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Abstract

Abstract

The revolutionary developments of new technologies are not paralleled
in the research on consequences of technology in organizations.
Approximately four decades have passed since Woodward’s (1958)
findings of relationships between technology and organizational
structures and about 35 years since Perrow (1967) conceptualized his
much researched technology construct. Subsequent years of research in
organization have mainly yielded inconclusive research results on
relationships between technology and structure.

This study suggests that developments in other areas, such as research
on human information processing and in the understanding of objective
task complexity, may explain why research on relationships between
technology and structure has shown such inconclusive results. Through
an analysis of Perrow’s technology construct, it is concluded that the
construct confounds objective and subjective characteristics of the task.
It is further argued that this confounding is common to most task-
related research in organization theory.

A theory is developed regarding how task-doers of different degrees of
expertise perceive different dimensions of objective task complexity
differently. This theoretical chapter concludes with the presentation of a
research model consisting of 14 hypotheses of how degrees of expertise
and objective task complexity influence the perceptions of task
variability, analyzability, and performance.

Based on this theory, and due to the confounding of objective and
subjective task characteristics, it is proposed that the Perrow inspired
technology construct is a poor predictor. A competing model - the two
dimensions in the technology construct on the one hand, and the
objective task complexity and expertise constructs on the other — is
developed and tested with respect to its power to predict performance.
A mixed two-factor within-subjects experimental design with three
levels is applied, with 19 novices, 23 intermediates and 22 experts.

The results of the MANOVA-analysis demonstrate that expertise,
objective task complexity and their interaction significantly influence
perceptions of task variability and analyzability. A disordinal
interaction effect between expertise and objective task complexity
eliminates much of their main effects and demonstrates how the
confounding of subjective and objective elements in the technology
construct does in fact compromise its reliability and validity as a
predictor. A test of the competing models reveals that the model with
task complexity and expertise has a R® 73% higher than the two
dimensions in Perrow’s technology construct.




Abstract

The consequences of these results for technology-structure research .
and for contingency theory in general are clear: The confounding of
objective task complexity and the individuals® perceptual propensities
has detrimental effects to validity and reliability. These are contributing
to the inconsistent results in the technology-structure research. This has
for task related research unambiguous implications for measurement
and control of subjective and objective variables as degree of expertise
and objective task complexity. Finally, consequences for practice are
discussed, specifically with respect to division of labor, development of
routines and learning.

SRS




Table of contents

Table of contents

ADSEract ....coccvcevenereserannnes ii
Table of contents ............... eeeesraseerssirenertsstebesanrassrs aeR e s b et e R eras v
List of figures ......covvuerusunnne treaereteanensaststa st s en st R s neRn bR b e s e evavas ix
LISt OF £ADIES cueuneeeerrreccrercncessssinnsnisesnnsnessessassnesssessnssnsessensssssnsssssnsssssesnsossasssnss X
PIEfACE  ..oovireeeerieservrreesessnscesnssessiasssssesssessasnensestssassesssssassrnasssssesasrassssasasassnns xi
Acknowledgements eetereresreretene st an s ste st bRt st R RS s s R SR b s s RS ReR0s XV
1. Introduction 1
2. Perrow’s Technology Construct and the Redundancy
Problem 7
2.1 Perrow’s Technology Construct ~ its Definition and
Origins 7
2.2 Review of Research Based on Perrow’s Technology
Construct 10
2.2.1 Influence on Research on Organizational SITUCIUre. .........cvevne.. 11
2.2.2 Influence on Research on Coordination in Organizations........... 13
2.2.3 Influence on Research on Information Processing in
OF GANIZALIONS o e.vervnserrsrssesasrrensessinsssssrsnsnassssssssssssesssssssassssnsasssses 15
2.3 A Framework for Analyzing Redundancy in Constructs....... 17
2.4 Assessment of Redundancy in Perrow’s Construct .....eeseses 20
2.4.1 Assessment of Redundancy at the Theoretical Level.................... 20
2.4.2 Assessment of Redundancy at the Empirical Level...................... 22
2.5 The Antecedents of Technology 27
2.5.1 Knowledge Structures Influence Perceived Task Variability
and Analyzability 30
2.5.2 Knowledge Structures and Perceived Task Variability................ 31
2.5.3 Knowledge Structures and Task Analyzability " 32
2.5.4 Objective Task Complexity and Perrow’s Technology
(8077774 7% 33
2.5.5 Interaction Effects of Antecedents. resesnesnnnnitane 35
2.6 Explicating Redundancy 36
2.6.1 Distinguishing Between the Subjective and Objective in
Perrow’s Construct 36
2.6.2 Problems on the Theoretical Level 36
2.6.3 Problems at the Empirical Level 38
2.7 Research Implications of the Review 39

A




Table of contents

3. Towards a Theory of Task Perceptions ~ The Research

|
|
Model 41 ‘
3.1 Objective Task Complexity 42 j
3.1.1 Definition of the Objective Task Complexuy Construct.............. 42 |
3.1.2 Definition of a Task’s Deep- and Surface-Structure............ceu.. 46 -
3.1.3 A Distinction Between Task Difficulty, Routine Task and ;
Task Complexity 50 ¢
3.2 Degree of Expertise 51 j
3.2.1 General Findings on the Information Processing of Experts
and Novices 51 [ :
3.2.2 Experts’ and Novices’ Selective Perception 53 ’
3.3 Task Perceptions: The Relationship Between Degree of “ ~;
Expertise and Objective Task Complexity 55 ¢ |
3.3.1 Perceptions of Objective Task Complexity 55 {
3.3.2 Three Sources for Perceptions of Exceptions — challenging ; |
perceived Task Analyzability 58 i ;
3.4 Putting it together: Research Model and Hypotheses............. 61 *
3.4.1 Overall Test 62 | 5
3.4.2 Main Effects...... 62 § f
3.4.3 Interaction Effects Between Expertise and Objective Task !
Complexity ... e 63
3.4.4 Competing Models: Technology Construct vs. Antecedents ........ 65 z '
4. Methodology 69 {
4.1 Research Design 69 i
4.2 Strengths and Weaknesses of the Design 71 g
43 Operationalization of Objective Task Comple)nty. SORP— £, i E
4.3.1 Selection of the Task Treatment..... 77 4
4.3.2 Description of the Task Treatment......... .78 !
4.3.3 Operational Definition of Deep- and Surface-structure i j
Problems...... 82 ¢
4.3.4 Estimation of Experts’ and Novices’ Response to Deep- and i |
Surface-Structure Problems 83 ; !
4.3.5 Development of the Surface-Structure Treatment..............ueu.... 84 i ’
4.3.6 Development of the Deep-structure Treatments. 86
4.3.7 Summary of Operationalization of the Objective Task ! »
Complexity Tre@tment ...........ocvnversssunnes 87 :
4.4 Operationalization of Degree of Expertise 88 i
4.4.1 Traditional Operationalizations. ... 91 !
4.4.2 Validation of the Scale for Degree of EXpertise.............c.vuvnn. 94 Z
4.5 Operationalization of Task Analyzability and |
Variability 96 ;
4.6 Operationalization of Performance 98 "
4.7 Procedures ‘ 98 ‘
vi

et



Table of contents

5. Results 101
5.1 Testing the Assumptions of the MANOVA Analysis ............ 102
5.1.1 Normally Distributed Treatment Populations 102
5.1.2 Independence of Scores 102
5.1.3 Homogeneity of Variance. 103
5.1.4 Mauchly's Test of Sphericity .. 103
5.2 Multivariate Analysis of Variance 104
53 Univariate Tests — Tests of Main Effects 106

.5.3.1 Tests of Between-Subjects Effects 106
5.3.2 Test of Within-Subjects Effects.. 107
5.4 Analysis of Interaction Effects 108
5.4.1 Interactions of Task Structure and Expertise - Perceived

Task Variability..... rereeeensarsenensnsetertnsanastsbess 110
5.4.2 Interactions of Task Structure and Expertise — Perceived
Task Analyzability v 114
5.4.3 Interactions of Task Structure and Expertise - Performance..... 118
5.5 Testing Competing Models 120
. Validity . 123
6.1 Validity 123
6.1.1 Statistical Conclusion Validity 123
6.1.2 Internal Validity ... 124
6.1.3 Construct Validity of Putative Causes and Effects............c...... 125
6.1.4 External Validity .126
. Interpretation and Discussion of Results. 129
7.1 Influence of Expertise and Objective Task Complexity
on Perceived Task Variability and Analyzability.......eceeeeeees 129
7.2 Interaction Effects and Their Consequences......cesssessccsssss 130
7.2.1 Confounded Variables’ Deficiencies as Predictors ................ 131
7.2.2 Surprising Findings on Intermediates’ Perceptions .................. 135
7.2.3 Findings on Experts’ Perceptional Propensities and their
Disadvantages.... 137
7.3 New Findings Due to Different Research Design ............. wone 138
. Implications for Future Research 141
8.1 Operationalizations, definitions and models of Objective
Task Complexity 142

8.2 Operationalization and Definition of Expertise - on
Identification and Definition of Experts and Novices in
Research and Practice 144

8.3 Discussion and Implications of Results for Expertise
Research 146

vii




Table of contents

9. Implications for Practice

10. Conclusions

11.References

Appendix 1: Review of the Perrow (1967) Based Research ............cc........

Appendix 2: Requirement Specifications

Appendix 3: Marginal Means Perceived Task Variability and
Analyzability ...

Appendix 4: Pairwise Comparisons: Task Structure « EXpertise................

Appendix 5: Pairwise Comparisons of Expert . Task Structure
Interaction

Appendix 6: Regression with Perceived Task Variability and
Analyzability and their Interaction Term as Independent Variables....

Appendix 7: Regression with Task complexity, Degree of expertise
and their Interaction Term as Independent Variable ........ccccveecrueruncaes

Appendix 8: Reliability Analysis for the Expertise Scale ..........cvevroeneennene
Appendix 9: Multivariate Tests Expertise « Task Structure ........cc...cceeeveees

Appendix 10: Multivariate Tests: Task Structure « EXpertise .........cccooee....

viii

149
153
155
169

176

180

181

183

Y




List of figures

List of figures

Figure 2.1: Perrow’s Technology Construct

Figure 2.2: Indicator of an Unanalyzable Task

Figure 2.3: Perrow’s (1967) Framework to Distinguish Between Work-Unit
Structures (Van de Ven and Delbecg, 1974)

Figure 2.4: Perrow’s Framework to Analyze Use of Coordination Mechanisms

, (Van de Ven et al, 1976).

Figure 2.5: Strong Evidence of Non-redundancy

Figure 2.6: Example of Relation to a Dependent Variable.

Figure 2.7: Sources of Co-variation

Figure 2.8: Walsh’s Organizing Framework for Knowledge Structure Research

Figure 2.9: Knowledge Structures as Antecedent of Perrow’s Construct.

Figure 2.10: Objective Task Complexity as Antecedent.

Figure 2.11: The Mix of Objective and Subjective Dimensions in Perrow’s
Construct.

Figure 3.1: Theoretical Framework.

Figure 3.2: Objective Task Complexity

Figure 3.3: Relationship between Surface and Deep-structure and Objective
Task Complexity.

Figure 3.4: Neisser’s “Perceptua Cycle” (modified)

Figure 3.5: Perception of objective exceptions

Figure 3.6: Research model

Figure 3.7: Hypothesized Directions of Interaction Effects.

Figure 4.1: Description of the Modules’ Architecture

Figure 4.2: Surface-Structure Requirements

Figure 4.3: Design of Deep-structure Requirements

Figure 4.4: Three Domains of Expertise, section from the expertise instrument

Figure 4.5: Scree Plot for the Expertise Factor

Figure 5.1: Interaction of Task Structure and Expertise - Perceived Task
Variability

Figure 5.2: Interaction of Task Structure and Expertise — Perceived Task
Analyzability

Figure 5.3:Interaction of Task structure and Expertise — Performance

Figure 7.1: Performance of Respondents of Different Degrees of Expertise

Figure 7.2: Illustration of the Dispersion and Reliability of Measures

Figure 9.1:Typology of Consequences of Errors in Bidding Situations

110

114
118
132
134
149

AT e




List of tables !
¢
List of tables
Table Preface: Definitions of Key Terms xiii ¥
Table 2.1: Empirical Studies with Perrow’s Technology Construct. 24 ‘
Table 4.1: Research Design 70
Table 4.2; Review of the Use of the Task Complexity Construct 74
Table 4.3: Review of Definitions and Operationalizations of Expertise 89
Table 4.4: Component Matrix: Relevant Experience 94
Table 4.5:Factor Analysis and Reliability Test of the Expertise Scale 95 )
Table 4.6: Perceived Task Analyzability/Variability, Principal Component 1 )
: Analysis 97 : !
Table 5.1: Shapiro-Wilks Test 102 | f;
Table 5.2: Box’s Test 103 § 1:
Table 5.3: Mauchly's Test of Sphericity 103 ; |
Table 5.4: Multivariate Analysis of Variance 105 j f
Table 5.5: Univariate Analysis of Variance — Main Effects of Expertise 107 b ;
Table 5.6: Univariate Analysis of Variance —~ Main Effects of Task Structure 108 E E
Table 5.7: Test of Univariate Interaction Effects 108 { |
Table 5.8: Main Effects of Degree of Expertise on Perceived Task Variability 111 : 1
Table 5.9: Perceived Task Variability. Pair-wise Comparisons: Task ?
Structure*Expertise 112 i
Table 5.10; Perceived Task Analyzability. Pair-wise Comparisons: Task ; !
Structure*Expertise 116 ’f |
Table 5.11: Performance. Pair-wise Comparisons: Task Structure*Expertise 119 j
z
i {
!
i |
% i
¢ |
1 ?
g 1
| i
s
@ !
!
s
X




Preface

Preface

This project actually began with thoughts of pursuing themes such as
knowledge transfer in network organizations as enabled by information
technology. My interest was in the development of modern information
technology and how it influences the way we organize. [ was recruited to
develop a research project studying how new technologies affect the
development of new organizational forms. The project searched for a
solid theoretical foundation for research on these topics. The need for

"such a firm theoretical foundation drove my interest toward research

streams that ran in more established trajectories, such as contingency
theory, focusing on how technology influences organizational structure.
However, searching through this literature provided neither clear
knowledge nor clear results. Contingency theory, including the Aston
studies, did not provide consistent findings on the relationship between
technology and organizational structure. However, after a broad review
of research in organization theory on technology and structure, a broad
and commonly used definition of technology as “the way tasks are
solved” (Perrow, 1967) was adopted. This definition was often used in
research streams viewing organizations as information-processing
systems (e.g. Van de Ven & Delbecq, 1974; Van de Ven et al., 1976;
Galbraith, 1977; Tushman & Nadler, 1978; Dewar & Hage, 1978; Daft
& Lengel, 1984; Liker, Haddad, & Karlin, 1999) and had become the
standard definition in organization theory (Scott, 1992).

The media richness tradition stemmed from this research stream (e.g.
Daft & Macintosh, 1981; Daft & Lengel, 1984; Daft & Lengel, 1986;
Daft, Lengel, & Trevino, 1987; Trevino, Lengel, & Daft, 1987) and was
particularly interesting to apply to the use of new communication media.
It gave clear implications for what kind of communication technology to
use in different situations and tied coordination and communication
media together with perceived uncertainty in the task resolution process.
However, as will be shown later in this study, the empirical research
provided limited support for the theory.

I found that the confounding of objective and subjective task
characteristics was a common weakness to research on task resolution in
organizations. This problem has been pointed out (e.g. Weick, 1965;
Kmetz, 1977; Wood, 1986; Campbell, 1988) but rarely analyzed further.
In the recent focus on the importance of knowledge in organizations, one
might well expect that the conceptual separation between the task and
the task-doers’ knowledge of the task would be among the first
principles to be established in a deductive scientific tradition. This
cannot however be said to be the case; almost all research on
organizations and technology apply perceptual measures of tasks, where
neither differences in levels of task complexity nor in the fask-doers’
knowledge of the task are measured or controlled.

xi
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Preface

Yet we do not know whether such confounding of subjective and g
objective task characteristics has in fact real implications for research, ;
as we do not know the consequences of such confounding. That the »
task-doers’ knowledge of the task and the characteristics of the task as ?;
such are not analytically distinguished in management research is only
a problem if different task-doers systematically perceive properties of

the task as different. Different cognitive structures among the task- _
doers are only one of several potential causes of systematic differences /
on the task-doer’s hand'.

My research interest had thus shifted, from revolving around new

technologies and new organizational forms to a more basic research 1
agenda on a more micro level of analysis. This is why I set out to test é%
whether, how, and to which extent such confounding is a problem in
task-related research and, in particular, in research on the relationship :

between technology and organizational structure. This research theme
should not only be of interest to contingency theorists, but as well to
those in fields addressing the cognitive sciences and technology
management in general. ;

For the purpose of clarity, I include a list of terms as employed in this ;
thesis, providing a short and simple definition of some key terms in the 5
dissertation. As the explanations given in the table (next page) are less
complete than those provided later in the text, references to pages or
sections where each term is discussed in further detail are included.

! The limits of this study do not allow me to research other possible causes
such as mood, motivation and time pressure.

xii
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Preface

Table Preface: Definitions of Key Terms

Cognitive Structures

or Cognitive
Schomata

internal knowledge structures that organize information
about “things”, for example tasks, goals, people, situations,
etc. Schemata consist of various relations, variables/slots
and values for these variables. Variables/slots contain
concepts or other sub-schemata. Values refer to the various
specific concepts that fill slots. Schemata encode general or
generic knowledge that can be applied in many specific
situations. See pages 5, 30, 31.

Critical comploxity

The simplest way of solving the task. Identified by the
selection of information cues and paths and the assembly in
sub-tasks that minimizes the information-processing
necessary to solve the task to the agreed-upon quality. See
Section 3.1.2.

Degree of Exportise The match of the task-doer's cognitive structures with the
task. See section 4.4.

Dynamic Complexity Represents changes or variations in any of the elements in
the task structure. Changes may range from objective
normal variations to objective exceptional variations. See
Section 3.1.

Objective Task Defined independent of the task doer’s perceptions, in terms

Complexity of the stimuli impinging on the task doer and in terms of the
critical behavioral responses the task-doer is required to
execute in order to achieve some specific level of
performance. Section 3.1 develops this definition in terms of
these stimuli and behavioral responses more specifically.

Objective exceptions The task’s objective variability is thought of as a normal
distribution of cases. Cases encountered that depart
sufficiently from the average case are defined of as
objective exceptions.

Objective Task Same as objective task complexity, except dynamic

structure complexity. Defined in further detail in Section 3.1.

Objective task Dynamic complexity. See Section 3.1.

variability

Percelved Task The perceived part of the objective complexity. See Section

Complexity 3.341

Perceived Task Number of exceptions encountered in the task resolution

Variability process. See Section 2.2.

Task's deep-structure | Task process. See Section 3.1.2.

Task's surface- Task input and output. See Section 3.1.2.

structure

Task Uncertainty The two dimensions of Perrow’s technology construct are
also used as definition and measure of task uncertainty. See
section 2.2.2 and 2.2.3.

Technology How tasks are solved in organizations.

See page i and Chapters 1 and 2.
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Introduction

1. Introduction

Research on how technology influences organizational structure has for
a long time been one of the main research streams within organization
theory (e.g. Woodward, 1958; Perrow, 1967; Thompson, 1967; Pugh,
Hickson, Hinings, & Turner, 1968; Pugh, Hickson, & Hinings, 1969a;
Pugh, Hickson, Hinings, & Turner, 1969b; Van de Ven and Delbecq,
1974; Van de Ven, et al., 1976; Minzberg, 1979; Bjgrn-Andersen, et al.,
1986; Weick, 1990).

' The technology variable is one of the most researched contingency
variables (e.g. Mintzberg, 1979). Common definitions of technology in
organizational literature represent variations of “how tasks are solved”
in organizations (e.g Perrow, 1967; Minzberg, 1979; Weick, 2001).
Although the theoretical frameworks addressing how technology
influences different aspects of organizational structure have flourished,
the empirical research has provided mixed results. Since Woodward’s
(1958) findings of a strong relationship between technology and
structure, empirical studies have not produced consistent support for
such a relationship. For example, the “Aston school” (e.g. Pugh,
Hickson, Hinings, & Turner, 1968; Pugh, Hickson, & Hinings, 1969a;
Pugh, Hickson, Hinings, & Turner, 1969b) measured, among other
variables, technology’s effect on the structuring of organizations and
found an effect. However, replications of the Aston school’s study did
not find such a relationship (Kmetz, 1977/1978). Some findings were
significant, but opposite to what theory predicts (e.g. Fry et al., 1984).
The diversity in empirical results was further demonstrated by Miller et
al.’s (1991) meta-study of technology—structure research. From the vast
research on technology and structure one may conclude that the
theoretical frameworks suggest a relationship between technology and
structure, while the empirical studies provide neither decisive support
nor reliable results.

Several diagnoses have been made and remedies suggested to overcome
this inability. Miller et al. (1991), for example, found that one reason
for the diverse results was the use of different technology constructs’,
Liker et al. (1999) concluded that rather than organizing the common
findings in technology-structure research, it was more useful to
organize the diversity of the findings.

2 Several technology constructs exist, see for example also Orlikowski (1992)
for a review. Orlikowski (1992) suggested even a new concept of technology.
Orlikowski’s technology construct is based on Giddens' (1979) framework of
structuration. Technology is seen to be the product of human action, while
human action is affected by technology and the structural properties of an
organization.

1



Introduction

During the nineties there was a quest for better theories on how new
technologies influence the structure and workings in organizations (e.g.
Daft & Lewin, 1993). As new information and communication
technology revolutionized opportunities for coordination, both within
and between organizations, the -relationships between how tasks are
solved and how organizations are structured received even greater
attention (e.g. Scott Morton, 1991; Davidow & Malone, 1992;
Chesbrough & Teece, 1994; Bensaou & Venkatraman, 1996;
Venkatraman, 1994; Brynjulfsson, Malone, Gurbaxani, & Kambil,
1994; Nadler & Tushman, 1997; Crowstone, 1997; Majchrzak, Rice,
Malhotra, King, & Sulin, 2001). Both the scientific journals and the
popular press developed and presented concepts such as virtual
organizations, knowledge intensive organizations, knowledge workers,
learning organizations and networking organizations. These became
buzzwords among academicians and business professionals during the
nineties.

Barley and Kunda (2001) and editor-in-chief of “Organization
Science”, Schoonhoven (2001), argue that the last forty years of
empirical research on organizational structure has not managed to
provide studies providing empirical foundations for post-bureaucratic
developments. Barley and Kunda’s (2001) suggested solution is to
bring studies of “work back in” (p.76) by explorative qualitative
studies. They claim that a turn away from studies of work was inspired
by, among others, Perrow’s (1967) article “A framework for the
Comparative Analysis of Organizations™. This shift in focus led to
higher levels of abstraction and changing methodological norms. An
inability to produce reliable empirical evidence for theories about
technology and structuring of organizations has impeded further
knowledge development in this area.

However, after many decades of technology-structure research, there is
an abundant pool of overlapping theories, presenting different
constructs intended to measure the same phenomenon (e.g. Orlikowski,
1992; Miller et al., 1991; Liker et al., 1999). The research is to some
extent cumulative, but perhaps to a larger extent diversifying (Liker et
al., 1999). In a survey of the general methodological practices and
trends from the eighties to the nineties in Academy of Management
Journal, Administrative Science Quarterly and the Journal of
Management, qualitative field studies were ome of the research
strategies that showed the strongest increase in that time period
(Scandura & Williams, 2001).

3 The other sources inspiring this shift this year (1967) are J. Thompson’s
“Organizations in Action”, Miller and Rice’s “Systems of Organizations”,
Lawrence and Lorsch’s “Organizations and Environment”.

2




Introduction

This dissertation reflects the same opinion as Barley and Kunda (2001)
with respect to the need for better theories to understand technology’s
influence on organizational structuring, and coincides with their views
on the need for bringing work back in. But, in addition to explorative
studies of work, it will be argued here that there is also great need for
testing and revising of the present body of theories.

As also noted by Barley and Kunda (2001), while organizational theory
shifted to more aggregated levels of analysis, theories in the cognitive

_ sciences have continued research on individuals’ information

processing and task resolution. Knowledge from these fields is
acquiring increasingly stronger influence on organizational theory
(Walsh, 1995). There is a research tradition that for decades has
developed knowledge of how individuals solve tasks; this body of
theory represents potential for improvement of theories on the
relationship between technology and structure. An avenue for theory
development in technology-structure research is therefore to make use
of such findings within the cognitive sciences.

One consequence of the focus on theory development by explorative
studies is that theory testing and problems of confounding and validity
have not been a primary subject of inquiry (Scandura & Williams,
2001). The situation with respect to parsimony in technology-structure
research is thus far from the ideal. And yet, if we intend to take
parsimoniousness seriously, redundancy and confounding should be an
issue. Theories need to be tested and revised, even at the level of single
constructs as well. A central thesis to this study is that by using theories
from the cognitive sciences, it can be shown that confounding of
subjective and objective task characteristics cover up important effects
and thereby invalidate measures and research.

The argument developed in this study, namely that the distinction
between the objective and subjective is paramount to valid and reliable
task-related research, has been argued before (e.g. by Weick, 1965;
Kmetz, 1977, Wood, 1986; Campbell, 1988). Empirical research,
however, on how the confounding of subjective and objective task
characteristics invalidates task-related theories has been lacking. This
pertains to the research question of this dissertation. I propose that a
main reason for the inconclusive findings in technology-structure
research is that the research tradition confounds objective and
subjective characteristics of the task. In general, task characteristics
have been derived from individuals’ perceptions of a sample of tasks,
using multivariate techniques such as factor analysis (Wood, 1986).
The perceptual characteristics identified will confound task and non-
task elements, particularly interactions between task attributes and
individual attributes.
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Introduction 3

In the recent focus on the importance of knowledge in organizations, 1
one would believe that the conceptual distinction between the task and

the task-doers’ knowledge of the task would be among the first

principles to be established in a deductive scientific tradition. However,

this cannot be said to be the case: Almost all studies on technology and i
organizational structure apply perceptual measures of tasks, where '
neither differences in levels of task complexity nor in the task-doers’
knowledge of the task are measured or controlled. This study will
utilize an experimental design to control objective and subjective
dimensions in order to analyze empirical consequences of confounding ,
the two. ¥

One reason why this distinction has not been made explicit may be that
it is a very complex one. Operationally, it is not easy to distinguish
between the task as an objective artifact and the task-doer’s perception
of it. To measure both the “objective task” and the perceptions of it
raise both epistemological questions and practical challenges to the
researcher. I will come back to these issues in section 3.1, where I
discuss objective task complexity in detail.

To study the consequences of confounding objective and subjective
task characteristics in technology-structure research, I have chosen to ;
use Perrow’s (1967) influential technology construct as a case. As ‘ !
Barley and Kunda (2001) have argued, the 1967 publication of
Perrow’s article in American Sociological Review, - together with ,
publications that year of Thompson, Lawrence and Lorsch, and Miller y
and Rice — contributed to a new research tradition. In the period from
1981 to 1997, there were 392 references to Perrow’s technology !
construct in the Social Science Citation Index (SSCI) and many times {
that number to influential articles basing their theory on this
framework, as for example Van de Ven and Delbecq (1974), Van de
Ven et al. (1976), Daft and Weick (1984), and Daft and Lengel (1986),
to mention just a few. Perrow’s construct has become one of the most
quoted, tested and applied constructs in organizational contingency
research* and became particularly influential to research streams
viewing orgamizations as information processing systems, to
technology-structure research and to media richness research. These
research streams are discussed in more detail in chapter two.

However, contrary to the conclusions of earlier publications (e.g.
Withey, 1981), the results of this study- suggest that the validity of
Perrow’s  technology conmstruct, as generally operationalized and
applied, should be questioned. In the second chapter of this dissertation
it is argued that redundancy in this construct is a key cause of the many
decades of struggle with inconclusiveness in technology-structure !
research and that the validity problem relates to this redundancy and its . ?

4 Pperrow’s construct is defined on page 10 -13
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effects. Furthermore, the fundamental problem in Perrow’s technology
construct - the confounding of subjective and objective task
characteristics - is not limited to this particular construct. Such :
confounding, on the contrary, can almost be seen as the rule in }

organizational theory and the arguments developed here should
therefore be of interest to all task-related research. ;

The presentation of this study is as follows. Chapters 1 - 3 were
originally presented as an article at the Academy of Management
Conference in Toronto in September 2000, but has been rewritten for
the purpose of this dissertation. It is argued in this first section that a
major problem in technology-structure research is that the technology
conmstruct - in particular Perrow’s (1967) technology construct -
confounds subjective and objective task-related characteristics. The
second chapter defines the technology construct, reviews its influence
in organizational theory, and analyzes how redundancy in the
technology construct contributes to confounding. Tesser and Kraus
(1976) and later Singh (1991) suggest a methodology for identifying
redundancy in constructs, as presented here. I also discuss in this
section how confounding is a threat to the comstruct’s validity. The
confounded characteristics are identified and defined as objective task
complexity and the task-doer’s cognitive schemata’.

Based on theories from the cognitive sciences, it is then argued how
cognitive schemata and objective task complexity, both directly and by
interaction effects, influence perceived task analyzability and
variability - the two dimensions in Perrow’s technology construct.
Furthermore, it is argued how Perrow’s conceptualization of
technology, due to the confounding, invalidate the measurement of
relationships to dependent variables in organizational research. The
chapter concludes with implications for further research on the
distinction between objective task characteristics and subjective
perceptions.

5 Although different types of cognitive structures like schemata, maps,
categories and scripts have unique characteristics and functions, I use
‘schemata’ as a general term describing internal knowledge structures that
organize information about “things” - for example tasks, goals, people, 3, |
situations etc. Schemata consist of various relations, variables/slots and values :
for these variables. Variables/slots contain concepts or other sub-schemata,
Values refer to the various specific concepts that fill slots. Schemata encode
general or generic knowledge that can be applied in many specific
situations.(see for example Jackson & Dutton 1988; Markus & Zajonc, 1985;
Gioia & Manz 1985 and Eysenck & Kean, 1992).
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Chapter three develops a theory of task perceptions. The two
independent variables are those introduced in the second chapter,
namely, degree of expertise and objective task complexity. The two
dependent variables are Perrow’s two dimensions of task perceptions —
task variability and analyzability. The chapter is used to refine,
integrate and develop the objective task complexity construct. Then
follows a discussion on the expertise construct and findings on
differences between experts and novices. The chapter continues with a
discussion of the relationship between objective task complexity and
degree of expertise and the development of hypotheses for the
relationships to perceived task variability, analyzability and
performance. These hypotheses are summarized and presented together
with the research model in the last part of the chapter.

Chapter 4 presents the methodology section for the empirical
investigation. The chapter begins with a presentation of the
experimental design used to study the interrelationships referred to
above. The research setting and the specific task to be operationalized
are presented. This task is then operationalized in terms of the objective
task complexity construct: the task’s deep- and surface-structures are
defined and the treatments developed. The operationalization of
expertise is also given special attention. Frequently applied instruments
already exist for measurement of perceived task variability and
analyzability, but must be translated to an experimental setting as they
have only to date been used in surveys.

Chapter 5 provides a presentation of the results, chapter 6 analyzes their
validity and chapter 7 discusses the results. Chapter 8 addresses
implications of the results regarding future research, with a discussion
of managerial implications in Chapter 9. The study’s conclusion
follows in the tenth and final chapter
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Perrow’s Technology Construct and the Redundancy Problem

2.

Perrow’s Technology Construct and the
Redundancy Problem

This chapter first presents Perrow’s technology construct and a review
of the research tradition based on it. Then a framework for analyzing
redundancy is presented, the notion of redundancy and its threat to
validity are discussed and criteria for evaluating it are reviewed. This
framework is applied to analyze the redundancy and subsequent
validity problems of research within this tradition. Grounded in the

. review of the Perrow-based research, redundancy is assessed at the
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theoretical and empirical levels, first with respect to its consequences
and then to its antecedents. The last part of the chapter explicates the
redundant elements in Perrow’s technology construct and proposes a
model of how the confounding of these elements invalidates research
with Perrow’s technology conmstruct as independent variable, as in
technology-structure research. Finally research implications of the
discussions are drawn.

Perrow’s Technology Construct — its Definition and
Origins

Perrow’s technology construct is as mentioned concerned with two
dimensions: task variability and task analyzability. Task variability is
defined as the number of exceptional cases encountered in the work.
Task analyzability is defined as the nature of the search process that is
undertaken when exceptions occur (Perrow, 1967). The search process
may, at one end of the continuum, be conducted on a logical and
analytical basis and even become routinized (analyzable problems) or,
at the opposite end of the continuum, be based on chance and
guesswork (unanalyzable problems).

The analyzability construct is similar to Thompson’s (1967) technical
rationality. The technical rationality of a task is perfect “when the
specified actions do in fact produce the desired outcomes, and the
instrumentally perfect technology is one which inevitably achieves such
results” (Thompson, 1967, p.14.). With respect to Perrow’s framework,
perfect technical rationality is only possible when the task is perfectly
analyzable.

These two dimensions create Perrow’s matrix that defines four
structures:

i.  craft industries, with few exceptions (low variability) and
unanalyzable problems;
ii. non-routine industries, with many exceptions (high variability)
and unanalyzable problems;




!
j
;
|

Perrow’s Technology Construct and the Redundancy Problem

ili. engineering industries, with many exceptions (high variability)
but analyzable problem; and

iv. routine industries, with few exceptions (low variability) and
analyzable problems.

This is illustrated in Figure 2.1 below.

Figure 2.1: Perrow’s Technology Construct
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Perrow’s technology construct is interesting for more reasons than its
historic influence on contingency theory and the organizational
information processing literature. Recent research in more cognitive-
oriented research streams has lent support to Perrow’s main theses
regarding the significance of perception of exceptions for the task
resolution process and the subsequent search process. Perceptions of
unexpected stimuli interrupt the automatic information processing and
evoke a larger or smaller amount of problem-solving activity (e.g.
Hastie, 1984; Reger & Palmer, 1996). As a result, the Perrow construct
captures mechanisms that are fundamental to the understanding of task
resolution in organizations.

As reference for the analyzability dimension, Perrow uses March and
Simon’s (1958) conception of programmed and unprogrammed tasks,
with two corresponding types of search behavior. The search behavior
depends on the degree to which the task is previously learned - or
programmed. Such programs are referred to as “performance programs”
(March and Simon, 1958).
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Performance programs are distinguished by those situations where
stimuli evoke, at the “programmed” end of the continuum, a very
elaborate response that has been learned as “the appropriate action”. At
the unprogrammed end, “a stimulus evokes...problem- solving activity
directed toward finding performance activities with which to complete
the response” (March and Simon 1958 p. 160)°.

The -search corresponding to the programmed tasks is logical,
systematic and analytical. The unsystematic search, corresponding to
the unprogrammed end of the continuum, is triggered when the task
seem so vague and poorly conceptualized that the problem seems
virtually unanalyzable (Perrow, 1967).

Perrow refers again to March and Simon (1958) for the dimension
“perceived task variability”, where a stimulus may be perceived as
familiar or unfamiliar. In Perrow’s framework, it is the unfamiliar
stimulus encountered that represents the exception. Central to Perrow’s
framework is the distinction between the perception of the stimuli and
the following search process.

It is unclear whether the unit of analysis is the exception or the whole
task from which the exception is detected. But, from the examples and
implications that Perrow provides, unsystematic search seems to be an
indicator of unanalyzable exceptions and, as it appears, these in turn are
indicators of unanalyzable tasks. The influence may well be reciprocal,
as illustrated by the reciprocal arrows in Figure 2.2 below:

6 This is the reference that Perrow uses. The concept of programmed and not
programmed tasks has been developed further by many researchers since. For
example, Simon (1965) applied the same concepts and referred to problems
that were programmed or nonprgrammed. “Decisions are programmed to the
extent that they are repetitive and routine, to the extent that a definitive
procedure has been worked out for handling them...Decisions are
nonprogrammed to the extent that they are novel, unstructured and
consequential.” (Simon, 1965, p 67).

9
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Figure 2.2: Indicator of an Unanalyzable Task
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The definition of task variability, is “number of exceptions
encountered”; it is therefore not only the exception itself, but also the
number of them which is critical. The number could be conceived of as
a separate dimension and the types of exceptions as yet another. Still,
however, Perrow collapses the two into one. In Perrow’s framework, it
is the distinction between which and how many exceptions are
perceived, on the one hand, and the type of search behavior those
exceptions together involve, on the other hand, that constitute the two
“independent” dimensions. It is this construct that is used as the
independent variable in much research on organizational structure,
information processing in organizations, and media richness theory.

2.2 Review of Research Based on Perrow’s Technology

Construct

In order to undertake the theoretical and empirical evaluations of
redundancy in Perrow’s technology construct, the research rooted in
Perrow’s 1967-article was identified. The first search was done in the
SSCI database, covering the period from 1981 to 1997, and provided
392 hits. The articles studied were then chosen using the following
criteria: if an article was cited 3 or more times a year, it was considered
an influential article’. To avoid older articles being favored over newer
ones, the article’s number of citations was divided by the number of
years since the article was first cited. Only about one half of the articles
exceeded 3 citations per year. The empirical pieces were selected from
this population, with 28 articles remaining after the filtering process.

" 'The most important journals seemed to be the following: Academy of
Management Journal, Academy of Management Review, Administrative
Science Quarterly, Journal of Applied Psychology, Journal of Management,
Management Science, MIS Quarterly and Organization Science. Quite

consistently, the articles printed in these journals were also the most cited.
10
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To fill the gap between 1967 and 1981, Louis Fry’s (1982)
“Technology-structure Research: Three Critical Issues”, was used.
This article summarizes the empirical research on technology-structure
relationships up to the year of its publication. Nine articles were then
added. Of this total of 37 articles, nine included a treatment of 4

- technology that was neither related nor relevant to Perrow’s technology
construct; hence, 28 articles remained that included a treatment of
technology relevant for this study.

§
§
gﬁzf
%%*

After having completed this first search, a second was undertaken with !
the objective of following-up the empirical work related to the first ‘
search. Withey, Daft and Cooper (1983) presented an empirical test of

six instruments from six seminal studies measuring Perrow’s

technology construct. Based on this test, they developed as a result a

new and improved instrument. Citation searches for all of these seven

articles were performed in the SSCI database: the results demonstrated

that the first search had been quite successful, as the second revealed

the same hits.

To further validate the search, I included as well a search based on |
keywords found to be common in the relevant articles. This was |
undertaken in the ABI database, and both single words and any
combination of words were tried: the results closely resembled those
from the two citation searches described above. In total, 9 additional
articles were found to be relevant to the Perrow-related research, and
were consequently included in the review, restoring the total number of
reviewed articles to 37, as summarized in Appendix 1.

2.2.1 Influence on Research on Organizational Structure

The studies reviewed in Appendix 1 are typically not discussed in detail
in the main text here, as the goal is not to give a full account of the last
35 years’ use of Perrow’s construct. The goal is, rather, to create a
general understanding of the use of Perrow’s construct and its systemic
meaning in order to analyze the problems pertaining to redundancy and
confounding.

Perrow’s framework was originally developed for the comparative
analysis of organizations. He considered technology as their defining
characteristic. The studies applying Perrow’s framework bave been
relatively true to this perspective, although the concept of
organizational structure has been extended to related variables.
Examples of dependent variables include work unit structure (Van de
Ven & Delbecq 1974; Mark & Hagenmueller 1994), coordination
mechanisms (Van de Ven et al., 1976), span of control (Bell, 1967),
specialization, centralization, formalization (Comstock & Scott 1977;
Dewar & Hage, 1978; Fry & Slocum, 1984; Shenkar, Aranya, 1995),

11
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amount of information processed (Daft & Machintosh, 1981) and
communication effectiveness (Rice, 1992).

Van de Ven and Delbecq’s study (1974) used Perrow’s technology
construct to explain structural variations in work units’. The study
provided empirical support to the hypothesis that task analyzability and
variability influence the structure of work units’. This work has further
become a cornerstone in the organization literature on how technology t
influences organizational structure and is as a consequence frequently g
cited (see for example Mintzberg’s literature review for his 1979 book, |
“The Structuring of Organizations”). Figure 2.3 reflects Van de Ven
and Delbecq’s findings of the placement of work units in Perrow’s <
taxonomy'.

1 e
AR

A,

8 Van de Ven and Delbecq (1974) referred to task analyzability as perceived
task difficulty. : "

% This study differs from later studies in this tradition in that the researchers
made an a priori classification of the work unit structures and controlled the
homogeneity among respondents with respect to several dimensions relevant
to their degree of expertise.

10 Byt, as explained in the next chapter, task variability and analyzability are <
due to the confounding dependent dimensions, measuring to a large extent the
same phenomenon, and not independent dimensions as often assumed. When
the two dimensions measure the same phenomenon it is no surprise that the
work units are located close to a line with a 45-degree angle running from
origo.

Jany
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Figure 2.3: Perrow’s (1967) Framework to Distinguish Between Work-Unit
Structures (Van de Ven and Delbecq, 1974) '
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In general, the logic is that of contingency theory: organizations are
structured, in part, according to the tasks they are solving'’.

2.2.2Influence on Research on Coordination in Organizations

Theories of coordination in organizations are based on the same logic:
depending on the tasks solved in an organizational unit, the appropriate
coordination mechanism is selected (e.g. Van de Ven and Delbecq,
1974; Van de Ven et. al., 1976). Based on properties of the task - i
variability and analyzability - and on properties of different
coordination mechanisms, the theory suggests an appropriate match.
Van de Ven, Delbecq and Koenig (1976) published a study using
Perrow’s technology construct as a measure of task uncertainty. They
found that depending on different degrees of task uncertainty,
organizations used different sets of coordination mechanisms.

11 Of course, there are many other contingencies considered in theories of
organizational structuring. Based on a match between the situation and the
organizational structure, the most appropriate structure is chosen (see
Mintzberg, 1979, for a review of a contingency perspective on organizational
structure).

13
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Figure 2.4: Perrow’s Framework to Analyze Use of Coordination Mechanisms

(Van de Ven et al, 1976).
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This study provided another cornerstone for theories on the structuring )
of organizations. The figure shows that when a task is high in
variability and low in analyzability - that is, high uncertainty - another ﬁ
set of coordination mechanisms are used than when the task is low in
variability and high in analyzability, or low uncertainty'’. As
uncertainty increases, impersonal coordination mechanisms such as
rules and plans decrease in use, the use of vertical communication
channels remain invariant, while the use of horizontal channels
increases significantly. The use of scheduled and unscheduled meetings k
increases significantly as well with increased task uncertainty (Van de
Ven et al., 1976).

In a contingency framework, technology influences organizational 'g
structure. Mintzberg (1979) concludes that coordination is the core of §
organizational structure and that the configuration of the basic
coordination mechanisms' makes up its structure. This view is a

12 yan de Ven merged in this study the two Perrow-dimensions into one

dimension of uncertainty. This use of Perrow’s construct is later discussed by !
Withey et al. (1983). Two other independent variables, “work flow E t
interdependence” and “work unit size”, were tested as predictors of :
coordination mechanisms in the same study (Van de Ven et al., 1976).

13 Mintzberg refers to the following as the basic coordination mechanisms:

mutual adjustment, direct supervision, standardization of work processes,

standardization of work outputs and standardization of worker skills. There is
14
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synthesis of much of the earlier writings on organizational structure and
leads to a clear focus on communication and information processing in
organizations. Contingency theorists used these findings to study how ;
organizational structures vary, depending on how tasks are solved and :
the situation of the organization in general (Mintzberg, 1979).

Theories of coordination in organizations (e.g. Mintzberg, 1979;
Malone & Crowston, 1994; Crowstone, 1997; and Malone & et.al,
1999) often use the empirical studies of Van de Ven and Delbecq
(1974) or Van de Ven, et al. (1976) as a basic reference. One
contribution of this perspective is' to bridge the individual and
organizational levels of analysis. Information processing, including
feedback and decision processes, is the main element in coordination
(Malone & Crowston, 1994; Crowstone, 1997; Malone & et ai., 1999).
The initial principle is based on the notion that work needs to be
coordinated and can itself be characterized by the number and types of
interdependencies involved (Thompson, 1967; March and Simon, 1958;
Malone & Crowston, 1994). A main thesis in technology-structure
research is that the way in which fasks are solved determines the
number and types of interdependencies which, by their need for
coordination, in turn influence organizational structure (Mintzberg,
1979).

2.2.3Influence on Research on Information Processing in Organizations

Furthermore, Van de Ven et al.’s (1976) definition of task uncertainty
as the degree of analyzability and variability of the work undertaken,
became a first step in a mew application of Perrow’s technology
construct. Theories of organizations as information processing systems
utilized this aspect of Perrow’s construct in conceptualizing
organizations’ “information processing capacity” and tasks’
“information-processing requirements” (e.g. Galbraith, 1977; Tushman
& Nadler, 1978; Daft and Machintosh, 1981; Daft and Weick, 1984;
Daft and Lengel, 1986). This perspective inspired theory developments
with regard to design of Management Information Systems (e.g.
Galbraith, 1977; Tushman & Nadler, 1978).

Another interesting example of a research stream stemming from |
information processing literature is that of media richness theory (Daft
& Macintosh, 1981; Daft & Lengel, 1984; Daft & Lengel, 1986). This
research stream contributed in developing the distinction between
uncertainty and equivocality and tied it to Perrow’s taxonomy (Figure

no clear agreement among organization theorists about a comprehensive and
unified definition of coordination mechanisms. Mintzberg refers to March and
Simon (1958) who use the more basic terms of coordination: feedback and
standardization. Other authors, for instance Malone (1991, 1994 and 1999) and
Crowstone (1997) use both similar and other distinctions.

15



Pemrow’s Technology Construct and the Redundancy Problem

2.1, page 49) and, in particular, to the routine — non-routine diagonal.
Before this development, lack of information meant uncertainty and
more information reduced uncertainty; the equivocality concept
(Weick, 1979) was tied to Perrow’s technology construct* to pinpoint
task situations where, contrary to the ordinary view, more information
did not reduce uncertainty (Daft & Macintosh, 1981). In situations of
uncertainty, it is possible to formulate questions and thereby receive
answers that reduce uncertainty. In situations with equivocality,
meanwhile, it is difficult to know which questions to ask and
information received is difficult to interpret'”. This phenomenon was
further developed by Daft & Weick (1984) and has been a fundamental
element to media richness theory.

Media richness theory ties together characteristics of the task resolution
process - such as uncertainty and equivocality - and signal-conveying
properties of different types of communication technology. Based on
the match of these properties, consequences for use of appropriate
communication media are suggested. Some of the central studies within
media richness theory were conducted by Daft et al. (e.g. Daft &
Macintosh, 1981; Daft & Lengel, 1984; Daft & Lengel, 1986; Daft et
al., 1987; Trevino et al., 1987). Each of these studies utilized the
dimensions in Perrow’s technology construct as independent variable to
explain variations in media use and information processing
theoretically and/or empirically.

In contingency theory, technology is one of the most proposed and
researched determinants of organizational structure (Child, 1977).
Withey et al., in their much cited 1983 AMI article, tested five
instruments from five seminal studies with different operationalizations
of Perrow’s construct, finding four of them valid. Few
operationalizations in organizational theory have been more tested,
found more valid and been more applied than Perrow’s technology
construct.

And yet, contrary to these views, this study argues that redundancy and
confounding in Perrow’s construct reduces the construct’s predictive
and nomological validity. In validation studies of Perrow’s technology
construct (e.g. Dewar et al., 1980; Withey et al., 1983), these aspects of
validity have not been an issue; in considerations of its validity,
convergent and discrimjnant validity and not predictive and
nomological validity have been of primary concern. In the next sections

1 perrow’s technology construct is referred to as “elements of task
uncertainty” and “task characteristics” by Daft & Machintosh (1981, p 208).

B For discussions of equivocality in the context of organizations’ and
individuals’ information processing see also Weick, 1979; Daft & Weick,
1984; Daft and Lengel; 1986.

16
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of this thesis I will argue, with the aid of a theoretical and empirical
assessment of the “Perrow-based” research, that redundancy and
confounding in the construct represent a threat to predictive and
nomological validity. In other words, establishing convergent and ’
discriminant validity is not a guarantee against other types of invalidity.

2.3 A Framework for Analyzing Redundancy in Constructs

Redundancy represents factors that are overlapping and thus not distinct |
at the theoretical and/or the operational level (e.g. Tesser & Krauss, E
1976; Singh, 1991). Singh (1991) argues that redundancy tests should
be performed more often as, if construct redundancy issues remain !
unaddressed, substantial confusion may persist and dissipate research

energy. Singh’s 1991 publication describes a test of redundancy, which

1 will apply to Perrow’s technology conmstruct. The goal is to undertake

a systematic analysis of the logic of the construct and the degree of

redundancy it carries.

Since constructs and dimensions in constructs are to be defined so as to
be inclusive of all cases they are to cover and exclusive of all other
cases, redundancy involves also confounding. If redundancy exists, one
has not achieved exclusiveness, but confounded the redundant part(s)
with some other phenomenon. In other words, when two dimensions
contain redundancy, the redundant element is amalgamated into the two
dimensions that were supposed to have distinct meanings. Since
redundancy implies confounding, it also challenges construct validity -
both nomological'® and predictive (Campbell and Fiske, 1959; Cook
and Campbell, 1979).

Redundancy compromises our ability to determine how the whole
construct and dimensions thereof behave relative to other phenomena.
Construct redundancy becomes a bigger threat to validity when the
origin and extent of the redundancy are difficult to detect and, in
particular, if the redundant elements bear strong interaction effects. In
this way redundancy increases the probability of confounding both
constructs and relationships.

Singh (1991) elaborated Tesser and Kraus’s (1976) test of redundancy
of constructs to enhance parsimony in research (Tesser & Krauss,
1976):

16 The nomological validity (network) pertains to how well the construct fits
lawfully into a network of expected relationships (Cronbach & Meehi, 1955,as
referred to in Nunnally and Bernstein, 1994, p 91). The nomological validity is
a part of construct validity. Predictive validity is defined as how well the
construct correlates with the criterion (Nunnally & Bernstein, 1994).
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«_.evidence of non-redundancy is obtained when: 1) &, and & are h
positively correlated, and 2) & and &; have significant but opposite

relationships with a given consequence (or antecedent)” (Singh 1991 p.

258)".

Application of the redundancy test, with Perrow’s technology construct
as example, is illustrated in Figure 2.5 below®.

Figure 2.5: Strong Evidence of Non-redundancy

The test’s logic resides in an evaluation of the technology construct’s
two dimensions with respect to their antecedents and consequences.
According to Singh (1991), is it logically impossible for perceived task
variability (A) and perceived task unanalyzability (B) to be redundant
and, at the same time, related in an opposite manner to a given
antecedent (degree of expertise) or consequence (performance).

2 i s somencsis s

7 € (eta) represents the comstructs, & perceived task variability and &
perceived task analyzability. In figure two I have used the letters A and B,
instead of the Greek, to illustrate perceived task variability and analyzability i
respectively. The + and — signs illustrate the relationships between the !
variables. For instance, the antecedent has opposite relationships to the two ’
dimensions in Perrow’s construct, while the two dimensions in Perrow’s
construct correlate positively. If this is the case, the two dimensions are
according to Singh not redundant. The same logic counts for the relationships
to the “consequences”.
18 Note that the scale for analyzability is reversed, so that the + sign on the line )
between “perceived task unanalyzability” and “perceived task variability” in | <
the figure illustrates that “higher unanalyzability” correlates positively with
higher perceived task variability.
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Singh (1991) suggests, in line with Kaplan (1964), that this test of
construct redundancy be performed both at the theoretical and empirical

levels. In psychometric theory, Nunnally & Bernstein (1994) suggest an '

empirical test of redundancy by confirmatory factor analysis in a
structural equation model framework (e.g. Bollen, 1989; Bollen &
Lennox, 1991; Hair, Anderson, Tatham, & Black, 1995). Such a test
consists of sefting the correlations between the two suspected redundant
constructs to 1 and then analyzing the change in the fit of the model.
Singh’s test takes such an empirical approach as well, however his
emphasis on the theoretical discussion allows the test to also consider
less extreme cases of redundancy, while the focus is a test of “non-
redundancy”.

It is important to not only consider the extreme cases, since redundancy
problems do not only exist at the extremes alone; the gray areas of
partial overlap can be as problematic as a complete overlap, especially
when the interaction effects of the confounded elements are strong.
Furthermore, since such partial overlaps will not be detected in the
traditional tests of redundancy, they are of special threat to validity.
Consequences of confounding elements with such interaction effects
are, as mentioned, a main subject in this dissertation. The theoretical
discussion of interaction effects starts in section 2.4.5 and is an
underlying theme in Chapter 3. Empirical evidence of such interaction
effects is reported in section 5.6 and their consequences discussed in
section 7.2.

A systemic analysis of Perrow’s construct implies discussion of the
construct’s properties, with respect to the theories in which it is applied
as well (Peter, 1981). In the previous section I reviewed the origins and
application of the construct. A first step to eliminate or reduce
redundancy in constructs is to explicate redundant elements and
unaccounted for relationships within and between constructs; an
understanding of the construct, the antecedents of the construct and its
consequences is therefore necessary. In the next sections, I discuss the
systemic meaning (Peter, 1981) of Perrow’s construct first with respect
to its consequences and then to its antecedents on the theoretical and
empirical level.

Since Perrow’s technology construct is used as an independent variable
within organizational theory, the literature review reflects this
accordingly. The research examining Perrow’s technology construct’s
relationship to. dependent variables is summarized in Appendix 1,
providing an overview of the independent and dependent variables
studied, as well as the main findings.
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2.4 Assessment of Redundancy in Perrow’s Construct

This section will discuss and analyze the meaning and the degree of
overlap between the two dimensions as they interact with respect to
their consequences or dependent variables. This will first be done at the
theoretical level and then at the empirical level as a part of Singh’s
(1991) framework to analyze redundancy.

2.4.1Assessment of Redundancy at the Theoretical Level

Many of the reviewed articles have become frequently cited studies and
are corner- stones of the literature on technology and the structuring of
organizations. The critique posed in this study addresses the validity of
these findings. Instead, then, of discussing the validity problems created
by applying Perrow’s construct in each of the studies presented, I will
focus on how the confounding - embedded in the very construct - in
principle invalidates research.

In order to approach a theoretical assessment of the degree of
redundancy in the construct, I examined the logic of the propositions in
the reviewed articles. This examination focused on whether and/or to
what extent the two dimensions in Perrow’s techmology construct
influence the dependent variables in the same manner (Singh, 1991), as
presented in Section 2.1. If both dimensions behave in a similar manner
with respect to both comsequences and antecedents, and the two
dimensions in Perrow’s construct are positively correlated, there is no
evidence of non-redundancy (Tesser & Kraus, 1976; Singh, 1991).

The logic of the relationship between Perrow’s technology construct as
independent variable and dependent variables is quite consistent across
the studies. This line of thought can, for the purpose of an examination
of redundancy, be summarized by discussing two theoretical claims
typical of the research applying the construct, and from two much cited
studies, namely Van de Ven et al. (1976) and Fry & Slocum (1984).
Van de Ven et al. (1976) argue that increasing “task uncertainty”"’,
high task variability and low task analyzability makes it increasingly
difficult to program tasks, and that it therefore “becomes more difficult
to coordinate by impersonal means” (Ven de Ven et al., 1976, p. 24).

Increasing task uncertainty reflects task resolution processes with
perception of higher task variability- and lower analyzability.
Coordination by impersonal means is defined as coordination by plans
or programs (Van de Ven et al., 1976; March & Simon, 1958); thus, it
is implicitly theorized that the higher perceived task variability, or the

% As discussed above, Van de Ven et al. (1976) used Perrow’s construct as a
compound construct and referred to it as task uncertainty.
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more exceptions perceived, the more difficult it is to coordinate by
plans or programs. This is simply due to the fact that it is more difficult
to plan for unexpected than expected events. Similarly, it is assumed
that the lower the perceived task analyzability - that is, the less
routinized search procedures - there are for a task - the more difficult it
will be to coordinate it by plans or programs.

The implications of this logic with respect to the test of non-redundancy
is illustrated in Figure 2.6, below.

Figure 2.6: Example of Relation to a Dependent Variable.

+
o \// g \‘\\
Perceived Perceived
Task >
Unanalyzability/
"

Coordination
by
plans

Perceived task variability and unanalyzability are positively correlated,
in that the higher the perceived the task variability, the higher the
unanalyzability. Simultaneously, both perceived task variability and
perceived task unanalyzability are related negatively with coordination
by plans.

The other study, that of Fry and Slocum (1984), argues that:

Effective workgroups are hypothesized to have structural
characteristics appropriate to their level of technological
uncertainty (i.e., mechanistic structure-certain technology;
organic structure-uncertain technology), Less effective units
are hypothesized to have a “mismatch” between technology
and structure (i.e., organic structure-certain technology;
mechanistic structure-uncertain technology (p. 226)

Technological uncertainty is defined in terms of perceived task
variability and analyzability. For effective work units, it follows that
perceived task unanalyzability and variability correlate positively, both
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with each other and with degree of organic structures. The higher
perceived unanalyzability and task variability, the more organic
structure. Thus, with respect to Figure 2.6, by exchanging “coordination
by plans” with “degree of organic structure”, the picture is the same;
with degree of organic structure as dependent variable, the positive
correlation between perceived task unanalyzability and variability
remains the same. Both dimensions will have a positive but still similar
correlation with the dependent variable.

To summarize the theoretical assessment with respect to redundancy in
Perrow’s technology construct, both dimensions correlate positively
and have similar relationships to their consequences. Hence, the
assumption that the two dimensions are redundant cannot be dismissed
(Singh, 1991). In order to obtain evidence of non-redundancy, one of
the dimensions needs to have a different relationship to an antecedent
or to a comsequence, or have a megative correlation to the other
dimension (Tesser & Krauss, 1976; Singh, 1991). The theory predicts
perceived task variability and unanalyzability to correlate positively
and behave similarly with respect to their dependent variables.

2.4.2Assessment of Redundancy at the Empirical Level

As a part of the test for non-redundancy, this section reviews the
empirical results from research pertaining to the consequences of
Perrow’s technology construct. Table 2.1 (p. 24) presents seven
empirical studies treating each of Perrow's two dimensions separately
and reporting correlation coefficients with one or more dependent
variables. The other empirical studies either reported only a compound
measure, often called the routineness-nonroutineness construct, only
one of the dimensions, or other measures of technology and could
therefore not be included in this discussion of the overlap between the
two dimensions. The table presents the correlations, as available,
between the two dimensions and between each of the dimensions and
the dependent variable. For now the reader should disregard the far
right column, which I will return to in the next section.

The table is presented to provide an overview of the correlations in the
empirical findings. The first article, the seminal study by Van de Ven
and Delbecq (1974), is already discussed in section 2.3.1. It uses a
“fixed effect model” (Kirk, 1995) to test whether the structure of the a
priori classified work units can be discriminated and classified based on
perceived task analyzability and variability. This study is the one that
best controls the objective properties of the task solved, and the
homogeneity of the respondents’ degree of expertise. The results reveal
significant differences, yet correlation coefficients are not reported. The
second article, presenting Daft and Macintosh’s (1984) research, is also
discussed in section 2.3. It is, however, not concerned with structural
variables, but with amount of information processed and the degree of
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equivocality of the information processed. The study obtains some
results that, according to the authors, are puzzling and contrary to what
they expected, and are further discussed in the implication section of
this study (Chapter 8).

Withey et al.’s work is the third article included, and is an instrument
validation study. It tests five different instruments that have been
frequently used to measure Perrow’s technology construct. Four of
them are found valid. The study is further discussed in Chapter 3.3,
. specifically with respect to differences between subordinates and
supervisors in their perceptions of task. The fifth article, Fry and
Slocum’s study (1984), is in part discussed above. Its contribution is
that it studies factors that may moderate the relationship between
technology and structure, although the findings were often
insignificant, contrary to what the authors expected, and raised more
questions than they answered (Fry and Slocum, 1984).

The sixth article reports a study (Dunegan, 1992) on the relationship
between leader-membership exchange and subordinates® performance,
and how it is moderated by perceptions of task analyzability and
variability. Perceived task variability showed a significant influence on
subordinate performance. The interactions between analyzability and
variability with respect to leader-membership exchange were not found
significant. The three-way interaction of variability/analyzability/-
leader-membership exchange was significant at the five percent level,
but the increase in explained variance was modest. The studies of
Ghani (1992), Larsen, (1993) and Keller (1994) are included because
they measure correlations between the two dimensions in Perrow’s
technology construct and a rich selection of dependent variables.
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Perrow’s Technology Construct and the Redundancy Problem

Some of the strongest correlations, as seen in Fry & Slocum and Daft &
Macintosh’s work, are opposite to what would be expected from theory
and earlier empirical validations of the measures. The average
correlation between perceived task analyzability and the dependent
variables in the table is ,16. The average correlation between perceived
task variability and the dependent variables is in fact also ,16”, which
in this type of research is considered small (Lipsey, 1990; Cohen,
1988). A correlation of ,16 provides an 1* of ,025, which leaves 97,5%
of the variance unaccounted for. Overall, the table shows that empirical
results in technology-structure research are diverse and that correlations
are often low. This diversity in empirical findings is more thoroughly
studied elsewhere. (See for example Miller’s (1991) meta-analysis of
the technology-structure research or Barley & Kunda’s (2001)
discussion of research needs in organizational theory.)

With respect to the empirical part of the non-redundancy test, the
studies reporting a correlation between the two dimensions show a
positive correlation between analyzability and variability, with the
exception of Fry & Slocum (1984), who report a negative correlation””.
When the studies with negative correlation between perceived task
analyzability and perceived task variability are made comparable to the
others and the non-significant correlations are disregarded, the two
dimensions relate with similar sign to all the dependent variables in all
studies®, barring the one relationship in Daft and Macinthosh’s study.
This latter finding is deemed “puzzling” by Daft and Macintosh as well
(Daft & Macintosh, 1983, p. 218) and reasons for the results are further
discussed in the “Implications for future research” section of this thesis.
However the conclusion of the research review undertaken for this
thesis and discussed above is, firstly, that task variability tends to be
strongly positively correlated with task unanalyzability and, secondly,
that perceived task variability and unanalyzability are related with
similar sign to their consequences. The conclusion of the non-

2! Instead of letting positive and negative correlations cancel each other out,
the absolute values of the correlation coefficients are used to calculate the two
averages.

2 Bry and Slocum do not indicate that this is caused by a reverse scale of task
analyzability, as is the case with the other studies with negative correlations.
Many studies design the scales so that perceived task “unanalyzability” is used
together with perceived task variability. In most studies this provides a positive
correlation between the two dimensions. In order to compare the results of
these two scales, one of the scales has to be multiplied by (—1). Those that need
to be multiplied by (-1) are marked “analyzability reversed” in the left column.
The only study which does not have a significant correlation between
perceived task analyzability and variability is Dunegan’s (1992) study.

B The non-significant correlations also have the same sign to the dependent
variable, except two.
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Perrow’s Technology Construct and the Redundancy Problem

redundancy test is therefore that the two dimensions of Perrow’s
construct have not proven to be non-redundant; on the contrary, the
dimensions in Perrow’s technology construct correlate strongly and are
related, in the same manner and with the same strength, to the
dependent variables. These are the empirical facts. It is also reasonable
to question, based on the theoretical discussion, whether perceived task
variability and analyzability are conceptually independent and explain
different things. Furthermore, it is not crystal clear from reading the
studies that Perrow’s two dimensions are perceptual. The task
analyzability variability constructs seem sometimes to describe
objective characteristics of the task and a clear distinction between the
objective and subjective are not made.

For the test of non-redundancy, Singh (1991) prescribes a discussion of
both the antecedents and the consequences of the construct analyzed.
This is the theme in the forthcoming section.

2.5 The Antecedents of Technology

A high covariance between dimension A (perceived task analyzability)
and B (perceived task variability), as found in for example Withey et
al.’s (1981) test of five instruments and as illustrated in Figure 2.7 (),
may indicate that the two dimensions share common characteristics.
Figure 2.7 (I[) makes this picture more complex, indicating that
antecedents X and Y cause the covariance between the two dimensions
and directly influence the dependent variable (C). All three alternatives
may also interact simultaneously; that is, A and B may share common
characteristics, have antecedents X and Y influencing them, while X
and Y both directly and indirectly influence the dependent variable C.
If the situation is as illustrated in Figure 2.7 (II), there are good reasons
to be careful using construct A and B as sole predictors of C. These
reasons will be further discussed in the following sections.
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Figure 2.7: Sources of Co-variation <

I propose that the two most conspicuous antecedents of perceived task §
analyzability and variability are the task itself and the task doer’s i
cognitive schemata®, Accordingly, in order to obtain reliable and valid B
results in task-related studies, it is necessary to distinguish between “
what is to be perceived and the task doers’ perceptual propensities, for
example the task doers’ cognitive schemata™. When the two are
confounded, it is likely that different task doers refer to different tasks,
and that subjects with different degrees of expertise evaluate the same
task differently. It is certainly likely that subjects with different degrees
of expertise evaluate different tasks differently. Thus, confounding the
task and the perception of the task will be a threat to both validity and
reliability®.

To evaluate the extent to which these two factors were taken into d
account in earlier empirical research, I developed an index for the
studies presented in Table 2.1 (p. 24), ranging from “high control” to
“no control” for both cognitive schemata and objective task complexity.

o

2 The term cognitive schemata is defined on page 5 and is further discussed in
the following chapters.

5 See Weick (1965), Wood (1986) and Campbell (1988) for a similar
argument for the need to distinguish between the objective and subjective in
task related research.

Ak

% How to distinguish between tasks of different types and levels of objective - %
complexity is discussed in detail in section 3.1.
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In order to achieve the rating “high control” (3) for cognitive schemata,
a cognitive mapping technique?” should be applied (Markéczy, 1997).
The rating “control” (2) would be given if the study applied a control
for the respondent’s demographics with regard to background (e.g
Walsh, 1988; Markéczy, 1997), while studies that applied a control for
the respondent’s position, for examgle as supervisor or subordinate,
received the rating “low control” (1)*. Studies without any of these or
any other controls were rated “no control” (0).

The control for objective task complexity was rated similarly. The
control and measure of objective task complexity has to be performed
independently of the task doer”, requiring that the researcher develop
and administer such a control. Studies were rated “high control” (3) if
an index of objective task complexity was used to categorize or rate the
tasks in advance (e.g. Wood, 1986) and if the tasks were administered
to the subjects according to a plan. If tasks were categorized based on
some more or less explicated structural properties (e.g. Van de Ven &
Delbecq, 1974) and some means ensured that the task-doers were in
fact referring to the categorized task(s), the study rated “control” (2). If
variation in objective task complexity in any other, less specified way
was attempted controlled for, the rating “low control” (1) was given.
Barring any of the above control initiatives, the rating “no control” (0)
was given.

Fry and Slocum’s (1984) study of work units in a police organization is
an example of a study with no control for variation in task complexity.
Within each unit respondents were asked whether they felt there was
variety in their work and whether new things happened on the job, with
person specialization measured in terms of job title. The tasks were
however not distinguished from each other - not within nor between
work units.

The control rating is presented in the very right column in Table 2.1 (p.
24). Only one study received the rating “2”, one “1” and the rest scored
“0”, which underscores the point that there have been virtually no
controls for such antecedents in the empirical studies of technology and
structure.

*T Cognitive mapping refers to techniques for systematizing individuals’
cognitive schemata pertaining to a specific task or field. See for example Huff
(1990).

% This rating is based on empirical research on different proxies for degree of
expertise. The discussion of demographics as proxies for cognitive schemata
and degrees of expertise is presented in section 3.2.

¥ The methodology section in this study illustrates how such a control can be
developed and administered.
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Despite the threats such antecedents pose to validity, the relationships 1
between Perrow’s technology construct and its antecedents have never
been studied. It has been mentioned that the two dimensions may
interact, even by Perrow himself (1967), but the consequences of such a
suspicion have never been analyzed.

This section will further discuss the relationships between Perrow’s ,
technology construct as a dependent variable and knowledge structures 4
and objective task complexity as independent variables. 1 will first
present how knowledge structures influence each of the two dimensions i
in the technology construct, followed by a discussion addressing how ;
objective task complexity influences the same two dimensions. The -
purpose of this discussion is to logically explore, in accordance with
Singh’s (1991) test of non-redundancy, the degree of overlap between
the two dimensions in the technology construct. I hope as well to
further clarify the rationale for an empirical investigation of the
consequences of the confounding suggested to exist in this technology
construct.®

% e s 25 e

2.5.1Knowledge Structures Influence Perceived Task Variability and
Analyzability

In other traditions there is much relevant research to further

understanding of the antecedents of the two dimensions and their

interrelations. For example, summarizing and structuring the work on

cognition in organizations, Walsh (1995) presents the literature -
pertaining to antecedents and consequences of knowledge structures.

See Walsh’s framework in Figure 2.8 on the next page.

2o

30 Thys, the propositions developed here pertain to the non-redundancy test %
and not to the hypotheses later to be developed and tested in this study.
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Figure 2.8: Walsh’s Organizing Framework for Knowledge Structure
Research
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Of particular interest to the present discussion is the link between
“knowledge structures” and their “consequences”. The existence of the
“information environment”, which in this case can be seen as the task
outside the task doer’s knowledge structures, is also interesting to this
study.

How knowledge structures influence the two Perrow dimensions will be
pursued in the next two sections. Thereafter, I will discuss how the
information environment, in terms of objective task complexity,
influences Perrow’s construct.

2.5.2Knowledge Structures and Perceived Task Variability

This is the area where psychological research has contributed most and
where it has been established that knowledge structures affect
information processing in predictable ways (Walsh, 1995). Research
findings within the cognitive sciences support the proposition that the
task-doer’s knowledge structures influence his or her perception of the
task. It has been found that knowledge structures serve to allocate
attention, facilitate perception, encoding, retrieval, and speed-up
problem-solving, among other skills (see Walsh, 1995, for a review).
More specifically, experiments with experts’ and novices’ information-
processing indicate that differences in knowledge structures lead to
predictable and systematic differences in both perception of problems
and search for their solutions (e.g. Chi & Feltovich 1981; Schoenfeld &
Herrmann, 1982; Chi et al., 1988; Dukerich & Nichols, 1991; Day &
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Lord, 1992)*. In this perspective, perceived task variability, or the >
perception of an exception, can be defined as occurring when the
domain-specific schemata do not contain a slot or script as to how to
interpret the stimulus. Hence, when a stimulus is perceived but not
recognized by the schemata, it constitutes an “exceptional case”.

2.5.3Knowledge Structures and Task Analyzability

From' a cognitive perspective, “task analyzability”* represents the g r
consequences of the quality of an organization’s script to perform the z
task. Thus, a given task is analyzable when there is a well-defined
script for handling the task, and vice versa. In this perspective, the !
analyzability of a task is a subjective phenomenon and will, for the
same task, vary among individual task performers and organizations.
Similarly, the number of exceptions encountered will reflect the task
performer’s capacity to recognize such stimuli. .

The link from perception to knowledge structures was drawn in early |
theories on the influence of schema on perception (e.g. Neisser 1976;
Weick 1979). These theories argued that perception depended on one’s
schema, their stance captured in the quote of Neisser (1976):

The schema accepts information as it becomes available at

sensory surfaces and is changed by that information; it :
directs movements and exploratory activities that make more ;
information available... (p. 112). i

This quote proposes that the task doer’s schemata influence the
analyzability of a problem. But dependency has both a long-term and
short-term character. In the short term, search depends on perception
through comparison and selection of schemata for search; in the long
term, it further depends on the learning that is assimilated and
accommodated by the schemata. |

There is much research on the distinction between controlled and
automatic information processing (for managerial application see for
example Dutton, 1993). This distinction is analogous to Perrow’s .
distinction between unanalyzable (controlled) and analyzable problems :
(automatic). The similarity is that analyzable problems are routinized
and can be processed more automatically than can unanalyzable !
problems, which require careful and controlled processing. There are :
empirical studies supporting the proposition that the perception of

unexpected stimuli interrupts automatic information processing and

evokes a greater or lesser degree of problem-solving activity (e.g Reger

& Palmer, 1996; Hastie, 1984).

*! These differences will be further discussed in Section 3.2.
32 _ or “performance programs”, to use March and Simon’s (1958) term.
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Since degrees of task analyzability are defined by degrees of systematic
search, it is interesting to take notice of more recent research on the
direction of search processes. Hastie (1984) reviewed empirical studies
and suggested that the information search tended to be causal in the
case of unexpected events. Dukerich and Nichols (1991) elaborated on
this view and found that experts tended to search for information
according to the causal structure of the problem, as opposed to novices
who tended to search for information according to the surface-structure
of the problem. These findings support related research results on the
relationship between the quality of cognitive structures, perception and
search processes (e.g. Chi & Feltovich, 1981; Chi et al., 1988; Day &
Lord, 1992).

Hence, the non-redundancy test suggests a positive correlation between
perceived number of exceptions and perceived task unanalyzability. It
may further be proposed that degree of expertise correlates negatively
with number of exceptions encountered; similarly, higher degree of

- expertise correlates negatively with task unanalyzability. This is
illustrated in Figure 2.9.

Figure 2.9: Knowledge Structures as Antecedent of Perrow’s Construct.

Perceived
Number of
Exceptions

Task
Unanalyzability

2.5.40bjective Task Complexity and Perrow’s Technology Construct

The application of Perrow’s technology comstruct reflects a very
general concept of tasks, which does not distinguish between the
subjective and objective. I have argued that the lack of this distinction
is at the core of the confounding problem in the construct. Specificity in
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conceptual definitions and operationalizations reduces the risk of
measuring irrelevant variation and increases the validity of the
measures. More objectively oriented conceptualizations of tasks than
Perrow’s exist, as in for example the work of Hackman (1969), Naylor
& Dickinson (1969), and Naylor et al., (1980). To distinguish between
the task to be perceived and the perceptions of the task gives ground to
a more valid and reliable measure. A review and further development
of the objective task complexity construct is given in Section 3.1.

With respect to the non-redundancy test and the evaluation of Perrow’s
technology construct’s relationship to its antecedents, it is commonly
held that an increase in the objective complexity of the task increases
the demands on the task-doer’s information processing (e.g. Wood,
1986; Campbell, 1988). It would as such be reasonable as well to
assume that variance in objective task complexity influence perceived
analyzability and variability. More specifically, it may be proposed that
an increase in objective task complexity will increase the perceived
number of exceptions perceived. Similarly, an increase in objective task
complexity will increase the unanalyzability of the task. These
relationships are illustrated in Figure 2.10 and will be discussed in more
detail in sections 3.1, 3.2 and 3.3.

Figure 2.10: Objective Task Complexity as Antecedent.

Objective
Task
Comiplexity

Perceived
Number of
Exceptions

N

In the test of non-redundancy between the two dimensions in Perrow’s
technology construct, I have discussed the relationship between the
technology construct and its consequences, first at a theoretical and
then an empirical level. It was concluded that there is a strong positive
correlation between the two dimensions, perceived task unanalyzability
and variability. The relationships to the consequences also had similar
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direction. The test could therefore not reject the proposition of
redundancy between the two dimensions with respect to the technology
construct’s consequences.

The second part of the test addressed the technology construct’s
relationship to its antecedents, in terms of objective task complexity
and degree of expertise. The conclusion reached is that each of the
antecedents is related to the two dimensions in the technology construct
with similar signs. The test does not therefore provide evidence of non-
redundancy in Perrow’s technology construct; it provides, rather,
reasons to conclude that the two dimensions in fact reflect overlapping
phenomena. I have argued that two of the overlapping phenomena can
be conceived of as the cognitive structures of the task-doer and the task
to be perceived. The next section points to some further complications
of confounding these two phemomena, while Chapter 3 develops a
theory and research model to study the consequences of confounding
the task as such and the perceptions of the task.

2.5.5Interaction Effects of Antecedents

An interaction effect is present when the effects of one independent
variable on a dependent variable change at the different levels of the
second independent variable (e.g. Keppel, 1991). Interaction effects
between not explicated and overlapping parts of a construct are
impossible to control and therefore reduce the validity of the construct.
Such interaction effects are likely to take place in Perrow’s technology
construct, due to the confounding of objective task complexity and the
task-doer’s knowledge structures. For example, several studies indicate
that experts and novices perceive tasks differently. Experts perceive
certain parts of the task more accurately than do novices, while novices
perceive other parts more accurately (e.g. Chi & Feltovich 1981;
Schoenfeld & Herrmann 1982; Chi et al., 1988; Dukerich & Nichols
1991; Day & Lord 1992; Wiley, 1998)%. It can thus be argued that the
two groups will perceive different fypes of task variability and that
these differences differ as the types of variability change®. More
specifically, recent studies indicate that novices tend to be better at
performing tasks that require perception of certain types of details,
while experts may at this level be at a disadvantage because of their
more abstract knowledge (Wiley, 1998).

The consequence of such interaction between the two antecedents |
would be instability regarding the direction of the discussed : ‘
relationships. Depending on the type of variation in the task and the é
degree of expertise, the relationships to the two Perrow dimensions ?
would change. If this holds true, confounding the subjective and

33 These perceptual differences with respect to different types of task
complexity will be discussed in detail in chapter 3.

3 Such different types of exceptions are defined and discussed in section 3.1.
35




Perrow's Technology Construct and the Redundancy Problem

objective part of the task would result in an unreliable and often invalid
measure of the technology construct. The next section will further
specify this critique. The subsequent chapter, meanwhile, develops a
research model to study the effects of differences in knowledge
structures and objective task complexity on the perceptions of task
analyzability and variability, in order to thereby evaluate the
consequences of confounding objective and subjective task
characteristics.

2.6 Explicating Redundancy

The proposition discussed so far is that redundancy and confounding, at
both the theoretical and operational levels of the technology construct,
contribute to a lack of conclusive results in technology-structure
research. Perceived task variability and analyzability, which have been
claimed to be independent and to measure separate phenomena (e.g.
Perrow, 1967, Withey et al., 1981), are both in fact dependent and
comprise redundancy. The nature of this redundancy is a confounding
of subjective and objective task characteristics. In this section, I will
further specify some of the characteristics that are confounded and
suggest how they may interact.

2.6.1Distinguishing Between the Subjective and Objective in Perrow’s

Construct

Research on task complexity can be seen in three perspectives: 1)
complexity as a psychological experience, 2) complexity as a task-
person interaction, and 3) complexity as a function of objective
characteristics (Campbell, 1988).

For the purpose of this study it is useful to create a mix between
perspectives 2 and 3 above, or a match between the task-doer’s
cognitive structure and the task as a function of objective
characteristics. The task-doer’s cognitive structure and the objective
task complexity represent the subjective and objective elements of the
task resolution process, respectively. These are analyzed separately in
this study. When the task-doer perceives the [objective] task, the result
is referred to as the perceived task complexity. See sections 3.1, 3.2 and
3.3 for a detailed discussion of the perceived task complexity construct
and the relationship between cognitive structures, perceptions and
objective task complexity..

2.6.2Problemsi on the Theoretical Level

In order to explicate how the subjective and objective are mixed
together in Perrow’s two dimensions, perceived task analyzability and
variability, 2 two-by-two matrix may be illustrative. The subjective
construct reflects on the one hand the task-doer’s ability to analyze the
task and, on the other hand, the task-doer’s ability to perceive and
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evaluate exceptions. The objective construct, for its part, reflects on the
one hand the objective task complexity and on the other hand where
and how objective exceptions in the task may occur.

How do differences in cognitive structure and in objective task
complexity influence the relationships between analyzability and
variability, as well as the relationships between these and a dependent
variable? The interaction of these two constructs can be summarized as
a specification of Perrow’s technology construct in Figure 2.11 below.

Figure 2.11: The Mix of Objective and Subjective Dimensions in Perrow’s
Construct.

3 (C))
Task Doer’s Task Doer’s Task doer’s Ability
Cognitive Ability to Analyze ———  to Perceive
St the Task Structure Exceptions
ructures
I
Objective/ ()} 1)
Task Task Structure «— Number of Objective
Complexity Task Exceptions

Task Analyzability Task Variability

The two-by-two matrix illustrates that both task variability and
analyzability have two dimensions: the objective task complexity and
the subjective knowledge structure® of the task executor. The arrows in
the figure indicate how the two dimensions in Perrow’s technology are
interrelated. An increase in number of objective exceptions (1)
represents, as discussed in Section 2.4.4, an unexpected cue or incident
in the objective task structure (2). A further definition of objective task
structure is provided in Section 3.1. An increase in the complexity of
task structure leads to an- increase in the general information-
processing demands of the executor’s cognitive structures (3).

35 For the purpose of clarity, the term “structure” refers to different concepts as
it is used together with the terms knowledge (structures), task (structures) and
organizational (structure). For an overview of definitions, see the list on page
xii and xiii.
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Furthermore, the type of objective exception (1) will interact with the
task-doer’s degree of expertise, as suggested in Section 2.5.5 and
further discussed in Sections 3.2 and 3.3.

It is generally held that the number of exceptions and the analyzability
of these exceptions are independent dimensions (e.g. Perrow, 1967 and
Withey, 1983). This matrix helps as well to analyze whether the
assumption of independency between the two dimensions holds. If the
two dimensions are independent, it then holds that there do exist tasks
that have many exceptions, of which all are analyzable, and that the
task itself is consequently analyzable. It is also reasonable to suggest
that a given task may have just a few exceptions but these may be un-
analyzable, rendering as a result the whole task un-analyzable.

However, this logic is the result of mixing subjective and objective task
characteristics. Both the number of exceptions and their analyzability
are treated by this logic as objective task characteristics, yet they are
not solely objective. The perceived exception is the result of both an
objective task characteristic and the task doer’s cognitive map of the
task. Similarly, the perceived analyzability of the exception is a result
of an objective task characteristic and the task doer’s cognitive map of
the task. Since the cognitive map of the task doer is an element of both
dimensions, it is difficult to argue that the two dimensions are
independent. It is likely that the task-doer perceiving a task as having
many exceptions has a less complete cognitive map of the task than
s/he who perceives the same task as having few exceptions. In the same
vein, it is likely that the one with a less complete cognitive map
engages a less systematic search behavior pertaining to the exception
than does his/her counterpart with a more complete cognitive map. This
argument thus proposes an opposite conclusion of that which has been
commonly held in the literature; that is, that there is in fact a
dependency between number of exceptions perceived and their
perceived analyzability.

This argument is further strengthened when considering the objective
task, which may itself be a source of dependencies between variability
and analyzability as well. A complex as opposed to a simple task has
more sources for variability and thus a propensity to be perceived as
having more exceptions. Similarly for its analyzability, the complex
task would require a more complete cognitive map to ensure a
systematic search behavior than would the simple task.

2.6.3Problems at the Empirical Level

The theoretical relationships outlined above point to how problems
occur at the empirical level. Take the example of a survey study where
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a task is kept constant®® but the raters of the task have different degrees
of expertise. Due to differences in perceptions, the respondents will
evaluate the analyzability and variability of the task differently and
thereby increase the variance and measurement error of the technology
construct. This will decrease confidence in the estimate and make it
more difficult to obtain strong and significant estimates of correlations
with other variables. The validity and reliability of the study would
decrease further when the control for objective task complexity was
absent. Even task differences that may seem small and insignificant
may prove to be detrimental to the reliability of such measures. The
same task may be routinized differently in different business units and
thereby be vastly different in both objective and perceived task
complexity. For instance standardization of input, transformation or
output may all make a complex task simple. The assembly-line
production of, for example, cars is a good illustration of how division
of labor and standardization turn a complex task into the product of a
set of simple and routinized smaller tasks. How different organizations
have organized task resolution differently will influence both perceived
and objective task complexity.

Withey et al.’s (1983) assessment of the validity of the instruments for
measuring Perrow’s technology construct documents consequences of
not controlling for differences in cognitive structures and in perceptions
of task. They found a significant difference between supervisors’ and
subordinates’ assessments of technology, however this discrepancy was
neither further discussed nor included in the anmalysis, thereby not
influencing the instruments’ validity and reliability. This documented
discrepancy is however interesting to the present discussion, as it
provides empirical support for my argument’’.

2.7 Research Implications of the Review

This review indicates that Perrow’s technology construct has in fact not
been sufficiently validated with respect to possible redundancy and the
consequences thereof. Furthermore, it has been shown that such
redundancy is indeed likely to exist, and studies of the literature based
on Perrow’s original work (1967) have reinforced this proposition.

The resulting thesis is that the redundancy stems from a mixing of

subjective and objective elements of the construct, which in turn leads

to a confounding of factors. The confounding of subjective and

3 Which in itself is unlikely, as documented in 2.1, objective task complexity
is rarely controlied.

37 A further empirical support to my argument is Maynard and Hakel’s (1997)
study. They measured the correlation between perceived and objective task
complexity and found it to be only .34.
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objective factors represents a validity problem insofar as it may obscure A
the relationship between the technology construct and its dependent
variables. I have therefore suggested that the objective and subjective
elements be separated into objective task complexity and the task-
doer’s perceptions of the- task. The main focus of the remaining
chapters is to study how these antecedents, directly and by interaction,
influence perceptions of task analyzability and variability. This study

aims . further to empirically test how measurements, using these |
antecedents, compare with the conventional application of Perrow’s ;
construct. |

Furthermore, the review has suggested how individual differences in
expertise may have contributed to invalidating measures of technology.
Some individuals may be better trained in solving certain tasks and
have as a result the “appropriate” knowledge structure for solving the j
task, while others may have less adequate knowledge structures. Thus, ‘
if one does not control for individual differences in expertise and
differences in objective task complexity, the results will rather reflect
an average of the respondents’ cognitive structures with respect to
different tasks and not any innate properties of the task or technology in
the organization. As argued earlier, there are reasons to propose f
interaction effects between the subjective and objective dimensions and
that such effects may render main effects or averages deceptive and ?
misleading (e.g. Nunally & Bernstein, 1991; Kirk, 1995). Thus, to :
further the research on how organizations differ with respect to
technology, such interaction effects should be explored.

The following chapter will develop a theory of how tasks are perceived
differently by task-doers of different degrees of expertise.

vy
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3. Towards a Theory of Task Perceptions — The :
Research Model ; L

Task perceptions in terms of perceived task analyzability and variability
have, as mentioned, primarily been studied as independent variables in
organization science. However, the discussion above points to the need
to also understand the antecedents of task perceptions. The main
proposition is that degree of expertise and objective task complexity
influence the technology construct; that is, perceived task variability .
and analyzability. The corollary proposition is that the two antecedents f
better explain the variance in task performance than does the "
technology construct. The following sections will define the two

independent variables and develop hypotheses for the relationships to

the three dependent variables as illustrated in the figure below.

ST

Figure 3.1: Theoretical Framework.

I will start by developing and defining the objective task complexity
construct and proceed to a review and definition of the expertise
construct. These two constructs set the background for the perception of
tasks and eventually task performance. By having a theory of how tasks
vary, and knowing experts’ and novices’ propensity to perceive
different task properties, we can be more precise in our prediction of
task doers’ perceptions. Finally, the perceived task analyzability and
variability construct will be discussed with respect to these antecedents
and the present definition will be confronted with problems of
impreciseness. The propositions developed here are summarized at the
end of the chapter.
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3.1 Objective Task Complexity )

To discuss perceived task variability and analyzability it is necessary to
establish what is to be perceived. In the conceptual separation of
objective and subjective dimensions of task resolution, a conceptual
definition of the objective task complexity construct is necessary. The
operational deﬁmhon will be developed and discussed in the
methodology chapter™. However, the distinction between the objective
and subjective raises, as mentioned, epistemological and
methodological problems. Can the task or the stimuli be seen as
objective - as an entity existing independently of the task doer?

The philosophical discussion of such questions is beyond the scope of
this dissertation, although the main disagreements seem to have been J
resolved with Kant’s “cogito ergo sum” and its implications for an J
acceptance of a world outside our perceptions (Fgllesdal, Wallge, &
Elster, 1986). For empirical research, even in central writings of an
interpretative tradition (e.g Berger and Luckman, 1966; Denzin, 1989 |
and Strauss & Corbin, 1990) this distinction is recognized among most 5 |
researchers. Berger and Luckman developed the argument that our
reality exists as a result of interaction between humans and is therefore !
a social construction; however, according to Berger and Luckman, even ;
elements in a constructed world can be conceived of as objective.

Neisser’s (1976) discussion within the field of cognitive psychology of
humans’ interaction with the “objective world” carries much influence
in organizational theory. His model of the “perceptual cycle” is the
same as that later applied by Weick (1979) in his much cited enactment |
model, which again is central to the view of organizations as . ‘
interpretative systems (Weick and Daft, 1984).

Thus, in the literature today, the main problem of the objective task
complexity construct is neither theoretical nor philosophical, but rather
practical. The practical challenges pertain especially to
operationalizations and measurement, which represent bamers to a
more extensive use of objective measures of task complexity™.

3.1.1Definition of the Objective Task Complexity Construct

na

Objective task complexity, according to Wood (1986), following-up on ;
the work of Naylor and Dickinson (1969) and Naylor et al. (1980), is ' |

38 The operational definition bridges the theoretical and empirical levels and
ties the concept to observable phenomena (Frankfort-Nachmias & Nachmlas, {
1996) ‘

3 1 will return to these challenges in detail in the methodology chapter, Section
43.
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conceptualized by combining two perspectives of tasks; the “task qua
task™ perspective and “behavior as requirements”.

The “task qua task” perspective defines the task in terms of stimuli
impinging on the individual. Task characteristics are “real world”
dimensions that relate to the physical nature of either the stimuli or the
stimulus material. The task as “behavior requirements” approach
defines tasks in terms of the critical behavioral responses the task-doer
is required to execute in order to achieve some specific level of
performance (Wood, 1986). In order to separate individual and task
effects, it is necessary to define the task independently of the
individuals performing the task. The “task qua task” perspective
contributes to this end, however Wood points to difficulties in
identifying the stimuli, describing them, as well as how they are
combined with other resources to complete the task.

¢
;
]

The behavioral requirements framework is adaptable to describe what
has to be done to perform the task, thereby making operationalization
more feasible. Because behavior requirements differ from one task to
the next and are a relatively stable property of a given task, they can be
described independently of the characteristics of the task performer. By
combining these two perspectives and drawing on the work of Naylor,
Pritchard, and Iligen (1980)*, Wood (1986) postulates that:

all tasks contain three essential components: products, (re-
quired) acts and information cues. These constructs are the
building blocks for the definition of task complexity, but also
represent the foundations of a general theory of tasks... (p.
64).

Wood’s framework has won a certain foothold in management research
and is increasingly applied in empirical task-related research (e.g.
Puffer & Brakefield, 1989; Mykytyn & Green, 1992; Mathews, et al.,
1994; Bonner, 1994; Stephen and McDaniel, 1996; Banker, et al.,
1998). An advantage of this objective task complexity construct is that
it provides an approach to distinguish between different sources and
types of objective task variations and thereby as well an opportunity for
better control in empirical variability. Such an advantage suits the
ambitions of this study, as the framework has the potential to facilitate
analysis of how and where in the task objective exceptions may occur.

Furthermore, these building blocks for a theory of task comply as well
with Thompson’s (1967) system theory of task performance which,
together with the work of Perrow (1967) and Woodward (1965), is the
most cited research on technology in organizational theory (Hall, 1991).

“ For a more detailed discussion of these and other perspectives on tasks see
(Hackman, 1969), Naylor, Pritchard, and Iigen (1980) and Wood (1986).
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What Thompson calls input is for Wood information cues. Wood’s
required acts correspond to how the organization solves the task by
handling different types of interdependencies in the process stage of
Thompson’s system perspective. Wood’s concept of products
corresponds to Thompson’s system’s output.

In a similar vein, Campbell (1986) synthesizes the objective task
complexity construct into four sources of complexity: 1) Presence of
multiple paths to a desired end-state, 2) presence of multiple desired
end-states, 3) presence of conflicting linkages and 4) presence of
uncertainty or probabilistic linkages. These dimensions are compatible
with Wood’s and Thompson’s views: Campbell’s desired end states
corresponds to Wood’s “products” and to Thompson’s “output”.
Campbell’s multiple (1), probabilistic (4) and conflicting linkages A3
are properties of what Thompson’s refer to as interdependencies, which
is handled in the process stage in his system perspective and describes
how Wood’s products, required acts and information cues belong
together.

Furthermore, Wood distinguishes between three different types of
objective task complexity: component, coordinative and dynamic.
Component complexity is a direct function of the number of distinct
acts and information cues that need to be executed and processed in the
execution of the task (Wood, 1986, p. 66). Component complexity also
accounts for the kind of complexity that arises when a task involves the
completion of other tasks as input. More specificly, component
complexity is defined as the number of information cues to be
processed, summarized over each act, in each sub-task to be performed
in the overall task.

By coordinative complexity, Wood refers to the nature of relationships
between task inputs and task products. Coordinative complexity
pertains to the processing of information cues to handle the
interrelationships between each act and the other acts to be performed
in order to perform the task. He argues that

...as the number of precedence relationships between acts
increases, the knowledge and skill required for the
coordination of acts will also increase because individuals
who perform the task will have to learn and perform longer
sequences of acts. (Wood, 1986, p. 69.)

Dynamic complexity captures the changes in the means-ends hierarchy
to which the task-doer must adapt. The index that Wood uses is the sum
of the differences across specified time periods for anyone or all of the
indices for component and coordinative complexity.

One of the differences between Campbell’s and Wood’s definitions is
that Wood includes the time dimension in the dynamics of his task
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complexity concept. Another is that Wood explicitly builds the
objective task complexity concept on task inputs in terms of
information cues, which in turn are combined by acts to make up the
products. For instance, Campbell’s use of the term “paths to a desired
end state” will in Wood’s terminology be described as the interactions
and combinations of cues and acts that are integrated to task products.

Fach of these two conceptualizations illuminates properties of
relevance to the task resolution process. Figure 3.2 presents a synthesis
of Campbell’s and Wood’s complexity constructs.

Figure 3.2: Objective Task Complexity

interdependencies| assemble | to desired prRin
; . snbtasks | products “

\
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|
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! t t

Presenceof Precence of | Presenceof ' Presence of
comflicting | actste | multiple paths/multiple desired

Changes in task elements over time and across cases

To the left in the figure are the information cues, illustrated by small
circles. The bigger circles on the right-hand side of the figure illustrate
the presence of multiple desired products (also referred to as end states,
outputs or goals), all of which are concepts used to refer to the same
phenomenon by different authors in the literature discussed above.
Moving from right to left in the figure, complexity is further increased
by the presence of multiple paths to the desired products. Some products
may require an assembling of sub-tasks in order to be achieved, while
there may even be conflicting interdependencies among the chosen
paths. In this case there are two conflicting paths as illustrated by the
two short vertical lines. In addition, uncertain or probabilistic linkages
may further complicate the picture; in this case there are three
probabilistic linkages, as illustrated with probability ratios (,25, ,5
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and,10). The links without probability ratios are not probabilistic, i.e.
have a probability of 1. i

The elements in the middle of the figure listed from right to left are not ;
intended to indicate any sequential occurrence of the complexity i
elements: probabilistic linkages, conflicting interdependencies and 4
multiple paths to desired products could occur both before and after any
assembling of sub-task. Further more, the assembling of sub-tasks may
at a lower level of analysis be viewed as end products. The selection of
. level of analysis is thus critical to the analysis of objective task ) >
complexity. Finally, these elements may change over time as illustrated [
by the vertical arrows at the bottom of the figure. Each dimension in the
objective task complexity construct is a driver of the task’s complexity.

The figure illustrates four desired products. To simplify the illustration, ,}
let us assume that we only desire to reach the product marked “I” and
consider how this product can be reached. Under the label “Presence of ‘
multiple paths to the desired products” we can see that there are three :
paths to this state. Under the label “Assembly of subtasks” we can see
that two of the paths go through a sub-task, specifically sub-tasks “x”
and “y”, and that one does not go through any sub-tasks. Under the
label “Presence of conflicting interdependencies” we see that two paths
are conflicting, illustrated by the two small vertical lines crossing two
paths. The direct path, from the cue to the end state, is in conflict with
one of the paths to the sub-task “x”. Under the label “Presence of g
probabilistic linkages” we see that the direct link is also probabilistic,
as are two of the paths to the sub-task “z”. Finally, we see that 6 of the
information cues are by direct or indirect links related to the desired
product 1.

In the following sections, this model of objective task complexity will
be further expanded, based on research on experts’ and novices’
information processing, describing properties of tasks perceived
differently by the two groups. Central to this stream of research has
been the concepts of deep- and surface-structure. The following
sections will integrate the concepts of deep- and surface-structure into
the objective task complexity construct, providing a starting point for
an instrumental operationalization of the objective task complexity
construct that will be utilized in this study. This will further provide the |
basis for a more specified discussion of experts’ and novices’ '
information processing capacities and, finally, may contribute to more
precise predictions of how experts and novices perceive a task’s
analyzability and variability.

3.1.2Definition of a Task’s Deep- and Surface-Structure

Chomsky is often referenced for the concepts of deep- and surface-
structures, having applied the constructs in linguistics to develop a

46



Towards a Theory of Task Perceptions — The Research Mode!

theory of transformational grammar (Chomsky, 1957). Analysis of the
surface-structure of sentences is similar to the parsing exercise in
grammar, where sentences are parsed into for example a verb phrase, a
noun phrase, an adjective and a pronoun. Linguistics used such iabels to
form “rewrite rules” for actually generating sentences (see for example
Anderson, 1985, for a brief introduction).

Chomsky (1957) demonstrated, by such rules for transformations, that
sentences with very similar meanings could have very different surface-
. structures, as the deep-structure of the sentence reflects more directly
the meaning of the sentence. Chomsky’s ideas have strongly influenced
cognitive psychology and researchers within the cognitive sciences
have adopted the concepts of surface and deep-structure (e.g. Anderson,
1985).

Tversky and Kahneman’s (1981) use of the deep- and surface-structure
constructs illustrates how these constructs were applied to research on
decision tasks. Two groups of task-doers were presented the same
decision problem, but one of the decision problems was formulated by
a surface-structure presentation, and the second by a deep-structure
presentation. The deep-structure presentation consisted only of the
mathematical meaning necessary to capture and solve the problem,
while the surface-structure problem also captured a context of the
problem as well as other information irrelevant for a purely rational
solution of the problem. The study showed how problem solvers,
depending on the presentation of the problem, allowed other aspects
than the mathematical logic” to influence their answers (Tversky &
Kahneman, 1981).

In the cognitive sciences, psychologists eventually started to discuss not
only the sentence’s but as well the task’s surface and deep-structure.
Examples of such research include Tversky and Kahneman (1981), Chi
et al. (1981, 1982 and 1988), Lord & Maher, (1990), Dukerich &
Nichols (1991), Day & Lord (1992), Ericsson & Charness (1994),
Schenk et al. (1998), and Wiley (1998).

The cognitive science literature’s definitions of a task’s deep- and
surface-structure are parallel to the linguistic definition and relatively
general. A task’s surface-structure is defined as the stimuli that are
accessible on the surface of the task, as in the sentences in the task
description of a puzzle in physics (e.g. Chi et al., 1981). The deep-
structure of a task is defined as the underlying laws or principles used
to solve the task, as in physical laws in Chi’s physics puzzles (Chi et
al., 1981, 1982 and 1988; see also for example Simon, 1979 and
Hammond, Hamm, Grassia, & Pearson, 1987). The task complexity

4 Tversky and Kahneman (1981) used Subjective Expected Utility (SEU)
theory to model such mathematical rationality.
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construct and the concepts of deep- and surface-structure have not <
before been tied together as a unified specification of task
characteristics. The discussion of the objective task complexity
construct in the previous sections can however be used to create more
precise definitions of a task’s deep- and surface-structure.

I will first define the six dimensions listed at the top of Figure 3.3 (on :
page 49) as the task’s structure, which represent the task’s structural
complexity, also called objective task structure or, simply, task
structure. Secondly, it follows that the dynamic complexity represents
variation in the task structure, as illustrated by the arrows at the bottom K
of the same figure. Such objective variation can be conceived of as a )
normal distribution defining what is a normal case and what is an
exceptional case. By statistical means, objective exceptions can be
distinguished from normal variation and made both operational and ;
measurable. This definition also underscores the distinction between
objective and perceived exceptions. Perceived exceptions may reflect
normal variation in the task.

Structural complexity can also be divided and specified into the task’s
input, process and output (e.g. Bonner, 1994). The input is the
information cues, the output the desired products, and the process the
handling of probabilistic linkages, conflicting interdependencies,
multiple paths to desired products and the assembly of sub-tasks. Task
input and output reside in the surface of the task, assuming that they are
directly accessible in the stimulus material. Perceived exceptions in the |
process, by which the inputs are transformed to outputs, reflect the §

i

task’s deep-structure.

This structural complexity construct provides a practical framework for
a more specific definition of a task’s surface and deep-structure. I will
define a task’s surface-structure as the task’s inputs (cues) and desired @
products, since these are assumed to be available in the immediate
stimulus material. The deep-structure of the task corresponds to the
“process part” of the task, which represents the way in which acts and
cues are combined and assembled through sub-tasks to form products.
The deep-structure is not directly observable in the stimulus material,
but may be inferable. Below is the task’s deep- and surface-structure
incorporated into the picture of objective task complexity as first
presented in Figure 3.2 (p. 45). o i
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Figure 3.3: Relationship between Surface and Deep-structure and Objective Task

Complexity. !
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Coordinative and component complexity specify how these basic task
elements are combined to form the outputs of the task. The objective
task structure meanwhile, as specified by the input, process and output
concepts, provides a less detailed, but more practical operationalization.
The refined definitions of a task’s deep- and surface-structure tie the
objective task complexity construct to the theories of experts’ and
novices’ information processing, thereby providing richer and more
specific content to these constructs.

Finally, I will define the term “critical complexity” as the simplest way
of solving the task. The critical complexity is identified by the selection
of information cues, the selection of paths and the assembly into sub-
tasks that minimize the information processing necessary to solve the
task to the agreed upon quality. Critical complexity bears resemblance
to the shortest path problem in operational research and management
Science. This concept is also important for the evaluation of objective ,
exceptions; if the objective exception arises within the critical
complexity, it may alter the way the task is best solved. Exceptions
arising outside the critical complexity will not lead to a change in the
optimal resolution path®,

“2 On the other hand, it may be noted that, permanent changes within or
outside the critical complexity may change the optimal task resolution and
thus, the critical complexity.
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The critical complexity construct will come in handy in the
operationalization of objective task complexity and the measurement of
perceived task variability, analyzability, and performance. Furthermore,
it opens up for a refined definition of surface-structure and deep-
structure tasks: “Surface-structure tasks” (SS-tasks) are tasks where the
critical complexity resides mainly in the surface-structure of the task,
while “deep-structure tasks” (DS-tasks) are tasks where the critical
complexity resides mainly in the deep-structure of the task. I will also
refer to tasks that are a blend of the surface and deep-structure task,
which I will call I-tasks. These definitions are central to analyze the
perceptions of tasks later in this chapter (section 3.2, 3.3 and 3.4).

3.1.3A Distinction Between Task Difficulty, Routine Task and Task
Complexity

In the organizational literature, Perrow’s framework is often used as a
reference for the definition of task difficulty, routinization and
complexity, in addition to task analyzability and variability. Examples
include Van de Ven and Delbecq (1974), Van de Ven et al. (1976),
Galbraith (1977), Tushman and Nadler (1978), Dewar and Hage
(1978), Daft and Weick (1984), Daft and Lengel (1984), and Liker,
Haddad, & Karlin (1999). It follows from the discussion above (Section
3.1.1) and the definition of task complexity that these are not the same.
More importantly still, an implicit assumption often taken in the task-
related research, and in the Perrow tradition in particular, is that a
complex task or a difficult task cannot be a routine task. Following the
same logic, a non-routine task may be said to be equivalent to a
complex or a difficult task. This would often be incorrect and confusing
to both research and practice.

Task difficulty and routine are subjective comstructs, which are
discussed both at the individual and organizational level. At the
individual level, both constructs pertain to the match between the task-
doer’s cognitive structures and the objective task complexity.
Routinization at the individual level is simply how well the task is
learned and the degree to which the task-doer’s cognitive structures
allow the information processing to go on automatic (e.g. Sternberg,
1994; Dutton, 1993).

Parallel relationships are found at the organizational level. The quality
of an organization’s routine can be defined as how well the
organization’s routines match the task in question (see for example
Sims & Gioia et al., 1986 and Walsh, 1995 for a discussion of the
relationship between individual and organizational knowledge and
routines). With respect to the definition of the objective task complexity
construct in Section 3.1.1, routinization regards the degree to which
different paths from information cues to desired products are learned
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and supported by organizational means®, This specification captures
the often mistaken assumption that only simple tasks are routinized in
organizations; the importance of routinizing more complex tasks
becomes more obvious in knowledge intensive firms, which depend on
being better than their competitors at repeating knowledge intensive
services.

3.2 Degree of Expertise

Sternberg (1994a) summarizes the evolution of the expertise construct
as progressing through three stages. Initially, the work of Newell, Shaw
and Simon (1958) and others put the processing of information in
focus, in contrast to the then prevalent focus on “stimulus — response”
theories. Through studying chess players’ problem-solving they
developed a theory of grand masters’ superiority in information
processing (Newell, Shaw, & Simon, 1958). From this definition of
expertise as superiority in information processing through, secondly,
viewing expertise as arising from quantity of kmowledge, recent
research has been focusing on the importance of how experts’
knowledge is organized. Steinberg (1994a) summarized findings from
the evolution of the expertise construct into 8 dimensions: different
cognitive processes, higher quantity of knowledge, superior knowledge
organization, superior analytical ability, superior creative ability,
superior automatization, and superior practical ability.

This study’s conceptual definition of expertise, as a match between the
task-doer’s cognitive- structures and the objective complexity of the
task, can be seen as a synthesis of these developments. The more
sophisticated cognitive maps of the task, the higher the expertise. The
operational definition is discussed and presented in the methodology
chapter. The next sections elaborate on the specific properties found to
characterize different levels of expertise.

3.2.1General Findings on the Information Processing of Experts and

Novices

An early review of expertise research concluded that experts do solve
problems faster — although they use more time on the early phase of
problem-solving (Chi, Glaser, & Rees, 1982). Contrary to perhaps
practitioners’ views, expertise is domain specific. However, within
experts’ specific domains of expertise, the expert’s knowledge is much
more elaborate than that of novices. Experts’ long and short-term
memory is also superior to that of novices’, especially of logical
patterns. Experts also tend to have a more general focus and may to a

“ See for example Nelson & Winter (1982) and Walsh & Ungson (1991) for a
perspective on how routines are developed and drawn upon from an
organizational memory.

51




Towards a Theory of Task Perceptions — The Research Model

lesser extent than novices notice and remember details that are less
relevant to the task (Chi et al., 1982).

More recently, various studies equate experts with superior performers

(e.g. Ericsson & Smith, 1991; Sonnentag, 1998; Sonnentag & Schmidt- !
BraBe, 1998). High performers pursue more specific goals (Hershey, ,
Walsh, Read, & Chulef, 1990), use more time on the analyzing phase 'y

(Klemp & McClelland, 1986) and spend more time on planning
(Barley, Wojnaroski, & Prest, 1987) and on developing good internal
representation of the problem early in the work process (Klein &
Hoffman, 1993). High performers seek more feedback and are
particularly interested in negative feedback that provides cﬂ)portuniﬁes
for improvement (Ashford & Tsui, 1991; Sonnentag, 1998)™.

On the other hand, Wiley (1998) found that novices are more flexible in J
addressing problems where the logic is contrary to what may be
expected based on common knowledge. It is assumed that a huge
amount of domain specific knowledge makes the expert able to quickly
perceive a pattern in for instance a chess table, and recall and compare
this with a huge quantity of learned patterns. However when the pattern
is unfamiliar and does not follow the rules within the knowledge
domain, experts’ knowledge may cause a fixation and novices may then
better solve such problems.

Research on experts’ and novices’ information processing has been suc-
cessful in identifying significant differences between the two groups’
knowledge content and their ways of structuring and processing
information. Relevant examples are found in studies on the differences t
in forward and backwards reasoning in problem-solving processes (e.g. : '
Newell & Simon, 1972; Chi & Feltovich, 1981; Chi et al., 1988; Lord
& Maher, 1990; Dukerich & Nichols, 1991; Day & Lord, 1992;
Ericsson & Charness, 1994; Schenk et al., 1998; Wiley 1998). Experts
are found to engage in more forward reasoning strategies in problem ‘
solving, while novices apply more backward reasoning techniques. This !
is especially prevalent in problem domains where the solution can be
predicted by stable rules as in physics and math. In problem with less
stable and clear rules this difference is less clear (Anderson, 1985).

This is the case in the domain of software programming, where the l ;
rules are the properties of the programming language and where the ‘ >
goal is a rich and precisé model of the problem. In this domain the ’
difference between novices and experts i§ that experts tend to develop
the breadth of the problem solution first, while novices tend to develop
the depth. The advantages of the breadth-first strategy are clear in the
more complex programming tasks, where the solution often depend on

# See Sonnentag and Schmidt-BraBe (1998) for a further review of expertise
as superior performance.
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the breadth of alternatives on previous steps (Anderson, Farrell &
Sauers, 1984; Anderson, 1985).

One of the more robust findings in research on experts’ and novices’

problem-solving is that experts apply different principles than novices
to sort and describe problems (e.g. Chi & Feltovich, 1981; Schoenfeld '
& Herrmann, 1982; Day & Lord, 1992; Ericsson & Charness, 1994). {
Novices are found to define problems in terms of their surface-

structure, while experts seem to define problems in terms of their deep-

structure (e.g. Chi & Feltovich, 1981; Schoenfeld & Herrmann, 1982;

Day & Lord, 1992). Fewer studies have explored differences in experts’

and novices’ search processes. Dukerich and Nichols (1991)

nonetheless found that experts tended to search for solutions relative to

the problems’ deep-structure, while novices seemed to search according

to the problems’ surface-structure.

3.2.2Experts’ and Novices’ Selective Percéption

A related research stream has explored a wider range of personal
characteristics as determinants of what managers perceive and, in
particular, whether such characteristics lead to selective perception (e.g.
Dearborn & Simon, 1958; Kefalas & Schroderbek, 1973; Hambrick &
Mason, 1984; Walsh, 1988; Waller et al., 1995; Beyer et al., 1997).
Selective perception has often been defined in terms of general
narrowness of perceptions, whether perceptions are directed toward
information related to functional experience (Beyer et al., 1997) or
categories of problems (e.g. Waller et al., 1995; Walsh, 1988; Dearborn
& Simon, 1957; Cowan, 1990). Examples of frequently used personal
characteristics are functional background, age, hierarchical position,
and national-cultural background (Markéczy, 1997).

Dearborn and Simon (1958) argued that the subject perceives “what he
is ready to perceive” and found a positive correlation between
functional experience and selective perception. Later empirical studies
have not managed to fully replicate this finding (e.g. Walsh, 1988;
Beyer et al., 1997) and suggest that the relationship between functional
back sound, belief structures, and selective perception is not that
clear™.

This research stream has been of interest to the management field, since
managers’ perceptual bias would have consequences for their ability to
handle different types of stimuli. Research on selective perceptions is
related to the present study’s interest in experts’ and novices’

% Furthermore, Markéczy (1997) found that such simple personal
characteristics are poor proxies for the underlying cognitive structures that
could lead to such differences in perceptions. I will come back to this point in
section 4.4 about the operationalization of the expertise construct.
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perceptions, as the question at hand is whether there are any
predisposed properties of experts and novices regarding perceptions of
task variability and analyzability. Or, more specifically, whether
experts and novices have systematically different perceptions with
respect to task variability and analyzability and how such perceptual
propensities influence performance.

Earlier studies clearly conclude that novices tend to focus on a task’s
surface-structure and experts on the deep. It is implicit in these studies
that the opposite holds true as well: that experts do not perceive a
problem’s surface-structure while novices do not perceive its deep-
structure.

Such cannot, however, be concluded from these experiments. The
reason lies in the general design of the experiments, where one task was
administered to two groups - one group of experts and one group of
novices. In these studies, the task description itself was defined as part
of the task; in fact, it was defined as part of the task’s surface-structure
(Chi et al., 1981). Thus, a variation of the task description was a
manipulation of the surface-structure of the task. And yet in principle,
the task may require a cognitive response that relates either to the task’s
surface or deep-structure or to both dimensions. The early studies of
expertise used tasks that, for a correct solution, required a response
relating only to the deep-structure of the task. Consequently, we do not
know from the earlier studies whether experts also perceive the surface-
structure of the task, nor whether they would respond correctly if the
task required a cognitive response relative to the task’s surface-
structure.

If the manipulation also applied tasks that required a surface-structure
response, several interesting questions could have been answered.
Would experts then perceive the surface-structure? Would experts or
novices be superior at the “surface-structure task”? In which of these
two dimensions do exceptions most contribute to increased perceived
variability and decreased analyzability, and is this effect equal for
experts and novices?

It may be argued that experts and novices would perceive exceptional
cases differently as well. It is likely that experts perceive fewer
exceptions, since experts have broader and more sophisticated cognitive
maps pertaining to the task than novices do and thus have seen it all
before. On the other hand, it may be that their more elaborated
cognitive maps lead the experts to be more sensitive to exceptional
cases, as these maps enable them to discover a wider range of task
relevant cues and thereby identify exceptional cases that a novice
would not notice. To develop more specific hypotheses about experts’
and novices’ perceptions of task variability and analyzability, it is
necessary to discuss both the cognitive properties of the task doer
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(experts and novices) and the properties of what is to be perceived
(objective task complexity).

3.3 Task Perceptions: The Relationship Between Degree of
Expertise and Objective Task Complexity

The purpose of this section is to discuss how objective task complexity
and degree of expertise influence perceived task variability and
analyzability. I will discuss consequences of manipulating the
. constructs - specifically, objective task complexity and degree of
expertise - and analyze how they influence the two Perrow dimensions.
The objective is to achieve a better understanding of the relationships
between task perceptions, degrees of expertise and objective task
complexity.

3.3.1Perceptions of Objective Task Complexity

Perrow’s definition of number of exceptions encountered raises three
sets of questions. Firstly, what is necessary in order to classify a task as
having many exceptions? Is it many exceptions per task completion, or
many exceptions per time unit? Must there be many exceptional stimuli
to categorize the task as “non-routine” or is one exception sufficient?

Secondly, there is a set of questions pertaining to type of exception
perceived. Is it the case that all exceptional stimuli are dealt with in the
same way? What about the time needed for resolving each exception?

Thirdly, what is an exceptional stimulus? Is an exceptional stimulus one
that has never before been encountered, or may it in fact have been
previously encountered but not yet been incorporated as a routinized
script for the task resolution process? Can it be a familiar stimulus and
yet cause the case to be categorized as an exception if it demands that
the task-doer change the script for task resolution, as Weick (1990)
suggested as one cause of the Tenerife air disaster?

It is intuitively clear that both the number and type of cues may put
task-doers out of their routine. However, these questions demonstrate
that in order to understand when and how an exception is perceived we
need to understand how the task-doer comes to perceive the task.
making a conceptualization of perceived task complexity necessary.

Perceived task complexity is different from both perceived task
analyzability and variability, although they are often not distinguished
in the management literature. Parallel to Wood’s definition of objective
complexity, I will define “perceived task complexity” to be the
perception of the task doer of the objective task complexity. The task-
doer’s perceptions of reality may be a quite accurate reflection of the
objective task complexity, but may also add complexity elements not
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objectively there; or there may be objective complexity elements that
are not perceived. Thus, the task-doer may perceive a task as either
more or less complex than it objectively is. This implies that task doers
may perceive a reduced or increased complexity of a task by the ways
in which they approach it, since there may well be several ways to
perform a given task. Perceived complexity can be equal to, smaller or
greater than the objective complexity.

Neisser’s perceptual cycle (1976, p. 112) may be of help here to
illustrate the relationship between the task-doer’s cognitive structures,
perceptions and the objective task complexity. Compared to the original
model it has been modified to include a more specified level of
objective task complexity, task relevant schema and perceived task
complexity.

Figure 3.4: Neisser’s “Perceptua Cycle” (modified)

The constructs within the circle are at a more specific level than the
more general constructs outside the circle. The three triangles illustrate
different parts of the perceptual cycle, starting outside the circle in the
triangle to the left with a schema of the present environment. This
schema directs the perceptual exploration in the right triangle. The
perceptual exploration samples information from the actual present
environment; the triangle at the top of the figure. Information from the
actual environment does in turn modify the schema of the present
environment.
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The two levels of abstractions, inside versus outside the circle, reflects
the view of Neisser (1976) that the more general schema, e.g. of the
actual present environment, guides the more specific schema related to
the relevant task. The logic is similar for the two other triangles as well.
In the triangle to the right, the “perceived task complexity is guided by
the more general process of perceptual exploration, anticipating
consequences and opportunities before translating them into action
(Neisser, 1976). In the triangle at the top of the figure, the “objective
task complexity” of interest is embedded in the greater context of the
“actual present environment”.

The three constructs within the triangles and covered by the circle (task
relevant schema, objective task complexity and perceived task
complexity) represent my modification of Neisser’s original figure. On
this more specific level the model illustrates how the task-doer’s task
relevant schema directs the perception of task complexity. Similarly, by
the perceptual exploration, the perception of task complexity samples
information of the objective task complexity. This sampled information
in turn modifies the task-doer’s task relevant schema.

Perceived Task complexity can be conceived of as those complexity
elements that the task-doer takes into consideration, ranging from none
to all possible combinations of cues, acts and outputs and including
jrrelevant and misleading ones. Increased perceived task complexity
places a heavier burden on the analytical abilities of the problem solver,
conceivably even more so for a novice as perceived complexity may
exceed objective complexity, and novices’ cognition is mnot as
“automated” as the experts’.

With respect to operationalizations and methodological concerns, there
may also be difficulty in evaluating and comparing different
perceptions of the same task, and comparing perceived and objective
complexity. To clarify and make possible the development of standards
to evaluate perceived task complexity, the concept of critical
complexity as defined on page 49 is instrumental. Since the objective
complexity of a task may increase or decrease, depending on the
solution strategy applied, the notion of critical complexity provides us
with a more objective standard: namely, the most efficient way to
combine the cues and acts to perform the task to the agreed-upon

quality.

If we know how tasks are perceived by task-doers with different
degrees of expertise, as well as which dimensions they perceive, it
becomes possible to predict which exceptions are likely to be
perceived, which are not, and by whom. Furthermore, if one knows the
critical complexity it becomes possible to evaluate perceptions as well.
This is relevant for the operationalization of the objective task
complexity construct, to which I will return in Section 4.3. Where such
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exceptions are likely to be located is also important for an
understanding of the perceptions of exceptions. The following section
provides three categorizes for such sources.

3.3.2Three Sources for Perceptions of Exceptions — challenging
perceived Task Analyzability

Although the Perrow research tradition assumes that the perception of
exceptions and the analyzability of the task are independent, the theory
presented here proposes that they are dependent on each other by their
shared antecedents. This implies that if task-doers’ kmowledge
structures are inaccurate reflections of the objective task complexity,
task-doers will both perceive more exceptions and search less ;
systematically; that is, they will perceive the task as less analyzable ‘
thau if they had an accurate knowledge of the task. )

e Aoy AU ST, SO SRR
TR Y

Systematic search, or high-perceived task analyzability, can only be f
achieved when an accurate overview of the structural complexity is
established. The structural complexity is also itself a main source of
perceived exceptions, also without objective variation*. The structural
complexity specifies where the objective variation occurs. The
structural complexity construct embraces three sources from which .
perceptions of exceptions may arise: input (surface-structure of the
task), process (deep-structure of the task) and output (surface-structure
of the task). Each of these sources is a challenge to the analyzability of t
the task"’. «

To explore the differences in perceptions between task-doers of
different degrees of expertise, it is helpful to distinguish between tasks
on the basis of where in the task structure the critical complexity
resides.

Critical complexity is, as mentioned in Section 3.1.2, defined as the <
selection of the solution path that minimizes the information-
processing necessary to solve the task to agreed-upon quality. Although
any solution path must go from information cues through a set of
required acts to the desired end products (Wood, 1986), it is also a
question of where in fact the main thrust of the critical complexity {

NEN———

EX

“ This is the case in any learning processes where the task-doers’ cognitive
structures assimilate more of the objective task complexity and adjust to their
new perception of the task, as in Neisser’s (1976) “perceptual cycle”.

41 Again, here it is important to distinguish between objective exceptions and t
perceived exceptions as defined in section 3.1.2. The concept of critical

complexity is also important here. If the objective exception arises within the

critical complexity, it alters the way the task is best solved by requiring

another resolution path. Exceptions arising outside the critical complexity will ~ ~ &
not lead to a change in the optimal resolution path.
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resides. For example, for some tasks it is sufficient to connect
information cues directly to the desired end states, without dealing with
the complexity in the deep-structure or the process part of the task, as
illustrated in desired products 1 and 4 in Figure 3.3 (on page 49). In
other tasks, it is necessary to handle inter-dependencies and assemble
sub-tasks — that is, to work with the deep-structure of the task - in order
to reach the desired end products, as illustrated in desired products 2
and 3 in Figure 3.3. In the first instance, the task-doer best solves the
task without exploring or using the deep-structure of the task; in the
second, the task-doer cannot solve the task without exploring and using
the deep-structure of the task. When stating that “the critical complexity
of the task resides in the surface-structure”, it is suggested that the task-
doer best solve the task without manipulating complexity elements in
the deep-structure of the task. The task is most successfully solved
when linking task elements residing in the surface-structure of the task.
By stating “the critical complexity resides in the deep-structure of the
task”, the implication is that the task-doer can only solve the task by
manipulating complexity elements residing in the deep-structure of the
task.

Where the objective exception exists and the critical complexity resides
may have different consequences for the task’s analyzability, depending
on the task doer’s degree of expertise. The theory of experts’ and
novices’ perceptions implies what tzpes of exceptions the two groups
are and are not likely to perceive™. If an expert is exposed to an
objective exception in the deep-structure of the task, it is proposed that
the probability that the exception be perceived is high. This is due to
the traditional theory of experts’ information-processing, which
predicts that experts search the deep-structure of the task. If, on the
other hand, an expert is exposed to an objective exception in the
surface-structure of the task, the probability for the exception to be
perceived is proposed to be low. Since novices are found to search the
surface-structure of the task, the correlating relationships are proposed
opposite in direction to those of the experts. The consequence of not
perceiving an objective exception in the task’s critical complexity is
that the task resolution will tend to demand more search activity and
will be less systematic than regularly since the task resolution requires
another than its regular solution path®, These proposed perceptual
propensities are illustrated in Figure 3.5 below.

*8 The theory about experts’ and novices’ perceptions relative to the objective
task complexity will be summarized and specified in terms of hypotheses in
the next section, section 3.4.

# 1t follows from Perrow’s definition of perceived task analyzability that more
search activity implies lower perceived task analyzability.
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Figure 3.5: Perception of objective exceptions
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Perceived task analyzability is thus affected by the task-doers’ degree
of expertise as well as where the objective exception arises. For task-
related research in general, the distinction between objective exceptions
and perceptions of exceptions, and whether or not the exception resides
within the critical complexity, seem central to theory development and
measurement. Without controls, these aspects will be confounded and,
since there is a proposed interaction effect, real effects may as a result
be canceled out. The next section develops a specific research model

and hypotheses to test the theory presented in this chapter.
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3.4 Putting it together: Research Model and Hypotheses

The three previous sections have defined the objective task complexity
construct, the expertise construct and the relationship between expertise
and the perceptions of objective task complexity. This section ties the
three together by recapturing and specifying both the research model
and relationships developed in the theoretical sections, in terms of
testable hypotheses.

To provide an overview, the research model (Figure 3.6) applies the
numbers I to V, with I to IV designating the relationships between
antecedents of the technology constructs and the technology construct.
The black solid lines point to the main effects this study focuses on®,
The “overall hypothesis”, H1, is formulated to test all four relationships
simultaneously. Hypotheses 2, 3, 4 and 5 pertain to each of the four
proposed main effects (I-IV). Hypotheses 6 — 15 address the interaction
effects between degree of expertise and objective task complexity, with
respect to each of the three dependent variables. The third dependent
variable, task performance, is of particular interest, since it makes it
possible to compare the predictive power of the technology construct to
that of the two antecedents. The gray lines, marked with the number V,
pertain to comparative hypothesis 15.

Figure 3.6: Research model

50 Main effect refer to the average effect of a single factor (in this case, of
objective task complexity or degree of expertise) (Keppel, 1991).
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The section is written up accordingly. First the overall hypothesis is
presented, then the main effects, the interaction effects and finally, the
comparative hypothesis 15.

3.4.10verall Test

The overall test reflects as mentioned one of the main arguments in this
dissertation as outlined in section 2.4’ and discussed in detail in
chapter 3. It tests to which degree objective task complexity and degree
of expertise directly and by interaction influence the perceptions of task
analyzability and variability. Thus the main hypothesis is:

H1: Objective task complexity (otc), degree of expertise (€) and their
interaction (ts*e) influence perceived task amalyzability (pta) and
variability (ptv).

3.4.2Main Effects

Expertise => Perceived Task Variability and Analyzability (Between
Groups Effects). These hypotheses test to what extent degree of expertise
influences perceptions of task analyzability and variability. Experts’
and novices’ perceptual propensities are discussed in Section 3.2, and
their perceptions of tasks in Section 3. 3. For the main effects on
perceived task variability and analyzability, the following hypotheses
result from these discussions:

H2: The higher the degree of expertise, the lower the perceived task
variability.

H3: The higher the degree of expertise, the higher the analyzability
perceived.

Objective Task Complexity => Perceived Task Variability and
Analyzability (Within Groups Effects)

Objective task complexity will have a main effect on perceived task
variability and analyzability, although of most interest is the interaction
effect with degree of expertise. Novices are proposed to have a better
understanding than do experts of the surface-structure of the task, while
experts are proposed to have a better understanding of the task’s deep-
structure. Thus, on average, given the interaction effect is perfect, one
would expect the effects to cancel each other out, as illustrated in
Figure 3.7 (on page 63). However, the understanding of a task’s deep-
structure provides a general understanding of the task — even when the
critical complexity resides in the surface-structure. Since the
understanding of the deep-structure of the task benefits experts, also

51 For a discussion of how the empirical observations of these variables are to
be done, see the sections for operationalizations in the methodology chapter.
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when the critical complexity resides in the surface-structure of the task,
perceived variability and unanalyzability will on average, for a
population of experts, intermediates and novices, increase as the critical
complexity is moved from the surface to the deep-structure of the task.

H4: The perceived variability of the task will increase as the critical
complexity is moved from the surface to the deep-structure of the task.

H5: The perceived analyzability of the task will increase as the critical
complexity is moved from the surface to the deep-structure of the task.

3.4.3Interaction Effects Between Expertise and Objective Task

Complexity

To explore the differences in perceptions among task-doers with
different degrees of expertise, it is helpful to distinguish between tasks
on the basis of where in the task structure the critical complexity
resides. The theory of experts’ information processing predicts that
experts think of problems in terms of their deep-structure (DS), while
novices tend to think of problems in terms of their surface-structure
(SS). The hypothesized interaction between a objective task complexity
and the perceptual properties of task-doers of different degrees of
expertise can be summarized with respect to perceived task variability,
perceived task analyzability and performance, as in the figure below.

Figure 3.7: Hypothesized Directions of Interaction Effects.
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This figure illustrates the directions of the hypothesized interaction <
between degree of expertise and objective task complexity with respect
to the dependent variables perceived task variability, analyzability and
performance. The x-axis, “treatment dose”, represents the variable
objective task complexity in term of tasks, where critical complexity at ;
the low end of the continuum resides in the task’s surface-structure and, r
conversely, resides at the high endin the task’s deep-structure®”. The Y-
axis represents the response of experts, intermediates and novices to the
treatment they are éxposed to.

A

A fundamental rationale for this study is that confounding of subjective k
and objective task characteristics is a major reason for the lack of clear

results in technology-structure research. Strong disordinal interaction

effects between objective task characteristics and the task-doer’s .
perception would statistically cancel out the main effects between }
technology and structure or any other dependent variable, if the
objective and subjective were not controlled”. Figure 3.7 illustrates this
point: on average, degree of expertise and objective task complexity
have no effect on the three dependent measures. The flat line,
illustrating intermediates’ perceptions, is the average response of
experts and novices together. But there is a strong effect when
considering the expert and the novice group isolated. .

As shown in the literature review, there is no tradition for controlling
for objective task complexity and respondents’ degree of expertise in <
task-related research in organizational theory today. Testing the N
hypotheses presented here should indicate whether there should be.

Of course, the interaction effects are in all probability not as perfect as
the illustrations suggest; the point is to illustrate the general direction of
the interactions as the theory presented here predicts. Below follows the !
verbal formulation of the 9 hypotheses on interaction effects, with three !
hypotheses for each dependent variable.

52 The operationalization of objective task complexity construct, i.e. the design
of this treatment, is described in further detail in section 4.3.

33 An interaction is disordinal when the rank order between two factors 1
changes over different levels of the other factor. In a plot this can be diagnosed

when plotted lines for the two factors cross each other, as illustrated in figure

3.7. With disordinal interaction effects, analysis of the main effect alone will

give an incorrect picture. The interaction effects have to be analyzed in order . 5 ©
to get the right picture of the effects (Keppel 1991; Kirk, 1995)
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Expertise - Objective Task Complexity — Perceived Task Variability

H6: Novices perceive the surface-structure (SS-) tasks as less variable
than do experts. Intermediates perceive the SS-tasks as more variable
than do novices but less variable than experts do.

H7: Intermediates, experts and novices perceive the intermediate-
structure task (T) equally with respect to its variability**.

HS8: Experts perceive the DS-tasks as less variable than intermediates,
who perceive them as less variable than do novices.

Expertise — Objective Task Complexity ~ Perceived Task Analyzability

H9: Novices perceive the SS-tasks as more analyzable than do experts.
Intermediates perceive the SS-tasks as less analyzable than novices do,
but more analyzable than expetts.

H10: Intermediates, experts and novices perceive the intermediate-
structure task (I) equally with respect to its analyzability.

H11: Experts perceive DS-tasks as analyzable and more analyzable
than intermediates do, and intermediates perceive them as more
analyzable than do novices.

Expertise — Objective Task Complexity — Perforniance

H12: Novices perform better than intermediates on SS-tasks, who in
turn perform better than do experts.

H13: Novices, intermediates and experts perform equally well on I-
tasks.

H14: Experts perform better than intermediates on DS-tasks, who again
perform better than do novices.

3.4.4Competing Models: Technology Construct vs. Antecedents

This study suggests that the task doer’s degree of expertise and the
objective task complexity influence perception of task variability and
analyzability. If the hypotheses above are supported, the implication is
that perceived task variability and analyzability are well explained by
variables typically neglected in previous research. This holding true,
prior studies using perceived task variability and analyzability have as a

5% The intermediate task (I) is conceptually defined on page 50 and fusther
operationalized in the methodology section 4.3 (p. 73-88), as is the SS- and
DS-task.
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consequence been exposed to sources of uncontrolled and systematic
influence. It follows that these sources, as specified here, will cause an
increased variance in Perrow’s technology construct, increase the error
term in the regression and in turn reduce the r square, or, simply 5gut,
cause the construct to be a poor predictor of any dependent variable™.

The research model, as previously presented in Figure 3.6 (on page 61),
illustrates two possible models as predictors of performance: one
comprised of the two dimensions in the technology construct, and the
other is the antecedents of the technology construct. The relationships
are marked with the numeral V. Hypothesis 15 is a comparison of the
two models, which also tests the effects on performance of expertise
and objective task complexity. The essence of the rationale behind the
hypothesis is that the match between objective task complexity and
expertise has stronger effects on performance than do the task-doer’s
perceptions of task variability and analyzability. Furthermore, since
Perrow’s technology is subject to the effects of objective task
complexity and expertise, as is the performance variable, the noise
caused by the antecedents is proposed to weaken the predictive power
of the technology construct.

H15: Performance is better explained by degree of expertise and
objective task complexity than by perceived task variability and
analyzability.

As a whole, these hypotheses suggest in what manner degree of
expertise and variations in objective task structure influence
perceptions of task variability and analyzability as well as performance
of tasks. What is new about these hypotheses, compared to eatlier
studies, is that there are three levels of expertise assessed: that of
novices, intermediates and experts. Intermediates have not previously
been studied in expertise research.

Furthermore, the set of hypotheses is very specific with regard to
comparisons of groups, with directional hypotheses on three rather than
two levels. Introducing the third level of analysis involves a dramatic
increase in complexity; in directional hypotheses with comparisons of
two variables and two levels, there are only two other possibilities than
the hypothesized to consider. With three levels there are 10 other
possibilities than the one hypothesized to be examined. This is as a
consequence a relatively specific theory and the chances that some of
the levels are not as hypothesized is greater than in the tests typically
applied.

The main point of the study is however not the rank order test of each
single hypothesis. The objective is, rather, to test the general thesis:

55 See section 7.2 for a further specification of this argument.
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namely, that objective task complexity and expertise influence the three
dependent variables. The specificity in the hypothesized relationships is
intended to facilitate understanding of how the dependent variables are
influenced by degree of expertise and objective task complexity. It is
further hoped to contribute to the expertise research in general by
including three levels in the comparisons and by being more specific in
the manipulation of the objective task complexity construct.

The interaction effects are, however, the most critical to future research.
If there are strong disordinal interaction effects, the research tradition in
* organizational theory of not controlling for these dimensions must
evolve, as the interpretation of regular main effects will then be
misleading (Keppel, 1991; Nunnally & Bernstein, 1994; Kirk, 1995).
How to test these hypotheses is the question discussed in the next
chapter.
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4,

4.1

Methodology

This chapter will first present the chosen research design and discuss its
strengths and weaknesses. The operationalizations of the independent
variables (treatments) will then be presented. The objective task
complexity construct is operationalized in Section 4.3, the expertise
construct in Section 4.4, with validation of the measure for expertise
following in Section 4.5. The instruments measuring the dependent
variables perceived task variability, analyzability and performance are
presented in Sections 4.6 and 4.7. Finally, Section 4.8 presents the
procedures the subjects followed when participating in the experiment.

Research Design

To study the hypothesized relationships requires control over the task -
that is, over the three different types of objective task complexity, and
the respondents’ degree of expertise. To accomplish this I chose a
quasi-experimental research design or, more specifically, a factorial
design as illustrated in Table 4.1, containing two treatments, three
levels and repeated measures. The details and background of this design
will be closely described in this chapter.

Before doing this, however, I will provide a short overview of the
experiment, which consisted of two treatments (independent variables):
objective task complexity and degree of expertise. Since the subjects’
degree of expertise was not developed within the experiment, but rather
selected from an existing population and divided into three groups or
levels, this constitutes a quasi-treatment. Objective task complexity
also contains three levels and is operationalized by three requirement
specifications, which in this case represent a customer’s lists of specific
demands for software functionality®. There are three dependent
variables: perceived task variability, perceived task analyzability and
performance. The latter were measured by completion of the response
to each of the three requirement specifications.

By asking the subjects to judge each requirement and specify how it
could be solved, the subjects had to think through the requirements and
consider how the software could meet the requirement. A main function
of this treatment was to prime the subjects with a perception of the
task’s variability and analyzability. These perceptions were
subsequently recorded by the two questionnaires while the performance
variable was recorded when the subjects specified how the software
could or could not meet the requirement. All such specifics will, as
mentioned, be further described in this chapter.

% The task, i.e. responding to requirement specifications, is described in detail
in section 4.3 (p. 73-88).
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Table 4.1: Research Design

Deep Structure Surface Structure Intermediate Strocture

3
i
i
3
‘
¢
¢
B
|3

Treatment| Treatment |Measuresof | Treatment | Measares of | Trestmeat |Measaresof -
Groups: Objective Task Objective Task Objective Task f |
Task Var/Analyz Task Var/Analyz Task Var/Analyz
Degrees Complexity |Performance} Complexity |Performance| Complexity |Performance

ot
. Expertise
}
S, X Yeis ). Yo X; Yq
S Xas Yias X Yiss X; Yy §

5 Foa -

Notation:

Subjects are denoted with a capital S, and Y denotes the dependent
variable, of which there are three: Perceived Task Variability (PTV), :
Perceived Task Analyzability (PTA) and Performance (P). Both S and :
Y have two subscripts; j and k. j symbolizes the treatment “degree of

expertise” and has three levels:

* e=experts
¢ i =intermediates
* 1 =novices.

The latter, k, symbolizes the treatment “objective task complexity” and
has three levels as well:

* ss = surface-structure

. i = intermediate-structure

* ds = deep-structure ¢
* X symbolizes the administration of the treatment objective

task complexity (k) and shares the three levels specified
above.
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Sess refers to subjects who are experts and have received the deep-
structure task as treatment. With regard to the dependent variables,
hypothesis 6, for example, where it is contended that i) novices
perceive the SS-tasks as less variable than experts, and ii) intermediates
perceive the SS-tasks as more variable than novices, but less variable
than experts, can be formulated as: PTV, s> PTVis > PTV,

This research design is often referred to by psychologists as the “Mixed
Two Factor Within-Subjects Design” (e.g. Keppel, 1991) or by
statisticians as a “Split Plot Factorial 3*3 Design” (Kirk, 1995). The
term “mixed” primarily implies that there are sources of variance that
are produced both by between-groups (subjects) differences and by
within- groups (subjects) differences. In the design chosen here, groups
(subjects) represent a factor that has three (quasi) “treatment levels™
novices, intermediates and experts. Each of these three groups receives
all three levels of the treatment “objective task complexity”: surface,
intermediate- and deep-structure’’. Effects of variability in task
structures within each group of subjects and between each group can
thereby be analyzed.

The term “mixed” refers as well to the fact that the design is not a pure
“within-subject design”, since not all subjects can receive all treatment
combinations. Obviously, the experts can neither receive the novice
“treatment”, nor can the novices receive the expert treatment. The
effects of the treatment “degree of expertise” are called between-group
effects; the effects of the objective task variability treatment as well as
the interaction effects are called within-group effects. Differences
between any two levels of the task structure treatment can be analyzed
without analyzing differences between the different degrees of
expertise, either by considering the three groups combined or by
analyzing the effects of task structure for one group at a time. Thus, the
experiment mixes effects from a within-subject and a between-subject
treatment.

4.2 Strengths and Weaknesses of the Design

The advantage of a within-subject design is the control of subject
variability or individual differences, which again - of course - reduces
the standard error terms for the within-subject effects. This gives
increased power to the test of both task structure and interaction effects.
The economic advantages of the design are especially great with
respect to the enhanced utilization of respondents as a scarce resource.

57 Task complexity can, as discussed in chapter 3, be described by the task’s
structure and the variability of the structure. The further operationalization of
the task complexity construct is discussed in section 4.3.
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The possible disadvantage of such a design is the risk of any practice or
carry-over effects linked to the repeated measures. In this case, the
chance of a practice effect is small: any significant advancement along
the learning curve for the tasks used in this design would require far
more time than the few minutes used to respond to the requirement
specifications. Furthermore, no feedback is provided during the
experiment, which decreases if not eliminates any opportunities for
learning.

It may however be argued that this design is sensitive to some testing
effects, or more specifically, to contrast effects. The subjects may
perceive one task as more or less analyzable or variable because of the
sequence in which the treatments are presented. Let us assume for the
purpose of argument that the hypotheses developed above are true.
Namely, that novices perceive the surface-structure treatment as low on
variability, high on analyzability, and the deep-structure treatment as
high on variability and low on analyzability, with experts scoring in the
opposite direction for the respective treatments. It would then follow
that if novices are first presented the deep-structure and thereafter the
surface-structure tasks, they may find the latter task even more
analyzable and less variable due to the contrast. The opposite effects
would be observed among the experts.

The effect would be that novices perceive the task as either more or less
analyzable or variable depending on the sequence of the task
presentation. The expert is hypothesized, due to the construction of the
task, to have the opposite reaction. This contrast effect would therefore
serve to only either increase or decrease the effects of the treatments,
thereby only having the potential to reduce or increase the sensitivity of
the experiment. The contrast effect would not represent any new and
confounding factor and therefore would not invalidate the study. There
are however several conventional means to control for such effects
(Keppel, 1991; Kirk, 1995), as for example a Latin square and other
rotation techniques. In order to control and measure the breadth of any
such effects, a scheme to rotate the sequence of the treatments was
designed. See Section 5.3.2 for the results of this rotation.

The next sections describe the operationalization of the treatments,
namely, objective task complexity and degree of expertise. The
development of measures for the dependent variables, or perceived task
variability, perceived task analyzability and performance, will be
described in the subsequent sections, as will the procedure for the
experiment.
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4.3 Operationalization of Objective Task Complexity

This section will first review the application of the objective task
complexity construct in the management literature. Secondly I will
review the criteria applied for selection of task to study and describe the
selected task. A general operational definition of the deep- and surface-
structure tasks will then follow. Before the operationalization of the
experimental task or development of the objective task complexity
treatment, a general discussion of how the respondents would perceive
the task is given. This discussion is necessary to ensure that the
treatment manipulates what is intended manipulated. Finally, the
section describes the operationalization of the objective task complexity
treatment on three levels.

The use of objective measures of task complexity is not new. Table 4.2
(p- 74) provides a review of operational definitions of the task
complexity construct in management literature, and table 4.3 (p. 89) a
review of the tasks used in expertise research. In empirical management
research, operationalizations of objective task complexity have been
relatively simple, achieved for example by selecting two tasks, one
defined as complex and the other as less complex (e.g. Puffer &
Brakefield, 1986; Mykytyn & Green, 1992; Hwang, 1995;
Timmermans & Viek, 1996). Several other studies define complexity in
terms of number of alternatives to be evaluated (one-dimensional
complexity), while some add a second dimension by asking
respondents to evaluate a number of criteria per alternative.
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Methodology

In general, the traditional measures of objective task complexity are
unidimensional at the ordinal level® with only two levels, as for
example a complex or not complex task, even in those cases where the
conceptual definitions are multidimensional. This state of affairs does
not provide a solid basis for comparisons across studies: both reliability
and internal validity suffer when definitions, operationalizations and
measures of task complexity vary within and across studies.

e

Some recent studies ‘apply more sophisticated or multi-dimensional
operationalizations by utilizing Wood’s (1986) or Campbell’s (1988)
definition.

To ensure a conservative test” of the influence of objective and |
subjective task characteristics on task perceptions, the objective task ; ?
variability is in the following experiment limited to variations within |
one single task, keeping constant the overall task structure. If it can be *

shown that subjects of varying degrees of expertise systematically

perceive as significantly different even such relatively subtle

differences, the test must as a result be regarded as conservative.

Studies of experts’ perceptions have, as mentioned, been criticized for
using experimental tasks that are particularly designed for so-called
“deep-structure” perceptions (Schoenfeld, 1982). Most studies of
expertise and task perceptions are undertaken with well-structured tasks
prepared for lab experiments, such as categorizing physics and
mathematical problems, word association problems, and so forth (see
table 4.3 for a more detailed overview of tasks used and studies
referenced). More task-related studies in more real-life environments
have been requested (e.g. Sternberg, 1994b).

Ericsson and Smith (1991b) suggest a set of general guidelines for ideal ’

tasks for the study of expertise. They contend that such tasks should <

capture superior performance, reflect stable characteristics of superior ,,
real-life performance, be insensitive to short-term learning during the
testing period, and be goal-directed so that they can result in :
reproducible overt behavior. Such general guidelines may be valuable,
but do not however provide an instrumental operationalization of task
complexity.

8 The ordinal level is the first measurement level that allows the researcher to
say anything about whether something is smaller or bigger than something
else. See for instance (Frankfort-Nachmias & Nachmias, 1996) for an
overview of measurement scales.

% 1.e. a test that is purposely designed so that conclusions are reached with - ¢
caution.
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In order to create just that - a more instrumental operationalization of
task complexity - I have in the theory sections synthesized earlier
conceptual studies of task complexity, and developed a definition of
deep- and surface-structure of task. I tied the general definition of deep-
and surface-structure to the task complexity construct, thereby
providing a foundation to engage more systematic and precise
manipulations of the two dimensions. This framework also provides a
basis for a systematic pre-experimental tailoring of the construct to the
dependent variables (Cook & Campbell, 1979). The goal for this
operationalization is make it possible to measure how different parts of
the objective task structure are perceived by task-doers of different
degrees of expertise, and to increase the opportunities to obtain
replicable and comparable studies on information processing in tasks.

It is important for the nomological validity of the objective task
complexity construct that it capture dimensions that are relevant to the
task performer’s perception. In short, it is proposed that the
idiosyncratic characteristics of experts’ and mnovices’ cognitive
structures be contrasted in their respective perceptions of the objective
task structure variation. The theory further suggests that experts
perceive the deep-structure characteristics of the task to a greater extent
than do novices. Similarly, novices perceive the surface-structure of the
task to a greater extent than experts do. It is further induced that experts
focus on changes in the deep-structure of the task and novices on the
surface. As a consequence, these two dimensions of the task seem to be
critical for the operationalization of objective task structure variation.
In summary, three dimensions of the task complexity construct are
found to be critical to experts’ and novices’ perceptions of task
analyzability and variability: 1) the general level of complexity, 2) the
dimension where the critical complexity resides, and 3) the dimension
where the exceptions occur.

4.3.1Selection of the Task Treatment

The theoretical framework developed in the theory section is applicable
to tasks in general. In order to operationalize the framework for this
study, several types of tasks have been considered. Among these have
been accounting, medical diagnosing, employment processes, software
programming, strategy consulting services and sales processes.

Ericsson and Smith’s (1991b) four criteria presented above were used
to evaluate the tasks. An operationalization of objective task variability
requires thorough insight into a specific task. To compensate for lack of
absolute insight into any given task, I searched for one i) that could be
limited in extent, ii) where experts were willing to aid in the dissection
of the objective task complexity, and iii) where I had sufficient prior
knowledge to evaluate the quality of the operationalization.
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4.3.2Description of the Task Treatment

I chose a task from the software industry, that of responding to a
customer’s “requirement specification”. This is a task that is critical to
most firms selling software in the business-to-business market. S b
Responding to a requirement specification is a regular part of any
tender process in the software industry and is a familiar setting for sales
representatives and consultants. For medium-sized and large
organizations, the purchase of a new ERP (Enterprise Resource
Planning) system is a major project. The customer usually develops -
often with help from external consultants - detailed requirement
specifications to ensure that the vendor can and is committed to deliver
what is needed. The documentation from this process is usually a part
of any final contract addressing delivery of an ERP system, which often
represents a multi-million-dollar project. The consequences of
responding incorrectly to such a requirement specification are often
serious and very expensive®. Awareness of the importance of this task
was a main motivation for the company’s commitment to this research
project®.

It was possible to limit the requirement specification response task in
extent, and it was closer to my own area of expertise than many other i
tasks. Instead of using a complete requirement specification, which in
real life may take from a few hours to weeks to respond to, I could
choose to focus on a small part of a complete requirement specification.
The task could then be designed so that it could be completed within 45
minutes, the time the company’s management had accepted their ;
consultants use on the research project. -

The Software firm chosen is one of the leading European ERP vendors, ﬁ
Unit 4-Agresso. Among many other activities, the typical bid setting for "
such firms involves responding to a requirement specification. In this ;
specification the customer has set the requirements against which the ‘
competing software solutions are evaluated.

Unit4-Agresso’s ERP system supports a wide range of processes
involved in running a corporation. The advantage of analyzing a

% I will revert to a discussion of such consequences in the chapter 9,
“Implications for Practice”.

% Ji should be, at this point, be underscored that the fact that the task in this
case is related to Agresso’s technology should not be confused with the
technology construct referred to in the research question in this thesis. The
definition of technology in this dissertation is still that of Perrow (1967); “they
way tasks are solved” and is defined in term of his technology construct with
the two dimensions; Perceived task variability and analyzability. The task
related to the Agresso software serves only to operationalize objective task
complexity.
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specific software solution is that it is possible to agree on the objective i
complexity of the task. One tends to agree on the possibilities of the

standard software’s capabilities, and how they are to be achieved. '
Technical documentation of the system’s architecture and standard
functionality is readily available. Modern ERP systems have in general
Application Programming Interfaces (APIs) where more customer-
specific development can be realized. Such systems have as well
interfaces for import and export of different types of data to support
integration with other systems. There exist opportunities, often related
to import and export function necessities, to tailor the import and
consecutive actions by query functionality. The opportunities and
limitations as well as the costs of meeting different customer
requirements are to a large extent dictated by the software’s present
database tables, business logic, user interfaces, APIs and import-export
interfaces.

|
i
|
§

To limit further complexity, I selected one specific module of the
system - “Accounts Receivable”®. This confined the area of expertise
and made it -easier to operationalize task complexity and identify
experts. The account receivable module is one of the most well known {
modules in the system, affording also novices a fair knowledge of the ' j
basic functionality. All requirements are based on the same module of :
the same software; consequently, the overall complexity is constant in

terms of the module’s architecture and graphic user interfaces.

However, within the module, a range of functions can be achieved by

combining task elements, which reside in different parts of the task

structure.

To develop the requirement specifications, I identified three experts re-
commended by the Director of Development Unit 4-Agresso and we
started out with a real requirement specification, which a major
Norwegian organization had previously developed. I had weekly
meetings over 9 months with one of the selected experts, who in her
daily work was responsible for the module’s functionality, to define,
develop and adjust the requirement specifications presented in
Appendix 2. To define the objective complexity of the module, I
worked intensely with the software to map the graphic user interfaces
(GUISs) and the functionality of the program. Furthermore, I developed
maps of the tables and the relation between the tables and the processes,
as illustrated in the figure below, to ensure that the requirements were
designed with the type of complexity required. In this process I relied
heavily on discussions with the experts mentioned and on close
interaction with the software. ?

%2 This is the module in ERP systems where accounts receivable can be
managed. The module includes such functionality as implementing routines for
sending reminders to customers, transfer to collection, calculation of interest
rates if payment is late etc.. 79
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The central point in figure 4.1 is not the content of each table and
process, but the illustration of the existence of a defined logic in terms
of relationships between tables and processes for how tasks are solved
by the specific module of the software. For each required operation, the
software receives input through different interfaces and processes the
information (as illustrated by rectangles), utilizing information stored in
specific fields in the database tables (illustrated by cylinder shapes).
Eventually, the end product is exposed through user screens, printouts
or electronic files.

The objective task complexity construct was operationalized in terms of
how the software met the different requirements. The deep-structure of
the task represents the architecture underlying the GUIs, or the database
tables and business logic or processes, as illustrated in Figure 4.1. The
surface-structure reflects the GUIs and the explicit input and output
described by the requirement specifications.

We designed the three sets of requirement specifications®; a surface- , a
deep, and an intermediate-structure set. The principles governing how
the requirements were defined and operationalized with respect to the
task’s surface- and deep-structure are further described in Sections
4.3.5 and 4.3.6. :

This was achieved by starting out with a real-life requirement
specification from a customer. Each single requirement was mapped
with respect to the tables, processes and screens that were involved in
the task to execute the demanded functionality, thereby making
possible an analysis of each requirement in terms of the objective
complexity elements involved. Through an iterative process, between
the theoretical operationalization and the practical design of each
requirement, the three requirement specifications were developed to
represent the three treatments in the experiment.

The two other experts functioned as discussants and several meetings
were held with each of them to qualify and adjust the specifications to
ensure that treatments were as intended. In addition, pilot tests of the
specifications were performed with 5 experts and 4 novices.

The subjects were asked to enter the appropriate response to each of the
customer’s requirements in a column by entering the codes S, Q, A, N,
depending - on the way in which the software could meet the
requirement. The definitions of the codes provided below are an extract
from the instructions presented to the subjects.

83 We, in this case, are the 3=,prqrts' from Unit4-Agresso and the a'uthor.
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S When the requirement can be met using
Standard functionality in Agresso. L
Q When the requirement can be met by J
using Agresso-Queries :
A When the requirement can be met by
Adaptations to the system adaptations are 4

changes/amendments of the standard
functionality by changes/amendments in
standard software code by using

programming tools.

N When the requirement can be met only
by the development of totally New code 4
and modules.

U When you do not know §

Standard functionality is that functionality which is possible to execute
through standard fields in standard graphic user interfaces. That which
can be achieved by development of queries is also to a large extent
limited by the existing database structure, but is as well affected by any
external data and import routines. What can be managed by customer
specific adjustments is also to a large extent regulated by the available
tables and processes, but often has more to do with integration with
external systems. Finally, most things become possible with the
development of totally new code and modules, although the additional
cost is likely to be very high. To summarize, the task to be :
accomplished by the participants in this experiment was a normal part
of the preparation of a sales bid. Actual requirements from a real
customer were classified as to how much additional programming and
adaptations would be required in order for Agresso to be able to deliver
the required functionality. Based on this assessment, cost can be ‘
calculated and a bid prepared. Actual programming and delivery of the i
complete system was not a part of this task. ;

4.3.30Operational Definition of Deep- and Surface-structure Problems

Surface-structure problems are operationally defined by that the : g
requirements can be solved through standard screens, fields in screens E
so that the requirement can be solved directly through these fields.
Most of the accounting customers’ requirements can be solved through
such standard graphic user interfaces.

Deep-structure problems are defined as those that cannot be solved by

knowledge of surface-structures alone: they require knowledge of and a

manipulation of complexity elements at a deep-structure level. The

deep-structure of a problem is operationally defined as the architecture
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of the program with respect to the database-tables, business logic, and
their interconnections as previously illustrated in Figure 4.1. To solve ;
the deep-structure requirements of this study, the task-doer had to 4 !
identify and combine precisely these elements. Figure 4.2 (on page 85)
and 4.3 (on page 89) illustrates how this is done for surface- and deep-
structure requirements respectively.

As mentioned, three different sets of requirements were constructed:
deep-, surface-, and intermediate-structure requirements, a mix of the
two first sets. The surface-structure requirements were constructed with
the critical complexity residing in the surface-structure of the task,
while the deep-structure of the task held a high objective variability.
The deep-structure requirements, conversely, were constructed with the
critical complexity residing in the deep-structure of the task, while its
surface-structure held a high objective variability. In general, however,
the structural ‘elements where critical complexity resides were
constructed so that the principles for solving the tasks or requirements
would remain constant for the whole set of requirements. In other
words, this part-of the structure holds a low objective variability. The
third requirement specification, finally, the intermediate-structure task
is again a blend of the two first, where the critical complexity did not
clearly reside either the surface-structure or in the deep-structure of the
task, but represented some of each of the two other stereotypes.

In general, the deep-structure requirements demanded the task
performer identify the interdependencies between information tables
and processes in the business logic of the system. The surface-structure
problems could however be solved by interaction with graphic screens,
without requiring consideration of interdependencies in the database
tables and/or business logic of the architecture.

To summarize and link this operational definition back to the
conceptual, we may say that there are variations in task input, the task
transformation process, or task output; these three types of variations
may further be categorized as belonging to two different task structures.
The task input and output are observable through the task’s surface-
structure, while the transformation process is observable at the task’s
deep-structure. In short, objective task complexity is manipulated by
varying task elements residing in the task’s input, process or output, :
while the location of the critical complexity is moved gradually from : !
the surface-structure to the deep-structure, by the three requirement ‘
specifications.

4.3.4Estimation of Experts’ and Novices’ Response to Deep- and
Surface-Structure Problems

While constructing the requirement specifications, we distinguished
between the objective problem space of the software, and the subjective
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problem space of the experts on the one hand and the novices on the
other™. These were distinguished based on the proposed perceptual
dispositions of experts and novices. For instance, the novices are
proposed to match the surface-structure of the requirements to the
surface-structure of the software, while the experts were expected to
match the deep-structure of the requirements to the deep-structure of |
the software.

#
A SN S

To construct for example the surface-structure requirements, which are
supposed to match the novices’ perceptions, a solution should be
possible by matching the surface of the requirement (the explicit text in
the requirement description) to the surface of the software (fields in the
screens or the graphic user interfaces). At the same time, we had a !
model of how the experts were proposed to perceive the surface- g
structure problem. Similarly, based on the proposition of experts’ B
problem solving propensity, or matching the deep-structure of the i
requirement specifications to the deep-structure of the software, we
needed to predict experts’ problem space (Newell & Simon, 1972). By
knowing as well the software’s objective “problem space”, we could
design requirements that had the intended structure and, thereby,
internal validity.

O SOV SN 3

4.3.5Development of the Surface-Structure Treatment

The surface-structure requirement specification consists of 8 distinct
requirements. These are constructed so that they can most easily be
solved by matching the stimuli on the surface-structure of the
requirements to the surface-structure of the problem matter; or, in this
case, to the application, or even more specifically, to the graphic user
interfaces (GUIS). Since surface-structure problems should be possible
to solve by interaction with GUIs, all these problems should
accordingly be possible to solve with standard functionality. The match
between the graphic user interfaces and the task requirements is
illustrated in the figure 4.2. !

P—

% The concept of a “problem space” is adopted from Newell and Simon
(1972).
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Figure 4.2: Surface-Structure Requirements

SURFACE STRUCTURE REQUIREMENTS:
FIELDS IN GUIs MATCH THE WORDING IN THE
REQUIREMENTS i

The operationalization of the surface-structure requirements can be
summarized in 4 points:

The objective task variability is manipulated by allowing the
requirement specifications to call for different configurations of
dependencies within the same overall task.

The surface-structure is manipulated by ensuring that the most
straightforward resolutions to all requirements are only made by
matching cues accessible in the requirement specifications to specific
fields in screens in the software — without regard for the tables and
processes in the deep-structure of the software. In other words, the
critical complexity for solving the task resides in the surface-structure.

The eight requirements represent low objective task variability with ‘
respect to the surface-structure of the tasks. ; |

At the same time, any deep-structure resolution paths that can be
utilized reflect a high objective variability; the resolution paths are
different from requirement to requirement, are not economically 7
feasible, and are sub-optimal relative to the surface-structure

alternative.
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For task-doers thinking in terms of the deep-structure of the problem —
that is, attempting to solve the surface-structure requirements by
searching through available tables and processes in the software to
solve the task - there would be a highly complex set of interrelations
that needed to be resolved. Thus, under this treatment, experts were
hypothesized to perceive many exceptions, low task analyzability, and
to perform worse than novices.

4.3.6Development of the Deep-structure Treatments

The deep-structure requirement specification consists of 6
requirements. These are constructed so that the critical complexity
resides in the deep-structure of the task; that is, they are most easily
solved by matching the stimuli in the deep-structure of the requirements
to the deep-structure of the application.

The four principles described above may, with opposite signs, be used
to specify the development of the deep-structure requirements. The task
resolution was for this treatment condition best achieved by identifying
specific queries that could be developed in certain screens specifically
designed for writing queries related to import of external data™. Thus,
the principles for solving the task were the same for all the
requirements in the set, ensuring low objective variability in the deep-
structure of the requirements.

For task-doers thinking in terms of the surface-structure of the problem,
there would be no direct link between the requirements and the GUIs. A
manipulation of tables and processes was necessary to solve these tasks,
however the requirements all asked for different functions. It was thus
predicted that task-doers thinking in terms of the surface-structure of
the problem, would perceive many exceptions or high task variability.
The design of the deep-structure manipulation is illustrated in figure 4.3
on next page.

% Operations in such “queries-screens” are an important part of the system.
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Figure 4.3: Design of Deep-structure Requirements

The figure shows that there is no direct relationship between any
graphical user interface and the requirements 1-4. In figure 4.3 all the
"requirements are linked to the graphic user interfaces by the deep-
structure of the task, illustrating that to achieve the related
requirements, it is necessary to manipulate the tables and processes.
Examples of one type of such deep-structure requirements are
functionality that need import of data from an external system, which in
turn need to be sorted by query functions - utilizing tables and
processes within the system, before the data in turn can be utilized to
execute the required functionality. Evaluations of such requirements
demand knowledge of the import functions and the available tables and
processes in the software.

;
i
¢
i
{

The third treatment consists as mentioned of a mix of the surface- and
deep-structure requirements. These requirements were designed so that
to solve the task it was necessary to combine screens and/or fields in
screens and it would be more helpful to have knowledge of the tables
and processes than in the pure surface-structure requirements.

4.3.7Summary of Operationalization of the Objective Task Complexity
Treatment : '

The purpose of this 3-level treatment is to stimulate differences
between the two groups’ perceptions of objective task variability and
analyzability. The three treatment conditions were designed so that

87



Methodology

they, from an objective task complexity perspective, were possible to
rank on a scale of increasing levels of treatment dosage. The surface-
structure treatment holds low surface-structure variability and high
deep-structure variability. The deep-structure treatment carries high
surface-structure variability and low deep-structure variability. The
scale can as such be conceived of as ranging from problems with low
surface/high deep-structure variability to problems with high
surface/low deep-structure variability. This scale is used in Figure 3.7
on page 63 to summarize the hypothesized interaction effects.

The surface-structure treatments are in other words constructed so that
the requirements can be solved by interacting with a few fields, in a few
screens, if the task-doer considers only the surface-structure, or the user
interfaces. If, however, the task-doer only considers the deep-structure
of the task, the requirements call for different solutions and vary
considerably.

The deep-structure treatments are constructed so that the requirements
vary considerably and are impossible to solve if the task-doer considers
only the surface-structure. All requirements can however be solved by
exploiting a fixed set of tables, processes and the same methodology, if
the task-doer considers the deep-structure of the task.

The intermediate-structure treatment is designed so that the critical
complexity is not clearly localized in either the deep- or surface-
structure and it is necessary to have some perception of information
from both structures to complete the task.

The sets are referred to as the “surface-structure requirement set” (SS),
the “deep-structure requirement set” (DS) and the “intermediate-
structure requirement set” (I). Thus, objective task complexity is
operationalized by these three requirement sets, representing three types
of objective task structures.

4.4 Operationalization of Degree of Expertise

The distinction between experts and novices has often been
operationalized as length of experience (e.g. Sonnentag, 1998; Shaft &
Vessey, 1998; Greenwood & King, 1995). The rationale is that the
mental representation of problems influences how people perceive
problems and that the quality of mental representation develops over
years of experience (e.g. Chi et al., 1981). Table 4.3, the following two
pages, includes a list of operationalizations and definitions of expertise
in frequently cited studies in this area.
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4.4.1 Traditional Operationalizations : i

This list shows that operationalizations of expertise by demographics
constitute the dominant approach, with the operationalization of
expertise seeming unproblematic in this literature (Sternberg, 1994a).
However, as mentioned earlier, recent studies in related fields, using
general demographics such as age, title, and years of experience as
indicators of certain skills, have demonstrated that such proxies for
expertise do not measure what they are intended to and are thus poor
proxies (Sonnentag, 1998; Markéczy, 1997). i

Wiley (1998) operationalized expertise in terms of the subjects’
knowledge of the task in question. Sonnentag (1998) developed a peer-
nomination measure of high performers, arguing that the traditional
criteria of long experience did not necessarily discriminate between
high and low performers; she preferred to equate high performance
with expertise, rather than long experience. This is not however
necessarily a recommendable operationalization, since the theory
presented here suggests that experts perform poorly on some tasks,
show reasonable results on some, and perform very well on still others,
while novices perform well on certain tasks where experts perform
poorly, suggesting that high performance and expertise are not the same
thing.

The word “demographics” as referred to above represents broad and
general descriptions of respondents based on such variables as age,
position, education, and number of years of experience in a position.
Together with the finding that expertise is domain specific (Chi et al,,
1988), it is clear that such general demographics are poor proxies of
expertise. Using the same logic, it would, however, be reasonable to
believe that more specific demographics would better serve as proxies.

For this study, I chose to develop a set of criteria for identifying experts
and novices in cooperation with the respondents, their managers, and
the corporation’s education center. Expertise was preliminarily
operationalized based on the domain from which the experimental task
was developed. From this basis, a more detailed set of criteria was
developed. These criteria were communicated to the managers who
then nominated respondents to the experiment based on these criteria. i
The nominees were screened against the Unit4-Agresso Academy i
profile archive, where data on courses taken and courses taught were f \
" filed, to ensure the quality of the nominations. Experts should have in- i
depth insight into the_ architecture of the system and the accounts |
receivable module in ‘particular. They should be able to modify the
code, use the query functionality well, and know which tables and
processes are involved in the different functionalities in the module.
Evidence of such knowledge would be repeated experience
implementing the module, or experience writing queries in the module
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in customers’ projects. To further triangulate the methods for selection )
of candidates, I included a questionnaire asking respondents to evaluate
themselves according to the same criteria.

Finally, some of the experts nominated by managers appeared during
the course of the pilot study to be experts in related, but other domains
than the one this study was specifically focusing on. To be specific
regarding the nature of expertise, I then developed a model of three
knowledge domains critical for the bid process: knowledge related to
the bid process can be conceived of as a match between three domains )
of expertise as illustrated in figure 4.4 on the next page, which also was i
a part of the questionnaire presented to the subjects.

The logic underlying these three domains is, firstly, that one needs to ';
understand the customers’ problems in terms of the everyday jobs they )
want solved, the information requirements of these , and the
transformation of these two dimensions into specifications of
requirements for an IT solution. Secondly, one needs expertise in i
managing the sales process, or matching an understanding of the ‘
customers® needs to the technical properties of the software, which is
the third domain. Finally, one needs to understand how required
functionality can be created based on the underlying technical
architecture of the IT solution - often in terms of the tables and
processes available in the system.

It seems from this and earlier studies of such bid processes (Haerem,
1995; Haerem, Von Krogh, & Roos, 1997) that expertise in all of these
three domains is rarely found in one individual. Organizations seem to
have experts within each domain, while sales consultants are the
generalists who manage the bid process and to different degrees utilize 3
the knowledge of the experts. Sales consultants’ domain specific {
knowledge may vary considerably. Some have a fair and sometimes

even considerable knowledge about both domains, while others rely |
nearly entirely on their ‘knowledge brokerage’ role. The respondents % |

were asked to identify their domains of expertise and rate their degree
of expertise within the three domains.

For the purposes of this project I defined expertise as “technical
expertise on the accounts receivable module and on the import/export :
functions in the system”. The technical expertise relative to the other
domains is illustrated in the lower box (box marked “3 Agresso
Architecture) of Figure 4.4 on the next page. This is a specific
definition of expertise, and for the purposes of this experiment, it was
expected to provide the best match with the expertise required to solve
the different tasks, i.e. to classify the requirements in the specification.
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Figure 4.4: Three Domains of Expertise; section from the expertise

the page:
Customer’s Needs

your expertise is best utilized
when you map costurmer's
work processes and describe
their information needs
Please choose your degree of
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4.4.2Validation of the Scale for Degree of Expertise 1

For development of the measurement scale it is important to note that
the expertise construct as defined above requires a set of combined :
experiences. For example, a consultant with a relevant engineering <
education who had solely worked with sales, would probably not be an
expert on the infrastructure of the software. Similarly, a consultant with
an economics degree who had only worked with programming and
consultancy related to writing queries in the software to fit the software <
to the customer’s need, would probably be closer to becoming an :

expert. .

The combined effects of experience in programming, implementation
projects, teaching and relevance of education would therefore probably
better predict expertise than a construct built on the single items. The
combination of experience is expressed as interaction effects between
the different areas of experience. The variables for the interaction
effects were generated and a factor analysis on the combined set of
variables was performed.

Table 4.4: Component Matrix: Relevant Experience ,

1 | Number of years’ experience of programming or adjusting 55
software to customer needs
2 | Number of times you have held a course in ,78
adaptation/customization or setup of AGRESSO
3 | Number of Agresso implementation projects where you ,85
have made or specified in detail customer specific
adjustments
4 | Experience in both teaching courses (2) and 94 N
implementation (3)
5 | Experience in both teaching courses (2) and programming 94
)
6 | Experience in both programming (1) and implementation 90
@

Extraction Method: Principal Component Analysis. 1 component extracted,
N=64, number of items=6

All items loaded on a single factor solution. This factor was then used
in the further data reduction procedure as representing relevant
experience, leading to a second-order factor analysis (Nunnally &
Bernstein, 1994).

In the second-order factor analysis the items were: self-evaluation of
area of expertise, self-evaluation of degree of expertise, and the formal §
education factor and their respective combinatory effects. With the '
criteria of eigenvalues above 1, a single component solution was
suggested as indicated in the scree plot in Figure 4.5.
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Figure 4.5: Scree Plot for the Expertise Factor
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All the items loaded on the one-component factor solution. The item for
education relevance had the lowest score alone, but the combination of
relevant education and relevant experience and specialization in
software architecture loaded strongly.

Table 4.5:Factor Analysis and Reliability Test of the Expertise Scale

Experience component ,88
Relevance of education ,48
Self-evaluation of area of expertise ,91

interaction of experience component and education scores 91

an;teraction of self-evaluation of area of expertise and ,93

ucation

Fnteraction of experience component and self-evaluation of ,96
area of expertise

Self-nomination of general degree of expertise ,80
Eigenvalue , 4,4
Percent of variance 73,5
Coefficient alpha ,91

Extraction Method: Principal Component Analysis.1 component extracted.
N=64. ltems=6.

The items are theoretically relevant supported by the theory presented
and the internal validity seems ensured. The'coefficient alpha is ,91,
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which is a sufficient level of reliability for most decisions (Nunnally & 5 |

Bemstein, 1995). The items were therefore selected as a measure of , ’
expertise and a scale from 1 to 7 was developed. The subjects were q

assigned to the three groups based on their score. Respondents scoring
from 1 to 2,5 were assigned to the novice group, those in the range
from 2,6 to 5,5 were designated to the intermediate group, and those
scaled from 5,6 to 7 were defined as the expert group.

These cut-off points reflect an expert range that is equal to the novice,
and an intermediate range that is equal to that of the expert and novice 5
groups together. This to reflect an assumed normal distribution of |
knowledge, where intermediates represents a broader group than
experts and novices and where experts and novices have a !
corresponding distance from the average. The limits between novices, f
intermediates and experts are ultimately based on the researcher’s f
judgment and will of course depart from any “true classes”; subjects |
falling close to the class limits will be at particular risk of falling in the
wrong class. However, any misclassifications represent a minor
problem due to the scale’s relatively high reliability and may ultimately
only present a problem with weak effects. Should this prove to be the
case, the strategy would be to retreat to the traditional approach of only J
comparing experts and novices, omitting intermediates altogether.

4.5 Operationalization of Task Analyzability and Variability

Traditionally, perceived task variability and analyzability have been
measured in surveys by questionnaires asking how the task-doers
perceive the tasks solved in their regular working life®.
Operationalizations are in general however limited by the research
methodology applied. Experiments provide better opportunities than
surveys to control for the tasks performed and for variations in those
tasks. Bight items from the traditional instruments were included for the j
purposes of this study, and adjusted to the experimental situation (see
Table 4.6). This rendered the items more specific as one could, for
example, refer to aspects of the specific task in the experiment rather
than to tasks in the work unit or in the organization in general. |

% See for example Withey et al., 1983, who evaluated six different scales
applied in six publications in Administrative Science Quarterly)
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The validity of the perceived task analyzability and variability measures ,
was tested by a principal component analysis (PCA). |

Tabile 4. 6 Percezved Task Analyzabzltty/Vanabllzty, Prmczpal Component AnalySts

i:
PERCEIVED TASK ANALYZABILITY | 1 2 §

1 [To what extent do the requirements reflect structured tasks? ,83 ,08
2 [To what extent do you feel that the requirements can be solved| ,76 ,26 :

by use of a certain method? i
3 [To what extent do you feel that there are fundamental 72 21 :

isimilarities between the responses to these requirements? ;
4 [To what extent do you feel that you have a mental picture to 71 ,38 :

guide you in responding to the above requirements?

PERCEIVED TASK VARIABILITY
1 ‘o what extent did you come across problems about which youj ,08 ,83
ere unsure while responding to these requirements?

2 [To what extent did you come up against unexpected factors in 14 81

responding to the above requirements?
3 [To what extent do you feel that your solutions were vague and 24 ,66

difficult to anticipate?
4 [To what extent do you feel that it is difficult to identify a solution; ,23 ,51

0 the requirements?

igenvalues 3,93 1,34
Pct of variance 49,03 16,80
Coefficlent aplha ,78 ,70

Varimax rotation with Kaiser Normalization. N=64, items=4.

The items match the theoretical definitions of the two dimensions. The
first dimension, task analyzability, refers to the degree of systematic
search processes when an exception is encountered, and will depend on
the task-doers> mental map of the task and their ability to analyze the
objective task structure. The items therefore appear to maintain the
construct’s content validity.

The variability dimension refers, as mentioned earlier, to the degree to
which the task throws the task-doers out of their routine. Questions
about surprises, uncertainty and difficulty load on this dimension and
have thus a good face validity, which in turn maintains the construct’s
content validity.

The reliability was calculated based on all respondents’ perceptions of
all three tasks. The reliability of the analyzability scale has alpha
coefficient of ,78, which is satisfactory. The reliability alpha coefficient
for the variability scale is ,70, which is as well satisfactory (Nunnally &
Bernstein, 1994)%".

57 Based on the theory presented here, a less than perfect reliability was
expected. A reason why the unreliability is not greater may be that the
variances in perceptions are to some degree systematic. This will be examined
further in chapter 6 and 7.
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4.6 Operationalization of Performance

As described in Section 4.3.2, the subjects were asked to enter their
response to each of the customer’s requirements in a column by
entering the codes 'S/Q/A/N', depending on how the software could
solve the requirement.

With this response the subjects provided as well the data for measuring
performance. Responses were evaluated according to an answer key
where one point was given for each correct response and one point was
subtracted for each incorrect response, including the “don’t know”
alternative. “Correct” in this situation means that the respondents’
selected the code that was objectively correct, no more, no less.

Since each subject responded to three different requirement
specifications, the measurement of performance was repeated three
times: one for the surface-structure treatment, one for the deep-structure
treatment and one for the intermediate-structure treatment.

Each correct response was coded with a single point, while each
incorrect response was coded with a negative point. The validity and
reliability of this instrument was verified, together with the
operationalization of the task structure treatment, by interviews with
four experts and their testing against the software. The requirements
were adjusted according to the extent to which they were perceived
differently between experts. The adjustments focused on formulating
the common denominator, or the deep-structure manipulations, so that
the expert group had a common perception of the requirement and its
solution. Iterative meetings were held until an agreement was reached.
The correct responses and best requirement formulations were
established and documented.

4.7 Procedures

When the list of nominees from managers was ready, an e-mail was
sent to each of them. In a brief presentation of the project, the
participants were told that this was part of a research cooperation
initiative between the Norwegian School of Management BI,
Copenhagen Business School and the software firm’s own Academy.
Subjects were informed that the research project was addressing
problem-solving and task perceptions in organizations. This mail
contained a recommendation of participation in the project from two
executives of the corporation, and the link to the website where the
experiment was prepared. This was to ensure that the participants could
solve the task in their regular working environment. The instrument to
measure their degree of expertise was administered before they were
introduced to the tasks to solve.
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Instructions introduced them to the tender situation, asking them to
respond to the customer’s requirement specifications, and to reply to
the questions about how they perceived the task. The layout and context
of the requirement specifications were quite similar to what they
experienced in their everyday work®, The subjects were informed that
there were three requirement specifications and that the same questions
regarding perceptions would follow each requirement specification.
The web pages were constructed so that it was not possible to return to
a given section after it was completed. This eliminated the chance of
adjusting responses as the subjects proceeded, and ensured that the
original response alone was recorded. The subjects used between 25
and 40 minutes to complete the experiment; of the 89 original
nominations, 67 respondents participated and finished the test,
providing a response rate of 78%. Three respondents were categorized
as outliers®, as they lacked the most basic knowledge of the software’s
functionality, reducing the final number of respondents to 64.

The results and analysis of the experiment are reported in the next
chapter, together with tests of the hypotheses developed in the previous
chapter.

% The treatments, the requirement specifications, are presented in appendix 2.

% Subjects were classified as outliers if they departed more than 3 standard
deviations from the mean. Outliers were removed since both MANOVA and
ANOVA is especially sensitive to outliers (Hair et.al, 1995).
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Results

5. Results

This chapter tests the hypotheses 1-15 presented in Chapter 3 and
reports the results. The specific findings will subsequently be discussed
in detail in Chapter 7.

First, H1, the overall test, contains two interrelated dependent variables

(perceived task variability and analyzability) and two independent

variables (objective task complexity and degree of expertise), therefore

both a multivariate analysis of variance (MANOVA) and a univariate :
analysis of variance (ANOVA) are appropriate (Hair et al., 1995). The )i
advantage of MANOVA resides in control of the experiment-wide error “
rate; this avoids the problem of inflation of the type one error rate’® that
sequences of ANOVA analyses introduce. Furthermore, since perceived
task variability and analyzability are theoretically interrelated and
positively correlated, it makes sense to do a MANOVA analysis with
the two dependent and two independent variables. This should provide
a good overall test of whether degree of expertise and objective task §‘
structure  variation significantly influence perceptions of task
analyzability and variability; Perrow’s technology construct. |

Secondly, an analysis of the univariate relationships between each
dependent and independent variable is carried out, providing as such
tests of hypotheses 2-5. '

The third element of the test, which regards hypotheses 6-14, is the
analysis of the interaction effects of task structure and degree of
expertise with respect to perceived task analyzability and variability.

The final step is H15; to test the predictive power of Perrow’s
technology construct with respect to performance and compare it to the
predictive power of the two independent variables, degree of expertise
and objective task structure. Interpretations of the results will be
discussed in Chapter 7 and onward.

Before 1 can undertake the test of the overall hypothesis, H1, by 5
MANOVA, it must be established whether the statistical assumptions
for the analyses are met’".

A typefoné error is to reject the null hypothesis when it is actually true or, in
other words, to represent the possibility of the test showing statistical
significance when it actually is not present.

" These assumptions are more demanding than the assumptions for the regular
ANOVA analysis.
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5.1 Testing the Assumptions of the MANOVA

5.1.1Normally Distributed Treatment Populations

The assumption that the individual treatment populations from which
the experts, intermediates and novices are drawn are normally
distributed seems to hold with respect to perceptions of task variability
and analyzability. This assumption was tested by estimating the means,
the standard deviations, kurtosis and skewness of the distribution as
well as the scores from the Shapiro-Wilks test, reported in Table 5.1.

Table 5.1: Shapiro-Wilks Test

Task Degree of Shapiro- |df Sig.
expertise Wilk
Statistic
Porcolved Task Variabllity Novi 97 19 70
Intermediate-structure Intermediates) 94 23 22
Tasgk Experts! 95 22 39
Perceived Task Analyzability Novices| ,86 19 ,01
Intermediate-structure Intermediates] 95 23 30
Task Experts 95 22 36
Percelved Task Variability Novices| 97 19 B4
Deep-structure Intermediates| 97 23 69
Task Experts] 95 22 .34
Perceived Task Analyzabllity Novices| 94 19 .33
Deep-structure Intermediates] 96 23 53
Task Experts| 98 22 96
Perceived Task Variability Novices| ,95 19 A3
Surface-structure Intermediates] 93 23 10
Task Experts] 92 22 08
Perceived Task Analyzabllity Novices| 91 19 07
Surface-structure Intermediates| 97 23 71
Task Experts] 95 22 37

Since the sample size in the treatment groups is at approximately only
20, the statistical test of normality should demand a more stringent
level of significance. However, of the 18 levels of the dependent
measures only one variable showed a significant departure from
normality at the 5% level; in general, the results indicate only moderate
departures from normality. The F-test has been shown to be robust with
respect to such departures (Keppel, 1991; Kirk, 1995).

5.1.2Independence of Scores

There are three repeated measures: perceived task variability, analyz-
ability and performance. As discussed in the methodology section,
perceived task analyzability and variability may be subject to contrast
effects, while the performance measure would not be subject to such
influences as it is not a perceptual measure. The treatment sequences
were rotated to ensure that such contrast effects be controlled: they
were coded as a dummy variable and its influence on the dependent

S S
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measures was measured both as a main and as an interaction effect. The
results did not show any significant influence.

There is no missing data. The group sizes of novices, intermediates and
experts are 19, 23 and 22 participants, respectively. The differences in
number between the groups are due to the empirical cut-offs chosen in
the measurement scale, access to respondents, as well as their time
constraints. My early focus on the problem of access to enough experts
ensured that I ultimately secured more experts than novices.

5.1.3Homogeneity of Variance

The results of the Box’s test of equality of covariance matrices or
homogeneity of variance for the dependent variables are not significant
at the 5% level. The assumption of homogeneity of variance is as such
not rejected.

Table 5.2: Box’s Test

Box's M 59,855

F 1,220

df1 42

df2 10456,415
Sig. ,156

5.1.4Mauchly's Test of Sphericity

The Sphericity assumption means that the variances of the differences
between the within subjects effect scores are equal. The, statistical
package, SPSS, applies “Mauchly’s Test of Sphericity” to test this
assumption:

Table 5.3: Mauchly's Test of Sphericity
) - --Measure ] Mauchly's |

Mammﬁy e

[Varbiity | ese | ,e43 | 2 |.725| 989

Mauchly’s test of sphericity indicates that the analyzability measure
violates the sphericity assumption at a 1% significance level. This
implies that the differences between the within-factor measures do not
have equal variance across the population. The violation of this
assumption is problematic as it tends to positively bias the within-factor
F-tests and thereby increase the probability of rejecting the null
hypothesis (Box, 1959; Huyhn & Feldt, 1970).
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The sphericity assumption is often violated in social sciences (e.g.
Keppel, 1991) and several means exist to correct it (Kirk, 1995). I have
applied the Greenhouse-Geisser Epsilon to adjust the F-values for the
unequal variances (Keppel, 1991); this correction tends to be overly >
conservative, especially for small sample sizes (Keppel, 1991). After
this correction, the evaluations of the assumptions justify the use of
MANOVA. The following evaluations of the significance of the F-
ratios are undertaken with the corrected degrees of freedom. f

5.2 Multivariate Analysis of Variance !

The goal of this multivariate analysis of variance is to test the overall
hypothesis, H1, and thereby explore the main research question of
whether perceptions of task analyzability and variability are influenced
by objective task complexity and task-doer’s degree of expertise.

SR S

H1: Objective task complexity (otc), degree of expertise (€) and their
interaction (otc*e) influence perceived task analyzability (pta) and
variability (ptv).

To test H1 a multivariate analysis is performed, with perceived task :
analyzability and variability as dependent variables and objective task
structure and expertise as independent variables, including their
interaction term. This is to evaluate how the perceptions of task
analyzability and variability can be explained by task structure, degree
of expertise and the interaction effect of the two.
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Results

The table shows that the between-subject effect of expertise varies in
significance from the > ,01 to ,06 level, depending on the choice of
evaluation criteria. The effect size varies between 7 and 14%. The
power of the tests is in the range of ,67 and ,81.

The effect of the objective task structure variable is significant at the
1% level, has an effect size between 19,1 and 38,2 %, and a power of 1.
The interaction effect between task and expertise is also significant at
the 1% level and has an effect size in the range between 16,1% and
27,5%. The test of the interaction effect has a power of 1. (

Based on the MANOVA, the null hypothesis regarding no effect of task
structure, degree of expertise, and their interaction on perceived task
analyzability and variability must be rejected and H1 — namely that task
structure, degree of expertise and their interaction influence the !
perception of task analyzability and variability - is retained. k

5.3 Univariate Tests — Tests of Main Effects

The main effects concern the between subjects and within-subjects z
effects. H2 and H3 are the between subjects hypotheses, testing the
effects of expertise on perceived task variability and analyzability. H4

and HS are the within subjects hypotheses, testing the effects of

objective task complexity on perceived task variability and

analyzability.

5.3.1Tests of Between-Subjects Effects

H2: The higher the degree of expertise, the lower the perceived task
variability.

H3: The higher the degree of expertise, the higher the analyzability
perceived.

To test Hypotheses 2 and 3, two univariate analyses of variance were
performed. The null hypothesis is that there will be no differences in
the perception of task analyzability and variability across respondents
with the three levels of expertise. With respect to the directions of H2
and H3, the marginal means for the task structure treatment were
inspected at the three levels of expertise: novices, intermediates and
experts. The marginal means for perceived task variability are 4,51,
4,96 and 5,00, respectively (note that variability has a reverse scale).
For perceived task analyzability, the respective marginal means are
4,14, 4,70 and 4,74; the directions as proposed by H2 and H3 are thus
supported by the data.
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The table below reports the critical figures; significance levels reflect
two-tailed tests. Since H2 and H3 are directional hypotheses, and
further include three directional comparisons, one-tailed tests are ;
appropriate. !

Table 5.5: Univariate Analysis of Variance — Main Effects of Expertise

4,38

Analyzability

Percelved Task |2 41 , 10 , 07 , 47
Variability

a) Computed using alpha =, 05. Observed power is the probability that the
statistical test will identify a treatment’s effect if it actually exists

The differences between experts’, intermediates’ and novices’ per-
ceived task analyzability are significant at the ,02% level. The effect
size is 13% and the power ,74 at the 5% level in a two-tailed test.

Similarly, the differences between experts’, intermediates’ and novices’
perceived task variability are significant at the 5% level in a one-tailed
test; the test, however, has a relatively low power (,60), even
considering a one-tailed test.

In sum, the null hypotheses of no differences between the groups’
perceptions of task analyzability and variability are to be rejected,
perhaps with a question mark with respect to the perceptions of task
variability. The data is consistent with H2 and H3, although the test
held a lower power for H2.

However, as discussed in the theory section, the existence of any
disordinal interaction effects may reduce or even cover up significant
effects in the univariate analysis of main effects. These interaction
effects are hypothesized and summarized in Figure 3.7 and are likely
reasons for the relatively low power for H2.

5.3.2Test of Within-Subjects Effects

H4: The perceived variability of the task will increase as the critical
complexity is moved from the surface to the deep.

HS: The perceived analyzability of the task will increase as the critical
complexity is moved from the surface to the deep.

Hypotheses 4 and 5 state that the perceived variability and unanalyz-
ability of the task will increase as the critical complexity is moved from
the surface- to the deep-structure of the task. A comparison of the mar-
ginal means of the surface-, intermediate- and deep-structure treatment

107



Resulits

for the two dependent variables tests the direction of the hypotheses.
The results for perceived task variability are 5,30, 4,88 and 4,29
respectively, and 4,78, 4,56 and 4,24 for perceived task analyzability.
The direction of the effects is as hypothesized.

To test whether the differences are significant, a univariate analysis of
variance was performed. The results are presented in the table below.

Table 5.6: Univariate Analysis of Variance — Main Effects of Task Structure

Percelved Task  |31,87  |>, 01,34 1,00
Variability

! percelved Task 15,17 >, 011,20 1,00
| Analyzability

a) Computéd using alpha =, 05

The results indicate that there are significant differences between the
treatment effects with respect to both perceived task variability and
analyzability at the ,01 level. The effect size is ,34 and ,20 respectively.
The powers of the tests are 1. The null hypothesis suggesting no
differences between the means must therefore be rejected and H4 and
HS5 are retained.

5.4 Analysis of Interaction Effects

This section focuses on the interaction effects between degree of
expertise and objective task structure with respect to Perrow’s
technology comstruct, namely perceived task analyzability and
variability. These effects concern hypotheses H6-14. As mentioned, the
first three of these hypotheses pertain to interaction with respect to
perceived variability, the next three to perceived analyzability, and the
last three to performance, which will be discussed at the end of this
section on interaction effects.

The table below shows that the univariate tests of the interaction effects
are significant at alpha levels < ,01, with effect sizes of ,235 and ,181
respectively, and with powers of 1.

Table 5.7: Test of Univariate Interaction Effects

Sourc Measure F Slg. | Partial Eta | Ohserved

Stjuare Power

Objective Task | Percelved Task

Structure * Variabllity 9,37 <, 01,24 1.00

Expertise '
Perceived Task 6,76 <,01},18 1,00
Analyzablility

a) Computed using alpha =, 05
108
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The discussion of the interaction effects will be raised by first in-
specting the plot of the three groups’ different perceptions of task
variability over the three types of objective task structures, providing us
with a first impression of the interaction effects. This comparison will
be followed by a statistical analysis of the interactions by pair-wise
comparisons; this same approach will be pursued for all three
dependent measures.

3
i
]
i
|
|

One problem in analyzing interaction effects is that they require
repeated statistical tests, which lead to an accumulation of type-one
errors. However, conventions do exist to not correct for the inflation of
type-one errors for planned comparisons, but rather only for the post-
hoc tests. The question of how many planned comparisons are allowed
without taking inflation into account is still mainly open to the
researcher’s judgment, though Keppel (1991) suggests 5.

The formula for the “family-wise error rate” can be formulated as

apw=1-(1-a)F
where

Clpw is the family-wise error rate,

0. is the chosen significance level in single comparisons, and
C is the number of pair wise comparisons performed.

I have chosen a significance level of ,05. To analyze all possible pair-
wise combinations of the three levels of expertise, the three levels of
task structure and the two dependent variables, there are a total of 18
comparisons, with 9 of them redundant, however. Entering these
numbers into the formula provides a o pw of ,37. This implies that I
have a 37% rather than a 5% chance of making one or more type-one
errors. However, these calculations assume that all the population
treatments are equal and independent, while the theory assumes the
opposite. There are also several other reasons why the calculation of the
o pw becomes too conservative (see for instance Keppel, 1991).

If I change the single comparison alpha to ,02, the probability of
making one or more type-one error is 17%. However, the chance of
committing two or more type-one errors is then only 3%. Out of nine,
the probability of 3% for doing two wrongs is acceptable. A too
conservative significance level increases the chances of making type-
two errors”; a family-wise significance level of ,02 should keep the *
type-two errors under control as well. §

™ A type-two error is to retain the null hypothesis when it is faise.
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However, the hypotheses presented here suggest not only differences
between groups, but also a specific rank order for the groups’ scores.
This reduces the chances for type-one errors becanse, while there are
many ways the groups may be different, there is only one way in which
they can have a specific rank order. Thus, a specified net of
interrelations, as hypothesized here, reduces the opportunity to
capitalize on the error rate.

5.4.1Interactions Between Objective Task Complexity and Expertise -

Perceived Task Variability

There are differences between the three groups with respect to the
between-group comparisons of perceptions of task variability illustrated
in Figure 5.1. The differences differ across the three task structures and
the interaction effects are, as hypothesized, disordinal.

Figure 5.1: Interaction of Task Structure and Expertise - Perceived Task Variability
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By just studying the plot we see that the disordinal interaction effect is
quite strong. Both novices’ and intermediates’ perceptions of variability
are lower than experts’ of the surface-structure task, but higher than
experts’ of the two other tasks.

The slope of experts’ and intermediates’ perceptions might serve as a
perfect textbook example to illustrate how interaction effects can cancel
out main effects. In Table 5.8 below, I have presented the scores of the
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Table 5.8:

expert and intermediate groups. The main effect is presented in the
column to the very right (mean): we can see that the expertise variable
has a main effect of ,04 (the difference between the two means), which
is insignificant

.

If we had used only these two groups and not controlled for the three
different types of task complexity, we would not have found any clear
effect of expertise. However, since we have the data for how the two
groups performed differently on the three tasks, we can see from Figure
5.1 (on previous page) that there is a strong effect of the expertise
variable. As the effect is disordinal, the average effect is canceled out.

In the univariate test in Section 5.4, we found a small effect of expertise
on perceived task variability. It was barely significant at the 5% level in
a one-tailed test and had a power of only ,47, which made it difficult to
conclude with respect to the testing of H2. However, through the
analysis of the interaction effects, we can now conclude that these are
disordinal and cancel out the main effects and that there are in fact
significant effects of degree of expertise on perceived task variability.
H2 cannot be entirely rejected, and the analysis of interaction effects
has demonstrated that there is a more complex picture to consider than
the main effects alone. Hypotheses 6, 7 and 8 specify these additional
considerations:

H6: Novices perceive the surface-structure (SS-) tasks as less variable than
do experts. Intermediates perceive the SS-tasks as more variable than
do novices but less variable than experts do.

H7: Intermediates, experts and novices perceive the intermediate-structure
task (T) equally with respect to its variability™.

HS: Experts perceive the DS-tasks as less variable than intermediates, who
perceive them as less variable than do novices.

The table on the next page shows the mean differences between the
three groups’ perceptions of each of the three tasks, the standard error
and the significance levels.

™ The intermediate task (T) is conceptually defined on page 50 and further
operationalized in the methodology section 4.3 (p. 73-88), as is the SS- and
DS-task. 11
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Surface-Structure Task:

The data is partially consistent with H6, stating that experts perceive
the surface-structure task as more variable than intermediates do, who
in turn perceive it as more variable than do novices (PTVs>PTVi >
PTV,.). The results are significant at the ,02 level. Intermediates
perceive the surface-structure tasks as having significantly less
variability than experts perceive them, which is as hypothesized.
Novices perceive the SS-tasks as less variable than experts do, although
not significantly so. But the surprise is that intermediates perceive the
SS-tasks as having significantly less variability than novices perceive
them to have. This is opposite to what is hypothesized and a
particularly interesting finding, since intermediates have not before
been studied in expertise research; intermediates have implicitly been
assumed to have perceptions and performance between that of experts’
and novices’. This finding is further discussed in Section 7.2.2.

Intermediate-Structure Task:

The data is consistent with H7, stating that intermediates, experts and
novices perceive the I task as equal with respect to its variability
(PTV,;= PTV;; = PTV,;). There are no significant differences between
the three groups’ perceptions of task variability under the intermediate-
structure task treatment, although novices have a none-significant
higher score than experts and intermediates.

Deep-structure Task:

The directional hypotheses in H8, stating that experts perceive the DS-
tasks as less variable than intermediates do, who in turn perceive them
as more variable than do novices (PTV,u < PTVi4 < PTV,4), are
consistent with the data. The difference on the DS-task between experts
and intermediates is significant at the ,01 level and has the
hypothesized direction. The difference between intermediates and
novices carries the hypothesized direction but is not significant.

Overall, the within-group analysis supports the theory presented.
Furthermore, it is interesting to note that experts’ perceptions of task
variability are constant across tasks as the critical complexity is moved
from the surface of the task to its deep-structure. But novices and
intermediates find the task increasingly variable as the critical
complexity is moved from the surface-structure and into the deep. The
findings will be discussed in detail in Chapter 7.
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5.4.2Interactions of Objective Task Complexity and Expertise —
Perceived Task Analyzability .

but more analyzable than experts.

Hypotheses 9, 10 and 11 concern to the interaction effects of objective Eﬁ
task complexity and degree of expertise on perceived task analyzability: < |
2 ¢
. i

H9: Novices perceive the SS-tasks as more analyzable than do expe s. g

Intermediates perceive the SS-tasks as less analyzable than novices o, P

H10: Intermediates, experts and novices perceive the intermediate-struct re ;
task (I) equally with respect to its analyzability. } {

H11: Experts perceive DS-tasks as analyzable and more analyzable ¢ wn
intermediates do, and intermediates perceive them as more analyza le .
than do novices. ;

As illustrated in Figure 5.2, there are differences between the three
groups in terms of their perception of task analyzability, particularly
with respect to deep-structure tasks. The interaction is disordinal for the
expert and intermediate groups, while there is a strong ordinal
interaction effect for the expert and novice groups.

Figure 5.2: Interaction of Task Structure and Expertise — Perceived Task
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Results

A quantitative analysis of these differences was made by pair-wise
comparisons. The table below summarizes all the pair-wise
comparisons of task structure with respect to the three different levels
of expertise.
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Resuits

Surface-Structure Task

The directional hypotheses in H9, stating that novices perceive the SS-
tasks as more analyzable than experts do and that intermediates
perceive them as less analyzable than do novices but as more
analyzable than experts, are not supported. The statistics in the table
above show that the difference in perceptions of the analyzability of the 7
SS-task between novices, intermediates and experts is not significant. : !

- e

The Intermediate-Structure Task.

The hypotheses in H10 are supported; namely, that intermediates,
experts and novices perceive the intermediate-structure task equally
with respect to its analyzability. The differences between the three
groups are not significant at the ,02 level.

The Deep-Structure Task

The directional hypotheses in H11 - that experts perceive DS-tasks as
more analyzable than intermediates do, who in turn perceive them as
more analyzable than do novices - are supported. All the differences
between groups are significant at the ,02 level and the directions are as
hypothesized.

With respect to the direction of the interaction effect, it is interesting to

note that experts’ perceptions of task analyzability are relatively

constant across the three tasks as the critical complexity is moved from 1
the surface-structure of the task to its deep-structure. Novices and |
intermediates, however, find the task less and less analyzable as the "
critical complexity is moved from the surface-structure to the deep.
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5.4.3Interactions of Task Structure and Expertise - Performance

These interactions pertain to Hypotheses 12, 13 and 14.

HiZ: Navrces perform better. than

:termedmtzs on ss»msks, wh 'iu &
gerfatm hetter : :

KIS N&mces, mﬁermadiate

Hl4 Experts perfann betiat than mt&xmedtates on DS« tasks who
perfarm Better than do novices

The graphs in Figure 5.3 and table 5.11 show how respondents with
different degrees of expertise performed on the three different types of
tasks. The differences between the three groups’ performance are
largest for the deep-structure tasks.

Figure 5.3:Interaction of Task structure and Expertise — Performance
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Results

The data is partially consistent with H12: novices perform as the
experts on the surface-structure task. The difference between
intermediates and novices is opposite to that which is hypothesized and
significant at the ,05 level, while intermediates perform better than
experts, which is as hypothesized. The difference is significant at the
,025 level in the one-tailed test.

The data is consistent with H13: the differences between the three
groups’ performance on the intermediate-structure task are not
significant. H14, for its part, yields partially consistent data. All
differences have the hypothesized directions on the deep-structure task;
the difference between experts’ and novices’ performance is significant
at the 1% level, as is the difference between intermediates’ and
novices’ performance, both on the one and two-tailed tests. The
difference between intermediates’ and experts’ performance is,
however, not significant on the one-tailed test (sig. ,085).

5.5 Testing Competing Models

The test of the competing models pertains to Hypothesis 15

H15: Performance is better explained by degree of expertise and objective
task complexity than by perceived task variability and analyzability.

The goal is to compare the explanatory power of two regressions. The
first equation regresses the two perceptual measures, perceived task
analyzability and variability, and their interaction term on performance,
while the second equation regresses task structure and expertise and
their interaction term on the same performance measure, as illustrated
in the research model, Figure 3.6.

Both “sub-models” have the same number of variables and the same
structure. The two models are analyzed by two step-wise regression
analyses. The variables have been entered in two blocks; the main
effect variables first in one block and secondly the interaction term in
another block, allowing comparison of the two models. The first
regression - with perceived task analyzability, perceived task
variability, and their interaction term - provides an adjusted R square of
,23. However, as can be seen in Appendix 6, the beta coefficients for
perceived task analyzability and the interaction term are not significant.
Perceived task variability alone provides an adjusted R square of ,23.

The second regression - with task structure, expertise, and their
interaction term provides an adjusted R square of ,40 (see Appendix 7
for details). As can be seen in Appendix 7, all the beta coefficients are
significant at the 1% level for all three variables and the increase in R
square is as well significant for each added variable. The equation using
objective task structure, degree of expertise and the interaction term
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explains approximately 73% more of the variance in performance than
the equation using the perceptual measures. The data is therefore
consistent with Hypothesis 15. It should be mentioned that the VIF-
value increases as the interaction term is added in the second
regression. However, as the test of hypotheses 15 concerns comparison
of predictions, collinearity does not pose a problem. To understand the
influence of each variable, the more sophisticated controls allowed for
by the experiment and the analytical techniques applied above, do a
better job.

1t should be noted that these tests are conservative, as the task is the
same throughout the study. Often in empirical research the differences
between tasks is much greater than simply addressing whether the
critical contingencies reside in the surface- or deep-structure of the
same task.

This chapter has focused on the actual testing of the hypotheses rather
than a discussion of the results. Such a discussion is presented in
Chapter 7, after first addressing the validity and generalizability of the
study. Implications for research and practice are discussed in chapter 8
and 9, respectively.
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6. Validity

6.1 Validity

Before discussing the results and their implications, it is important to %
evaluate the validity of the present research. Cook and Campbell (1979) 3
suggest four key aspects of validity: statistical conclusion validity,

internal validity, construct validity of causes and effects and external

validity. These will be discussed in the following four sections.

6.1.1Statistical Conclusion Validity

After the statistical analysis and results it is possible to evaluate the
statistical conclusion validity, which refers to the soundness of the
statistical considerations: whether it is reasonable to presume co-
variation given a specified alpha-level and the obtained variances
(Cook & Campbell, 1979). Violations of the assumptions of the
statistical tests are a threat to validity. The assumptions were discussed
in section 5.2 (on page 104), with no serious or uncorrectable violations
found.

Low statistical power is another threat to statistical conclusion validity.
The statistical power of the performed analyses, as reported above, is
high; it seems valid to conclude for the significant results, that the
causes and effects co-vary strongly with a high level of confidence
(alpha <,05) and with a power above ,8. The multiple test or error rate
problems appear to be under control, most notably in that all
hypotheses contribute toward one integrated theory.

The strength of the co-variation is measured by the degree of variation

in the dependent variables accounted for by the independent variables.

As hypothesized, the effects of expertise and task structure on

perceived task variability, analyzability and performance interact: the

effects of each independent variable depend on the level of the other.

The results are that expertise explains between 6 and 36% of the

variance in the dependent variables, depending on the type of task in

question. Task structure accounts for between 3 and 54% of such

variance, depending here on the level of expertise. The interaction
effect explains about 27%. The power of the significance tests lies "
between ,8 and 1, which implies a low probability of making type-two : ‘
errors. These statistical results indicate effects of considerable ‘ ‘
magnitude (Cohen, 1969) and thus contribute to statistical conclusion

validity.

Low reliability of the measures is another threat to statistical conclusion
validity. As discussed in Chapter 5, the coefficient alphas are
satisfactory for most statistical decisions. The reliability of the
treatment implementation was addressed by the operationalization and
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standardization of the task structure treatment. The data collection and
the management of the treatments in a relatively controlled setting, as
described in Section 4.7, further help reduce the threats to statistical
conclusion validity. Finally, the within-subjects research design itself
serves to reduce error variance.

6.1.2 Internal Validity

A main goal of this study was to establish the statistical conclusion
validity of the relationships suggested, and point to the consequences of
such relationships, in technology-structure research in general. The
putative cause-effect mechanisms behind the results point to experts’
propensity to focus on the deep-structure of the task, and novices’
tendency to focus on the surface-structure of the task. It is proposed that
this mechanism, combined with the nature of different task structures,
cause the differences in the groups’ perceptions. Having established
that. a statistical relationship exists between the variables, internal
validity concerns determining whether the relationships are causal and
in the proposed directions.

In general, establishing causality is problematic”. J. S. Mill has three
criteria for inferring cause: (1) co-variation between the presumed
cause and effect, (2) temporal precedence of the cause, and (3) whether
control over the experimental situation may be argued to be present.
The first criterion about co-variation between presumed cause and
effect is met by the statistical conclusion validity. The second
condition, temporal precedence of the both treatments (objective task
complexity and degree of expertise), was ensured by the experiment’s
design.

The third condition, control over the experimental situation, was
established by control over the treatments and recording of the
dependent variables. However, this design is a quasi-experiment in a
Cook and Campbell (1979) perspective, in that expertise is not
developed within the limits of the experiment. Novices, intermediates
and experts are qualified by a measurement instrument. Control over
the experimental situation may thus be argued to be less than perfect
with respect to the expertise variable. While it is of course impossible
to allow expertise room to develop within the limits of such an
experiment, this study represents nonetheless an improvement with
respect to the control and measurement of expertise in that it utilizes
more specific proxies, triangulates the selection methods, and avoids
certain pitfalls that have been pointed to in recent studies (see
discussion in Section 4.4). Compared to surveys, which have

7 See for example Cook and Campbell (1979) for a discussion of J.S. Mill’s
view on causality.
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constituted the traditional approach to research om techmology and
structure, the control achieved here is clearly superior.

6.1.3Construct Validity of Putative Causes and Effects

Confounding is the central problem to construct validity of putative
causes and effects. Suspicions regarding the Perrow-construct’s lack of
validity of causes and effects were one of the factors inspiring the
present study, with the consequences for measurement of such
confounding having now been demonstrated. The technology construct
will be deemed both invalid and unreliable due to this confounding of
the effects of task structure, expertise and their interaction.

The same criticism of confounding of Perrow’s technology construct
and task-related research in general as raised in this study could
potentially be turned against it. To avoid such criticism and increase the
construct validity of putative causes and effects, Cook and Campbell’s
(1979) suggestions were followed as reported in the methodology
section. The constructs were first explicated and differentiated; data
analyses - assessing the “take” of the independent variables —
subsequently indicated that they manipulated what they were intended
to. Thirdly, factor analysis verified that the items tapped the factors
they were meant to measure while the constructs, finally, were defined
relative to prior research and the theory developed here. The operations
were performed to ensure that the treatments and measures did in fact
reflect the constructs, with the validation results as reported in Chapter
4. Despite these efforts, threats to validity may still be identified.

To reduce the threat of a mono-operation bias, each task structure
treatment consists of between 6 and 8 tasks to be solved. In the same
manner, the expertise construct is operationalized by several specific
dimensions of experience or knowledge and by the subjects’ self-
nomination on three specific dimensions. This study does not however
eliminate the threat of a mono-method bias, as it does not apply a multi-
method approach. Yet to minimize the method bias or exposure to
irrelevancies, the treatments and setting are made as realistic as
possible: a real-life setting, with actual experts, intermediates and
novices are used. The tasks to be solved are identical to the tasks the
subjects meet in responding to customers’ requirement specifications in
their everyday life. Furthermore, the way in which the tasks are solved
is also similar to their real-life situation; in spite of these efforts,
however, a part of the error term will always have its source in the
experimental method. Nonetheless, compared to most research on
expertise, a strength of this study lies in its proximity to real-life,
thereby reducing method bias and any effects of subjects’ hypothesis-
guessing, evaluation apprehension or experimenter’s expectancies
(Cook & Campbell, 1979).
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The experimental design of earlier studies of expertise and deep- and
surface-structure has itself posed a threat of confounding constructs and
their levels, as traditional studies of expertise have mainly administered
one level of task treatment; that is, one task, and only two levels of
expertise. The dependent variable has often had only two levels, for
example deep- and surface-structure perceptions (e.g. Chi et al., 1988).
The best control for this threat is parametric research, in which several
levels of the independent variable are varied and many levels of the
dependent variable measured (Cook & Campbell, 1979). This study
includes three levels of expertise, three levels of mixes of deep- and
surface-structures and approximately 7 levels for the dependent
variables, contributing as such to increased understanding of the effects
at different construct levels. More levels also imply clearer definitions
and operationalizations of constructs.

The use of three levels instead of two revealed that the difference in
perception and performance on the surface-structure task was not as
assumed greatest between novices and experts; the greatest difference,
rather, tended to be between intermediates and experts. There are
interesting theoretical implications of this finding with respect to
learning curves, which are further discussed in Chapter X on theoretical
and practical implications.

6.1.4External Validity

Two issues are of particular interest for the generalizability from
experiments: 1) the specific subject matter addressed, and 2) the sample
of subjects employed (Cook & Campbell, 1979). The generalizability
discussion may also be distinguished from generalizability across
populations and to specific and well-explicated target populations.

Contrary to traditional laboratory-oriented experiments, this study takes
place in a real-life organization, with a real-life task and real experts,
intermediates and novices. Both setting and subject sample are as such
closer to the actual field of study — hence, more realistic - and may be
argued to contribute to a higher external validity.

The specific population for this study is conmsultants involved in
customer-oriented implementation and sales projects in a European
software firm. One ambition of this project has been fo generate
generalizable theory of how degrees of expertise and differences in task
influence task perceptions. Cook and Campbell list three areas of threat
to generalizability across persons, setting and time: 1) interaction of
selection and treatment, 2) interaction of setting and treatment, and 3)
interaction of history and treatment.

The interaction of the selection of subjects, setting and history of

subjects on the one hand, and the treatment or the experiment on the

other, poses a threat insofar as this interaction may be unique to the
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present study and not representative of other subjects, settings or
histories. Several measures were therefore taken to ensure these
elements were representative of the software industry in general.

The setting and task - responding to requirement specifications for
software solutions - constitute a situation that is well known in the
software industry. Similar situations aré¢ usual in many other industries,
as bidding processes are common to most businesses. The setting may
therefore be generalizable across many industries, while the three sets
of requirement specifications were, as mentioned, identical to real
requirement specifications that the software firm encountered in its
every day work.

Subjects were sampled from a network of companies across Europe, but
mainly in Sweden, UK and Norway, and included people working with
development, sales, and implementation of software. This should
contribute to reducing the history effect of one single organization. To
minimize the risk of assembling a group of subjects with abundant time
and a special interest in research projects, participants were nominated
by peers and superiors. As mentioned, 78% of the nominated subjects
responded and the non-respondents were relatively equally distributed
along the expertise scale, probably due to the special effort made to
ensure that experts responded.

While the generalizability of this study is on the whole and in all
likelihood enhanced due to the real-life setting and specificity of the
operationalizations, as compared to the traditional laboratory
experiment and field survey, only repeated studies can actually verify
this.
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7. Interpretation and Discussion of Resuits

7.1 Influence of Expertise and Objective Task Complexity
on Perceived Task Variability and Analyzability

The multiple analysis of variance yielded significant results, which
were in general stronger than the those of the univariate analysis,
demonstrating that perceived task variability and analyzability represent
related constructs that are well explained by objective task complexity
and expertise and their interaction (H1). This is a clear rejection of the
null hypothesis of no relationship between the two dimensions in 1
Perrow’s construct, which is also the general assumption taken by |
studies applying this technology variable. The implications for future '
research and the validity of earlier research will be discussed in the next

chapter. First, the main and interaction effects will be presented in more

detail.

Each of the main effects of expertise and task structure on perceived
task variability and analyzability were significant (H2 - H5).
Particularly strong were the power and effect size for the task
treatment. One reason for this is the split-plot factorial design, which as
mentioned is most sensitive to the within-subject treatment and to
interaction effects. A design favoring the task and interaction effects
was chosen due to the greater focus of prior research on the effects of
expertise, rather than on the task structure and interaction effects.

The more intuitive and straightforward hypothesis, that expertise causes
higher perceived analyzability and lower variability (H2 and H3), is in
one manner supported and in another not. The main effect is significant
and in the hypothesized direction and, if only the main effects were
considered, the data would be consistent with the hypotheses. The
interaction effects paint however a more complicated picture: expertise
is not always a cause of higher perceived analyzability and lower
perceived variability. There is a positive relationship on the deep-
structure task, no clear relationship on the intermediate-structure task,
and on the surface-structure task there is a negative relationship for
perceived task variability and none at all for perceived task
analyzability. Yet there is on average a positive main effect, although it
must be considered rather weak for perceived task analyzability.

Main effects that run opposite to some of the interaction effects may be
the result of disordinal interactions; that.is, the crossing of response
lines, as in the case with intermediates’ and experts’ perceptions of task
variability in Figure 5.1 (on page 110). This example shows how lack
of control over the treatment levels can lead to false conclusions at
some levels, conclusions which in general are misleading. The main
effects in the ANOVA and MANOVA analyses were in part canceled

out since they reflect a sum of the three levels of the independent
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variables. These sums reflect the interaction effects discussed in the
next section.

7.2 Interaction Effects and Their Consequences

There are nine hypotheses on interaction effects, with three for each
dependent variable. Each of the three hypotheses concerns the relative
perceptions and performance of experts, intermediates and novices with
respect to a specific task treatment. The logic behind all three sets is the
same: experts would focus on the deep-structure of the task and
therefore perceive the surface-structure task as the most variable and
least analyzable. Experts would also have the weakest performance on
this task.”® The novices would demonstrate precisely the opposite
profile. The intermediate-structure task was likewise hypothesized to
hold no differences between experts and novices; though the
intermediates had not been researched earlier, it was logical to
hypothesize that they would fall somewhere between experts and
novices on the three tasks.

In general, the results support the underlying theory and as such the
main argument of this dissertation. The effects - in particular the
interaction effects - have significant influence on the dependent
variables. As to be further discussed in this section, the disordinal
interaction effects render the main effect misleading with respect to
perceived task variability. Similar disordinal interaction effects are as
well present in the two other dependent variables, perceived task
analyzability and performance. It can therefore be concluded that
without knowledge of the interaction effects, the information regarding
the relationships in this study would be deceptive.

In organizational theory, Perrow’s construct has only been used in
surveys, which with few exceptions have not been controlled for
objective and subjective task characteristics”. Accordingly, these
studies have reported confounded measures and never reported
interaction effects. With respect to technology-structure research, the
results reported here can be said to demonstrate that the confounding of
objective and subjective task characteristics, such-as objective task
complexity and degree of expertise, has posed a major threat to the
validity and reliability of this research tradition, suggesting as such one

76 The surface-structure tasks were constructed so that the simplest resolution
path resided on the surface-structure and that solving the task by its deep-
structure would imply a more complex resolution path.

77 See Table 2.1 in addition to the studies reported here. Van de Ven &
Delbecq (1974) and Van de Ven et al. (1976) did have some control over
subjective and objective task characteristics.
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Interpretation and Discussion of Results

explanation as to why this research tradition has been unreliable and
inconclusive.

This study demonstrates further, that such confounded results are an
especially great threat to reliability and validity in cases where the
interaction effects between the task-doer’s degree of expertise and the
objective task complexity are strong. In such studies, the consequence
is a confounded measure that contains misleading information about its
relationship to any dependent task-related variable.

Traditional technology-structure surveys are often administered across
several organizations performing seemingly similar tasks. Some
organizations may however repeat the task so often that it has become
routine, while others may have so little experience with the task that
they are only just working out how it can be solved. Others again may
consider the task unimportant and have therefore not invested in
routines for meeting it. Consequently, the task will be different in terms
of both subjective and objective characteristics and their interaction will
obscure measurement of the relationship between technology and
structure if this difference is not controlled for in the research design.

7.2.1Confounded Variables’ Deficiencies as Predictors

The empirical consequences of this confounding can be further
illustrated when considering relationships to a dependent variable.
Hypothesis 15 tests the predictive power of two regressions: 1)
perceived task variability, perceived task analyzability and their
interaction as predictor of performance and, 2) objective task
complexity, expertise and their interaction as predictor of performance.
The latter regression provides an R-square which is 73% higher than
the former (,40 vs ,23).

These results demonstrate that the confounding of objective and
subjective task characteristics represents a threat to the predictive
validity of Perrow’s technology construct. How this occurs is illustrated
in the figure below, showing the different means of performance for the
different degrees of expertise and task structures.

31



v . g — I . . ,. ,\
cel
asiuadxs jo saibag
suadxg sopeuLiou} SOOMON
g
]
o 5
|8
S tes
Y . .M
/! e g
_\ :
S 1° 3
o ~
\\\\\ hl =
aspiedxg Jo easbeq g esjuadxg jo eaibeq
spadxg uoﬁﬂo.E_BE SB3AON spedaqg mmﬁﬂm.:..ﬁc_ BOINON
o U o'e
-
3
ro'z- 3 m
g bow
. B8 . g
o' o e ) 3
= - o
- N L 8
pENY L b o'
3 3
2 T Q
= 8
2 el ho's ¢
3 ]
0T m m
., @
b 0L
k' 8
x
o'y o'

asyaadxs fo s9048(7 s 121 Jo suapuodsay Jo sounwiofiad (1L 2an81]

SJNSeY 40 Uo|ssNosiq pue uopeeidiaul



interpretation and Discussion of Results

Each panel reflects one task structure and the corresponding
performance at the various levels of expertise. We can see that different
tasks display different relationships between performance and degree of
expertise. The relationship between expertise and performance forms an
inverted U-shape on the SS-task, demonstrates no significant
relationship on the I-task and a positive relationship on the DS-task,
though with a ceiling effect.

Because of the three groups’ different response profiles on the three
tasks, independent measures that do not specifically measure or control
task complexity and degree of expertise are potentially flawed. Since
the interaction effect between task complexity and expertise is so
strong, the regression estimating the relationship between the
technology construct and performance will be subject to greater error
terms and thus smaller F-values than the relationship estimated when
the variables capture this information, as demonstrated in the test of
Hypothesis 15.

Another way to picture the perceptual variables’ deficiencies as
predictors is illustrated in Figure 7.2 below, where the differences
between experts’ and novices® perceptions of the analyzability of the
deep-structure task are illustrated by their hypothetical normal
distributions’®.

7 In order to better illustrate this point, only the expertise and novice groups
are drawn into the figure. 133
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Interpretation and Discussion of Results

The differences in means and standard deviations among the three treat-
ment groups of task-doers cause the population of the task-doers as a
whole to be a much more heterogeneous group than any of the
treatment groups alone. From the definition of variance

o2 = 2(x; -X IZ
N

where x; is the observation i, X the mean of the N observations and N
the number of observations, it is clear that not only do the deviations
from the mean play a role, but the number of observations as well.

The distribution for the combined three groups has an N of 64
compared to 22 for the expert group, but the former distribution still has
a standard deviation approximately 30% higher than the expert group.
Hence, what is won in sample size is lost in heterogeneity and the
consequence is a less precise estimate of perceived task analyzability
and variability.

In addition to the perceptual measures’ increased standard deviation,
these measures do not control information about the subjects’ different
degrees of expertise and since the subjects of different degrees of
expertise respond differently with respect to the dependent variable,
this further reduces the covariance between task perceptions and the
dependent variable. Consequently, models with such confounded
variables will conceal the true relationships between the task
perceptions and their dependent variables: in order to secure reliable
and valid research results, these underlying mechanisms need to be
explicated as demonstrated here.

7.2.2Surprising Findings on Intermediates’ Perceptions

Although the results in general support the theory presented, there are
some interesting exceptions that contribute to the development of
existing theory. In Hypotheses 6, 9 and 12 — predicting that experts
perceive higher varijability, lower analyzability and perform worse than
novices on the surface-structure task - the differences between the two
groups were insignificant. In the same hypotheses, the intermediates
were expected to achieve intermediate scores as well. This was not the
case. Surprisingly, intermediates score consistently higher than novices
on the surface-structure task; in fact, the intermediates had on this task
either highest or lowest scores on all three dependent variables.
Intermediates were those who perceived the surface-structure task as
least variable, most analyzable and who performed best. On perceived
task variability and performance, further, the differences to the two
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Interpretation and Discussion of Results

other groups were signiﬁcant”, while the difference was not
significant, however, on the perceived task analyzability variable. This
was contrary to what was hypothesized and what existing theory has
assumed.

On the intermediate-structure task, there were no significant differences
between the three groups, as hypothesized, although intermediates here,
too, scored consistently higher than the other two groups. As
hypothesized, they scored between experts and novices on the deep-
structure task, offering as such interesting findings for a discussion of
how novices develop into experts.

If a linear transformation from novice to expert were to be expected, it
would follow that understanding of the deep- and surface-structure
transformed gradually from the novice to expert stages. However,
intermediates do not seem to be halfway to becoming experts in terms
of gradually changing their focus from the surface- to the deep-
structure of the task. With respect to their abilities to perceive critical
information residing on the task’s surface-structure, intermediates
appear to have become “well trained novices”, as they have the same
profile as novices regarding perceptual focus on the tasks’ structures.
At the same time, their scores on the deep-structure tasks show that
they are gradually developing an understanding of the deep-structure of
the task. It may therefore be concluded that intermediates retain their
sensitivity to details on the surface-structure of the task as they begin to
gain an understanding of the task’s deep-structure as well as the
important details for deep-structure dependencies. Axnd yet, somewhere
experts lose their sensitivity to details on the surface-structure of the
task that are not related to the deep-structure through the deep-structure
logic.

Traditional studies of expertise on perceptions of deep- and surface-
structures have administered only ome type of task and measured
experts’ and novices’ responses to this single class of task (e.g. Chi &
Feltovich, 1981; Chi et al., 1988; Dukerich & Nichols, 1991; Day &
Lord 1992; Ericsson & Charness, 1994; Lord & Mabher, 1990; Schenk
et al., 1998; Wiley 1998), precluding any manipulation of the deep- and
surface-structure. The knowledge of experts’ and novices’ perceptions
of surface- and deep-structures has therefore been limited to the rough
distinction presented in these studies. The “truism” in expertise

™ For the perceived task variability variable, the significance was at the 2%
level with respect to novices and at the ,1% level for experts. The differences
were significant at the 5% level on the performance variable with respect to
experts and at 2,65% for novices. All tests are directional and one-tailed.
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research - namely that experts focus on the deep-structure of the task
and novices on the surface - may then be misleading.

Due to its more precise operationalization, this study allows a more
detailed exploration of the perceptual propensities of task-doers with
different degrees of expertise. Its findings show that experts naturally
perceive the surface-structure of the task as well, though primarily
those cues that are related to the deep. The cues that are related directly
to other parts of the surface-structure are more likely to be perceived by
intermediates or “well trained novices”. This is the case, for instance,
when requirement specifications are most efficiently solved by linking
cues of the surface-structure to other parts of the task’s surface-
structure. Experts perceive these tasks as more variable and less
analyzable and perform more poorly than intermediates.

Experts, on the other hand, answer better requirement specifications
that call for knowledge of the specific tables and processes residing in
the deep-structure of the software. Hence, experts seem to focus on
those type of details on the surface-structure that are related to the
deep-structure of the task, even in those cases this is inefficient with
respect to the task performance. It is interesting in this regard to note
that while intermediates’ and novices’ perceptions change over the
three tasks, experts’ perceptions of the task’s variability and
analyzability are constant across the three tasks.

7.2.3Findings on Experts’ Perceptional Propensities and their

Disadvantages

As mentioned previously, it is surprising that there were no significant
differences between experts and novices on their perceptions of the
surface-structure task. In fact, there were no significant differences in
scores on the perceptual measures for experts across all the three tasks:
they perceived all tasks similarly with respect to their variability and
analyzability. There were significant differences for performance,
however.

This may be interpreted as support for the theory that experts focus on
the deep-structure of the task; since the architecture is the same across
all three tasks, experts are correct in perceiving that all tasks in
principle are equal. But the fact that thinking in terms of the surface-
structure makes solving the surface-structure tasks easier, in effect
caused experts to suggest solutions that were far from optimal - for
example, suggesting that the requirement be met by adaptations when it
could be met by existing standard functionality. Experts had as such a
general tendency to suggest adjustments in the code or new
programming, when there were in fact standard screens in place that
provided optimal solutions to the requirements.
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Most important; this study demonstrates why perceived task variability
and analyzability are not necessarily reliable predictors and why
technology-structure research has shown so diverse results. Due to the
interaction effects this study shows on average a weak or no
relationship between perceived variability and analyzability on the one
hand and performance on the other. But when the different types of
tasks and degrees of expertise are considered, significant systematic
differences both in perceptions and performance are found at the
different levels. This study has in detail demonstrated how these
differences cancel each other out when the average effects are
calculated. The next section will discuss this finding in more detail.

7.3 New Findings Due to Different Research Design

The interaction effects found in this study would be difficult to uncover
and measure without the present experimental design. The dominating
approach has been to administer one task to one group of experts and
one group of novices and then study between-group differences with
respect to outcome. Earlier studies have not included subjects with an
intermediate level of expertise. The split-plot factorial design with
repeated measures is, as mentioned, especially strong with respect to
the within-group comparisons (Kirk, 1995). To my knowledge, this is
the first study that manipulates expertise and task structure
simultaneously to study the interaction effects, and compares task
structure perceptions and performance within and between groups. By
measuring each of the groups’ respomses across the three task
structures, it becomes possible to not only include between-group but
within-group comparisons of tasks as well. This analysis provides
information on how experts, for example, perceive different task
structures differently and how these differences vary between the

groups.

The disordinal interaction effects - namely, the fact that there is not a
linear relationship between degree of expertise and performance, that
people with different degrees of expertise both perceived and
performed differently on similar tasks, and that these differences varied
as the task changed - may be the findings that have strongest
consequences for research and practice. This because the disordinal
interaction effects found here are likely to cover up main effects and
thereby cause researchers to make type two errors, failing to reject the
null hypothesis when it is false.

To conclude, the results show that experts, intermediates and novices
systematically ~perceive certain  task properties  differently;
consequently, measures that do not capture such effects will be less
valid and reliable than measures that do. It is of course also possible to
control for these effects through selection of task and respondents of
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study. This research project has explored only one of the mechanisms
by which confounding of subjective and objective task characteristics
invalidates the measures of task perceptions and, in particular, their
predictive validity. However, the mechanisms pointed to here are
central to both research and practice and the implications of these
findings are discussed in further detail in the following chapters.
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8. Implications for Future Research

The implications for future research concern two realms: the first is
contingency theory in terms of technology-structure research and the
second is expertise research within the cognitive sciences. A discussion
of implications for these fields will first address technology-structure
research, followed by those for expertise research.

As documented by this study, surveys on technology and structure not
controlling for degrees of expertise and differences in tasks face serious
validity and reliability problems. To take the results of this study
seriously implies reassessing the findings of previous studies that have
treated the relationship between tasks and perceptions of them
randomly, which constitutes a significant portion of studies in the
history of contingency theory, as shown in the literature review of this
study (Section 2.3 and Appendix 1).

One example of a likely consequence of lack of control for such
“external factors” is presented in Daft and Macintosh’s seminal
Administrative Science Quarterly article (1981), in which no controls
for objective task complexity or cognitive schemata are applied. The
results from this study imply that the findings in Daft and Macintosh’s
article be reassessed. Daft and Macintosh, further, were also “puzzled”
by their surprising finding, that the amount of information processed
was negatively correlated with information equivocality; “...almost as if
equivocality substituted for amount of information in some fashion”
(Daft & Macintosh, 1981, p. 218). What they failed to note was that
their measure of amount was a relative one: they questioned their
respondents about how much information they processed relative to all
the information they should or could have processed in order to solve
the task. That the measure was relative means that the more information
processed, relative to all information needed to solve the task, the
higher they scored. The four items measuring information amount™
ensured that those solving tasks perceived as simple scored high, while
those solving tasks they perceived as complex scored low.

The problem with such a relative measure appears when one does not
control for objective task complexity, when tasks differ in total
information requirements, or worse still, when one does not control for
respondents’ different degrees of expertise. In such cases, those
eeting tasks they perceive as very complex will report that they are
only able to process a relatively smail amount of all the information

% The items were:
a) wait until all relevant information is examined before deciding something
b) keep gathering data until an excellent solution emerges;
c) acquire all possible information before making a final decision; and
d) go over available information until an excellent solution appears.
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they could, while those solving tasks perceived as very simple may
report that they process all possible information before reaching a
decision. The empirical results of using such measures are that those
solving the simplest tasks will report that they process the most
information; those dealing with the most complex tasks, however, who
will never be able to collect and process enough information, are likely
to in fact report that they process the least.

The consequence of not controlling for objective task complexity and
degree of expertise in empirical research may thus be perfectly
illustrated by Daft and Macintosh’s (1981) puzzling and counter-
intuitive findings. Unaccounted for variance, caused by individual
differences in cognitive structures and/or differences in objective task
complexity, may produce “surprising” results in task-related research.
As pointed out in the theory section of this study, empirical results in
technology-structure research are at best unreliable; this study serves to
further document that lack of control for objective task complexity and
degree of expertise invalidates perceptual measures of tasks and task
performance. Future studies should therefore replicate earlier ones,
using instruments controlling for objective and subjective aspects of
technology in order to examine whether such instraments can generate
new knowledge about their relationships to dependent variables.

Implications of this study are also relevant for the study of expertise in
the cognitive sciences, as pertain to three areas:

o definitions and operationalizations of the objective task
complexity construct

* definitions and operationalizations of the expertise construct

 findings on pertaining to expertise research in general and in
particular to intermediates’ perceptions and the distinction
between perceptions and performance. '

These areas will be discussed in the following sections.

Operationalizations, definitions and models of
Objective Task Complexity

In this study a major effort was put into the theoretical development of
task complexity and its operationalization. The arbitrary use of the task
construct in task-related research may, as demonstrated by this study,
be an obstacle to achieving reliable findings. However, a more detailed
and precise definition of the objective task complexity construct implies
that task-related research will develop new nuances. This again will
open for a richer theory development. The success of the construct will
ultimately depend on its ability to produce valid and reliable findings.
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Wood (1986) and Campbell (1988) have significantly contributed to
development of the objective task complexity construct; I have
combined their two frameworks and refined the definitions by
suggesting a few new distinctions. The concept of task structure
combines constructs of task elements from several authors into a
coherent framework for analyzing tasks (see Section 3.1.2). The
cognitive sciences” deep- and surface-structure constructs are
incorporated into the definition of task structure, while the open system
and contingency perspective are linked to the objective task complexity
construct by the concepts of “input”, “process” and “output”. Finally,
the concept of critical complexity, discussed in the same section,
provides a basis for distinguishing between possible solution paths and
choosing the most efficient.

Wood (1986) proposed mathematical definitions of coordinative,
component and dynamic complexity so that the information-processing
loads of the different types of complexity could be calculated.
Mathematically Wood formulates component complexity (TC,) as

j=pi=n
Component Complexity: TC1 =X Wij

j=0 i=1

In this formulation, w;; = number of information cues to be processed in
the performance of the I" act of the j™ sub-task, n = number of distinct
acts in sub-task j, and p = number sub-tasks in the task. Thus,
component complexity is the number of information cues to be
processed, summarized over each act, in each sub-task to be performed
in the overall task.

Coordinative complexity: TCZ =2 T

i=1

Here n = number of acts in the task and r; = number of precedence
relations between the i™ act and all other acts in the task. Thus,
coordinative complexity pertains to the processing of information cues
to handle the interrelationships between each act and the other acts to
be performed in order to perform the task.

Dynamic complexity captures the changes in the means-ends hierarchy
to which the task-doer must adapt. The index that Wood uses is the sum
of the differences across specified time periods for anyone or all of the
indices for component and coordinative complexity.
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It is beyond the scope of this dissertation to model how objective task
complexity loads on different task-doers information processing
capacity. However, it is clear from the theory and findings presented
here that specific components of objective complexity are not perceived
equally by experts, intermediates and novices, and that Wood’s formula
cannot as a result reflect how tasks represent a load to all task-doers’
information-processing capacity.

This study suggests that Wood’s propositions be adjusted according to
the task doer’s degree of expertise, and where in the task structure the
critical complexity elements reside. Different weights can be applied to
the different complexity components to represent the perceptual
differences between the different degrees of expertise. Studies refining
theories of how different tasks load on different task-doers’
information-processing capacity would be interesting avenues for
further study; such a line of research would significantly contribute to a
theory of perceptions of tasks and provide more precise insight into
differences in experts’ and novices’ information-processing.

8.2 Operationalization and Definition of Expertise - on

Identification and Definition of Experts and Novices in
Research and Practice

In a review of the expertise research, Sternberg (1994a) argues that the
definition of expertise is intuitive and similar in research and practice.
A lesson from this study, contrary to the conventional academic view
(Sternberg, 1994a), is that definitions of expertise differ with respect to
research and practice. That this is the case was indicated in the
preparations for this study. Peers and superiors were asked to nominate
experts as participants in this study. Only about 50% of the nominees
matched the expertise group as defined by the expertise instrument
applied here. The expertise instrument, consisting of four components;
self-evaluations, experience relevance, education relevance and
interactions between these, showed a high reliability (coefficient alpha
= ,91) and proved successful in discriminating between novices,
intermediates and experts®™. The fact that expertise is domain-specific is
probably one reason why peers’ and superiors’ nominations of experts
are biased; it seems that peers and superiors also attribute expertise to
individuals in additional areas than those where they in fact are experts.

In practice, the distinction between evaluation of and causes for
performance are more ambiguous than in a research setting. The cause
of superior performance may be particularly difficult to assess, with
real sources possibly residing in luck, good interpersonal skills, a good
network, or plain stubbornness and hard work. However, rather than

81 Gee Section for 4.4 for a more detailed evaluation of the expertise measure.
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identifying these causes, the manager observes the outcome and defines
it as an expert’s performance; in fact, it may well be of little interest to
managers to pinpoint the exact cause as long as it works, in the short
term. Yet, this is hardly the case for a researcher seeking precision in
definitions and knowledge of causal factors. In fact, this is an area
where both managers and researchers may easily be subject to halo
effects, threatening the validity of the expertise construct (Nunnally and
Bernstein, 1994).

In practice one may implicitly define those who excel in something as
being experts. Some researchers have advocated such definitions as
well (Wiley, 1998), yet it is important to note that superior performance
does not necessarily imply superior cognitive schemata pertaining to
the task in question. This leads us to the second point in this section:
Superior performance and expertise are not the same. In this study, the
correlation between performance and expertise on the surface-structure
task, the intermediate-structure task and the deep-structure task was -
,03, 20 and ,49 respectively™, with an average of ,19. Experts and high
performers are therefore not one and the same: experts do not perform
best in all tasks. Both on the surface-structure and the intermediate-
structure task movices and intermediates performed either equal or
better than experts.

The expertise construct, such as applied here, is defined as superior
cognitive schemata in one specific area. It is important for researchers
to be aware of this discrepancy in definitions between research and
practice in order to secure the quality of the respondents and the
validity of the study. Furthermore, there are differences among
researcher as well with respect to the definition of the expertise
construct. Expertise as superior performance is one definition that has
serious weaknesses.

Moreover, Markéczy (1997) argues that one has to do a cognitive
mapping (Huff, 1990) in order to tap cognitive phenomenon and
criticize the use of demographics. To tap the expertise construct I have
used a triangulation of methods and dimensions, including aspects of
cognitive mapping, which have proved successful in distinguishing
between degrees of expertise. The instrument for measuring expertise
developed here includes, as mentioned, multiple dimensions to capture
the task-doers’ cognitive schemata: self-evaluations, specific task-
relevant experience and education, interaction effects between
experience and relevant educational background. From these, the latter
appeared to be the most important to the reliability of the construct.
Also important to capture the precise meaning of expertise was the
second order factor analysis, capturing the interaction components of
different combinations of experiences and educations. This analysis

82 The correlation of -.03 was not significant at the 5% level.
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showed, for instance, that demographics as relevant education alone or
relevant practice alone was far poorer indicators of expertise than the
interaction effect of relevant education and relevant practice. This
makes great theoretical sense, but still, the dominant approach is to use
single and general demographics to capture expertise and not utilize
combinatory effects of demographics (see Table 4.3).

Discussion and Implications of Results for Expertise
Research

Experts’ and novices® information-processing is interesting first and
foremost as a research approach to increase understanding of human
information-processing in general. This study is distinct from previous
studies of expertise on several levels. Firstly, in addition to
performance, this study focuses on task perceptions — that is, perceived
task variability and perceived task analyzability, which have not
previously been studied in expertise research. This study as well takes
advantage of a more real-life setting. Thirdly, it utilizes the advantages
of a more complex experimental design, namely a split-plot 3*3
factorial design, which provides opportunity for multi-level
comparisons - both within and between groups - of interaction effects
of objective task complexity and expertise on all three dependent
variables. Finally, the research design not only focuses on differences
between experts and novices, but takes intermediates into consideration
as well.

Since the goal of expertise research is to capture knowledge of human
information-processing in general as opposed to knowledge of experts
in particular, it is necessary to take more levels than only the extremes
into account: the inclusion of intermediates provides indication of how
the learning curve from novices to experts evolves. The transformation
from thinking in terms of the surface-structure to thinking in terms of
the deep-structure of the problem is interesting in order to contribute to
the more general theory of information-processing and how expertise
develops.

Earlier studies have, as mentioned, found that experts performed worse
than novices on certain tasks. However, this finding concerned
particular tasks that required creative problem-solving and where the
cognitive structure of experts functioned as a “cognitive set”, inhibiting
them from finding the right clues. There were no such twists to the
tasks presented and solved in this study: all were straightforward tasks
that anyone answering requirement specifications from customers
would have to deal with on a regular basis.

The novel finding is that on the surface-structure task, intermediates
outperformed experts while novices performed as well as experts. As
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discussed in Section 7.2.2 this finding should encourage research on
how perceptions evolve as novices develop into experts, with findings
along this line possibly serving to further promote knowledge of “the
costs of expertise” (e.g. Wiley, 1998), and whether these costs are
indeed inevitable.

Finally, the relationship between task perception and performance is
interesting. This experiment suggests that an accurate perception of the
deep-structure of a task is not necessarily an advantage for the
resolution of tasks where the critical complexity. resides in the surface-
structure. How can task-doers both have an understanding of the deep-
structure of the task and also solve the surface-structure task efficient?
This raises the question of “optimal perception”: how task-doers obtain
the most relevant picture of the task and how they can strive for the
quickest and shortest route to task completion. This theme takes us to a
discussion of implications for practice.
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9. Implications for Practice

This study does not represent typical applied research. The heart of this
study is closer to more basic research regarding fundamental properties
of human information-processing under task resolution, with
implications for theory and measurements of technology and
organizational structure as described in the previous chapter.

However, the basic properties of objective task complexity and
information-processing discussed here have implications for those
organizing task resolution in organizations. And yet, the gap between
the basic research presented above and actual practice would suggest
that the implications be considered more as general directions than a
specific agenda.

Firstly, there are implications with respect to the division of work. In
orgdnizations dealing with sales processes such as the one studied here,
two general types of mistakes can be made: 1) the sales person
concludes that requirements which in fact can be met, cannot be met by
standard functionality, and 2) the sales person concludes that
requirements which in fact canmot be met, can be met by standard
functionality. Both types of errors can have serious consequences: the
first may lead to a lost contract and the second to obligations that may
be very expensive to meet. The situations are illustrated in the two-by-
two matrix below.

Figure 9.1:Typology of Consequences of Errors in Bidding Situations

Sales rep.
says it can OK Uncontrollable and
risky obligations
Sales rep May lose contract OK
says it can not
Requirements ’ Requirements
the system can solve the system can not soive
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Awareness of the consequences of mistakes constitutes one step
forward; the next step is to know which mistakes are likely to be made
by whom — and why. The results from this study indicate the kind of
mistakes novices, intermediates and experts are prone to make, what
kind of complexity is likely to trigger their mistakes, and why experts
and novices tend to make different types of mistakes.

Experts are likely to make more mistakes than intermediates on the
surface-structure task by recommending adjustment or the
programming of a new code, where standard functionality solves the
task best. Intermediates and novices are likely to make more mistakes
than experts on the deep-structure task. The reasons for these
differences in mistakes are the perceptual propensities of experts and
novices as discussed in this dissertation. Thus, a counter-intuitive result
from this research is that the task resolution of experts is not always
superior to that of intermediates and novices; in fact, intermediates
seem to be superior to novices and experts on surface-structure tasks,
suggesting implications for how managers could divide work
depending on the task-doers’ degree of expertise.

To ensure that the match between expertise and task is optimal, one
needs to understand the objective task complexity in order to identify
tasks where novices and intermediates excel and those where experts
excel. The conceptual framework for objective task complexity
developed here provides direction for distinguishing between tasks, so
that the division of labor can be met more instrumentally by providing
intermediates and novices with surface-structure tasks and experts with
deep-structure tasks.

Based on this study, for example, experts seem less likely than novices
to say no to a requirement when the software can actually solve it.
Experts are likely to know the potential of the system, but may suggest
more adjustments and new developments than necessary and thereby
overestimate the need for consultants. Novices and intermediates, on
the other hand, are more likely to answer correctly when the requests
can be solved by standard functionality; however, they seem more
likely to say “not possible”, when it comes to requirements calling for
creativity or new applications of existing tables and processes — or,
namely, adjustments and new developments.

Routines for quality checks of completed responses to requirement
specifications have been implemented in Unit 4 Agresso, where experts
check intermediates’ responses. Perhaps one should also implement
routines for intermediates to check experts’ responses. This seems to be
a good idea for requirements that are of the surface-structure category.

Another interesting implication is that the notion of “simple tasks” is
misleading in many respects: there is no agreement among the groups
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as to what constitutes a simple task. Experts found the surface-structure
task to have as high variability and low analyzability as the deep-
structure task, while novices and intermediates found the deep-structure
task significantly more exceptional and significantly less analyzable
than the surface-structure task. Thus, what is a simple task (low
variability and high analyzability) to a novice may not be a simple task
to an expert, and vice versa.
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10.Conclusions

To the extent that the norms of science allow for conclusions based on
one study, this study allows conclusions on three levels: overall
contingency research, expertise research and, finally, as regards
practice.

Firstly, the initial research proposition addressing confounding in
technology-structure  research was supported. The empirical
consequences of this confounding were demonstrated to be significant
and to distort underlying empirical relationships between technology
and any dependent variables of this construct. This conclusion is a
serious critique of more than thirty-five years of research on technology
and structure and much of the task-related research. The findings in the
research streams focusing on contingencies between task- and
structure-related constructs should be questioned in cases that have not
distinguished between differences in objective and subjective task
characteristics.

Secondly, this study contributes to research on expertise and
information-processing with a more complex design, which allows
examination of interaction effects between three degrees of expertise
and three levels of surface- and deep-structure complexity treatments.
The main effects of objective task complexity and degree of expertise
on task perceptions and performance are significant, as are the
interaction effects between expertise and objective task complexity.
The generally held truism - that experts focus on the deep-structure of
the task while novices only perceive the task’s surface-structure - may
have led researchers to believe that the differences would be greater
between novices and experts on the surface-structure task; in fact, the
difference was greatest between intermediates and experts on this same
task. This is somewhat ironic, as the rationale for studying novices and
experts has been that the differences in information-processing would
be greatest between these two extremes and that accordingly it would
be less interesting to study intermediates, assuming they would have
characteristics falling between the two extremes. This study questions
this assumption and encourage the inclusion of intermediates in future
studies.

This design provided some suggestions as well into the process of
developing from a novice to an expert. In hindsight, it seems reasonable
that intermediates learn to perform well on the surface-structure task,
before becoming experts with respect to understanding of the deep-
structure of the task. However, the question remains why and how
intermediates, on their way to becoming experts, ‘un-learn’ what made
them superior performers on the surface- and intermediate-structure
tasks.
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Finally, the implications for practice concern division of labor and the
allocation of one of the organizations most valuable resources. What
are the tasks where experts’ deep structure thinking contribute the
most? Identification of tasks where novices and, in particular,
intermediates excel is important; identification of tasks where experts
are systematically inferior to intermediates and understanding of what
types of mistakes experts are likely to make in these cases, may
consequently be developed into guidelines for managers to divide work
and develop routines for quality controls. By answering such questions
a balance were novices, intermediates and experts are utilized to their
optimum may be reached.
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Appendix 2: Requirement Specifications

Appendix 2: Requirement Specifications

The three requirement specifications are presented on the next three pages, together with the
specific instructions. Requirement specification 1 provides the DS-task, number 2 provides
the DS/SS-task and number 3 the SS-task. After each requirement specification, the
questionnaire for task perceptions (table 4.6, p. 95) was provided.
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Appendix 2: Requirement Specifications

¥
ey be v &

"The first set of requirenrents from the austomer fallows below. The requirements concern different procedures for
dealing with rerninders, debt callection and caloulation of interest acoonding to which product is being sold.
HEREITTS MOSTIMPORTANT TO RECAL L THAT THE CUSTOMERS SALES ORDERS ARE

GENFRATED IN VARIOUS OTHER SYSTEMS AND ARE VIA A STANDARD INPUT PROCESS
AUTOMATICAL LY ENIERED IN THE AINANCIAL SYSTEMUSING GL(/.

7

Whmymrespuﬂwﬂnmqnmm!qnaﬁcmm,sdedtmmmWUNNhunﬂndq)domm

depending on how Agresso may solve the problem. The codes are explained below.

S: ‘When the requirement can be met using Standard functionality in Agresso.

Q When the requirement can be et by using Agresso-Queries.

A: When the requirement can be nxet by Adaptions to the system Adapticos are changes/amendments of the
standard fnctionality by changes/amendiments in standard software code by using programeing tools.

N When the requirement can be met anly by the development of totally New code and modules.

U: When you are Unsure and don’t know.

No. | Requirernent Specification SQANU

1 | Depending on the imparted information it should be applied different rules for F&ledwde

sending reminders and inferest calculation for different accounts receivable

acoording to a predefined set of rules. "This means that the same astomer may be

sent several different invaices that are to be followed up in different ways.

2 | The custorme has different terns for payrmes, reminders and interest calculation. || Stestooke
depending on the product sold. The system st allow each astomer to be fallowed
up in acoordance with these tems and the products sald.

3| Depending on the size of the imvoice it shall be applied different rules for sending || Ssectoode

reminders and intesest calaulation, so that amounts between £0 - £5000,- are

ﬁilomedlpinabwaygmmmﬁunm--ﬂaﬂll.meﬁﬂomdupin

another way and amounts above £ 100.000- in a third way.

4 |1 ooust be possible to define anount-based rules for reminders, so that, for exangle. || Seetox

invoices for less than GBP 10000 would receive differing reminder charges then

those for more than GBP 10000,

5| Based on the imported informration through the GLOT process, it s required that the. || S3eetoo®

book keeping of the sales of different prodiucts are done against different acoounis of

acoounts receivable in the balance (AR-acoounts)

6 | Depending an the size of the account receivable it nust be possible to create a | Sdectoode

installments,
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Appendix 2: Requirement Specifications

Below you find the second set of requirements from the customer. The requirements concern the system’s
properties with regard to accounts receivable. When you respond to the requirement specification, select the correct
code 'S/Q/A/N' from the drop-down menu depending on how Agresso may solve the problem. The codes are

explained below.

S: When the requirement can be met using Standard functionality in Agresso.

_ Q: When the requirement can be met by using Agresso-Queries.

A: When the requirement can be met by Adaptions to the system. Adaptions are changes/amendments of the
standard functionality by changes/amendments in standard software code by using programming tools.

N: When the requirement can be met only by the development of totally New code and modules.
U: When you are Unsure and don’t know.

No. |Requirement Specification S/Q/A/N/U

1 |It must be possible to create a payment plan when the customer requests this.
Routines for sending reminders must be based on the payment plan so reminders are
only sent for the installments that are overdue.

2 | When an installment of the payment plan is overdue it must be possible to send a
reminder with the correct interest charge.

3 |To avoid having to send out interest charges for insignificant amounts, it must be
possible to enter a minimum amount for generating an interest charge.

4 |To avoid sending reminders where the outstanding amount is insignificant, it must be rSelect code
possible to enter a minimum amount for reminders for individual invoices.

5 |1t must be possible to state a time limit after which the payment will be sent for debt
collection.

6 |The company issues invoices for various products all on the same invoice. It must be
possible to use different interest rates for the different products in the event of late

payment.

7 | Creation of a giro for each reminder should be a matter of choice. Selact code
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Appendix 2: Requirement Specifications

Below you find the final set of requirements from the customer. The requirements concern the system’s properties
with regard to accounts receivable.

When you respond to the requirement specification, select the correct code 'S/Q/A/N' from the drop-down menu
depending on how Agresso may solve the problem. The codes are explained below.

S: When the requirement can be met using Standard functionality in Agresso.

Q: When the requirement can be met by using Agresso-Queries.

A: When the requirement can be met by Adaptions to the system. Adaptions are changes/amendments of the
standard functionality by changes/amendments in standard software code by using programming tools.

N: When the requirement can be met only by the development of totally New code and modules.
D: When you are unsure and don’t know.

No. | Requirements Specification S/Q/A/N/U
1 |1t must be possible to define rules for how often reminders for payment can be sent.

2 |1t must be possible to specify the time interval between reminders, the size and name ||
of the reminder charge.

3 |Tt must be possible to define a minimum amount for reminders.

4 |1t must be possible to state the number of days between the payment date and the
date on which a reminder will be sent.

5 |¥ must be possible to define the payment deadlines for reminders and calculation of
interest.

6 |1t must be possible to reverse charges and interest so that a new reminder for
payment can be sent out.

7 | The company wishes to be able to generate and post interest calculated both in
advance and in arrears.

8 |1t must be possible to define various reminder texts for different sorts of reminder. 1 Select code
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Appendix 3 ) ;

Appendix 3: Marginal Means Perceived Task Variability and
Analyzability

Perceived Task Variability - Marginal Means
Levels of factor |Surface Structure Surface/deep Deep Structure IMarglLal Means | i
Novices 5,132 4,605 3,803 4,513 .

Intermediates 5,826 4,989 4,054 4,956
Experts 4,966 5,034 5,000 5,000
Marginal Mean 5,308 4,876 4,286 4,823

Perceived Task Analyzability - Marginal Means

Levels of factor ' [Surface Structure Surface/deep Deep Structure Marginal Mean !
Novices 4,579 4,303 3,539 4,140 % |
Intermediates 5,011 4,750 4,326 4,696 :
Experts 4,750 4,625 4,852 4,742 :
Marginal Mean 4,780 4,559 4,239 4,526 a |
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