development of autonomous persons in all the formal sections 

of their organisations . 

( iii)  They should also try to facilitate the organisation of 

internal seminars which would involve the discussion of the 

research programmes of the autonomous and highly rewarded 

persons in the organisation . 

Research administrators should not , moreover , underestimate the need to 

organise " fo rmal " meetings , because they should not assume that the 

j unior staff will know about the research programmes of their senior 

members . Several respondents repo rted that they were dissatisfied 

because they did not even know the direction of the wo rk programmes of  

their section leaders ; o thers repo rted that they only l earned about the 
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focus of the work programmes of their more senior colleagues at 

conferences and professional meetings . 

EFFECTS OF RESEARCH ORGANISATIONS ON THE IDEA GENERATION STAGE 

As expected , the Idea Generation s tage of wo rk was found to be 

significantly asso ciated with external written material and scientific 

types of information . The asso ciation between this stage of  work and 

the modes and circumstances o f  info rmation transfer were no t 

significant . 

The Idea Generation of specific proj ects was affected by written 

material . 

This  finding substantiated the claim that written material in general , 

and j ourn�ls in particular , provided an important stimulus fo r ideas 

about specific proj ects . Written material was also used as a reference 

source ( in the Problem Solving stage) , but its asso ciation with the Idea 

Generation stage was found to be highly significant . Thus , this s tage 

of  work depended mo stly on id eas from written sources o f  info rmation . 

It sho uld be noted at this juncture , that during the course of  the 

fieldwork for the present study ,  respondents derived info rmation from 

over sixty different professional j ournals . 

The implication o f  these findings can be stated as fo llows : 

( i ) The variety of  j ournals received by a research o rganisation 

should not be  reduced ; if cuts are necessary , these should 



be acc ompanied by a reduction in the numbers o f  

specialisations in these organisations . Nevertheless , i t  

should b e  recognised that such cuts may have undesirable 

consequences fo r the exploration of "marginal " research 

areas as d iscussed in the previous section of this chapter . 

( ii ) Written materials  should be circulated quickly by using 

library s tands and reading rooms . This kind of c irculation 

would ensure that these materials were more accessible to 

al l staff simultaneously . 

EFFECTS OF RESEARCH ORGANISATIONS ON THE PROBLEM SOLVING STAGE 
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As expected , the Problem Solving stage  of work was found to be general ly 

asso ciated with internal sources of  information , " all"  but client types 

of information , a passive mode of information transfe r ,  and info rmal 

circumstances o f  info rmation transfer .  

Contrary to these general trends , sc ience technicians also used 

significantly more information from the external sources at the Problem 

Solving stage of work than did either of the other two o ccupational 

groups . 

The Problem Solving stage of work was found to be affected by " all"  but 

client types of info rmation . 

Although it  had been hypo thesised that only sc ientific , t echnical and 

administrative types of  info rmation would be influential in the Problem 
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Solving stage of work , the additional use of o rganisational information 

during this s tage did not negate the relevant hypo theses . Respondents ' 

concern about the use of particular technique s and research facilities , 

was probably reflected in their  somewhat more substantial use of 

technical info rmation. This kind of usage had been antic ipated . 

The Problem Solving stage was , as expected ,  affected by info rmation from 

internal sources . 

In Chapter 7 it was shown that the netwo rks of  internal communications 

were affected by both the struc tural and analytic properties of  

organisations . More specifically , the network involving colleagues and , 

in descending order of s tatistical ly significant asso ciations , the 

formal structure , perfo rmance in terms of o rganisational criteria and 

the autonomy o f  respondents had the greatest effects on these internal 

communications . 

A more detailed analysis of  the relationships among the independent 

variables threw some light on the fo rmation of internal. communication 

networks . The findings indicated that initially, s cientific/ technical 

internal communication networks were likely to be fo rmed within fo rmal 

sections , and , as a consequence , would be constrain�d by s truc tural 

factors . As problem so lvers become acquainted , through c ommunicating 

organisational and administrative types of  info rmation as well  as 

through informal networks , with the expertise and the approachability o f  

others in the organisation , netwo rks of  communication become extended 

beyond the limits of fo rmal sect ions . 

In essence , what seemed to happen was that the colleague netwo rks 
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overrode struc tural constraints . 

The findings als o  indicated that , because the colleague netwo rks we re 

fo rmed between coevals , these  kinds of netwo rks were maintained through 

the updating of information about others in the networks . 

The Problem Solving stage of work was affected , as expected , by info rmal 

circumstances and an active  mode of info rmation transfer .  

As was shown in Chapter 2 ,  the Problem Solving stage of  work accounted 

for about 50% of al l stages  o f  work : it was the maj or  activity o f  

problem so lvers , and one which changed least in response t o  info rmation 

input . In essence , the s tage was a kind of "bottleneck" in the 

" throughput" of proj ects . However , because normally publications can 

only be written fo llowing the t ransition of proj ects from the Problem 

Solving to the Conc luding stage , and because such activity was the maj or 

source of professional and organisational recognition , respondents ' 

ac tive pursuit of  info rmation at this s tage is quite understandable . 

The search fo r info rmation through info rmal circumstances  was explained 

in Chapter 4 .  In essence it  was argued that informal circumstances are 

likely to be necessary when the information required is " complex " . This 

occurs at the Problem Solving stage of work . 

How can research administrators affect  wo rk during the Problem Solving 

stage? 

The find ings reported in the present repo rt suggest that administrators 

should try to facilitate conditions under which info rmal contacts 
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between members o f  the organisation can occur;  moreover ,  these effo rts 

should involve as  many s taff as po ssible . Because the data repo rted here 

indicated that info rmal networks were fo rmed on the basis of perceived 

expertise and autonomy , research administrators should attempt to 

stimulate these by encouraging the id entification of " autonomous" staff 

members in all sections of the o rganisation . The promotion of seminars 

and discussions along the lines suggested earlier in this chapter could 

provide c ontexts in which the expe rtise of o thers could be assessed and 

recognised . 

Such suggestions are consistent with tho s e  advanced in the discussion of 

the effects of  research o rganisations on the Work Programme Development 

stage . They are also consistent wi th the observed attitudes of  

respondents because , as  was shown in  Chapter 2 ,  respondents believed it  

was their j ob to plan their work , reso lve technical problems and to 

contro l their work related activities . The central role  of 

administrators appears to be facilitating communi �ation and c ontacts , 

and providing resources .  Further , by facilitating internal communication 

through colleague networks , the likelihood of having available the kind 

of expertise requi red for the research wo rk o f  the organisation is 

increased . 

Contrary to these general trends , the Problem Solving stage of  work o f  

science technic ians was also  significantly affected by info rmation from 

ex ternal sources . 

In the theory o f  work patterns outl ined in Chapter 3 ,  it  was 

hypo thesised that info rmation from internal oral sources is l ikely to 
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influence the Problem Solving stage provided the tasks are " routine " . 

Under the conditions of  "non-routine" tasks , it was suggested that 

problem so lvers are more likely to turn to ext ernal sources . This  is 

because although the cost  of info rmation transfer is higher , the only 

alternative  available to problem so lvers is to engage in communications 

ac ross the boundaries of the research o rganisation. 

Thus , the finding indicating that sc ience technicians used significantly 

more external info rmation in the Problem Solving stage than do the o ther 

two occupational groups suggested that sc ience technicians were engaged 

in "non-routine"  tasks . Indeed , during the course of the present s tudy , 

science t echnicians were almos t  exclusively involved in 27 pro j ects . 

Approximately one- third of these proj ects  involved the development of 

new instruments and/or  equipment . Of these  proj ects , at  l east one 

involved a developmental activity which was qui te different from their 

past expe rience . Thi s  particular development , the construc tion of a 

tissue cul ture cabinet , grew out o f  a suggestion that the cabinet which 

c ould be imported for about $5 , 000 could be "made here wi th some 

savings" by the organisation ' s  technicians . During the course of the 

study , the proto type was b eing construc ted and this demanded 

consultations wi th technicians in other organisations . By the end of 

the data collection period , the proto type had been built and the 

organisation was jus t  about to establish a " production line" , because an 

order for six more such cabinets had been obtained . 

This sort of expe rience suggests that in addition to facilitating 

internal communications , research administrators should  recognise that 

where "non-routine" tasks are initiated , the need to undertake external 
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communication will 

fac ilitated . 

arise and should , as far as po ssible , be 

Let  me now conclude by drawing together the impo rtant implications fo r 

further research as well as  fo r research administrators . 

IMPLICATIONS OF THE STUDY FOR FURTHER RESEARCH 

Undertaking a case s tudy o f  the kind repo rted here usual ly generates 

id eas and issue s involving possibilities fo r further research . The 

present research is no exception: 

( i ) The present study concentrated on the role of work 

organisations in the processes of knowledge development . 

However ,  the case s tudy approach adopted in the present 

research is limited because i t  centred on an investigation 

of the effects of a s ingle research o rganisation . Further 

res earch should study the differential effects  of  

universities , R & D laboratories , as well as o ther 

organisations employing researchers in o rder to check and 

ext end the findings generated in the present reseach . 

( ii ) Although the findings  generated by the present research 

provided a useful test of the theory concerning the wo rk 

patterns of problem so lvers , more ext ensive s tudies are 

requi red if the utility of this framework is to be fully and 



rigorously tes ted . 

( iii ) The present case study approach did not examine the effects  

of  information generated within the organisation on  the 

po tential users . Because the utilisation of established 

information is an important element in the process  o f  

scientific knowledge development , further research should 

attempt to couple this particular part of  the process with 

the processes examined in the present investigation.  

( iv ) The theory o f  o rganisations 

d evelop all of the maj or 

presented in Chapter 4 did not 

id eas which the resource 

dependence perspective  of o rganisations has to offer .  These 

id eas could be pursued in future s tud ies . The relationship 

between administrators and the dominant coalition , fo r 

example , could be examined because an investigation of this 

power relationship could throw further light on how the 

internal struc tures of o rganisations are manipulated and 

their  environments are " enacted " . 

( v) Finally , attempts should be made to design and to carry out 

longitudinal studies of the behaviour of administrators , 

because investigations carried out over  time should 

significantly advance our understanding of the nature of the 

relationships between organisations and the wo rk of their  

employees . 

IMPLICATIONS OF THE STUDY FOR RESEARCH ADMINISTRATORS 
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Generally, this study suggests that the most effective way to administer 
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a research o rganisation is through facilitating communications , 

contacts , and the provisions of resources , rather than through 

instructions about what work should be done or what methods should be 

used . This suggestion not only summarises the g eneral implications 

which follow from 

respondents . 

this s tudy , but also the attitudes of the 

The study centred on work related communications . This type of 

communication was found to be of  fundamental importance in the wo rk o f  

problem so lvers , because it affected both their  efficiency and 

effectiveness . By facilitating or  impeding communications , therefo re ,  

research administrators can s ignificantly influence the wo rk carried out 

in their organisations . The fo llowing three  po ints summarise the maj or 

recommendations which were discussed in the present chapter .  

( i ) Research administrators should fac ilitate regular seminars 

with representatives o f  external organisations , selected on 

the basis of answers to que stions such as " in whose  

interests should we do  research? " These should also include 

top New Zealand sc ience administrato rs . All these 

"visitors "  should be  asked to present , authoritatively , 

their views ( " sc enarios" ) of  the present and future 

developments in their spe cific sectors of the New Zealand 

society . 

( ii )  Research administrators should continue to hire highly 

qualified staff and to stimulate the d evelopment o f  

" self- starters "  in all formal sections o f  the research 

organisation ; and to ensure  that info rmation about their 



availability and accessibility i s  known within their 

organisations . The latter could be d one by encouraging : 

( a ) informal networks by , for example ,  providing large 

central cafeterias and recreational facilities , and 

( b ) internal seminars which would involve the discussions of  

res earch programmes as  well  as work carried out  by  all  

senior and j unio r s taff members . 

( iv) Research administrators should provide a variety of  j ournals 

which should be circulated quickly ,  preferably in reading 

rooms set asid e fo r this purpose . The primary role of  

journal s is in  stimulating ideas fo r proj ects . However , 

recognising that j ournals are also  used as reference 

sources , these  should also be made available fo r quick 

retrieval . Duplications of  j ournals held in different 

libraries can be avoid ed ,  provided that the two roles of  

wri tten material are facilitated efficiently otherwise . 
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As a final remark , I should like to po int out that research 

administrators should also continue to encourage so cial sc ience 

research which would provide the basis upon which more effective  and 

efficient administration of problem solvers can be based . In the 

previous section , I identified five areas which are likely to ext end the 

efforts o f  the present study . 



This study set  out to 

organisations influence 

propose  and to defend the thesis 

sc ientific knowledge development . 
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that 

The 

investigation fo cused on the effects  of  a research o rganisations on 

communications . The findings substantiated this thesis : problem solvers 

were found to work wi thin " collective  entities ( organisations ) , which 

( significantly) impede the free flow of information and materials 

(Whitley 1 977 : 23 ;  add itions are mine) . Work organisations thus mediate 

which "new problem areas are regularly created and associated social 

networks formed " ( Mulkay 1 975 : 520 ) . In short , work o rganisations affect 

sc ientific knowledge development . 
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APPENDIX A 

INFORMATION FLOW QUESTIONNAIRE 



I N FO RMATION F LOW QUEST I ONNA I R E  

Please f i l l  i n  the questionnaire d u ring the day on wh ich you receive it - today. Please put entries 
into the q uestionnaire as many ti mes d u ring the day as you feel appropriate. 

Question.> 1 -3 refer to the workload you have AT P R E S E NT. You a re asked to f i l l  these i n  only 
once; subseq uently, you r rep l ies w i l l  be copied out and you w i l l  be asked to make only appropriate 
modifications, as your work pattern changes. 

Questions 4-6 ask you to record and describe a l l  s ignificant information , wh ich you receive or 
give d u r ing the DAY on which you receive the questionnaire. 

For t h e  pu rpose of t h i s  questionnaire. t h e  DAY begins at 5 p.m. the previous day and ends at 5 p . m .  on t h e  day y o u  receive and 

complete the questionnaire. 

For reference to the categories in Questions 4-6, see separate l i st of references. Shou ld you f i nd 
that any one of the sets of p re-coded categories does not describe any recorded signif icant i nformation 
suffic iently ,  p l ease feel free to write on the reverse sides of the q uestionna ire forms. 

I n  answering any question,  it is permissib le  to make adjustments to your answers in any of the 
previous  q u estions.  

As you leave the premises, put the comp l eted questionnaire i nto the attached envelope, seal it 
and l eave it in the adm i n istration room . 

A LT H O U G H  EACH Q U E ST I ON N A I R E  W I L L  BE N U M B E R E D ,  YO U R  N U M B E R  W I L L  B E  
K N OWN O N LY T O  M E ,  A N D A L L  A N SW E RS W l  L L  B E  K EPT ST R I CT LY CO N F I D E NT I A L. 

T H A N K Y O U .  



1 

QU EST I O N  1 

The research/development/work 'projects' in you r  D ivision can be sub-divided i nto 1 5  
research/development/work areas ( i n  subseq uent questions these wi l l  be quoted as 'areas' ) .  

B y  t ick i ng the code letter i n  front o f  each category, p lease indicate those 'areas' i n  which you a re 
i nvolved AT P R ES E NT. 

Please tick as many 'areas' as you feel n ecessary to record major 'areas' of your work . 

A. Plant Biochemistry 

B. N itrogen F i xation 

C. Plant Photosynthesis and Respi ration 

D .  M icropropagation and H igh Health Plants 

E. Crop Physiology 

F. Agricultural Physics 

G .  Crop and Forage Breed ing and Selection 

H. Agronomy 

I .  Farm Management 

J. Biological Service of Faci l ities* 

K. Techn ical Service of Facil ities * 

L.  Biological Extension of Faci l it ies* 

M. Technical Extension of Faci l it ies* 

N. Biologica l  Development of New Faci l ities* 

0. Tech n ical Development of New Faci l ities* 

P. Other :  Please Specify : 

Pre-coded categories A- 1 ,  and P are se lf-explanatory ; the fol l owing are defi n itions for J-0. 
J., K.,  Biological and Technical Service of Facil ities* 

Tick th is  category if  you are responsible for the operation of a faci l ity* ,  and/or assist ing its 
users, and/or tro u b le shooti ng, and/or m a k i ng m i nor adjustments to recording devices wh ich comprise 
the faci l ity * .  

L.,  M . ,  Biological and Technical Extension of Facil ities* 

Tick this  category, if some of your tasks a re oriented to i m p rove the performance and/or uti l ity, 
and/or app l ication of the exist ing faci l ity * .  

N . ,  0.,  Biological and Technical Development of New Facil ities* 

Tick this  category, if you are at p resent concerned with developing a new fac i l ity* .  

* FAC I L I T I ES include climate rooms, specialised laboratory instrumentation, glasshouses, 
farm plots. 
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QU EST I O N  2 

( i )  P lease l ist a l l  the 'projects' ,  'problems',  or 'research possib i l ities', in which you are engaged 
AT P R ESE NT. Even if you a re on ly  think i ng about be ing i nvolved in a project, th is is sti l l  
your  work load AT P R ESE NT, and should be entered . 

( i i )  R e l ate a l l  these 'projects' to the 'areas' using code letters derived from Question 1 .  

( i i i )  S uggest at what stage* these projects are by tick i ng appropriate category. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

Project Stages* 

Cl - -o (/) (") Cl) a. 0 0 0 

Er re 
- :::l "C 5.  !2 �· 0 :::l 

Cl> CO c: 
Research I Development /Work 'Project' � a. 

-· 
:::l CO 

;---
1 --

2 --

3 1-
4 1-
5 1-
6 -
7 -

8 -

9 -
1 0  

-

1 1  1-
1 2  1-
1 3  1-
1 4  

*P ROJ E CT STAG ES 

Idea Generation is that stage, d u ring wh ich you are th i n k i ng about a new 'p roject'. I nc l u de only 
those ideas, about which you th i n k, o r  on which you work at l east one hour a week.  

Proposal is that stage, when the research proposal is be i ng written, without at p resent being 
engaged i n  fu rther work on the project. 

Solving is that stage, where you are experi menti ng, analysing data , or genera l l y  carry i ng out the 
'project' . 

Concluding is that stage, where your 'project' has been concluded and/or you are writ ing u p  the 
resu lts for a report or  publ ication . 

I f  you are writing up resu lts without actua l l y  concluding the research ,  p lease tick both 3rd and 
4th stages. 
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QU EST I O N  3 

Please ind icate to what extent each 'project' relates to the five faci l ities specified below. To do 
th is, uti l ise the code number of each 'project' and, using a sca le 0 - 4 * ,  please ind icate the extent to 
which each 'project' is dependent on each of the named faci l ities. 

EJ 
Specia l i sed 

Major Serviced 
Laboratory F ie ld plots owned 

F ield plot owned I nstrument ( incl udes G lasshouses by a research Cl imate Rooms 
other contro l ,  organisation 

by farmers 

ca bi nets, E . M ., etc . )  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

* SCAL E  O F  D E P E N D E NCY O N  T E C H N ICAL FACI L I TY 

I n  each 'project' the specified fac i l ity is :  

0 1 2 3 4 

used throughout; 

not used at a l l  used but does not have 
used to a l i m ited extent used to a greater extent 

project entirely 
to be dependent on th is  

faci l ity 
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QU EST I O N  4 

Have you received any sign ificant i nformation today (see Ref. 1)? I f  from a person , answer Section A, if from written mater ia l ,  answer Section B. 

S ECTI ON A PE RSONAL CONTACTS -

( i i i )  ( i v )  ( v )  T o  which 'area' and ( v i )  C lassify the i nformation accord ing to i ts sou rce a nd content  (v i i )  H ow strongly i s  (v i )  When is the in -Was the i nformation In what c i rcu mstances 'project' does the i nformation Tick only one category the i nformation formation l i ke l y  to ( i )  ( i i )  vol u nteered to you was the i nformation relate? Enter the letter 
0 rgan isational/ Adm in istrative (Ref. 5) l i kely to affect your work? affect your work ?  Name t h e  contact f o r  each Name or  sought by you? obta ined? and number appropriate to the Scientific/Tech nical (Ref. 4) Enter plus (+) or minus (-) for positive or Tick only one category Tick one category item of s ign if icant the o rgan i sation Tick one category Tick one category 'area' and 'project' neqative imoact of the information on vour work i nformation he/she represents 

Formal  Other ' E ffects 
' I n dustry' 

'Other Forecast. 
Resou rces Time Manpower Not very Very Now 

M ight in (see ref. 2) 'Sc i e n t i f i c '  ' E xtension' 
tech n i ca l '  a n d  PlaJj Strongly the f uture 

V o l u n -
Sought I n formal R eg u l a r  Formal 'Area' ' Project' wor k  in Ref. 4 (i) Ref. 4 (ii) Ref. 4 (iii) Ref. 5 (ii) Ref. 5 (iii) Ref. 5 (iv) strong l y  stro n g l y  tee red 

Meet i n a  Meeti nq ae neral'  Ref. 4 (iv) Ref. 5 (i 

SECT I O N  B I N FO R MAT ION F R OM WR ITT EN MATE R I A L  -

( i i )  ( i i i )  To which 'area' and ( i v )  Cl assify the i nformation accord ing to its source and content (v) How strong l y  is ( v i i )  When i s  the i n -H o w  did you become aware of th i s  written mater i a l ?  'project' does the i nformat ion Tick only one category the i nformation formation l i kely to ( i )  
(See Ref. 6) re late? En ter the letter O rganisational/ Admin istrative (Ref. 5) l i ke ly  to affect your wor k ?  affect your work? Please name the source 

Tick one category and number appropriate to the Scientific/Techn ical (Ref. 4) Enter plus (+) or minus (-) for positive or Tick only one category Tick one category (e .g. ,  name the Journ a l ,  
'area' and 'project' negative impact of the information on your work Magaz ine ,  N ewspaper;  specify 

F o recast. M ight i n  ' regular 'purposeful ' E ffects 'Other 
Resou rces Time Manpower Not very Very Now if letter ,  memo or a c ircular )  Pointed o u t  by : (please name the person) 'random' work i n  'Scient if ic '  ' E xtension' ' I ndustry tech n i c a l '  a n d  P l a n .  Strongly the future read i ng'  search' 'Area' 'Project' Ref. 4 (iii) Ref. 5 (ii) Ref. 5 (iii) Ref. 5 (iv) strongly stro n g l y  genera l '  Ref. 4 (i) Ref. 4 (ii) Ref. 4 (iv) Ref. 5 (i) 

I 
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QUEST ION 5 

Have you g iven what you consider to be sign ificant i nformation to anyone i n  the Division today? To Whom? (Please list names). 

QUEST I ON 6 

Have you given what you consider significant i nformation to anyone O U TS I D E  the Div ision today? To whom? (Please list names and describe the information). 
Also i nclude i nformation on which you worked today, and wh ich you reasonably short ly (with i n  1 4  days) i ntend to pass to a specific person or a group of 

persons OUTS I D E  the D ivision. 

( i i i )  Was the ( i v )  ( v )  
information How was the i nformation g i ve n ?  Cl assify the i nformation accord ing t o  its n ature 

( i i )  vol unteered b y  you 0 rga nisati� �a I I Ad m in  iftrpive ( i )  Name the or sought from Scientific /Techn ical Enter either plus + or minus - for positive 
Name the contact organ isation you? Today Oral at Oral  at or ���tt�'1t�":.�fl,���! tfir /P!Ph'f!atic:_'!.l!n the 

in Oral F ormal Other 
he/she represents prepara· 

Written 
i n formal Regular  Formal  F o recast i n g  

V o l u n ·  
Sought tion Meet i n g  Meet i n g  '

Sc ientif ic' 'E xtension' ' I ndustry' 'Other 
and Resou rces Ti me 

Man-
tee red Technical' 

P l a n n i n g  power 
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APPENDIX B 

LIST OF REFERENCES TO QUESTIONS 4-6 
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all 
In the �� w:!.-:.> ·c :i o :.�:r�:lil'C 1 �rou �:r- e �:.sl:e d to r ::; c o rd c�:r:r�. d e ;_; .rj_ J . e 
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11, ·' u· --� ' 'J·_,,- :! ( -
. • 1 -, <• .I -', 0 .·1 " t:; .. _ .. : ('. C.) \} -� , ' .  • i ·- r •  t I' '"" "'") •' "<t Q 'I 

- _ \, '- \... � '-" ' ' '.J - - � .J  ../ .... \.. \.•. V- - . !.l0 .�.:. \.. .. J...... - :.. - - -L  .. 

The r..o t ?. s  b e lmr at t cn? t to clarify '.-That you arc re(}_ue ;::; t ed 
to do , and \L.tD. t i nfc- rrnat ion I n e ed for the snc c e s st' Lt::!.. co ::Jpl e t ion 
o f  rr:.y the s i :J .  

-1 • I need t o  obtain a t:ru.e__£_r:d :b..o n c; s t  p i cture o f  every 

significant i t eD o :f  info rmat io n i·T�:.ich you re (; eive C:...."Yld cive 

to persons �-;i t�1in the D ivis ion anc1 out s id e  the D ivi::Jion 
during the DAY o n  >·rhich you r e c e ive the que ::Jt ionnaire . 

2 .  

For the purp o s e  o f  this qv..e s t ionnaire , 

5 p . m . th e prev:i. ous day ancl end s at 5 
r e c e ive and conpl e t e  the que s t io nnaire . 

The ur.. i t o f  ar..c>.lys 1s 

the D!Y be gins c:_:..t 
p . m .  o n  the day you 

no t 
' d i s cu s �:d.o n ' • Therefo re i:f you r e c 8 ive and/o:c give tiw o r  

mo r e  ' 1:-1ienifi cant i t eras o f  info :r'innt ion ' o.1.lring o n e  dis c:v.s s ion , 

pl ease ent er all th es e  s epara t ely . 
3 .  I n  essence , s i!Qli f :L c ant info:rma t io n :Ls any i.nfo l�mation uhich 

you fe el is likely to aff e c t  you:!' T. ror � ,  either p o s it ively o r  

negat i v2ly . J ts mo de of co �:rmn..mica:t ion :Ls irrolevG�.r!t . All 

si. gnifi c8.nt :i.nfo r�D.at ion 1:rheth e: r  verbal by phone , or OJ Bemo 

should be re c o rd e d . 
4 . S ignifi ca!lt · 3 cior�tific/T e chni c8.l I nfori8.at io.� i s  info�cma-i; ion 

o f  a scientific/te cl1nical nattrre ivhich 
. EI TIGR 

OR 

conc erns an on-go ing research/ deyelopment/1-iOrk pro .i e c t  

at any sta,, e o f  it s coul'se ( see  �uestion 2 )  and i:n that 
-

case l ead s to a change 1:n op inion ab out the approar.h 
( approaches ) e;o::1 sitl e r sd i n.  th e s o lution of that pro j oct . 
This me ans that if one approach i s  at pres ent sl i ghtly 
favo�e d  over 0 1.;her spp ro ache s , then 2.ny scientific/ 
t e cbx:ical iEfo rmat ior;. that ·�·,ill cause a. c:.1a::1ge i n  thi s 
balan c e  i s consj_d e r e cl  as s iGnif i c ar.�t scientific/techrJic::�1 
j nfor:::n:.-r;:; ion ;  
Co.,..., ,.., "'r· Y <� -- r..., s � -- J" "-l-. la.' '-H'· <->l o --·n�> c •  -'- / 7 -o r'(· 

_ ... t.v .. . . ... 1 .._.,. ....l. \.� t.,; �. _ '. .... r.. t. / c '  - -- v _ ..... \J , JJ _ .r .... I n  thia 
cnae inf'O ].'.:-t."�t ::.o ;.,_ :i. .::� s :i. c;n .Lf:L eant :L:f it is re6a::cde d  
impo �·i.::-:1-l.lt i'o::.· its p?:·e s ent o r  :p .:.) t ent i 2.l t1s e . 



2 .. 

'rhe cor: t ent o f  s c :!.. e : l �ci fi c/t e ch..rd cal in�·o :rm.?.tion 

sub-divides  into four c a t sGo r i c 3  - the fi� s t  � ov e r s  s ci ent i f i c  

inform2 tion , th 8 s e cond info rrr;a t ion . on tl·_:.: �rc rk of � e):tension ' 

perso�el , th.-3 i.hi. !'d i nfo ::.�n::. t ion on the �..-o :::-�c  in � ino_-Ll::rtry ' , 
and the fou1.�th covers any o ther tecl-w.'1ic2.l info rmation . 

l':.n i.t er2 o f  s c i ent i fi c/t e chni c f'.l info rmation i s  allo cat ed. 

to a cn t ecory a c c o rcl in:: to the fi eld fro:r. '>�hich the informat ion 

A.!10 .:;J , i:rr c sp e c t i  v e  lihO £3.Ve it and ho1v . 

( i ) S cientific info r��tion is information coverinc 

s c i e r.tific findings anu/or data and /or metho d s  ':Thi ch 

d erive from a s c i ent if i c  disco 1rs e . 

( ii ) I nfo�·!:"!.c:. tion con cernin"; tlH� � :o:rl: o::' ' extens:i. on ' 

12�rson�1el is that info:"':oation ·.;-hich cxpour,ds the 

cor...di t i.ono and m.etl1ods fotu1d 2 .. r:d 1.1sed by the p erson3 
who ere thou3ht to mediate  b e twe en sci enti f i c  re s e ar ch 

and indu s try . Therefo r e , in:fo::.'TJat ion on the 1.-rork o ::  
variou.s producers asso ciations , farm advi c.ory :p crsor ... Lel 

etc . ,  is includ ed . 

( iii )  · I::�1forr.::2.tion on th:: ':Wrk in ' ind ns try ' i s  tb.at 
inforr:ntion uhich expounds specific condi t ior:.s and/or 

methods found and used b y  the pro fit and 2:on-profi t 

making u s e r s  in solvinc t l:.eir proble:as . 

( iv) _tmy other ' t e chnical ' informat ion is a t e ch!l ical 
information n o t  cove:r'ecl. by the above cB.tegories , >·rhi ch 

i s  hO\�ever , likely to effect e i  thor an on-go ing 

' pro j ect ' or ' area ' ,  in th e Hay stressed by the above 

definition of s i,:;nifi cant n c ienti£ic/ t ech:1.j cc.l info:r·mation . 

5 .  S i,<?;!lificant O r;-e.n i -; 3.t i onal/-'..dl:J.ird. stro.t i ve I n·"'o rrr.a tion 

is inform:J..t ion o f  an organisational/adninistrative nature , 

Hhich is likely to affe c t  an on-eo ing r e s earch/d evelo_pment / 

1-m rk pro j e c t , or rese ·-�rch/d evelo:::;menthrorlc area or ;y"our uo rk 
in gener::1l . In any o f  the circ1..:.!I1stances , the in:::'ormat ion is 
l ikely to ci t her :.:'c�;:]II" I l':.I' � , or H �U-li T your- �-.-o 1·lc . Therefore 
you a r c  aokt.:: d to e \r8.lu3.--:: e tile im_puct c ::  this 

put t inc a plus ( + ) O I� r' ·i n·l,.. ( ) C! .; -r �--- .. L u -
�>:J �t.. ......,. -.l 

co ltunn , in;;,t ec..c:. o f  -'cb.-:' usl aJ. t i c.� . 
h� �.:;he a:pp:rop.ci:-.:.te 



6 . 

I • . , 

\. :t. .1. ) 

( i :.i..i )  

( iv) 

.., . 

11 ,:.... !", ,..., -l ,  -, · . ...-- '.l r<l 

=-� .. :-...;� ..... ::� .. ::;; (� .. :; .. , c o u t ,  
o L' l"U� !  i"'JG:. t (;r:� ��l�3 , ·� ��.rc' .. . i.�:j :t �0!.1 t , :Lrl s -�I'1)J:!.�:r .. t D , o _.1 :r:.� c  j�l i �-� :Le �; ; 
"'-• ' ."·· _?"'_. -: -: -: (-� d o C J"V\..t . .. 'l -; -n ")"\ ·-:"l -f'11- ... r, ·f "'" ·':J � .--- ::- ·l·. ,.-..l-"'1 /;� � 't ''-' � rYI") � . n Y'I �- /- -,o ·y,, ... - . """"' ..._ �.,:;; ... L ........ ...� . .... _ _r_.J (,..t.._ '.J ..J  V -- ..I.. ..... .. .., ... -• .....,.;._, ....... ... " ,, __ .... __ - · · '-• .J. .Ao \,I J . , I .J • . .... 

::r ::'O j ect ; 

you fo u.:1d the arti ·�l e , l e t tc:-c , c :-c  r:12::-10 ·::,y ac c :i .6. c·i.t ·� fo1· 
inst ·:-J.r!c: e  '\·:hilG b:-co�·:s .:l.ng � 



293 

APPENDIX C 

LETTER ISSUED WITH I . F . Q . NO 1 0  



D E P A R T M E N T O F  S C I E N T I F I C  A N D  I N D U S T R I A L  R E S E A R C H  

Telephone: 729 979 

I NFORMA'r i ON FLOW ;.tUESTION N AIRE N O  1 0  

Head Office, Privale Bag, 
Wellinglon, New Zealand. 

26t h Augus t  1 977 

In this que s t i onn a i re p l e a s e  rec ord and d e s c r ibe a l l  

s ign� f i c an t  informa t i on ,  which y o u  r e c e ived from a numbe �  of d if f e rent 

s ource s  ( i . e .  another per s on , l i t e r a ture , mai l , an e xper iment ) ,  

or g av e , i n  the peri od be ginning at  5 pm on Thursday ( 2 5th Augus t ) , 

and e nding at  5 pm t od ay ( Friday 26th Augus t ) . 

Ple a se f i l l  in the que s t i on n a ire t o d ay and r e t urn the 

c omp l e t e d  f orm as y ou l e ave the premi se s .  Shou ld you h a ve a t t e nded 

8 c onferenc e , t h i s  is y our work a c t ivity , and I sha l l  he lp you to f i l l  

i n  the forms a t  t he be ginning o f  t he f o l l owing week . 

A pre l imin ary a n a lys is of the p r e v i�us que s t i onnnire s i s  

e nc our aging , a nd I h op e  t h a t  the l b s t f our que s t i onna ire s ( t he re are 

1 3  a l t o ge t he r )  w i l l  truly and hone s t ly r e f l e c t y our inf orma t i on 

g a ther ing ac t iv i t y  f or e a c h  s pe c i f ie d  p e r i od . 

I n  Oc t ob e r  you w i l l  be asked t o  f i l l  in a d i f fe re nt type 

of que s t ionnaire . Thi s  will be f o l l owe d by a s h ort , t ap e  r e c orded 

interview w h i c h  s h a l l  c omp l e t e  the d a t a c o l le c t ion s t age of my 

re se a rc h . 

I look f orward t o  y o ur c on t i nuing c ooperat ion . 

R ichard He s 
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APPENDIX D 

KRUSKALL-WALLIS TEST OF SIGNIFICANCE 

Ho That there is no difference in the average of information ent ri e s  
for difference questionnaire runs 

a Left s ignificance level be = . 1  

Computation of Kruskall-Wallis stat i stic H :  

R 2 
j 

H = 

12 ·:-K1 

N ( N+1 )
z:

j 
= 1 -- -Mj 

ET 
1 - N3-N 

3 ( N+1)  

= 
. 00018 ( 1514 . 17-759 ) 

219690 
1- 16003008 

1tfuere : 

= total number in sample 

= the sum of ranks for 

0 . 1359 
0 . 986 3 

( 25 2 ) 

= 

group j ( sc ores 

0 . 138 

are given in 

= 

table D . 1 )  

= E t ( t 3-t )  -t is the number of tied observat ions in a tied 
j = 1 
group o f  score s . 

Nj 
= Number of persons in each group ( 21 ) *  

K = Number of groups ( 12 )  

£. = Number of tied groups of scores ( 16 )  

t = { 2 ,2 ,2 , 4 , 5 , 3 , 5 ,9 ,15 , 14 , 28 , 23 , 24 , 45 , 36 , 30 } 

Dec ision : Since H i s distributed with X2 , with K-1 ( 11 )  degrees 

of freedom, a value of 17 . 275 is  needed to rej ect the null 

hypothesis . Since c omputed H is smaller , the null hypothes i s  i s  

acc epted . 

* Only those respondent s  who returned all 12 samples were considered . 



RESPON-
1 

DENTS * 

6 129 . 5  

7 80 . 5  

9 164 

12 45 

14 10 . 5  

15 129 . 5  

16 164 

21 204 . 5  

25 1 

26 3 3  

27 80 . 5  

33 164 

36 204 . 5 

38 16 4 

39 80 . 5  

ho 106 

44 80 . 5  

47 5 9 . 5  

49 106 

5 4  106 

60 2 37 . 5  

R . 2350 . 5  J 

*Only thos e 

2 

106 

5 9 . 5  

204 . 5  

106 

5 9 . 5 

2 37 . 5  

164 

2 37 . 5  

3 3  

45 

5 9 . 5 

164 

204 . 5  

80 . 5  

204 . 5 

2 37 . 5  

106 

26 

164 

204 . 5 

20 4 . 5 

2908 

I 

TABLE D . l .  

AMOUNT OF RECEIVED INFORMATION RAl.T.tCED 

DAYS 

3 4 5 6 7 8 

106 80 . 5  8 0 . 5  129 . 5  2 37 . 5  5 9 . 5  

106 45 129 . 5  129 . 5  129 . 5  129 . 5  

122 . 5 164 164 164 204 . 5  164 

106 45 204 . 5  129 . 5  26 164 

45 4 5  129 . 5  3 3  80 . 5  80 . 5  

164 2 37 . 5  164 204 . 5  2 37 . 5  2 37 . 5  

164 204 . 5  204 . 5  2 37 . 5  164 80 . 5  

2 37 . 5 45 129 . 5  164 2 37 . 5  2 37 . 5  

3 . 5  7 13 . 5  10 . 5  26 18 

4 5  106 5 9 . 5  22 22 18 

80 . 5  204 . 5  204 . 5 4 5 80 . 5  59 . 5  

164 204 . 5  2 37 . 5  237 . 5  106 2 37 . 5  

2 37 . 5 164 164 2 37 . 5  164 237 . 5 

129 . 5  80 . 5  106 237 . 5  164 18 

5 9 . 5  5 9 . 5  80 . 5  106 26 45 

129 . 5  204 . 5  106 204 . 5  204 . 5  204 . 5  

13 . 5  80 . 5  45 9 16 4 106 

3 3  80 . 5  5 2 . 5  13 . 5  13 . 5  5 . 5  

164 106 164 237 . 5 164 237 . 5  

106 129 . 5  129 . 5  16 4 5 9 . 5  129 . 5  

164 164 204 . 5 204 . 5  204 . 5  164 

2 3 87 . 5 2h57 . 5  2780 29.20 . 5 2715 . 5  26 3 3 . 5  

9 

8 0 . 5  

3 3  

204 . 5  

106 

5 9 . 5  

2 37 . 5  

204 . 5  

106 

45 " 

45 

45 

80 . 5  

164 

80 . 5  

164 

2 37 . 5 

18 

18 

204 . 5  

164 

2 37 . 5  

2 5 3 5  

respondents who returned all 12 s amples ·..rere consi dered 

10 11 12 

80 . 5  106 8 0 . 5  

204 . 5 129 . 5  2 37 . 5  

164 20 4 , 5  129 . 5  

164 80 . 5  164 

129 . 5  8 0 . 5  5 9 . 5  

2 37 . 5 164 164 

204 . 5  20 4 . 5  204 . 5  

106 129 . 5  16 4 

3 . 5 8 8 0 . 5  

3 3  3 3  8 0 . 5  

J..6 h  80 . 5  26 
204 . 5  4 5 3 3  

204 . 5  204 . 5  2 0 4 . 5  

164 2 37 . 5  16h 

129 . 5  80 . 5  3 3  

204 . 5  106 2 37 . 5  

22 129 . 5  16 4 

3 3  2 2 37 . 5 

129 . 5  204 . 5  16 4 

80 . 5  129 . 5  5 9 . 5  

106 16h 129 . 5  

2769 2 5 2 3 . 5  2 8 17 
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APPENDIX E 

KENDALL-TAU TESTS OF SIGNIFICANCE 

H 
0 

That the ranks of the twenty-one respondents , who returned 
completed forms on all 12 occasions in samples showing A) 
the lowest and highest rat e s  of respons e  and B )  the lowest and 
highest rates  of absenteeism , are not correlat e d .  

a Let the significance level be = . 01 

Computation Kendall-Tau -� 

s 
T = 

I ;.-21.1' ( N -1)  -T y 

N = Sample number 

T and T = corrections for ties ( T .  = � Et . ( t . -1 ) ) 
X y l. l. l.  

S = Number of concordant pairs minus number of dis c ordant pair s . 

The significance of the -r is then compared to a normal 

distribution with a s = 14N + 1 0  
9N ( N-l) 

The SPSS procedure NONPAR CORR , OPTION 5 which utili s e s  the above 
formulae yielded the following result : 

Lowest Response 
( Quest . 9 NR = 190) 

Highest Abs ence 
Quest . 9 N = 13 a 

Highest Response 
( Quest . l , NR = 3 19 )  

T = 0 . 4249 
B = . 006 ** 

** 
*** 

Significant at 0 . 01  
Significant at 0 . 001 

Lowest Ab sence 

Quest . 4 ,N = 2 a 

T = 0 . 4200 
s = . 007 ** 

( Quest . 6 
N = 2 ) a 

T = 0 . 5 573  
6 = . 001 *** 

DECISION - s ince all values of the calculated � are significant at 
least at the set level of significanc e , we rej ect the null hypothesis 
and accept the alternative one . Ac cordingly , the ranks of the 
respondent s in terms of their response rates in samples showing A) the 
lowest and highest rates of response ,  and B )  the lowest and highest 
ra�es of abs ent ee ism , � correlat e d .  
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·� ., 

D E P A R T M E N T  · O F 

Telephone: 729 979 

·� -
S C I E N T I F I C  A N D  I N D U S T R I A L . R E S E A R C H  

Head Office, Private Sag, 
WelHngton, New Zealand. 

2 7 t h  1 e rt c�h c r  1 977 

In t hi s ,  t h e  fi n D l  i J � fo rr: : = tt j  m flow quc s t i onnaj re , p l e a s e  

c on ple t e  t h e  fo l l owi n c  thr e e  d e taj l s : 

G) Jn t h e  1l.GW1 l moml e r , pl e 3. f' e  c o�:wl c t e  r:·. te s t j  :m s 4 - G o f  

t h e  q ne s t i onnrti r e  for the peri o d  b e Gi n n i n G  a t  5 pm on Tue sday ( 27th 

3 e rt emb e r ) , �nd end j_ n c  a t  5 rm on 1 e dn o s dny ( 2P th 1 e pt emb e r ) .  

<I;) In �uc nti ·�·1n 2 o f  t.!le fi r:::; t ww s t i  o:·1n : ·. i r e y o u  ·:: e r e  a �: J ; e d  t o  
li s t  a l l  ' y:ro j r� c t s ' ,  ' proh l cm s ' ,  or ' r c ;.; �; :1rc h  po s � :i U 1. i t i c s ' ,  i n  ;':hi c h 
�rou '/t c r e  en :-::.: c:cd a t  th::t t  t i m e . In ��lGGtj  on 3 you . . · .. e re n.ol-:: e d  t o  c o d e  
'.': l 1 i c h  f�H � i l·i � i e s  y o ' J.  us e d  ir� the n c  r t' o j c c t s . 

') ' .tb s t : 1uon t l y , y o q  .ve re a � ;]{ c c1 � o  m o d i fy y :)'.1r an s·.vers us y o ur 
·::o rl; pa t t e rn i'! h  ' n •:c d . 

A ll pro j e c t s  y o u  h r:r.r e  ent e r e d  :�.n<l et l s o  a l l  c h:�nge n y o u  hav e 

r e c ord e d  t ll r ·:m.:;ho'J.t t h e  s t udy , arG li s  t c d  in the pre s en t  i s sue . 

'T'he da t c s  on 
(

the ' 11evi ew o f  "'r0 .j r; c t s '  form arc the! d a t e s  o f  y o ur 

en t ry ; r e d  c o l o 1 r  has h e en us e d  t b  d en o t e  � h �n ge s .  

Pl e a s e  � c vj ew t h e �� c  pr o .i e c t s  and •.vri te in the n � nr ox � m'1 t e  

d a t e s  o f  f! b  m:·r,r.; s w l t i c h  you m,.: ;y 1 J �.: v e  ove r l o ol� e d . 3 . e .  i f  �1 n o t lw r  s t aee 

of the pro .i P.c t ensued , duri !1g the '9as t  6 mon t h s , i n s t ead o f  t he us'.1al 

t i ck i!-2 the ' Pro j ec t  Stage s '  b ox ,
_ 

p l e a s G  wri t e  in an a pproxima t e  dat e 

o :f t h e  c h;Jn ' �e . I f  a pro j e c t  has b e en t e rminat ed ; pl e a s e  put an approx i ­

ma t e  dat e o f  t ermi nati on in the las t  c o lumn ( out si d e  t h e  box ) , and 

wri t e  i n  ·::hc the r the pro j e c t  was dro.ppe d , or r. one l. · 1 d e d .  

· @ I f  any o f  the pro j e r. t s  i s
. 

o r  h�s b e en a t eam e f i'ort , please 

� all t e am memh e rs an·: the organ i satj on t o  whi c h  t h e y  b e l ong ( A  di f­

fe rent form i s  a i; t ac l te n  for thi s pur ron e .  :!:l c a o �  r1d t e  in the nmn e s  

a l on G ::·;j d. e '�h e  r c l cv;m t pl·o j c � t numb ers ) .  l f  ap11ro �1ri a t c , W1d erline · 

. .  

the pr o j ec t  l •: a d � r  • . Pl c a �1 e  nam e  t e am m embars i nv o lv e d  i n  a. l l  proj ec t s , 

exc e pt t h o s -e  i n  are a  P - a rlmi n i s t ra t i <.Yn . 

'rhnn' . You .  

? .i � h:ird J J c G  
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QUES T I ONNAI RE I I  

The purpo s e  o f  thi s  que st ionn a i r e  is  to determine informa l 

n e tworks o f  f r i endsh i p s , b iographi c a l  d e Lai ls , and s ome 

va lues h e ld by e a ch person emp loyed in th is D ivi s ion . 

I t  con s i s t s  o f  thre e  di f f er e n t  types of ques t i on s  whi ch 

are s e t  ou·t in 4 se ctions . P l e a s e  comp l ete every ques t i on , 

unl e s s  reque s ted otherw i s e . 

The maj or i t:y of  que s t ions ar e a s k ed becaus e o f  my e ar l ier 

prom i s e  tha t  I sha l l  not cons u l t  your persona l f i l e s . 

The ques tionnaire should take y ou about 4 0- 6 0  mi nute s to 

comp l e t e . Al th ough it may b e  a long time , the va lue o f  my 

p ro j ect depends on the comp l e teness and hones ty o f  your 

ans,.;er s .  

P l e a s e  try to answer a l l  que s tions hones i:.ly and 

f a i r ly . 

P leas e try i:.o comp lete and r eturn the 

ques t ionnaire immed iate ly a f t e r  

th i s  weekend ! 

A l l  i n fo rm a t i o n  p ro v i d e d  w i l l  b e  t r e a t e d  s t r i c t l y  c o nfi d e n t i a l l y .  

Thank you . 

R ichar:cl li e s  



Q . l a .  

Q . lb .  

Q . l c .  

Q . ld .  

I .  INFORMAL NETWORK OF FRIENDSHIPS 

Whom f rom th is D iv i s ion do you regu larly lunch w i th ?  
P l e a s e  n a m e  t h e  p e r s o n ( s ) . 

Whom f rom th i s  D i v i s ion do you h av e  r egular a f te r  work 
contact with? P l e a s e  n am e  t h e  p e rs o n ( s ) .  

Whom f rom outs ide s c i en ti f i c  org a n i s ations ( could b e  othe r 
DS I R  D iv i s ions ) do you have reg u lar a f ter work contact with ?  
P l e a s e  n a m e  t h e p e r s o n ( s ) �  a n d  spe c ify t h e  o rg an i s a t i o n ( s )  
t h i s / t h e s e  p e r s o n ( s )  w o r k  i n .  

Whom f rom the farming commun i ty ( or Agr icul tura l Ext e n s io n )  
do you have regu lar a f t e r  work contac t with? P l e a s e  n am e  
t h e  p e r s o n ( s ) a n d  spe c ify t h e  o rg a n i s a t i o n ( s )  t h i s / t hese­
p e r s o n ( s ) w o r k  i n . 



Q . 3 . 

I I . E DUCA'r iONAL QUAL I F ICAT IONS , P ROFES S IONAL EXPERIENCE AND 
ACT IV I TY 

Ques t ions i n  this s e c tion may b e  answered e ither by f i l l i ng i n  
a tabl e , or by put t i ng a c ir c l e  around one c od e  number nex t to 
one of s everal a lt e r na tives provided , whichever i s  appropr iate . 

P l e a s e  l i s t  a l l  your pro fes s ional qua l i f icat ions , inc luding 
those g a ined a t  h igh s choo l , un iver s i ty ,  and tech n i c a l  or trade 
i n s t i tute s , and spec i fy d e ta i l s  by comp let ing the f o l l ow i ng 
t ab l e . S c i entists : p l e a s e  inc lud e  i n  y our l i s t  a l s o  any 
P o s tdoctor a l  s cho lar s hips , f e l lowsh i ps , etc . 

Qua l i f i - Schoo l ,  Country Dat es  o f  Maj or sub j ect , o r  
cat ion Univers ity or of its  att endance area o f  specia l i -

Awarding Body l ocation ( in ye ars )  s a t  ion 

From To 

End ing w ith th is D i vi s ion , p le a s e  l i s t  a l l  your f o rmer 
emp loye r s , and spec i f y  deta i l s  by comp leting the f o l lowing 
tab l e  ( ex c l ude casual or vacation work) . 

Nr.1me o f  Country Length o f  Maj or res earch/work area 
the employer emp loyment 

( in ye ar s )  

From To 

-

-

-



Q . 3 a .  To be comp l e ted by s c ient i s ts on ly . O th er s , p l e a s e  turn to 
Q .  4 . 
-· -

- Q . 4 . 

P l e a s e  ind i c a t e  the numb er o f  years o f  re s e arch expe r i ence you 
have i n  the r e s earch a r ea s  spec if l e d  b e l o1:1 ( wh i ch are cros s ­
tab u lated b y  d i f f e r e n t  plant l eve l s ) .  P l e a s e f i l l  i n  o n l y t h o s e  
c e l l s w h e r e  y o u  h a d  o n e  o r  m o r e  y ea r s o f  exp e r i e n c e >  r o u nd i ng 
u p  t o  t h e  n e a r e s t fu l l  y e a r .  Th e t o t a l s  i n  r o w s  o r  c o l um n s  do 
n o t  h a v e  to add u p  to t h e  to t a l n umb e r  o f  y ea r s  i n  r e s e a r c h . 

P l ant Leve l s  P l ant Aggre-Sub ­
e e l ­
lul ar 

Ce l ­
lular 

T i s ­
s ue 

Whol e  
P l ant gates -�--: __ __ 

t--:"':M-:-i
-
c
_
r
_
o
-
- �lac ro-

Research Areas 

P l ant Biochemi stry 

Nitrogen F ixat ion 

env . cnv . 

-----------------4---------r--------T--------r---------r------�·---------
P l ant Photo . & Resp . 

Microprop agat i on 

Crop Phys iology 

Agr . Phys ics  

C & Forage Breed ing 

Agronomy 

F arm Management 

How many pape r s , internal r epo rt s , and a r t i c le s  have you pub l i s hed 
l n  the fol l ow ing c at egor i e s  o f  l i t er ature over the pas t 
three year s ?  

Internal Reports 

N . Z .  S cient i fi c  Journal s 

Overse as Sc ient i fic Journals  

Articl es in  Scientific Books 

Technical ( Eng ineering) L i terature  

Farming and Agr i cul tural Extension 
Journa l s , Magaz ines , New s l et ters , etc . 

Number : 

* 

Other ( P l ease  Specify) -------------------

* I f  you hav e  pub l i s hed l n  Farm i ng and Extens ion Journ a l s , 
p l e as e name the s e : 

F a r m i n g  Ag r i c u l t u r a l  E x t e n s i o n 

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



Q . 5 .  P l e a s e  name any pr o f e s s io nal s o c i e ty to which yo u b e l ong , 
and s peCify any e l ec ted o f f i c e  y ou hold or have held i n  
thes e s oc i e t i e s  in t h e  pas t th r e e  y e ar s . 

Soc iety Offi ce 

P le a s e  name any vo luntary org an i s at ions ( i . e . , po l i t i c a l ,  re­
crea t i ona l , educationa l ,  and f armi ng org a n i sations , s o c i e t i e s , 
or c l ub s )  , to wh i ch you b e l ong a nd s p ec i f y  any e l e cted o f f i c e  
y o u  ho ld o r  h ave h e l d  i n  the se s o c i e t i e s  i n  the p a s t  thre e y e a r s . 

Societies/Club s  Offi ce 

Q . 7 .  Hm·l f re quently d id you a tt end pub l i c  mee t i ng s  c a l l e d  by local 
inter e s ted groups in your ne ighb ourhood o r  c ity , i n  th e p a s t  
thr e e  years ? P l e a s e  c i r c l e  t h e  c o d e  n um b e r  n e x t t o  t n e  a n s w e r  
w h i c h  mo s t  c l o s e l y a p p ro xima t e s  y o u r  a t t e n da n c e a t  t h e s e  me e t i ng s .  

Never ( 1 ) 
Seldom (2 ) 
Somet imes (3) 

Often (4)  

Very frequent l y -- ( 5 )  



Q . B .  H ow many o f  the fol low ing categ or ie s  o f  conferences o r 
meet ings d i d  you attend in the las t three y e a r s ?  

S c i ent i fic 

S cien t i fic  

conferences in N . Z .  

conference s overs eas : 

in Aus t r a l ia 

in the South Pacif i c  

i n  the U K  

i n  the USA 

in any other country 
( P l ease  s pecify) 

Conferences  or Mee t ings of 
Agricultural Extens ion P ersonnel  

F armers Conferences or Meet ings 

Technical  ( Engineer ing) 

Nwnber 

Q . 9 . H ave you ever l ived or worked o n  a f arm? P l e as e  s p e c i fy de t a i l s  
b y  c o mp l e t i n g  t h e  fo l l ow i ng t ab l e :  

Type o f  the farm Location Leng th of Purpos e o f  your s tay 
(Dairy , sheep , etc . )  your s tay 



Q . l O .  

I I . Af\OUT YOUR hTORK IN THE D IVIS ION 

Appe a r ing i n  th i s  s e c t ion are s everal s e ts of que s t i ons , w h i ch 
r equ i r e  y ou to exami ne a rnunb er o f  s ta t.ement s ,  and to c ir c l e  
a c o d e  n umb e r , wh i c h  w i l l  mo s t  clos e ly approximate your--

· 

po s i t ion loc ated on a five p o i n t  s c a l e . O n  th i s  s ca l e ti\ 
repr e s en t s  the mo s t negat ive answe r ( ne ve r ,  no t a t  a l l , �c . ) , a�d 

C) the mo s t  po s i t iv e  answer ( a lway s , to a g re a t  extent e t c . ) .  
Equa l w e i g h t  i s  put o n  each p o i n t  b e tween 1 a nd 5 .  P l e a s e  f i n d  
y o u r  o w n  p o s i t i o n  o n  t h i s  s c a L e ,  a nd c i rc L e  o n L y o n e  num b e r  
n e xt to e a c h  s t a t e m e n t . 

P o in tG} ( N o t  App l i c ab l e )  i s  o f f er ed f o r  c ircums tances \vh e r e  
y o u r  s p e c i f i c  s i tua t i o n  prec lud e s  your own po s i t i on on any o f  
the s ta tements . P L e a s e  c i r c L e  t h i s  p o i n t  o n L y i f  a b s o L u t e l y  
n e c e s s a r y . 

H ow f r equen t ly can you make e f f e ct ive decis ions on the a c t ions 
s hown b e l ow ,  \.v i thout w a i t i ng for approva l from your contr o l l i ng 
o f f i c er o r  H e ad O f f i ce Adm i n i s tr ation? P L ea s e  c i r c L e  o n e  c o d e  
n umb e r  n e x t  t o  e a c h  s ta t e m e n t � c o r r e s p o n ding t o  t h i s  s c a L e :  

Never 
1 2 3 4 

Always 
5 

Not d]p l icab l e  

1 .  Determ ine who w i l l w ork on pro j ect s w i t h  you 

2 .  Interv iew a potent i a l  emp lo yee  

3 .  Terminate a proj ect 

4 .  Determine in l'lhich j ourna l you w i l l  pub l i s h  

5 .  I n i t i ate  a new res earch/ devel opment pro j e ct 

6 .  Se l ect a new empl oyee  

7 .  Determine a c l i ent for your proj ect 

8 .  D e termine the priority in wh ich d ifferent 
proj ects  w i l l  be comp l eted 

9 .  Determine the res earch/deve lopment ' prob l em '  

1 0 . Determine what methods are us ed in the 
s o l ut ion o f  the ' prob l em '  

1 1 . Determine the cont ent o f  your j ob 

1 2 . Determine what w i l l  be  pub l ished . 

1 3 .  En ter a new research/deve l opment area 

1 
1 
1 
1 

1 
1 
1 

1 

1 

1 
1 
1 
1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 
3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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9 

9 

9 
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Q . l l �\!h e n  you eva l ua ·te your ow n i d e a s , how mu ch impo rtance do you 
u s u a l ly g ive the fol l ow i ng cons iderat ions in d e c i d i ng wh e ther 
o r  not the idea i s  a good one? ( I f  you are a pe r s o n  who s e  j ob 
d o e s  not u s u a l ly invo lve orig i na t i ng id e a s , an swer the i tems 
b e l ow in terms o f  th e amo un t o f  importanc e you g ive them when 
eva luat ing ,other peop l e ' s  i dea s ) . P l ea s e  c i rc l e  o n e  c o d e  
n um b e r �  n e x t  t o  e a c h  s t a t em e n t �  c o r r e s p o n d i n g  t o  t h i s  s c a l e : 

comp l e t e l y  o f  maximum Not 
u

_

n 
__ 

il

-
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_

a

_

n

_

c 
__ 

e cjtjp l icab l e 

1 .  Current pub l i c  i s s ues  o f  a widespread concern 
in N . Z .  s oc i ety 

2 .  New breakthrough in pract ical know l edge 

3 .  Staying in areas where one can b e  fairly sure 
of some ac ceptab l e  resu l t s ,  even though not 
spectacul ar 

4 .  Opinion of Agricu l tura l Extension Personne l 

5 .  I deas orig inated from s c i ent i fi c  and t echnical  
l iterature 

6 .  Your reputation in the profess ional community 

7 .  Fitt ing in w i th the DS I R  po l i ci es 

8 .  Preference o f  your Direct or 

9 .  Ideas originated from moral is sues 

1 0 . Id eas originated from prob l ems ar i s ing from 
the work o f  Agricu l tur a l  Extens ion 

1 1 . Usefulne s s  for other Divi si ons o f  DS IR  

1 2 . Maintenance or increase of the  net profit  
o f  the  farming commun i t y  

1 3 .  Ad h o c  cal l s  for troub l e  shooting as s i stance 
to  farmer s  

14 . Your percep t i ons o f  immediate prob lems in 
current agricul tura l pract ice 

1 5 . Farmer ' s  l eve l of t echn i c a l  ski l ls and 
t echno l ogy  

1 6 . Support and recognit ion from farmers 

1 7 . Likel ihood o f  a breakthrough in theoretical  
knowl edge 

1 8 . Opinion of your col l eagues and coworkers 

19 . Opinion o f  your imme d i at e superv i sor 

2 0 . Enhancement of your own status in the farmi ng 
community 

. . . . . . . . . .  cont inued on next page 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 



Continued . . . . .  

2 1 . Ach ievement o f  des irab l e soci a l  goal s o f  the 
f arming community  1 2 3 4 5 

22 . Chal l enge o f  the idea 1 2 3 4 5 
23 . Achi evement o f  the goa l s  of your Divi s i on 1 2 3 4 5 

24 . Increas e o f  your chances for promotion 1 2 3 4 5 

25 . Ideas originat ing from vo l untary organi sations 
to  whi ch you b e l ong 1 2 3 4 5 

26 . Like l ihood of  c l i ent ' s  ( farmer,  or  a per son in 
Agr . Extens ion) acc eptance of your finding s 1 2 3 4 5 

27 . Ideas ori ginated from your thinking about th e 
potent ial  dev e l opment o f  N . Z .  agricul tural 
s ystems 1 2 3 4 5 

28 . Theoret i cal  r e l evance for exist ing knowl edge 1 2 3 4 5 

29 . Government po l ic ies  1 2 3 4 5 

30 . Enj o yment you have in work ing on the idea 1 2 3 4 5 

31 . Opportunity t o  write an art i c l e  i n  any Agr . 
Ext ension or farming j ourna l , etc . 1 . 2 3 4 5 

32 . Maintenance o r  enhancement o f  your reputati on 
in the Divis ion 1 2 3 4 5 

33 . Ideas from any social  movement you  r egard as  
imp ortant 1 2 3 4 5 

1 2  B e low a r e  categ o r i e s  o f  p e r s ons , who could b e  the u s e r s  o f  your 
Re s ear ch/Deve lopment/�1\Tork r e s u l t s . P l e a s e  ind i c a te if these 
person s were l ik e ly to be the u s e r s  o f  your r e s u l t s  w i th in one 
year of the i r  r e l e as e  ( or the comp l e t io n  of your wor k ) . 
C i r c l e  o n e  c o d e  numb e r  n ex t t o  e a c h  c a t e g o r y _,  c o rr e s p o nd i ng 
t o  t h i s  s c a l e : 

h ighl y  h i gh ly 
unl ike l y  l ikely  

I ��� 1 2 3 4 5 

Techn i c i ans in the Divis ion 1 2 3 4 5 

Farmers 1 2 3 4 5 

Scient i st s  i n  the Divis ion 1 2 3 4 5 

Personn e l  i n  Agricul tura l Ext ension 1 2 3 4 5 

Scient is t s  Overs eas 1 2 3 4 5 

Scient i sts  in  other D S I R  D ivis ions 1 2 3 4 5 

Other s cient i s t s  or t echnic ians in N . Z .  1 2 3 4 5 

Others ( P l ease s p e c i fy) 1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 
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Q . l 3 . What c i rcum s tance s d o  you prefer to vlo rk in? P l e a s e  c i 1�c l e  
--- o n e  c o d e  n u m b  e x' n e x t t o  t h e  ap p r o p r i a t e  s ta t e m e n t  a n d  fo l l o w  

t h e  i n s t ru c t i o n s  t h a t fo l l ow t h e c o d e  n umb e r .  

A l o n e ------·----- ( 1 )  - P l e a s e t u rn t o  Q .  7 4  

I n  a t e am 

E i t h e r  a l o n e  o r  i n  a 
t e a m  

( 2 )  

( 3 )  

D o n ' t  k n o w  - n e v e r  h a d ( 4 ) 
a t e am e x p e r i e n c e  ___ _ 

P l e a s e a ns w e r  q u e s t i o n s  
7 3 a  and 7 3 b . 

Q . l 3 a . I f  you had the oppo rtunity to choos e a wo rk team , who would 
you prefer to work w i th from the fol lowi ng catego r i e s ? 
P l e a s e c i rc l e  o n e  c o de num b e r �  n ex t  t o  e a c h  c a t e g o r y �  
c o rr e s p o nd i n g  t o  t h i s  s c a l e : 

to a very 
not at great 

a l l . extent [fJ 1 I 2 3 4 5 

Col l eagues o f  s imi l ar degree of  competence 1 2 3 4 

Col leagues o f  h i gher deg re e  o f  competence  1 2 3 4 

Col leagues t rained in the same d i s c ip l ine 1 2 3 4 

C o l l e agues trained in di fferent d is cip l ines 1 2 3 4 

Agricultural Extens ion p ersonnel 1 2 3 4 

Farmers , hort i cultural i s ts , etc . 1 2 3 4 

Other ( P l ease spec i fy )  

5 

,... .:> 

5 

5 

5 

5 

Q . l 3b . P l ea s e  ind i cate your pref erence s ,  show ing how t h e  team s ho u l d  
be s e t  up . Ci r c l e  o ne c o de n umb e �  n e x t  t o  e a c h  s e l e c t e d a n s w e r  
c o rr e s p o nd i ng t o  t h i s  s ca l e . 

not at t o  a very 
N/A 

a l l great ext end [i] 1 2 3 4 5 

permanent l y ,  t o  so lve s c i entifi c  prob l ems 1 2 3 4 5 

permanent l y ,  to s o l ve practical prob l ems J. 2 3 4 5 

ad hoc , s e t  up by  an adminis trator, to  s o lve 
a s ci entific prob l em 1 2 3 4 5 

ad hoc , set  up b y  an administrator , to solve  
a prac t i� al  prob l em 1 2 3 4 5 

. . . . . . . . . .  cont i n ued o n  n e x t  pag e  
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Q . l 4 

cont inued 

ad hoc , set up by a c ontrib uting t eam member, to 
s o l ve a s cient i fic p rob l e m  

ad hoc , set up by a contribut ing t e am memb er , 
to  solve a p ract i c al prob lem 

Other ( P l ease specify)--------------

1 2 

1 ?. 

3 4 5 

3 4 5 

D i f ferent levels o f  Re sear ch Deve lopment Adm i n i s trat ion may have 
fu l f i lled d i f fe r e n t  respons ib i l it i e s  w ith r e s p e c t  to the typ ical 
pro j ec ts you had , ove r the p a s t  6 mon th s . 

Examine the l is t  o f  respons ib i l i ti e s , s hown b e l ow ,  and ind ic ate 
the extent to wh ich these were me t by ( i ) the D ir e c tor , ( i i )  
your s e c t ion l e ader , ( i i i )  y o u r  team/proj ec t  l eade r ,  and ( iv )  
yours e l f . P l e a s e  c i r c l e  o n e  c o d e  n um b e r� n e x t  t o  e a c h  s t a t em e n t �  
c o r r e s p o nd i n g t o  t h i s  c o d e : 

n ot at to a g re at N/A 
al l ext ent 

__ 1_..__2_...___3 _L_4_L 5 riJ 
N . B .  I f  you are a s e c tion l e ader , o r  a team/p ro j e c t  leader the 
c ategor i e s  " your s e c t ion leade r " , or your " te am/pro j e ct . le ader " 
respective ly , do n o t  app ly . ( C ir c le 9) ) . 

a .  As sist ing  in  the  prov1 s1on of spac e ,  equipment , 
funds ,  and personnel  

( i )  the Director 1 2 3 4 5 

( i i )  your s ect i on l e ader 1 2 3 4 5 

( i i i )  your team/pro j e ct l e ader 1 2 3 4 5 

( iv) yourse l f  1 2 3 4 5 

b .  Provid ing t echnical  advi ce based  on h i s /h e r/my 
experience in the fie ld .  

( i )  the Director 1 2 3 4 5 

( i i )  your s ec t i on l e ader 1 2 3 4 5 

( i i i )  your team/pro j e ct l e ader 1 2 3 1 5 

( iv) yourse l f  1 2 3 4 5 

c .  r l anning , organ i s in g ,  direct ing ,  and contro l ling 
work re l ated act i v it i es 

( i )  t h e  D i rector 1 2 3 4 5 
( .i i) your section  l eader 1 2 3 4 5 

( i ii )  your t e am/p ro j e c t l e ad e r  1 2 3 4 5 

( iv) yourse l f  1 2 3 4 5 

. . . . . . . . . . conti nue d  o n  n e x t  page 
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cont inued . . . . .  

d .  Reso l v ing confl i cts and d isputes 

( i )  the Director 1 2 3 4 5 9 

( i i )  your section lead er 1 2 3 4 " 5 9 

( i i i )  your team/ p ro j e ct leader 1 2 3 4 5 9 

(i  v) yourse l f  1 2 3 4 5 9 

e .  Communi cat ing with other administrators in 
order to p ave the way for research / d ev e l opment 
proj ects  to proceed with minimum del ay 

( i )  the Director 1 2 3 4 5 9 .  

( i i )  your s e c t i on leader 1 2 3 4 5 9 

( i i i )  your team/proj ect l eader 1 2 3 4 5 9 

( iv) yours e l f  1 2 3 4 5 9 

f .  Communi cating with other agenc ies in order 
to  p ave the way for the mos t  effective  and 
e fficient d i ffus ion of the res u l t s  o f  
research work . 

( i )  the D irector 1 2 3 4 5 9 

( i i )  your s ec t i on l e ader 1 2 3 4 5 9 

( i i i )  your team/proj e ct l e ader 1 2 3 4 5 9 

( iv) yourse l f  1 2 3 4 5 9 

g .  Other Are there any oth er responsib i l i t i es 
---

any o f  the pers ons have ful fi l l ed ?  P l e a s e  
de t a i l t h e s e  a s  fu l l y a s  p o s s ib l e .  

( i )  Director 

( i i )  your sect ion l eader 

( i i i ) your t eam/p roj e ct leader 

( iv) yourse l f  



Q . l 4 a . P l e a s e  exam i n e  the l i s t  o f  respon s ib i l i t i e s  show n  a g a i n ,  a nd 
ind i c ate the extent to w h i ch , i n  your op i n ion , ( i )  a d i r ector , 
( i i )  a s e c t ion h e ad ,  ( i i i )  a team/pro j e c t  l e ad er , ( iv )  a 
s c ie n t i s t/ te chnic ian should be f u l f i l l ing t h e s e  re spon s ib i l i t i e s . 
C i r c l e  a c o d e  numb e r  n e x t  t o  e a c h  p e rs o n  a n d  i n  e a c h  a re a  o f  
r e s p o n s i b i l i t y . N . B .  If y o u  a r e a s e c t i o n  l e ad e 1�� p l e a s e 
i n d i c a t e  w h a t a r e a s  o f  r e s p o n s i b i l i t i e s  a s e c t i o n  l e a d e r  s h o u l d  
h a v e �  i r r e s p e c t i v e  o f  w h e t h e r y o u  h a v e  fu l fi l l e d t h em o r  no t .  
U s e ·t h i s  s c a l e : 

shoul d not should to a 
a t  al l great extent (�I l r-;- 1  3 4 5 

a .  As s i s t ing in the provis ion o f  space , equipment , 
funds , and personne l 

( i )  a Director l 2 3 4 5 

( i i )  a s ect ion l eader l 2 3 4 5 

( i i i )  a team/proj ect l eader l 2 3 4 s 

(iv)  a s c ient i st/techni cian l 2 3 4 5 

b .  Providing techn i cal advice b as ed on hi s /her 
exper�ence in the field  

(i )  a D i rector l 2 3 4 5 

( i i )  a s ection leader l 2 3 4 5 

( i i i )  a team/proj ect le ader l 2 3 4 5 

(iv) a s cient i st/techni c i an l 2 3 4 5 

c .  P l anning , organis ing , d irecting ,  and contro l l ing 
work rel ated activit i es 

( i )  a D irector l 2 3 4 5 

( i i) a s ect i on l eader l 2 3 4 5 

( i i i )  a team/proj e ct l e ad er l 2 3 4 s 

( iv) a s cienti st/technic ian l 2 3 4 5 

d .  Resolving confl i cts and disputes 

( i )  a D irector l 2 3 4 5 

( i i )  a s ection l e ader l 2 3 4 5 

( i i i )  a team/pro j e ct l e ader l 2 3 4 5 

( iv) a s cientist/technic ian l 2 3 4 · 5 

. . . . . . . . . . continued 
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con t i nued . . . .  

e .  Commun icating with other admin istrators in orde r 
to  pave the way for research /devel opment proj ects 
to procc'ed w ith minimum d e l ay 

( i )  a D irector 

( i i )  a s e ct ion l eader 

( i i i )  a team/proj ect l eader 

( iv)  a s c ient ist/ t e chnician 

f .  Commw1icating with other agenc ies  in o rder to 
pave the way for the mos t  effect ive and 
efficient d i ffusion of the resul ts of 
research work 

( i )  a Director 

( i i )  a section l eader 

( i i i )  a t e am/proj e ct l ead er 

(iv) a s cien t i st s / t e chnician 

g .  Other Are there any o ther resp on s ib i l it i e s  
any o f  the pers ons  sho u l d  h ave? Pleas e  
detail thes e  a s  fuZ Zy a s  possib l e .  

( i )  a Dire ctor 

( i i )  a section l e ad er 

( i i i )  a t e am/proj e ct l e ad er 

( iv)  a s cientist/t echni cian 

1 2 3 4 5 9 

1 2 3 4 5 9 

1 2 3 4 5 9 

1 2 3 4 5 9 

1 2 3 4 5 9 

1 .2 3 4 5 9 

1 2 3 4 5 9 

1 2 3 4 5 9 



IV . PE RSONAl� DETAILS FORM 

Q . l 5 Wha t  i s  your age ( i n y ears ) ?  

Q . l 6 What i s  your mar i t a l  s ta tu s ?  

Never marr ied  ( 1 )  
Married ( inc l uding de facto) ( 2 )  
Separated o r  divorced ( 3) 
Widowed (4) 

Q . l 7 How many dependent c h i ldren do you h ave? 

Q
_
. l 8  D o e s  your s pous e work? 

Yes ( 1 ) 
No ( 2 )  

Q . l 8 a  I f  your answer to the p r ev ious que s t ion was y e s , p l e a s e  t i c k  
whe ther he/she works f u l l t ime o r  p ar t  t ime , and spe c i fy 

� h i s /her occupat ion . 

ful l  t ime ( 1 )  
_part t ime ( 2 )  

h is/her o ccup at ion i s :------------------------------------

Q . l 9 I n  wh ich country were you born? • 

Q . 2 0 I n  what type o f  commun i ty d i d  you l ive for th e long e s t  per iod 
dur i ng your ch i l dhood ( unti l the ag e o f  1 5 ) ? 

Farm ( 1 )  
Rura l  Town ( P opul at ion o ften below 1 000) ( 2 )  
Borough ( Population 1000 - 1 9  000 ) (3)  
C it y  ( Popu l a t i on 20 000 - 1 0 0  000)  (4 ) 
In a l a rge C ity  ( Populat i on over 1 0 0  0 00 ) ( 5 ) 



Q .  2 1  Wh i l e  you were growing up ( un t i l  th e age of 1 5 ) , what were 
the o c cupations of your pare nts ? 

Father (a) ________ __________________________ __ 

Mother (b) ____________________ _ 

Q . 2 2 P l e a s e  s pec i fy the l eve l o f  educ a t io n  a tta ined by your 
paren t s . 

Father (a) __________________________________ __ 

Mother (b ) ______________________________ ___ 

Q .  2 3 I f  the re v1ere a General E l e c t i on tomorrow , for w h i c h  o f  the 
fol low in g  p ar t i e s  would you vote? ( As s uming you w e r e  a l l owed 
to vo te , a nd that a c and idate for e ach p ar ty w a s  s tand ing ) . 
How s trong ly do you sub s cr ib e  to the p r in c i p l e s  for w h i ch 
t h i s  party s tands ? P Z e a s e  c i rc Z e  t h e  p a r ty y o u  w o u Z d  v o t e  
fo r and a n s w e r  t h e  s t r e ng t h  o f  y o u r  s ub s c ri p t i o n  t o  t ha t  
p a r t y ' s  p r i n c i p Z e s  b y  u s i n g  t h e  fo Z Z ow i ng s ca Z e :  

not 
at al l_ r---r-��� 

1 1 2 3 4 

( a )  Nat ional Party 

(b ) Labour Party 

(c ) Social Credit  

(d)  Value s 

( e )  Other . . . . . . . . . . . . . . . . . . . . . . . . . .  

comp le t e ly 
5 

Strength of 

1 2 3 

1 2 3 

1 2 3 

1 " 3 '-

1 2 3 

s ub .  

4 5 

4 5 

4 5 

4 5 

4 5 



) . 2 4 F inal ly , I wou l d  appr e c i a t e  y our s ug g e s tions or comments on 
what should be the i nterre l a tions h i p  b e tween New Z e al and 
Agr i c u l tural Re s e arch ( es pe c i a l ly your D i v i s ion ) and 

( i )  
( i i )  

( i i i )  
( iv ) 

(v ) 

the New Z e a l and Government 
the i n t e r n a t i o n a l  s c i en t i f i c  commun i t y  
t h e  s c i en t i fi c  commun i ty i n  New Z e a l and 
the Agr i c ul tura l  E x t en s i o n ,  and 
the farming communi ty 

P le a s e  wr ite a s  ful ly as po s s ib le , a nd if necess ary , continue 
on a s e parate s h e e t . 

Thank you for your co-opera t i on . P le a s e s ea l  the comp le ted 
que s t ionna i re in the envelope provided and p l ace i t  i n  the 
bask e t  i n  the adm i n i s tr at io n  r oom . 
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QUES T I ONNA I RE I I I  

I n  thi s qu e s t i 01ma i. r e  are l i s t e d  3�. o rg an i sati onal 

cond i t i on s  whi ch may help or hin d e r  you in the p erformanc e o f  
your j o b . Your are requ e s t e d to an swer two que st i o n s  r e l a t e d  

t o  e a c h  c onditi on . 

Q . 1 Pl e a s e  examin e  each it em and ind i c a t e , i n  c o l umn A ,  

how i mportant a c ontri buti on you think each c ondi t i on 

mak e s  t o  the p erformanc e o f  your j ob . 

Q . 2 Having comp l e t e d  Q . 1 ,  pl e a s e examine each i t em agai n , 

and indi cat e , i n  colunm B ,  how s at i s fi e d  you are 

with the ade quacy of the p r e s ent s t ate o f  that 

c ondi t i on in your Divi s i on , or DS I R , a s  appropri a t e . 

In both c o lumn s ,  p l e a s e  wri t e  in a c o de numb e r  1-5"', o r  '1 ,  
c o rr e sponding t o  the p revi ously u s e d  5 po int s c al e .  

Very unimp o rtant 
Highly di s s at i s f i e d  

V ery imp o rtant 
Highly s at i s fi ed 

Not 
App l i c abl e 

0 
( C o d e  numb e r  f rep re s ents the m o s t  negative an swe r ; S the 

most p o s i t ive answer . Equal wei ght is put on each p o int b etwe en 
1 and 5 .  Point (Not App l i c abl e ) i s  o ff e r e d  fo r c i rcum s t anc e s  

whe r e  your sp e c i fi c  s i tuation pre c lude s your own p o s i t i on o n  any 

other p o int o f  the s c al e . 

Pl e a s e  wri t e  in � o nl y  i f  abs o lutely n e c e s s ary . 

Find your own p o s i t i on on thi s s c al e , and wri t e  in only 

one c o de numbe r  n ext to e ach cond i t i on , and in each c olumn . 

Thank You 

Ri chard H e s  



Very unimp o rtant Very i mp o rtant 
Hi ghly d i s s a t i s f i e d  Highly s a t i s fi ed 1 1 2 1 3 1 4 1 5 

1 .  Re c rui tment Po l i cy ________ _ 2 .  S al ari e s --------------
3 . The sys tem o f  p romo t i ons and 

r ewards _____________ ___ 4 . The amount and qual i ty o f  
D S I R  admini s trative p ro c edures __ __ 

5 . Head Offi c e  fo rward pl anning 
and d i re c t i on o f  s c i enti f i c  
r e s e arch _____________ _ 

6 .  Head Offi c e  p o l i c i e s  on 

7 .  
r e s e arch appl i c at i on s  _________ _ 

The interp er sonal r e l ations 
( abi l i ty t o  l i s t en ,  communi c at e , 
and understan d  p e opl e ) between 
the s taff of the Divi s i on and 
the ADG 1 s and th e DG ______ _ 

· s . The working r e l at i on s  b e twe en 
the s taff o f  the Divi s i on and 
HO Admini stration __________ _ 

9 . The working rel ations betwe en 
the s taff o f  the Divi s i on and 
the . Centre Offi c e  ________ _ 1 0 .  The working rel ati ons b e tween 
the s taff o f  the Divi s i on and 
o th e r  DS IR Divi s i ons _______ _ 

1 1 . The amount and qual i ty o f  the 
o ff i c i al l i a i son betwe en the 
Divi s i on and org an i s a t i ons o f  
Agri cul tural Exten s i on ________ __ 1 2 .  ·The amount and qua l i ty o f  the 
o f fi c i al l i ai son between the 
Divi s i on and the farming 
community _______ _ 1 3 . The amount and qual i ty o f  the 
Divi s i on ' s  r e c eptiven e s s  to 
publ i c  i s su e s  _____ _ 

1 4 . The s i z e  o f  your Divi s i on ______ _ 1 5 .  The arrangem ent o f  p o s i tions 
i n  your Divi s i on __ 

Col� 
Imp�rta�c e I 

t o  work 

No t 
Appl i c abl e 

� 
Column 

B 
S a t i s ­
f ac t i on 

contd . 



. . . . . . .  cont d .  · 

Very unimp o rtant Very imp o rtant 
Hi ghly di s s ati s fi ed ITT:I Highly sati s f i e d  1 �J.2 1 4 1 5  

1 6 .  The arrangement o f  your 
Divi s i on into s ec tions �----------1 7 .  The int erp er s onal rel ations 
betw e en s c i enti sts and 
techn i c i ans in your Divi s i on ____ __ 

1 8 .  Bui l dings : h eating , 
vent i l ation , etc ________ _ 1 9 . Bui l ding s : the interi o r  
d e s i gn , arrang em ent o f  
d e sk s , benche s ,  etc 

20 . Inte rnal l i brary sys tem 21 . Int e rnal pub l i c ation p o l i c y  ______ _ 

22 . The amount o f  autonomy you 
have ----------------

23 . The qual i ty and quantity 
o f  s uppo rting p e rsonne l  _____ _ 

24 . The quantity and qual i ty o f  
mat erial r e s ourc es _____________ __ 

25 . The l evel o f  work output o f  
o th e r s  in t h e  Divi s i o n  ________ _ 

26 . Eas e  o f  contacts wi th your 
c o l l eagues i n  New Zealand ____ _ 

27 . Eas e  o f  contacts wi th your 
c o l l eagues overseas __________ _ 

28 . Ea s e  o f  c ontacts with p ersons 
in Agri cul tural Ext en s i on ______ _ 

29 . Ea s e  o f  c o nt a c t s  with p e rsons 
from the farming commun i ty ______ __ 

30 .  Oppo rtun i ty to further formal 
e duc ati on ____________________ _ 

31 .  Opp o rtun i ty to attend 
s c i enti fi c c onferenc e s  __________ __ 

32 .  Opp o rtunity to ext ent your 
r e s earch/Devel opment 
exp eri enc e ________________ _ 

33 . The qual i ty and frequency o f  
informati on you rec e ive about 
your own p e rformanc e ____________ __ 

Column 
A 

Importanc e 
to wo rk 

No t 
App l i c abl e 

� 
C o l umn 

B 
Sati s ­
fac t i on 

. . . . . .  c ontd . 



. . . . . .  contd . 

34 . Other : Are there any o ther imp o rtant o rgani sati onal cond i t i on s  
about whi ch you f e e l  s trongly? Pl eas e detail the s e a s  full y  
a s  p o s s i·bl e .  
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