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‘Abstract v

2

- Problems with computer information systems are often attributed to .
S I

breakdbwns in communication bétween system designers and users. Misundérstandihg/
between these groups often resuléé in systems’which fail to meet user
requirements.fyhile research hés examined specific asbects,of this problem, ;t
has neglected the broader social and technicél‘contexts in which communication
barriers arise. This thesis correc;s that deficiency by examining contextual
factors which contribute to communication problems within IS design.

The study examines design problems from the perspective of individuals
directly involved in that process. Because of substantial differences in
training and experience, designers.and usegs may apply distinct interprétive
frames in géscribing systeﬁ‘requirements. The fundamental problem in IS gesign
consists of bridging these diffefences so that design iqforma{ion can be
accurately comﬁunicated‘from user to developer:‘

This thesis reports a two-phaSe study of a conceptual model describing how
aspects of the social and technical contexts 6fAIS design create communication
barriers. The first phase uses in-depth interviews with design professionals to
explore questions regarding ﬁanagerial and technical frames of reférence, the .
social organization and technical process of system design, and resultant

- communication patterns and IS outcomes. A model is deyéloped de%cribing‘héw
these aspects of the social and technical éonté;t establish dysfunctional

-

communicétion patterns between users and developers. Phase Two uses
guestionnaire data to refine and validéte this model:\The analysis uses a
particular exploratory procedure to initially refine and then formally validate
the model using Latent Structure Analjgisg

The result§ support the proposed)explanation of IS design problems, including -

iid

! -

- / f'



-

the distinction between managerial and technical frames of reference. The

analysis indicates that existing social and péchnical arrangeménts(for IS design »

.create significant barriers between designers and-uSers. Resdlts of the

= "

R ' : E o
quantitative analysis corroborate the proposed relationships between social and

technical variables and relaﬁed communication outcomes, and thus substantiate

the model. )

ES

The study offers important insights into communication procééses in IS

design, particulafly in terms of its broader social and technical contexts.

Existing procedures for IS design process appear ﬁo generate as many

communication problems as they bridge. Sﬁ%i;fic implications are,discuss%d for

overcoming these difficulties, as well as for further research in this area.
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CHAPTER ONE: Communication and the Design of Organizational Information

L)

Systems: Locating the Problem

Introduction

N

In the thirty years since their introduction, computer téchnologies have
occupied an increasingly imp‘ortant role in organizations. Since the f‘irst
vacuum-tube gilants took on routine accounting f‘un?ct.ions, a growing range of .
organizational and managerial tasks have been fallen to successive waves of‘”
automation. Inspired by visions of a fully automated "management information
system" (MIS), 9arly applications of computer te;hnology promised access to a
wealth of information required to opérate the firm. In pursuing this vision
" througs successive generations of co m’puting machinery, new capabilities have ‘been
‘added to support a growing range of clerical and operational functions, as wrell
as to directly facilitate manageriat planning and decision making. Recent
advances in integrating these functions within centralized J'nf‘or'niyion storage .
and retrieval systems has led current observers to refer to such éppheations a;si_fr

I

truly organizational, as oppcsed to strictly manager'ial,/ mfor'm/‘éit'.ion s&ste ms.

wnile this level of‘ development may not yet be the norm, comp\gtre/;:-’pasgg

'Organizational Information Systems' (OIS) are well on their way to becoming a

ubiguitcus feature of modern or'galnizations. | -
It is ironic therefore, that the application of QIS technology has also been

a scurce of sﬁgnific‘ant and persistent difficulty for managers and systems

professicnals alike. Most aﬁtempts to automate management information fu'nctions

have failed to deliver expected productivity gains. Instead, the implementation

of these systems has frequently been accompanied by problems which defeat many of

the benefits that automation is purported to offer. Several systems have even

1'



been described as outright failures (Hers_@m”arﬁ, 1968; Diebold, 1969Y; Deér‘den.
1966, 1972). Problems in the early development of information systems were so
- frequent that by the mid. 1970's the idea of "MIS failure" had emerged as a
distinct rubric for management and systems research (Ac!kot‘f‘, 1967; Dickson and
Sim mons, 1970; Mmzberg, 1975).

While it is possible that technical "bugs" might account for some. early
difficulties, by the mid 1970's it was w}dely acknow}edged that 'unfavorable’
reactions on the part of the users of such systems Qer‘e responsible for the vast
majority of QIS problems. Among such reactions, research has identified a pattern
.typical of many failed systems. The following scenario, paraphrased from an e:r\iy
review by Dickson and Sim mons (1970), describes the pattern: In many
installations, systems are designed by external experts and implemented without
attention to user training and orientation. Novice user‘s’;ar'e left to cope with
systems which they ofteﬁ find cumber‘som"e, inflexible, and m'consist,ent with
established routines. In many cases, tﬁese systems pr'ovide' only a marginal
pay-back in termsé of infdrmatidn access or utility, fostering perceptions ‘t,hat
adapting to the new s;ystem is ultimately a losing p;'oposition. In "typical"
cases (2f MIS féﬂure, people have responded to such conditions by simply
abandonirig the system and r"ever'ting to proven manual procedures. kmployees may
refuse to follow reAguired procedures and insist upén using paper files instead of
elaborate (and expensive) databases. Reluctant managerial users may ignore plles
of un-solicited output and continue to operate without the benefit of "the most
up to date information". Lower level employees, who may be unable to avold the
technolégy, the entire system can easily be disabled by an accurately misplaced
paper clip or hair pin.

Thus, problems in gaining acceptance of autorﬁated systems, in obtéining

effective utilization of system procedures and outputs, and in occasional

2.



instances of sabotage, r;.u‘e frequently observed among examples of MIS f‘éi]ur‘e
(Dickson and Simmons, 1970). The persistence of such difficulties well into the
third decade of IS development (see, for example, McCosh, 1984; Rudellius, gt_g_l,
1982; Lucas 1987) clearly indicates the presence of a problem of considerable
import for continued application of this technology. |

Howév:ar, many systems have been enthusiastically received by employees and
have shown evidence of fulfilling their potentiali as useful tools (Lucas, 1975,
1987). These successes reinforced the idea that OIS difficulties are not inherent
in the tecfmology itself, but arise from sp?cﬁ‘ic implementations of the
technology; a \(iew which has spurred extensive research to identify the most
effective means of develobing and implementing information technologies within
organizations- (for example, Cerullo, 1979; Faerber and Ratliff, 1980; McCosh,
1984). This research has begun to identify a number of factors which affect the
outcomes of system development and implementation, among which procedures for
information system design have figured highly. It is the process of designing
specific applications of information techn;logy which is the focus of the present
study. | ;

Many critics have attf'ibuted problems in the implementation of
organizationél information systems to the f‘ailur';e of design pr'oucesses, to cabtur'e
the actual information needs of particular users and translate these into
appr'opr'iate technical specifications (eg. Rudelius, et al, 1982; McCosh, 1984). |
When systems are implemented which do not fulfill the actual needs of the user,
it should be no surprise to observe the range of unfavorable responses described
above,;vjlfen employees are asked to work with systems which impose strénge and
cumbe:‘sc;me‘ ways of accomplishing familiar tasks it is little wonder that they may
revert to manual methods. |

One of the most widely reported explanations for problems in 0IS design is

3'



that system designers and their pr‘ospgctive clients often occupy ver‘y'di_f‘f‘ef'ent
worlds of experience. By implication, the way each interprets organizational
situations and construes these in terms of information requirements will fbe‘ based™~
on very different sets of background, training and intgrests. |

Research has suggested that managers and deéigners .differ in a number of
ways which can affect the interpretation of design issues and situations. Areas
of difference which appear to have some relevance include attit,}xdes and values
(Kaiser and Srinivasan, 1982), personality (Kaiser and Bostrom, 1984), trqimng
and professional experience (Mc Alister and Hallam, 1980; Lapointe, 1982),
cognitive st\yles (Doktor, 1978; Rucks and Ginter, 1982), and use of specialized
professional jargon (Faerber ana Ratliff, 1980; Hariton, 1986).

While such differences may represent minor obstacles individually,
collectively they constitute a 7substantial barrier preveénting designers and users
from clearly understanding the nature and requirements of each others' work
(Kaiser and Sﬁﬂvasan, 1982). Within the design process this is thought to
create misunderstandings about the information requirements to be satisfled by
the system under development and, if unchecked, to the implementation of systems
which\t‘ajl‘ to provide the information that managers and other personnel actually
require to rdo their work*(Bostrom and Heinen, 1977).

The éxistence of a "com munication gap" of this kind between managers and
information system designebs has been an issue of concern to OIS researchers (‘or
nearly three decades. As early as 1965, Churchman and Schainblatt argued that the
design process entails a fundamental problem of understanding between the
technical expertise of the designer and the practical needs of the manager.
Ackoff (1967) elaborated this analysis by suggesting that observed MILS

deficiencies were a direct result of erroneous assumptions made by system

developers about management's information require ments. Since then, the question

-
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of MIS designers' ability to understand and effectively respond to managem?nts'
mformétion needs has been a-recurring theme gor both ‘pr'acpitioner's and
researchers, frequently couched in terms of poor com munication (McAlister and
H;]Jam, 1980; Bostrom and Heinén, 19774 Kaiser and Bostrom, 1984(;’ Guinan, 1986).
Whjlé it is widely belie;/ed vt,hat,‘ com munication problems r'épr'esent a signiﬁcaht
barrier 0 0I1S deyelqpiment, research on the fundamental nature ot; those pmblq'ms
has Jeen sparse. Practitioners s.eem conpsnt to publish ad mbnitions that des'ignber‘s
and m“anag'er'g develop more effective com munication skills, "with‘dut caréf‘u]ly »
investigating the exact nature and extent of the prot?lem (Lapointe, 1982;

Hariton, 1985). Although researchers have taken a more cr'itic;gl look at the
problem, only a small numberl have tackled OIS com munication issues head on. Among
thesé, thé emph’ééis has;%\eg?n to isolate specific com munication behaviors which
distinguish effective from i{nseffective. designgr‘s and which may help to overcome
specific problems in mutual understanding fKaiser' and Bostrom, 1984; Gm;n :nd
Scudder, 1987).

While ‘such studies contribute to our understanding of the problem, none has
attem pte‘d to provide an analysis of the underlying causes of OIS design problems
construed specifically as bl_r'oble ms in commgnication. Few studies, for example,.

; critically evaluate the way in which OIS design operates as a %rocess of

com munication in its own right. A mong these, only a handful have considered theﬂ
broader social and'or-ga;nizational contexts in which that process is embedded, and
none have sought to understand how specific aspects of OIS com munication Apr'oble ms
may arise as a prbduct of these larger social and organizational forces. Without

the Benefit of research articulating these broader dim ensions of the problem, the
effort to correct pIS design problems may reméin confined to an examination of
more superficial aspects of the problem.

The development of a conceptual model describing the role which broader
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contextual factors may have in creating com munication barriers in this set;t,ing is
thus an inf portant step toward un‘derstahding the underlyif;g nature of‘ 01S design
proble ms. To the extent that such a model can describe Atjhe fundamental nature of
- com munication problems occurring in the design “context, and can identif'y the
condlt.ions underlying those problems, we will be in much stronger pog.tion to
seek effective solutlons to those difficulties.

This thesis seeks to develop and empirically test such a model, using an'»‘
‘"Interpretive" view of com munication as a primary background against whic}} to
. analyze specific features of the deSJgn pr'ocess. By constr'uing 0IS degign a$ a p
process of conveying and translating system /r'equir-ements ﬁﬂom the pr‘actic
understanding of the manager to the technical understanding of the system \

AN

developer, this perspective directs attention towards aspects of the design \\

y

process which af‘f‘ect the extent and quality of under'standing between these !
groups. 0Of particdlar' interest in this study are specific f‘eath‘es of’ the social

and. technical contexts of OIS:design which- appear to create barriers to
understanding between user and ciesigner‘ groups. The model developed in this study
thus seeks to explain the process by which ‘these centextual factors contribute to
problems of understanding which underlie many OIS failures. By providing this
explanation, the model offers insight into the nature of per‘sistent desig/}

problems, and may help to ultimately alleviate such pr'oblems /

System Design as Com munication

A more detailed examination of the problem of understanding between
designers and users will be useful in order to clarify the specific focus of this
study. We begin by identifying two characteristics of information system design
which highlight the fundamental role of com municatie;)” irn the design process and

6.



the i*rn por{ance of r\r.nutual under‘standiﬁg between designer‘s and users. The first

~ Characteristic concer\:ns the unique nature of computer-based-information systems.
For most m anagers, the application of f,echnelogy to different f‘unctional areas of
their organizatio.ns presents little challenge. ‘Mpst managers are r-eesonably‘ well
versed in_the Qe‘velopment of"procedur< which enable em ployees to use technology
in f‘ulf‘i].ling organizational goals. Knowing the capabﬂities and limitations of

the specific machinery, the development of procedures is simply a matter of
defining how thosel features are to be utilized. For many managers however,
computer tfechnobgy presents something of an anomaly. Computers do not have
uniquely definable functions in the same way that other kinds of machinery de.v-As
Weizenbaum (1976) argues, computer*s afje designed to be "universal machines"
(p.60): their primary function is to si;nulate the operation of other kinds of
technologies, es defined by given software programs. Thus, f’or'example, word
’pr'ocesedng programs provide inStPUCtiOY(l;’,WhiCh enable a computer eo. operate "as
it it were a typewriter (with several adde(_j f‘eatur'es), and mathematical software
provides instructions for the computer te simulate a 7ver'y Sophisticated adding
machine. While the computer- adds some of‘ its own unique character- to the
performance of these functions (extremes of speed and storage capacity, for
example) the kind of‘ function the#cogputer' performs is essentially dependent on

£

its program ming. .

It is this aspect of computer technology which initially creates the need
f‘or' a detailed process%of‘ system design as an init,ial step in the im plementation
of the technology. Since the computer has no distinct functions of its own, the ‘
specific operations that it is to fulfill.in a given case must be defined prior
to its implementation. This f.Y'equently places the prospective user in the awkward
position of having to envision a set of potential applications for a tool with

which s/he may as yet have no practical experience. Without knowing the exact
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f‘unetioris the new computer will perform, nor the par'ticelar' wéy in which thoAseq
functions will be car-r'ied out, the user must anticipate how s/he (dr h:ls/heb

em ployees) }wﬂl use the computer to fulfill organizational goalss _ vUnless the
pr-ospective user is also a skilled computer’ ,program mer, this init.ial pr'oJection

of user needs must then be communicated to another' individual to be used in
cr‘eatmg the working system. Since managers and programmers work within
fundamentally different worlds of experience, the user's oﬂgl.ﬁal pracrtical /
und-er'standing of what the system will do must first be tr'anslat,ed into fechnical

par'ticu;ar' system. These specifications are then r'e—tr'anslated into

machme-r'eadable code to create the programs on which the system wﬂl operate.

1

What this means, in ef‘f‘ect, is that the initial identification of needs gut forth

by the manager must undergo at least two significant transformations on its way

to being incorporated into a working system.

The essential point here is that the inherent flexibility of chﬁputer
technology hecessitates the introduction of", a complex process of tr*ar]slation .and
inter'pr'etation through which the technology cz"an be implemented w‘rithin a specific
ogganization. For the technology to effectively fulfill organizational goals, ‘a
significant gulf must be bridged between the manager's practical understanding of

sSystem r'equir'ements and the precise technical specifications which a program mer

will follow to develop the actual system. The process of gystem design entaﬂs a

series of tr'ans]ations which provides such a:ridge. The linking nature of the
design pr'ocessgis illustrated below in Figure 1.1. -

In its capacity as a bridge between the practical understanding of the
manager and the exact;.ng requirements of the syste m} developer, OIS design thus
functions as a process of“com munication between prbducer‘s end prospective users

of OIS technology. The design process entails a series of organized procedures
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whch enable int‘ormatic‘)»n to be transferred from user td developer, and at the ,
same time to be re-cast in terms which the developer can use to construct the
des%r'ed system. To the extent that this process p\rbvides an accurate movement of
information between these groups, the development of information systems can be
expected to be felat.i\iely successful. As we have seen however, frequent

difficulties in obtaining systems which match user requifements and expectations
suggest the possibility of Sasic flaws in existing procedures for‘com municating

this information. Because the need for complex deslgn’ p‘r'ocedur'esiis inherent in

- 01IS te’chnology, corit.inued development of this technology will necessitate a

- careful understanding of the ways in which this com munication link can be made to

function more effectively.

' THE 01S
/ DESIGN PROCESS ‘\

Specific Needs . The Capabilities

and Requirements and Requirenments
Formulated in the . of Computer Technology

Managerial Frame Defined by the Technical
of Reference o Frame of Reference

, Figure 1.1: The Bridging Role of OIS Design .

A second -aspect of“the OIS design process further illu minates tHe nature of
com munication processes and problems in this context. Although the process of |
‘moving information between designers and users harbors several potgntial

. . )
difficulties, the prospect of obtaining mufual understanding between\kthése' groups |
is f‘urfther' complicated by the unique qualities of the com modity which computer
systems assist the organizatién in managing, namely, information. Information |
and its use within the organization is bbth the subject abdut which managers and
Systems developers -must ultimately corﬁmunicate, as well as the means of‘.
conducting that com munication. The unique properties of information within human
and organizational contexts thus he;ve an im por'tant. bearing on the ability of the

A
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design process to.achieve com mon under'st,anding'k between designer‘s and users. If
information were a t,angible com modity that could be transported d:lrectly ﬁ-om
manager' to programmer, the design process would be without dif‘f‘.lculty What we
actually "transport" in com munication is not "int‘or'mauon" however, but the raw,
unprpcessed "data" of sensory exper‘ience, onto which we impose our own internal
frameworks to select meaningful patter'ns. In other words, incoming data is
con?fer’ted to information internally, through a process which attaches value to
| selected aspects of «prer'ience." Information can thus bé defined as data rendered
meaningf‘ui through association with individual valqe§.

The im pbr‘t of this distinction lies in the essential 1ndivid&ality of 7
mearqj:gg‘. If' data ‘bﬁcomes m eaningful primarjly in relation to individual goals and
values, what constié}:tes information for one individual may remain |
un—djff‘erentiagt_’:ed_._gg’;a for another. W hile Wwe may put considerable effort into
ensuring that our meanings parallel thosepf" our partners, the fact re mains that
what is meaningfg; for one may be of little consequence for another'.

If we accép_t this characterization of.“inforl'mation, several l1mportant
im p]ii:at.ions are evident for OIS design. To begin with, determining the
information needs of individualé within the organizat;ion appears far more |
difficult than it first might see m. If it is unclear exactly which elements of
the ongoing flow of data different employees utﬂize as 'information’, it wi]l'be
difficult to determine what the information requirements will t;e. Without an
intimate knowledge of how each person approaches their specific-tasks, the
manager risks imposing a mistaken interpretation of others' information needs in
attempting to describe system r'equiremént,s. |

If the problem of interpreting information needs poses a threat to effective
design within' the organization, the potential for difficulty is even greater when
that task rests in the hands-of an external party. When we entrust external

g
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experts to manage the design bkr'oce.ss, we introduce significant pr'oble ms in the
accurate interpretation of design'inf‘or'mation as it passes from manager to
designer, and then among the various professio;lels ‘who undertake specific design
tasks. When we add to this thé fact that the systéms experts who undertake this
task will likely be far more expér'ienced in the world of computers.than that of
the spectfic oréanization, then the likelihood for errors in interpretation and
und»er'standing are mQltiplied. Under such conditions, the prospect that the system'
T owill accurately reflect the organization's actual requirements appears rather
remote.

What thi:'f discussioh reveals is"u the problematic nature of the com munication
process underlying OIS design. When we consider that individuaié with very
different training and exper'iencé must interact together to accomplish the design
process, the potem:ial for ,inaccurate or distorted inter'pr-etétions of system
requirements is ap‘par'ent. The lérge number of failures reported 'in the literature
might be considered testament to the great difﬁéulty faced in achieving
understanding between designers and user's.-'

Both aspects of OIS design discussed in this section point ‘toward the
centr-a‘l‘ importance of com mygnication processes as a basis fof effectivé system
design. Given this discussion, we may propose that the essential character of the
des}gn proéess is to provide a means of conveying and translating a specification
of system requirements from the practical world of the manager'vto the technical
world of the system develOperj, and t';'ha;t the essential problem is a failure to
reflect accurately the needs éf managers in the completecs system. Having
formulated the proble ml in this manner, we can now begin to utline a strategy for

addressing these issues.

1.



An Interpretive Analysis of OIS Design Problems

kGl

We begin by identifying the general features of a theoretical perspective
appropriate to the specification of this problem, and by providing a br'ief,“
description of the research design couched within that perspective. Drawing upon-

the 'Interpretive' tradition of social theory, this analysis enables us to

~
#

igier;tif‘y specific features in the broader context of QIS degign which may o
Mluminate com munication problems in this setting. \

The formulation of OIS design problems outlined above is consistent with aﬁ
Interpretive orientation toward social theory (Burrell and Morgan, 1979:28). This
framework emphasizes the subjective meanings and éxperiences of individual actors
as a basis for explaining social action. Interpretive theories describe social
processes in terms of the subjective understandings which guide individuals?
engagement in social activities. Individual e'xper'ience is given meaning largely
in terms of interpretive categories de;ived from ongoing social activipif These
interpretive systems or "fra m\e's“of reference" provide the basis f‘o.r' our
perception of external reality as orderly, é.;ld f‘or; our understanding of the
purposefulness of our own and others' social behavior, both of which are
essential to coordinated social action.

Because individual frames of r'efer'énce (and perceptions of r‘ga]ity) are
essentially unique, the question of r;ow complex social activities are
accomplished is problematic. In gener:al, interpretive theory suggests ﬁhat
coordinated action is possible because significant portions of experience occuf
within a stable social environment. Thi;?. means that as frames of {'eférence
develop, a significant body 6f‘ M knowledge is accumulated as a basis for
coordinating actien. This information becomes part of the tacit knowledge which
members of a particular c\f)?n munitylr n\or'ma]ly possess as aﬁiasis for group
member‘ship, and provides the basis o.. which collective activity is undertaken in

12.



an apparently seamless and natural fashion (Berger and Luckman, 1966). |

Two combonents‘ of this shared knowledge are important for coordinating
social action. The first concerns the specific social organization within which
tasks are acco mplished. Mosyt complex activi\tieé are undertaken b_y assigning
specific r'oies to individuals. Within the com munities which undertake such
activities, distinct sub‘-groupé perform specialized functions in the service of
overall .goa.ls. VKnowledge of the various types of individuals involved in an
activity, an’d the range of '‘typical' behavior to pe expected from each, allows
individuais to coordinate their actions toward a cc’:llective pu;'pose.

The second component concerns the use of specific techniques and procedures
for accomplishing the task at hand. Within any group, specific ways of working
'typica]ly become accepted as the norm. While these may not -be' the only way of
accomplj,shing\ the task, nor even the most effective, they are procedures which

have evolved historically and which adequately serve the needs of the group.

Knowledge of accepted methods and procedures is essential if one is to be seen as

contributing appropriately to the task.

Within tr;e interpretive tradition then, individuals function largely within
the existentially isolated univ«er‘se of their own‘ frames of reference, but are
able to pari&:ipate in complex social activities on the basis of an accumulated
body of shared knowléd}ge. The latter enables“thé individual to participate in the -
practical activitifzs of a specific community in a manner that s/he and others
will perceive as 'mormal and effective'.

This perspective is useful in describing important aspects of com munication
within OIS design, and in suggesting a “specific focus for an empirical study to
lu minaté problems in this area. Tb begin with, the discussidn above suggests a
unique interpretation of com munication processes operating within OIS design. As
we have suggested, designers and users frequently occupy dist:'.nct fields of

13.



experience, and so c;an be expected to operate within significantly different .
;"r'ames of Fr'ef'er'ence. If this is the case, the 'gulf* which the design 'process

must bridge cah be understood essent.ia]ly. as that between these distinct frames
of reference. The essential problem in system design, in other words, Ls one of“
facilitating the tr‘ansmission‘ of me;anings initially constructed within’» a |
managerial frame of reference to the distinctly different technical frame. When
this pr‘oceés is success_f_u&, sufficient com moﬁ under'standiﬁg is achi‘eved between
;ﬁe two frames to ehable descriptions of organizatiohal and managerial needs to
be effectively translated into technical specifications. This success is

manifested in practical terms by the development of a system which matches the
users actual requirements. By the same token, problems in completed systems may
be due in part to the failure to establish shared understanding between these
frames of reference.

Evidence of various individual and cognitivg differences between managerial \\
and technical groups tends to support the suggestion that distinct frames of
reference are at play within the design pr'bcess. When it 1is effecti\;e, the design
process should bridge these frames and enable designers and users to coordinate
their under'standiné of system r‘equjrerﬁents. Conversely, the failure of
information systems to fulfill user requirements may be indicative of problems
which prevents such understanding from occurring.

The 'adv%ntage of formulating OIS design pr‘oblemsiin this way is that it
focuses attention toward the de.:gn process itself, and not téwar’*d specific
com munication behaviors which managers and designers use in QIS planning énd
development. While specific behaviors help to enact the design .process, the
discussion avae suggests that the com munication difficulties underlying OLS
failure are to be found within the social and technical structure of the dgsign
process itself, and not. simply in the actions of those who conduct that process.

-
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Moreover, the interprnetive orientation is also helpful in Specifjﬁ{lg bar't.icular
aspects of the design process towards which more detalled investigation might
usefully be dirgcted. The analysis above sugges{;s thkat}tr,he basis for coordinating
the process of ,syst;em design-should be sought witr;in the broader social context
in which the design process is enacted. In particular, an analysis' of the sociai
organization of design professionals and the set of technical procedures used to
conduct design processés should afford considerable mgight into the underillying
cause of problems in system design. Where evidence: of QIS failure is present, it
should be possible to locate within‘ these aspects of the design context the basis
for a breakdown in understanding which would contribute toward proble ms in
br’{dging managerial and technical frames of reference.

The interpretive perspective thus suggests an approach to the investigation
of OIS design problems rather different from those which have been employed to
date. In particular, it suggests an investigation of how aspects of the social
organization of the design com munity and the technical tools and procedures of
system design may contribute to problems of under's;,anding between distinct
managerial and technical frames of reference. In light of the earlier suggestion
that system design is fundamentally com municational in nature, this approach may
'prov"e particularly useful. Since it is the design process itself which creates
the bridge between these séﬁar'éte spheres of human activity, it is within the
structure of* that proceés that we should seek an understanding of com munication

breakdown.

3

The Focus and Design of the Study

- The present study seeks to illuminate the nature of com munication problems

- within OIS design in the manner suggested by the analysis outlined above. Our

b s
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purpose is to examine the broader social and technical contexts of systems design:

in'an effort to describe how specific aspects of those contexts contribute toward
the creation of barriers to com munication and understanding within the design
process, focusing on aspects of the social organization of the design com munity,
and on the use of specific technical design tools. The aim of the invest.igation'
is to illuminate _the process through which suéh problems arise, so that steps
might be taken to alleviate them.

- This novel approach to the problem neceséitates an exploratory approach,
developing. an initial model which d'escr'ibes how major features of the design 4
context contribute to com munication breakdowns between designers and users. The
model seeks to illuminate the mechan:}sm through which specific forces in the
social and technical context of systems design ultimately lead toward breakdowns
in com munication which underlie some QIS failures.

The population from which empirical data is drawn is the com munity o}‘

. 2
professionals whose work is to desj'gn' and implement information technology for:

organizational uses. This group consists pr'imar'il; of managers of information
systems departments in irgé organizations, systems analysts énd program mers, and
some free-lance computer consultants. The focus on this professional com muﬁity
reflects the idea that the design process it'selt‘ const:it;n;es the com munication

Iink of interést. Since the professional act,_ivities. of this com munity enact the

com munication 'bridge' between managerial and technical frames of reference, this
population was deemed appropriate for the purposes of this study.

The study ;‘oﬂows a three-stage 'pr'ocedur'e in developing and testing the
conceptual model discussed above. The first stage involves a review of the
literature to provide essential background information and illuminate current
understandings about the process of system design agnd-"the nature of com munication

problems within that setting. The second phase of the study undertakes the
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initial development of a model based on data obtained in a series of focused
interviews with design pr'ofessionéls. The data collected is used to cief“ine

specific components of the OIS design context which appear to affect the quality
of communication in that context. |

The third phase of the investigation involves the collection and analysis of
additional data to further refine and vaJidate the model. A questionnaire is
developed using the model to define sp.ecif‘ic variables; data obtained from a
sample of ninety-two design pr‘of‘essionais are then analyzed to provide an
empirical assessment of the model's validity.

The results of this investigation provide several useful insights into the
nature of the design process and the types of influences under which it operates.
The two pr’incipie faétor*s identified in the previous discussion proved, as
expected, to have a significant impact on the nature and quality of com munication
processes in the deéig_n context. A number i)f‘ sgecific conclusions are drawn from
the study concerning the general nature of com ;nunication in the design context
and the critical role this process plays in the effective implementation of
organizational information systems. The study concludes with consider'atién of
several major implications regarding methods for improving the quality of OIS«
design, as well as for further research into this complex and interesting

problem.
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CHAPTER TWO: Communication and System Design: A Review of* the Literature

Over‘view ‘

The first stage of this study entails a literature r'evierw sum ma;‘izing
research and com mentary in three major areas: (1) p}r‘oblems associated with MIS
Féilure; (2) explanations for these problems; and (3) research on com munication
Witl’.liﬁ the system design context. The review provides information concerning the
particular nature of IS design problems, as well as aﬁ assesément of research
suggesting an alternative approachs to the problem. We begin with a description

of the literature reviewed.

The Literature

The literature surveyed in this chapter includes empirical studies and
reviews of research from academic Jjournals, thebretical studies of issues and
tr‘endé in comp&ting, as well as an extensive ;body of professional literature. — -
Academic jJjournals reviewed inc]_.uded those in management and systems science,
organizational behavior, sociology and related social sciences, as well as
com munications. The review covers materials published since the mid-Sixties and
continuing untg'l the time of writing.

The quality of the literature is generally disappointing. Much of the
material describing OIS problems originates with prac?titioner‘s' - primarily
managers, data processing professionals, and MIS consultants - and as a result is
generally not derivég from systgmatic, theory-based research. In many cases,
'pboblems have not been defined with reference to any theoretical ﬁ*amewprk. Much
of this work falls into the class of studies which Kling (1982) describes as
un-critically promoting the advancement of computer technology. An' indication of

this is the fact that none of the studies critically examine the assumption of
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computer technology's basic applicability to ménagerial work.
The quality of research reported in the literature is particularly weak.

Much of the practical literature is ar']e:cdotal or based on single case studies.

@

Wher'é conclusions are based on. e \mpir'ical data, those data are seldom collected in

a systematic or controlled manner. In many studies, methodological p‘t:'oble ms raise j/

doubts about the validity of results. -
Recent work.addressing co mvmunication issues in OIS design is soméwhat .

better'.‘ Many studies demonstrate greater concern for rigorous data collection and

analysis, and are likely to provide more reliable results. Unfor'tunately, the

narrowness of sdme studies tends to limit the broader utility of the results.

Because this work constitutes only 'a small portion of the present review, the

need for additional high-quality research in this area is indicated. We turn now

to a summary of literature in the three areas defined above.

0IS Fallure: The Dimensions of the Problem

An extensive literature exists ur;der the rubric of "OQIS failure". This
literature 7has grown steadily over the past two decades, indicating both the
complexity of tht; problem and its importance to researchers and practitioners.

An early focus in this literature was to document individual cases of failed
OIS developments (Williams, 1964; Dearden, 1966; Hershman, 1968;' Diebold, 1969).
Early recognition that OIS failures were more often the resullt of human rather
then technical factors (Dickson and Simmons, 1970; Faerber and Ratliff, 1980),
spurred a concerted effort to understand the nature of huma‘n responses to OIS and
to suggest methods for improving system deéig‘n and implementation.

In their 1970 review, Dickson and Sim mons identify three negative responses

among users:
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(1 Avoidanée —;ignor'ing the system and its'outpu‘t;v r‘ef‘using or minimizing
involve ment with the s&ste,m; ‘

(2) Projection -_bla ming the syétemt for external difficulties such as
managerial or technical incompetence; | |

(3) Aggression - attempting to "beat the system"; outright sabotage.

While these were hoted at all or'ganizat.ionél levels, the authors note that
aggressive responses were observed more émong individuals with little control

over system use, whereas avoidance was more evident when use of the system was

discretionary (p.62-63).

5
ES

Studies conducted in the 1970's and early 1980's provide fumher evidence
that users were frequently dissatisfied with and resistant to their 0IS (see for
example, Swanson, 1974; Edstrom, 1977; Alter and Ginzberg, '1978; King, 1978;
Cerullo, 1979; Faerber and Ratliff, 1980; McCosh, 1984). These studies consist
mainly of individual case studies or comparat.ive“ examinations of selected
implementations. Among these, three major directions v;er'e pursued to identify the
nature and Source of 'unfavorable' responses to the technoiogy: (1) investigation

of responses among lower level workers, (2) investigation of managerial

responses, (3) examination of related organizational issues. Major findings are

sum marized below.

A. Worker's Responses to 0IS

Only a small number of studies examine responses arﬁong lower level workers,
presumably because of the predominant emphasis on management 5pplicét10nsof‘ 15.
The technology does affect individuals in numerous clerical and operational
positions howéver', and some difficulties clearly e;r'ise at this level.

One group of studies suggests that inf‘ofmation technology hag produced a
general "de-skilling" of lower-level positions (Booth and Plowr'ight, 1982;

Cordell, 1985). Many jobé (eg. data entry, word-processing) have become
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r-outinized as computer-related procedures and schedules have taken over. Kling
(1973) argues that this contributes towar'd.f‘eeli{xgs of powerlessness which,
coupled with threats to job security.(Booth ar}d Plowright, 1982), often creates
strongly negative responses among lower level workers.

| Other studies suggest that information technology creates the potential for
Job enrichment among operational staff, contributing toward increased job
‘satjsfaction (Federico, et al, 1980; Olson and Tur‘ner", 19855. Critical factors
affecting this outcome appear to be a "user-orientation" among syst;em development
stéf‘f, and the degree to which organizational changes are effectively addressed
in im plementing‘ the system (Derﬂb, 1979). These findings add to the growing
recognition that individual responses to OIS are stroﬁgly moderated by
implementation procedures.

B. Management Responses

Manage ments' respénse to OIS has also bgén cool, though in different ways
and for different reasons. Managers have considerably more discretion over OIS
use {Kling and Iacono, 1984), and as a result, tend ‘mor'e passively to techndiogy,.
for example by ignoring system output, avoiding training, or_not r-e‘war'ding
subordinates' use of the syste‘m {Dickson anél Simmons, 1970).

[ There is considerable agreement in the literature concerning the basis for
this lackluster response. A problem reported thr'gughbut the lit_er'étur'e coricer'ns
the quality or utility vof‘ the i‘nf‘or'mation provided by such systems' (Ackoff, 1967T;
Cerullo, 1979; Miller 1981; King and Rodr;i,guez, 1981; Cheney and Dickson, 1982;
King and Epstein, 1983). Many managers feel the information they receive simply
does not fulfill their requirements. |

According to one study {Crescenzi .and Reck, 1985), manage;'s require

information which is relevant to critical components of their business, is

reliable and timely enough for strategic planning, and is dnderstandable. Because
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information pf‘ovided by OIS is typically a detailed sum mary of oper‘ational;data,
often presented at a level of analysis inappropr'iaté to the problem at hand
(Rucks and Ginter, 1982; Lynch', 1984), Many managers have eiected to rely on
traditional and often more r'el.'lable sources of information.

Several studies suggest that problems in fﬁlf‘ﬂling managers' inférmation
needs arise from infoﬁmation systems which embody inacc/urate assumptions about
the nature of managerial work (Ackoff, 1967: Davis and Grove, 1986). In a now

¥

classic article, Ackoff (1967) argues that designers frequently assume that:

(1 the critical deficiency under which most managers operate in the
lack of relevant information, (2) the manager needs the information he
wants, (3) if the manager has the information he needs his decision

- making will improve, (4) better communication between managers improves
organizational performance, (5) a manager does not need to understand
how his information system works, only how to use it. (p. 147)

| Ackoff suggests that systems which reflect these assumpﬁons tend to ﬁood the
manager with too much information, fail to condense data into a concise format,
and provide Jitt1e5assistance for interpreting what is provided.

Eviden?e suggests that problems of this kind are related to a discrepancy
bgtweeh the nature of managerial decision_ making and the nature of computer
technology. Managerial decision making is not é\asﬂy reduced to structured,

program mable procedures. It often involves a b of factual information with

personal value judgements based on little more than gossip, rumor or hunches

(Minzberg, 1971; Wente, 1983;.Pollc;;:k, 1983; Luthans and Larsen, 1986). E.:ven it
they provide appropriate. 'facts and figures", computers may not be capable of |
providing the 'soft' information *m‘anager*s typically rely ufon.

These problems are uniquelyJ difficult for top executives. Studies indicate
that OIS has ‘made few inroads into top decision making, and is viewed with
consider‘able skepticism by senior"\management_ (Spooner, 1980; Cr‘uber, 1982;
Price; 1982; Martin and Winch, 1984)y One‘reasén for this is the essentially
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strategic f‘o‘cus of exec;tive decision making '(Rucks and Ginter', 1982). Since
most 0IS are based on opemtionei-le;/el data, they offer little support for the _
Vlong—range E;usiné&a planning which top executives do. Most executives be]ieve‘
that their information requirements are so complex and unstructured that |
executive-level systems remain quite ineffective (Martin arnd Winch, 1984).

The lterature suggests therefore that while ‘manager's consider information
technology to be a useful tool within their' organizations, they frequently
regist technology themselves and seldom trust the inf‘or'ﬁxation it supplies.
However, variation in these responses suggests that a number of posi'tive impacts-
can be realized with IS technology (Jackson, 1970). As before, the use of a
user-oriented development process and careful management of or'ganizationai
change appear to be factors which most closely relate to positive outcomes among
managers (Lucas, 1974; 1986). |

C. Organizational Issues

W hile OIS difficulties are revealed primarily through individual reactions,
often these are indicative of problems ati the or'ganizational level. Several
author's (eg. Ginzber-g, 1980; Markus and Robey, 1983) use the concept of

"Organizational Validity" to describe quality of the match between inf‘onm?ﬁon“
5
systems and their organizational settings. Markus and Robey (1983:206-211)

identify four major types of organizational validity which appear to usefully
describe .the Nature of‘_par't.icular' OIS problems:

i

(1) User-System Fit - The authors identify two distinct dimensions of

user-system fit: (1) the match bet;ween the syste@ and various characteristics of
the individual, including personal attitudes, values, and cognitive styles; and

(2) the match between the system and\the individual's organizatiqnal role or job
character'iStics. When systems eonf'lict with either of tr_]ese, users are likely to‘
respond negatively. | |
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(.2)_ Organization Structure-System Fit - The consistency between the system
and the organization's formal structure, including its f,ask structure,
managefent and com munication channels, as well as formal controi systems and
decision rules. Inconsistencies between the technology and any of these are .
viewed as potent.ial‘ causes of OIS failure. Problems of this bkind are illustr'atea
in a study by Cheney and Dickson (1982) in which an information system was found
to make the dQ_C]SlOI’l envir@ment of managers incr‘easingly programmed and stable. :
while not af‘f‘ectﬁrng the variety of the work. being done. ‘These were percelved as
negative changes\W the users involved, contr*ibuting to lower satisfaction with

the system itself as well as the job.

(3) Power Distr'ibutfion-System Fit - Citing research by Kling (1978), and

others (Bariff and PGa}br‘aith, 1978; Bjorn-Andersen and Pedersen, 1980), the
authors suggest that any implementation wh;iwch} upsets the balance of poweryitMn
an or'ganizat;ion will likely meet with r'esistance.' It may be thét the strong
E_esistance of middle managers is reflective of this type of organizational
finva]idity.

(4) Ehvironment-System Fit - The final type suggests the importance of

~

matching the information system with the %jemands of the external environment.
.
Since the work of Lawrence and Lorch (1967) it is recognized that particular

organizational and managerial str'uctL;r'es function mor'é‘ effectively under
specific environmental conditioWaniza'tion is effectively adapted to
a dynamic environment, an information system would have to be appropriately
flexible to serve that organization. The inflexibility com mon in/ many OIS ;)o
doubt creates this form of invalidity in many executive-level systems.

The iséue of organizational validity demonatrates that problems imn the
application of information technology ﬁay result from factors at a broader level
of analysis. w hile mismatches between individual and system characteristics -do

o
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occur, difficulties in OIS technology frequantly arise from an inability to meet
the broader requirements these systems are expected to fulfill. k

¥

Sum mary : 7 Coy
Research cited above provides insight into the nature of so-called '0OIS

failures’. Unf'évor'able responses to 0IS im.p,lementation appear té be the product
of a mis-match between the perceived needs of the individual user apd the
outcomes provided by the technology. The conclusion appears to be Ehat if

sysf,e ms impose unfamiliar methods of work, remove autonomy and'var'iety from the
Job, or ‘f‘aﬂx to provide required information, individuals wﬂl likely not

respond favorably. These results indicate the i;fpor'tance of\under'standing and

being able to represent the _user"s require ments within the system design

process. ) : “

Popular Explanations of QIS Failure

A major concern in the literature has been to expiain the range of human—and.
organizational problems associated with OIS technology. The professional
literature contains numerous analyses of 0IS pr'oble ms based largely on case
studies and experiences with ihdividual systems (for exafnpie ”King, 1978; Cer‘uilo,
1979; Elam, 1979; Faerber and Ratliff, 1980: Miller, 1981). Many analyses focus
the bl;'ame for OIS troubles towar‘d one of the two major parties in the system
design process: use;'s tend to blame designers for their difficulties, and |
designers blame users. Over time, the appear'ance of some common ground between
the combatants has enabled a broader understanding of the problem to emerge. A
sum mary of these accounts provides what is now considered comvmon wi;dom

Y

concerning the nature of QIS failure.
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el : ‘
A. The Technical Perspective

Within the systems-oriented literature, OIS problems are ugua‘ily attr‘ibiiie}d B
to the resistance Awhich users put forth against irifor‘mation téchnblogy (Swa&mn,
19743 Miller, .19481; Ginzbebg 1981; Mathews, 1984; Hariton; 1985). Syétem .
designers typica;ly experience OIS problems in the form of a backlash from users. ‘
This has led. com mentétor‘s to suggest that problems in OIS originate within two
major areas of user behavior: (1) unrealistic expec4t,ations, and (2) inappropriate -
attitudes toward technology.

The problem of unrealistic expectations is said to arise from a lack of
understanding about the capabilities of computer syste mrs a:m'ong prospective users
(Anderson, 1978; Ginzberg, 1981). Faerber and Ratliff (1980) suggest that
manager§ often ové}*estimate the capability of the technology, citing examples of
managers expetting computers to actually make, rather than simply suppc\);'?;“
managerial dqcisions,‘and others who blindly accept qomputer output as the
unequivocal truth (p.19). Errant notions about compulr capabﬂities:;have no
doubt led some managers to make inappropriate dema‘nds of“ sys_tems -designers. The —
inevitabe disappointment ar'isjng from suc;,h expectations is experienced by
designers as resistance and ineffective systems use on the part of users.

Inappropriate attitudes among users are cited-as a second majo;r' source of
0IS problems (Elizur and Guttman, 1976; Kalser and Srinivasan, 1982; Swanson,
| 1982). Technical per‘sonngl often interpret the_ resistance they meet from users as
an indication that users hold uncooperative, ang-technoloéy attitudgs (Rat‘éeli,

1986). Such attitudes are said to arise either from a generaliz‘ed resistance to
change of any type, or from a specific bias against the comp‘uter* itée].f‘ (Dickson
and Sim mens, 1970). In either case; inappropriate attitudes toward OLS are
frequently cited as a source of djff‘iculty\ by OIS designers. |

Based on this interpretation, designers have focused their attack on OIS

»
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problems toward the development of strategies for educating and winning over
troublesome clients. In séver'al studies, user involvement in OIS design and
implementation is shown to significantly improve users' satisfaction with and
acceptance of systems (Swanson, 1974; Cerullo, 1979, 1980; Faerber and Ratliff,.
1980; Lynch, 1984). In some cases, this ‘.satisf‘action has been directly related to
later use of the system (Edstrom, 1977 McCosh, 1984). These ﬁndings have formed
the basis for the development of participative strategies f‘o;' system design
(Lucas, 1974; 1988; Mumford and Henshall, 1979) to be discussed in the Chepter' to
follow.

B. The Users' Perspective

In contrast to this technical perspective, users te’nd to attribt;te the
difficulties they experience either to syste;\ni designers themselves or to the
procedures they use. Several authors descrige OIS problems as a pr'oduct'of“
ditficulties which users experience in their encounters with technical personnel
(Mci\lister’ and Hallam, 1980; Lapointe, 1982; Kaiser and Bostrom, 1984; Lynch,
1984; VHar'iton, 1985). Many echo Ackoff's early (1967) char'ge that desagners hold
inaccurate assumptions about managemal work, and fail to represent managerial

needs in the systems they construct (King, 1978; Olson and Turner, 1986).
| The argument usually advanced is that designers do not understand the nature
of managerial work and do not seem to grasp the relevance of par'ticular' kinds of
inform ation, nor the importance of presentmg that information in a particular
way. Instead deSJgner's identify the requested information in terms of overly
broad categor'ies, and then cast these into a technica]ly idealized manage ment
: system. Systems designed on this basis represent a technician's view of what
, managers do,Q which seldom matches the actual needs of the manager (Kling, 1973;
Senn, 1978; Marcus and Robey, 1983; Cronan and Means, 1984).
Several explanat.iops are dffered for designers' failure to understand
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managers' information ﬁeeds. For example, designel»‘r's are said to have unique
personality types (Couger and Zawackl, 1978- -Kintisch, 1977) and cognitive styles
(Zmud, 1979; Allen 1982), as well as distinct pr‘ofessional tr‘aining and
exper'ience (Mc Allister and Hallam, 1980; Lapointe; 1982). Each of these is saild
to act as a barrier preventing designers from understanding managers'

require ments.

o~

Martin (1984) adds to this argument the observation that existing design
procedures also contribute to 0IS diff‘icuh:ies’. Figure 2.1 outliﬁes Martin's
summary of problems which users raise conceérning the design process. Many of
these problems result from design procedures which make it necessary to translate
user require ments into rigid, ,an‘d difficult-to-verify technical specifications

(1984).

1. The traditional development 1ife cycle is takes too long.
There is freguently a delay of years in getting new systems
or applications mounted.

2. Changes to systems once they are in place are difficult, and
sometimes cannot be made at all..

3. Programs developed according to traditional methods
frequently contain errors and do not perform as expected.

4, Systems delivered often do not match true user requirements.

5. It is often difficult to understand systems personnel and to
adeuqgately communicate precise requirements to them.

6. Users are asked to "sign-off" on formal specifications which
are unclear, diff1cult to check, and often contain errors
and omissions,

7. Systems generally cost more than anticipated, both to .,

. develop and to maintain,

8. Due to the difficulty and length of the development process,
large-scale projects, or those requiring advanced functions
are frequently delayed.

FIGURE 2.1: Common Complaints .Regarding Traditional Design Methods — .
(Adapted from Martin, 1984).

C. A Problem of Communication

While OIS problems can be appr-oached fror?‘trﬁﬁn One'or' the other of the
perspectives outlined above, more recent work suggests that these opposing camps
simply reflect different a‘spects of a single, more fundamental problem. The
issues outlined above cén be alternatively described as a problem regarding Lhe
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relationship between the two groups.

‘For' example, unrealistic expectations on the part of managers are often the
result of over-zealous marketing on the part of technical advocates (Bucks and
Gintér', 1982); negative user attitudes may result from unwanted changes in the
work} environmént (Rafaeli, 1986) or other aspects of a poorly managed
implementation (Cerullo, 1979; Demb, 1979); designers' failure to understand
managerial information néeds is paralleled by managements' ignorance of technicalv
requirements (Mathews, 1984; .Har'it,on, 1985); and so on. In a broader perspective,
opposing views 0;1 OIS problems can lbe seen as complement,ér'y aspects of a single,
more fundamental process affecting systems design. )

. From a relat,ional per‘spectiv%, unfavorable responses to 0IS canl;lot be

attributed directly to one group or the other, nor can these be seen as the
ultimate .cause, of‘ ﬁhe problems which affect both groups. Each of these problems
is relational in'the sense that it describes a pracess occurring, not within
either of the two groups, but between them. The difficulties which pit designers
against users are merely symptomatic of a rﬁore fundamental pr'obl_em af‘f‘ectiné the
entire relationship between the two groups.

| The idea of a "com munication barrier" between dmesigner's and users is
frequently used in the literature as a shorthand to describe relational problems
between designers and users (Kling, 1973; Faerber and Ratliff, 1980; Marcus and
Robey, 1983; Cronan and Méans, 1984; Guinan and Bostrom, 1986). The tef'm provides
a simple and intuitively useful explanation for many problems ‘experienced in IS
development. In this form however, the concept is so enc’:ompassing that it has
‘ becomg a catch=-all to indicate any one of several kinds of difficulties A
encountered with OIS tec,:hnology. References to "com munication'prpblems" in the
literature encompass a variety of pr‘oi:le ms, including misunderstanding each
others' information requirements (Lynch, 1984); lack of management (or systems)

-
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experience (McAlL’ster and Hallam, 1980; Labointe; 1982); differences in
attitudes and values (Kaiser and Srinivasan, 1982), perSOnality (Kaiser and
Bostrom, 1982) and cognitivé styles (Doktor, 1970; Rucks ahdr Ginter, 1982)§ use
of distinct technical jargon (Faerber and Ratlifi‘, 1980; Hariton, 1986); the
presence of conﬂict between the two groups (Dickson and Sim'mons; 1970); and so
on. The c’opcept has come to ;nean viftually any difference that might,wexist
between the two groups, or any facet of the working process which might bé a
pot:entjal s{)urce of disagreement or misunder‘standing.

While the notion of a com municatipﬁ gap between dengner-S and user‘slappeér's
" to capture a number of important dimensions of OIS difficulty, a lack of clarity
its pr‘gcise nature makes it difficult to define or eval’u“ate e mpirically. The
-essential lésson to be gleaned from th:lsr concept is the notion that OIS
difficulties om’ginatezin th\e relationship ‘between designers and users. Using
these terms, we avoid the problem of. polarizing the issue, and can focus more
productively on the process which joins phg activities of these groups into a

purposeful enterprise. It is this focus that the present study will pursue in

@

greater depth.

We turn now to an examination of research focusing on system design as a

problem of com munication.

Research on Com munication and Systems Design

While the idéa of a "com munication gap" between designers and users is found |
widely in the literature, empirical support for this concept 1s sparse. This is
no doubt related to problems in defining the concept, as discussed above. Two
research thrusts have been pursued to identify the causes of misunderstanding

between designers and users. The first of these focuses on the assumption that
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th€ two groups differ in ways which prevent understanding. The second concerns
. .

the actual interactions which occur between designers and users. While the latter

“work is still largely exploratory, it appears to be the most active area of

current research. A summary of trdis literature is outlined below. A.

User/Designer Differences

Most of the research concerning user/designér difféerences has been conducted
within the tradition of "individual differences" research, f‘ocussing on |
psychological differences which affect individuals' responses to compufer's. This
research hes identitied a range of differences which appear to affect
individuals' acceptance and usage of 0IS. Reviews by Allen (1982) and Wickens énd
Krawmer (1985) indicate that individual responses to computer use are clearly
affected By several aspects of individual cognition. In particular, percebtual ‘
pr‘océsses, patterns of attention, and styles of decision making all appear to be
signif‘rant in this respect. Allen (1982) points out that an awareness ©of such
diff‘erences poses a significant challenge to computer engineering.

Researchers have used the idea of per'sonalvand professional differences
between designers and users as a major focus for addr‘essi.rig problems in system
development. Early research probed a variety of "per‘sonality" vardz;bles in search
of an explanation for frequent mis-use of‘.systems by usér‘s. Lucas (1975) studied
T a variety of aptitudinal, personal and situational factors and found that
effective and ‘inef‘f‘ect.ive users differed each other largely in terms of their
attitudes toward the system and their personal decision ‘making styles. Later
research (ZmUd, 1979; Robey, 1979) also found differences in motivational
characteristics between active users and non-users. W hile fhese studies do not
address user/designer differences directly, later research (Kaiser and Bostrom,
1982; Rafaeli, 1986) indicates that individuals who actively use IS often’ exhibit
bsimﬂar attitudinal and personal traits to those held by designers. These
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ﬁndings support the idea that individuals who do not use IS technology differ
from designers on a number of underlying personal dimensions.

A mong several "personality" yardables exa m\inedlw.ithjn the literature, user
attitudes has received the greatest attention. In one study, Elzur and uG'uttman
(1976) found éigni.f‘icant variation in attitudes toward computer use throughout an
organization dlepending on the amount of “ad ministrative distance" from the
céntra]ized computing centre. The closer one was to the develOpment, operation,
Aor administration of the computer, the more favorable one's attitude. This
finding has recently been replicated in a study by Walker (1985).

Kaiser and Srinivasan (1982) found evidence of differences between designe;'s
and users on several attitudes related to computer use, including need for
user-orientation, need for knowledge of user require ments, and need for user
involve ment.in design. Consisterlt Qitr: the finding discussed above, they also
suggest that users who work ciosely with design. personnel often come to share
attitudes with them as the project proceed;. This finding has been interpreted
differently by Kaiser and Bostrom (1986), who found that similafit,ies among
designers and users whor participate in design wer-;e more a product c‘>f‘ self’-
selection for involvement by the users themselves than a movement toward m‘,or'e
favorable Aattitudes. They suggest that while some users tend to be more "systems
oriented", the majority display attitudes and personal qualities which clearly
distinguish them from designers and other technical personnel (p.56).

As in other attitude research, the exact relationship between attitudes and
actual behavior cah be problematic. It is generally assumed that attitudes are
related to system use; however, it is not clear how attitudes toward cowmputer use
are for:med, nor how closely these affect actual involvement with the co rﬁputer. In
addition, Robey (1978) has suggested that the re]ationship between user at,titudes
and actpa._l system~\use, is mediated by a vs:uf'iety of other var'iables, including user

Ve
32.



satisfaction and dégr-ee Jof choice in system use. Rafaell (1986) has shown 'tﬁat
positive attitudes toward computer use are closely related to overall Job quality
and Job involvement, $0 that individuals who feel positively about their work and
are highly com mitted to their organizations respond more favorably to information
technology than those who are dissatisfied. Thus, while research points toward
significant attitudinal differences between users and designers, it is diff‘i;ult
to draw any firm conclusions regarding how such att,itudes?might directly affect
understanding between these groups.

W hile ae)ttitude research suggests difference$ in basic orientations toward
co nfputer‘ technology, studies concerning differences in ‘cognitive styles between
designers and users provide clear evidence that such differences are reflected ,
within the design process itself. Differences in attitudes and other personality
factors are generally considered secondér-y to a mor-evf‘undamen'tal schism in the
ways‘ tha_t designers and users actually think. It is these deeper differences
which are said to cause problems in ur;derstanding on which OIS failures are
thoughtl to rest.

Several researchers (McKenny-and Keen, 1974; Mintzberg, 1976) have used a
version of the Meyers-Briggs Type Indicatdr- (MBTI) to assess potential
differences between designers and users. The MBTI provides an assessment of

individuals' general orientations toward the world, as well as their modes of

processing information. In research using this instrument, both McKenny and Keen
(1974) and Mintzber'é (1976) describe systems design work as being essentially
M"Analytical" in nat7ur'e, while managerial work is m;re} "Intuitive". Se\}eral
studies use this characterization to describe differences between managerial and
systems personnel (Keen, 1977; Gingras, 197T; ‘Alavi and Henderson, 1981; Wade,
1§81; Kaiser and Bostrom, 1982). The results generally support the idea of

»

distinct information processing styles between systems personnel and managers.
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Kaiser and Bostrom (1982) suggest that éome neg‘at.i\'{fa results in this r‘eségr‘ch may
arise from self-selection of more analytical managerial types to take par‘ti ‘in
system pro.jects, makiﬁg , mahagers and designers appearq more similar than ttley"
'actua]ly are. B

Findings of distinct cognitive styles-are also supported byv Doktor (1978),
Benbasat and Dexter (1979), and Walker (1986). The former examined the
proble m-solving styles of executive level managers and management scién)tists
(including systems personnel), finding significant differences between these
groups in the way they approached and solved problems. Walker (1986) found-
differences in cognitive style relating to both the nature of an individual's
work and their position in thel organization. Benbasat and D_exter (1979)°provide
evidence that cognitive styles actually impact individuals' use of information
system output. They found that individuals characterized as "analytical" in
cognitive style tended to perform better using information in the form of a
structured, aggregate report, whereas‘non-analyti,cal individuals perf‘orméd better
using a flexible data-base.inquir'y system. ';I‘hese results strongly reflect the DP
t’echnicién's penchant for standardized, structured reporting, and manage ments'
frequent rejection of this as inflexible and unusable.

The general characterization of sys£e ms-oriented work as highly analytical,
logical and sequential, while managerial work is more intuitive and relational,
has led several author*s to characterize the work of the systems designer as
essentially "Left-brain", and the work of the manager as .n‘xore "Right-bragin&"
(McKenny and Keen, 1974; Mintzberg, 1978). While this may be only broadly
suggestive of the differences between these groups, at least one study (Doktor,
1978) reports actual differences in brain wave activity in individuals doing;,
tasks that simulate these different kinds of a;tivity.

| The major thrust of the research in this >area has been to 1end‘exte‘n-sive
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support to the notion that designers and users differ considerably in their

styles of information pr;ocessing. Cofiputer personhel evidently process
information in an analytical and logical fashion, whereas managers function in a
less structured, more intuitive fashlorl. Each per'f‘orms_ best using tools which are
apprepriate to their own unique style of information pr'oceesing.

These results have an important bearing on problems of MIS development and
use. As Ghani and Lusk (1982) suggest, information systems function appropr'iately
only to the extent that the amount and the type of information presented i.s'
tailored to the specific needs of the individual user. To the extent that systems
are designed ylithin a purely analyticel mode, they are unlikely to serve the
needs of someone operating within a more j_nttlitive framework. Similarly, any
attempt by a highly analytical individual to define the information needs of an
intuitive type will be more likely to fail in fulfilling those require ments. It
13"0n 'the basis of such arguments that researchers ha.vef attr'lbuted the blame for
MIS difficulties to problems of under'standlng between des:gner's and users of 01IS,
‘based primarily on differences between these groups' information processing
styles.

B. User/Designer Interaction
A second area of research on communication and system design focuses

directly on issues of user/designer interaction and seeks to identify how MIS

difficulties arise out of f'lawe in this process. Because research of this kind
has only been undertaken 'within the last five years, only a handful of studies
are available, most of which are openly exploratory in nature. Many of these
studies have been more concerned with an evaluation of potential approaches to
the problem than with the provision of specific results. The findings outlined
below are therefore merely suggestive of’ areas for further investigation.

One of the earliest studies focussing on co m m unication between designers and
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users (Cronan and Means, 1984) used a survey instr‘umgn% to‘identj.fy dﬂTeﬁehces
1in these groups' perceptions of their respective par‘ticipationbin the design
pr‘ocess.’The results suggested that the ‘two groups differ in their assessments of
(1) the effectiveness and utﬁity of‘ IS for organizations, (2) the importance of
information require ments analysis, and (3) the importance of flexibility in

syste m desi,gr;, as well as in a number of other concerns regarding the design
process. While the study did not include any actuai obser'vatioh of designer/user
interaction, Cronan interprets these results to suggest that a major

com munication barrier exists between the groups and that improved com munication
between these group would improve design effectiveness.

In a follow-up study, Cronan (1984) attempts to place t.hese f‘indings within

a broader framework of com munication theory. He identifies three "theories" of
com munication ~ McGregox."'s (1960) characteristics of an effective group, the
nominal group technique, and Transactional Analysis - which he considers useful
in describing the problems encoenter'ed. These are then used té construct a
prescriptive model for com munication within the design pbocess.

It is evident that Cronan's attempt to prescribe user/designer com munication
is premature. No actual evidence is collected which would support claims about
com munication processes between these groups. None of the three elements of his
framework offer an adequate conceptual basis for analysing such behavior, and no
explanatioﬁ is offered for the assumed eff‘icacy'of‘ his prescriptions. In setting
out his‘ framework, and 1ndeed’in his original research, Cronan neglects to define
the precise meaning of com munication itself, evidently é:hoosin,g to un-critically
adopt everyday usage of the term.

The failure to explicitly define com munication and to examine issues of
user/designer com munication within an appropriate cohceptual framework 1is
characteristic of many works in this area. Many résearchers acknowledge the
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critical importance of com munication processes as an under*iying basis for

effective system rdesign‘ (Senn, 1979; Freedman and Marshall, 1984),. but few
advance a clear conceptual under*st,anding of how that process is to. be undersj;ood.:
In par'ticular'b, none provide a clear :Lndicétion of how the assumed breakdown in
understanding between these groups i1s connected to act‘;ual“events in the
interactive process in which designers and users participate.

One study by Salaway (1984), offers a welcome break in this trend. The study
undertook a content analysis of conversations between designers and users whoq
worked together on development projects. Salaway found the verbal content of
these conversations to be highly redundant, and yet to con;;ain a number of
dySf‘unct.ional elements and to be generally errdr prone. This very negative |
assessment»of‘ designer/user interaction squares with tfme not.iog that
misunderstandings between these groups are relauvelyvfrequgnt.

The most successful attempt to date to provide a framework for studying
com munication and system design has been put forth by Bostrom and associates
(Bostromt 1983, 1984; Guinan and Bostroml,' 1986).7 Bostrom pr'clnvide_sAa'def‘initic;n of
com munication clesely aligned with a symbolic interactionist per’spectilve - ie.
com munication is seen as a process of symbolic exchange between individuals with

distinct perceptual and interpretive frames, the outcomes of which are shared
meanings, mutual goal attaimﬁent, and the establishment of some degree of rapport
(Bostrom and Gui:~n, 1986). Based on this definition, Bostrom goes on to develop
a model of communicative competence "specifically applicable to the system design
context. Within this general model Bostrom outJines-fa number of specific |
com munication patterns or behaviors which he suggests lead to effective
interaction.

Two recent studies have utilized Bostrom's framework to explore the
com municative behavior of designers and users. Guinan's (1986) field study of
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user/designer int,eraction indicated tﬁat designers who were considered to be
particularly ef.“f‘ective (ie. to produce .successful’ systems) tended to exhib‘lt‘ more

of the com munication patterns outlined by lBos?,ro m than di_.d their less‘pt"oductive
counterparts. Guinan and Scudder (1986) report simﬂar_results in a br‘oad;er'

sample of subjects. ‘

Empirical support for Bostrom's moﬁel is significant from two poinps of
views. First, it indicates the presence of a connection between the actual
interactive behavior of systems designers and the concrete outcomes of their
work. This provides at least tentative s'uppor*t for the argument that ineffective
com munication between d!esigners and users may help account for specific problema
in imple menting OIS. Second, these studies suggest that at least some of the
bar'r'ier;s to understanding between designers and users may be successiully
examined thr*o.ugh closer study of the int;er‘@ctiorx pr'ocesseé in which they
participate. The viability of a com municative ap_pr'oach to these problems i:
strengthened by these results.

The general utility of Bostrom's conceptual framework is limited because of
its exclusive focus on only the verbal aspects of user/designer interaction, as
well as its emphasis on a very narrowly defined model of com municative
competfence. Nonetheless, this work represents the best available example of how a
com municative per'specﬁive might be applied in directly investigating L’;suesk of
ccm munication within the design process. In particular, aspects of the (.‘voncept,ual
framework on w'hich this work is based offer considerable promise as a way of
approaching‘ the central problem of understanding between designers and user:s,

lﬁ connection yzith this general framework, Guinan and Bostrom (1986) have
outlined a comprehensive agenda f“of* oﬁgoiné r"esear'ch. A mong theAarea:s fdentified
aé p;r-ior'ities they include: (1) the need to undersﬁand.rxow com munication

processes operate as an underlying basis for specific strategies of’ system
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design, (2) the need to explore differences in the inter'pr'etivo "frames" which
managers and systems personnel use to interpret com mhnicat;ion, and (3); the need
to understand how additional external féct;ors (ie. organizational sub-cultures)
'af‘f‘oct the success of designer/user interaction. The current spudy hopes to

provide some initial headway in these areas.

3

»

Limitations in the Existing Literature

A number of problems are apparent within the research discussed above which

suggest the need for an alternative approach to the study of com munication within

’

/
system design. Two major issues are outlined below as areas in particular need of‘}‘

- T

clarification: , , ( /
1. Limited Conception of Com munication
“The first problem concerns. the basic concepﬁ of com munication employed in

o

the available literature. Even in the research ]iteratur'e, few authors question
what is being r‘efer'r'ed to as "com munic‘ation". Most studies simply adopt A
conventional usage of‘ the concept. Com mon sense notions of“com munication ar‘g far
too imprecise to be of much value however. Refer'ences Eo "com.rnunication proble ms"
in the literature include a r‘énge of proble ms‘including‘se-ma)ntic dif“ficulties

related to the use of professional jargon (Faerber and ,Rat.]:iff‘, 17980; Groen, .

1980: Hariton, 1986); a lack of r'egular' contact in work roux,lnes (Lynch ‘1984)

the lack of common training and premem:e (ﬂcAhster and Hallman, 1980) e

differences in language patterns and convqmtlonal skills (Thompson and Car'r'oll
“L .

1981 Guinan and Scudder, 1987); and simply “"not gettlng along" with one another

(Dickson and Simmons, 1970; Mathews, 1984). It is difficult to know how one might
begin to ad_dr'ess problems of com munication between designers and users without

~

some-agreement on the basic det‘iniffon\@f‘ the problem.
More significantly, popular notions ol“kcommunication tend to be somewbat
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restrictive. The common tendency to associate com munication strictly with ‘verbal'
exchange, for example, tends to.overlook deeper questions regarding how

participants derive meaning from an exchange of messages, how those meanings aie
is - o .
affected by exterpal tactors, and how the interaction contributes toward the

accomplishment of coordinated social activity. Recent theories of com munication

whicﬁ defijne com munication as a symbolic process through which individuals
. . ‘
negotiate shared meanings about mutually significant events (eg. Pearce and

Cronen, 1980; Putnam, 1983; Donellon, et al, 1986) enable a far more p‘—enetr'aring

analysis of communication processes. The introduction of a stronger theoretical
f‘r’amelwor‘k into research on OIS com munication proble ms could greatly assist the

effort to assist in the resolution of outstanding difficulties.

=z

2. Inattention to- Soc1al and Organlzational Contexts

In lieu of‘ deeper qugétioning of the nature of com munication, the existing

literature has tended to /neglect a wide range of contextual influences urég_r;

~which com munication Pormally operates. In particular, a focus on com munication as

2

verbal exchange tend:;; to'fignore a number of or'gahizational and technical factors

- *

which f‘or'm the context in which the dengn process is embedded. Like any social
a - .

act1v1ty,€he design proce.ss 13 mfluenced by the °oc£a1 dyrm mics of iy

Ay

institutional setting, as well as by historical pr'ocesses which have shdped
AN

existing technologles and guided their apphcatlon within. mv_,anage m\i:nt circles.
Inkattention to such factors denies us the opportunity to u’n‘d‘erstand the true
qomplexit)}’ of the proble m, ras it does oyr ability to meaningfully resolve it.
‘Based on discussions in /'Chapt‘er' ng, it evident that two areas of particular

interest have gone un-examined in this regard: (1) thejsodal organization of the

com muni&y of professionals who do systc m; Qesign, Aand (2) the nature of the A\’a
specific tools andt?gocedures 'thr‘oug\p which design work is cor:deted. These

. NN

forces impose important structural considerations which undoubtedly aftect the
A

. ’ [
\
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manner in which designers and users interact. Attention to these broader

contextual factors will contribute significantly to our understanding of

com munication problems in this setting.

Sum mary

The literature reviewed here provides several insights into the nature of
QIS difficulties and several valuéble indications of an appropriate approach to
these problems. The literature on OIS Failure makes it evident that several
specific problems in OIS design can be attributed to com munication problems-
between'designer's and us;ers. There is considerable evidence that differences
between designers and users play a significant role in preventing common
understanding between these groups. In particular, differ‘enceé in cognitive style
‘appear to have an irh‘portant bear'ing on how accurately ‘each 'g:an understand the
others r;e(;uire ments within ‘the éiesig;n p;'ocess. Efforts to improve OIS design
should focus on how to bridge this fundarﬁental com munication barrier. In
particular, a need was identified for research which> (1) employs a more
sophisticated conceptual framework for défining th'g nature of com munication
processes within the design context, ahd, (2) focuses on contedxtual factors such -
as the social organization of the design com munity' and the technical procedures

of design. It is toward the development of such an approach that we now turn our

attention.

[
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. CHAPTER THREE: OIS Design: Historical, Social and 'Iechnioal Contexts

o Tni-mrlnrhnn

E S R S AR Y]

B In reviewmg; the research ]iterature concerningwm munication ban'iers”xnrll
OIS design, it was noted that existmg approﬁches to this problem have ignored
_ the broader social - and techmcal contexts of- system design. 1t -was-. argued that aﬂ ?T
a]ternative apﬁroach focusing on contextual tactors be adopted - in an attempt to

fimrﬁﬁrunﬁmtan&tWWMQﬁmrmeW

. process. As a pomt of‘ departure f‘or that approach, it will be useful to det‘ine

in more detaJ_l the nature of‘ the process ,r'ef‘erred as "0IS design". The purpose of’,

~this chapter will be to describe the nature of the tools and procedures which

systems professionals use to design specific applications of 0IS technology

within particular organizational settings, and to descr_ibe important -elements of
the social org;anization of syste msprof‘essiouals In which those tools are put to
- = -—-uses This -discussion will provide-essential background from which-to- “mount-a--more=

-

detailed empirical study of the role which these factors play in the creation of

barriers to understanding within the design process.
VWe begi_n' with-a brief description of the historical development of OL3

technblogy, within which significant features of the,r design context hsve arisen.

" An Historical Description of OIS Technology

The term "Organizational Information Syste m" (or 015) is the most recent of

most genperic of such terms, "Information System" (IS ), iz definod by Lucas 'm "y

set of organized procedures that, when executed, provides inf‘ormation to support
. -

'decmon m.aking and control in the organization" (1986, p.10). Other terms refer
> > ‘ :
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to specific applications of information technology, or to the specific technical
tools involved. Thus, "Mana}gemént'lnfor'mation Syste m" (MIS), denotes an
application of LS technology to surppor't management\ needs, . while "Decision Support
System" (DSS) describes a more specific application intended to facilitate
managerial decision making. The most recent addition to this terminological

Jungle, "OlsS" suggests a more global view of both the tools and the applications

involved, indicating an orientation which addresses the interests of the

organization ac a whole, and not just of specifich groups.

Few of these distinctions have mbuch practical sigﬁji‘iéance hc;wever. In
practice, most information systems are designed to fulfill manage ment purposes,
many are Intended to support higher-level decision making, and most are
computerized (though many have important manual components). These distinctions
do have import howevér in relation to the historical development of "IS"
technology. While the overall intent of the technqlogy has re mrajned more or leés

constant, both the extent and the.natbur'e of its application have evol;/ed rapidly

in 'the wake of major: advances in con;puting equipment. Technical advar{ces have
frequently meant changes in how information systems have been conceptualized and
used wj.tk1£r1 organizations, and it is these changes which are reflected in

different 1S terminology. The succession f terms used to describe information
systems thus embodies much of the historical process underlying the most recent
version of the technology.

A summary o'f‘ the major phases through which IS technology has progressed is
depicted in Figure 3.1. Successive phases in the process are represented by the
acronyms com monly used to describe different forms of IS technology. Each is
related to specific developments in computer technology and to attendant changes
in the application of information syste;ms, as discussed below.

- The tirst major "era" of IS development is marked by the use of information
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] the applicat.ion of‘ computers in pr‘ocessing and r‘ecor‘ding day~to-day clerical

'transact.ions-(Panko, 1987) This was the technolpgy of‘ t.he 1960'3, 1n which the

effort was to 'automate' routine tasks within the otganization- bp. technalogies

®

— —er ez R .

: f‘ocus upon Oper'ational tasks such as r‘ecording sales orf ser'vice tt‘ansact:tons,
automated billing, mraintaining accounts, compiling monphly "ePQ"'%S’,?af‘d, so on,
‘Impr‘b\‘/*ements in tsshnology rtrilfbugrh the late 1960's and early 1’970's set the stage

~for IS to move beyond pper‘at*ional tasks and into managejment.“ Techniques for

'storage and retrieval, and more effective reporting systems created the

possibility of applications tailored to managerial requirements (Lucas, 1973).

For manage ment scientists,' these developments offered ‘hope t‘or' the r'esurrecl.\lon

of a technology that had proven inet‘f‘ective only a decade earler: The Management

Information System or "MIS" (Walsh, 1979),

DP : > MIS : 015

oa " -

FIGURE 3.1: The Historical Deve10pment of Olo Technology

4,



-+

Often marketed with exassemted &latms of,its performance, the new MIS was

B expected-to of‘fer substantial gajns in or'ganizational effect:lveness Much of‘ this

effectiveness has never been demonstrated. The traditiorxal DP technology on which

3 L LT

MIS ‘was founded was capable of mppor't:lng only r'out:lne and standardized tasks-

management reporting based on such capabmties was ot’ten reduced to e R
non-selective "dumping" of entir-e data ﬁles, or' pr'esentat:lon of standardized, -

- f‘ixed-f‘ormat neports (Panko, 1987) w1th MIS, managers fYEquently f.‘ound

themselves ejther.inundated. by,_moundsof useless data or rjestricted to reports

releyance to the proble,m;'at,hand. Widespread reports of "MIS FajJur"e", discussed

- earlier date largely from this period.

Y

'I’wo major technical deveIOpments during the 1970'8’ spurr'ed movement beyond

.4

early MIS technology. The first was the introduction of sophisticated syste ms for

I

accesﬂng dataand for presenting it in I'lexijble, user—def'ined for'mats. Known as

Data Base Hanagement Systems or "D BMS" {Godlove, 1979), these per'mit users-to

L .

and to organize that data tod‘enable' meanihg(‘ul analyses and decision making.

These t'eatures redefined the t‘ocus and purpose of IS technology auay fr-om
traditional HIS and toward what came to be known as the Decision Support System |
. or npsse (Keen and Scott-Morton, 1978). DSS technology r-ecog'nized the folly of
attenpting to antomate manager-}ai functions, and helped to re-conceptualize the

nature of IS as a management support tool. In this f‘orm, jnformation systems

' of‘fered the possibility of wppﬂrﬁ.ng higher level management functions such as

-

strategic planning and decision making. During the early 1980's, DSS was

recognized as the state of the art in IS technology,, offering management a

powerful, yet flexihle tocl for analysing organizational information.
o Tr}e\energence of DSS was pfara]}e&edrby a second development: introduction of

) ! 3
R

4
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' sever'al new technologies under‘ the umbrella of Of‘ﬁce Auto mation or "o A“

(Russell, 1981) DevelOpments which spawned Of‘f‘ice Automa&an included the

mtroductlon of‘ sophisticated micr'ocomputers and micr'ocomputer networks (Fr‘isch.

B

b r'eadJ_ly available to ever'y cor'ner of‘ the organization. :

1982 Saal, 1983), as well as the “’emergence ot new softwar'e pr'oducts including

—Vwor‘dpr'ocessing anddspr'eadsheet packages, which made SOphisticated appncauons e

L

- The r'apid gr'owth of‘ the microcomputer' industr'y encompassed sever'al new tools

for managing inf‘or'mation within the workplace, many of which were no longer under

- the strict purview of management. A new gener‘at.ion' of” sophisticatedco,mputer', E—

users arose who demanded increasing access to systems as well as data. Such

pressures brought about another shift 'in lS technology away from a centr‘alizied,

" technology which uses distr'ibuted rather' ‘than centrah‘ zed’ computing resources,

management orientation toward what is now ter‘med "distr'ibuted processlng" -an

¢

4'empha31$ on the user as the centr'al focus of the technology (Keen and

"Scott-Mor'ton, 1978 Lucas, 1986 Martin, 1984).

The develop ment - of‘ DSS and OA have shaped the evolution of' ML5 toward a

.

.which pr'ov1des flexibility ih accessing and manipulating organizational

information resources, and is pr'imar'ily user-dr'iven (Mar'tin, 19845 Panko, 198(). )

These features allow the new technology to suppor't a far br'oader' range of

!

applications, allowing, the system to address the needs of‘ users throughout the

organizatlon, iﬁncluding, but not limited to’ manage ment. State of‘ the art syste ms

: today provide 0ppor'tunities for employees atvar'ious levels to_shar'e technical

~and data resources to ’l‘ulfill organizational goals more effectively. In thiz

sense they are app v/ﬂately termed or'ganizational information systems. .

The evolution of this technology clear'ly reflects a dynamic r'elationship \

between advances in computing equlpment and the changing nature of the -

organizations to which it is applded. Distinct forms of‘ IS technology *have
. i e ’ .
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“evolved as organizations have learned new ways to adapt technical innox)ations
and, in turn, as technology has responded to changing organizational de mands.
While the movement toward more acéessiblp 'and 'friendly' systems bas helped to
mcr‘easeA users' téchnical literacy however, this does not seem to have eliminated
f‘undarﬁentﬁ problems in system design. Even in very sophisticated systems, the
basic problem of translating the user's practical needs into precise technical
f‘brm re mains labr‘gely unchanged, asiis.indicated by the persistence éf design

problems despite technical advances.

4

The Social and Technical Contéxts of' OIS Design

System design methodologies have evolved under the same conditions which
shaped OIS technology. As indicated earlier however, existing methodologies maS'
be at least ‘partialiy to blame for ineffective applications of 015 technology in
many organizatig\xs. To provi\de some insight into the social and technical
contexts of OIS design, the present seét_ion qiscué‘%’es ‘the development'of existing

design methodologies.

The Early Dbays 7 )

When computers were tirst introduced into organizations, individuals with

the training to operate a major computer installation were extremely rare. Part

of the ditficulty in securing such an individual was that they usuallyr performed

)

|

a variety of what Wwe now consider to be distinct tasks, including those of {
systems engineer, analyst, programmer, and operator, in addition to frequently
being the principal user (Kraft, 1977). Since standardized training for computer
per'sc-r}nel was not yet in existence, those who could perform this complex set of
rcles were often highly éducated in such tields as mathematics and‘engineer'ing,
and trequently did nct tit the mold of the typical "corporate man" (Weinberg,
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1971). For these reasons, the computer operator df the :ear'ly 1960's was otten a
highly valuable, highiy paid, yet difficult to manage euwmployee. Because computer
'technjology was quite foreign to most executives and represented a substantial
c\orpor'ate investment, many executives found themselves having LoT place complete
trust and r‘esponsib;’lity in an individual whose methods they often did not
understand and whose com mitment to corporate goals might well have been suspect.
This often created an awkv‘yar'd relationship between executives an% the computer

expert”(Kraft, 1977).

The Bureaucratic Transformation

As DP technology changed during the 1960‘;,. a major tra.ns_t‘omnat.iQn in the
social and of'ganizational context of its application was also unfolding. Phillip
Kraft and his associates (Kraft, 1977,1979; Kraft and Dubnoff, 1986) discuss the
major forces and movements in this transformation, describing them as a m ajor'
shift toward "bureaucratization". Kraft's énal&si_,s Is helpful in understanding
the conéext in which 0IS design methodologies were originally developed.

As data pr'o!cessing became increasingly familiar, the need for tralned
pefsonnel became pressing. Major corporations took advantage of this opportunity
to influence the develo;)ment <;f‘ both computer technology and computer ’pc_:r'smmel.'
" Because early computef workers had proven expensive and difficull to manage, ‘t,he

. ¢
corporate world invested large sums in research and development, eftorts designed
to provide new technical aids for bringing the computer more effectively within
corporate control. Included here was the funding of technical schools and
programs to train the upcoming generation of computer workers.

Kraft describes several developments which reflect the underlying strategy

employed to transform computing work. Among thece he includes:



N
g A\

(1 ciecom position gf'co.mputing work 'into tasks that could be car'r"ied out by less
skﬂig(i personnel,

(2) development of program ming languages which overcame the need to rely on

| knowledge of machine-readable code (a skill which reinforced management's

"dependence on a highly tr';ned expert),
W

~(3) development of structured techniques for program ming and systems design

which enabled development tasks to be broken down into easily manageable
components,
(4) development of standardized training br'ogréms for program mers and other

technical personnel,

(5) creation of com mercial software houses to create "canned" programs available
. ‘

o'f‘f-t:he—shelf,

< (6) assignment of computing resources to organizational units over which

management has greater control (ie. Finance/Accounting). (Kraft, 1977,

1979; Kraft aﬁd Dubnoff, 1986). —
Kraft maintéiﬂs that these had the cumulative efféct of breaking the technical
stranglehold that management perceived themselves to be under. With the task of
operating a‘complex computer installation now effectively‘reduced to more

manageable pieces, management could take control over its computing resources.

Kraft describes this transition as a gradual one occurring throughout the

early dev:éIOpment of computer technology. It is clear however that the

bureaucratization of computer personnel was well in hand by the early stages of
the "MIS" era. In fact, the movement from early DP to MIS technology has been
described by Borum (1980) as simply another instance of a much broader shift

toward management control over computer technology and personnel.
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. rTraditional OIS Demgn- The Impact of‘ Bureaucratization

The transformation described above sigrdﬁcantly af‘rected the development of‘

procedures for information system design. Among the skills of‘ the early computer

exper-t, the abﬂity to analyze requirements tor a proposed system and translate '

- i iiﬁthese into a working app]ication were an ebvious t—‘ocus f‘or managerial concern In

the transf‘ormation Kraf‘t describes, systems design was subject to the same S

" fdecomposiuon and de-skilling that other technical. tasks had. x /\)

The ,bureau,cratization,of system rdesign w.as accomplished through a series of

: set of’ standardized pr'ocedur'es (Kraf‘t, 1979). Speciﬁc developments which

accomplished th:ls ‘were:

[

(~1) decomposition of syste ms design into a get of discrete functions which could

J

" be assigned separ‘ately or in sequence to‘_junior technical statf,

(2) development of str'uctured design tools which ‘reduced complex tasks into

-

standardized technical procedur'es,

- technical personne].,l

- {4) estabhshment of‘ management systems to gain control and accountability tor
N design process as a whole. S
While these de-ve10p_ments evolved as part ~of‘—the f‘orm,alized technology of‘l—‘systems;
design dur',ing the early days of MIS, they remain a dominant feature}fot" formal

system develop ment lnethodologies still in use today. The following exa mination of‘

- current procedures Eor system design reveals the signi!‘icant impact uhich ‘these

-,early developments have had on the technical process of‘ system design and the

social organization of‘ the com munity in which that procea is conducted.

A. The Traditional TechnOJ.Ogy of System Design

Figure 3.) illustrates the sequence of tasks which constitute the
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traditional "System Development Life Cycle" -- a standard sequence of design
tasks widely used in OIS developm'ent' projects (Martin, 1984). This cycle reveals

the decomposition of the development process into a prescribed sequence of
stages, each of which is form ulat,26 as a distinct funciion in itself. ‘Within each
stage, a variety of techniques have been introduced to simplify complex tasks and

to provide standardized outcomes for each. A brief outline of the major steps in

the cycle and the principle tools employed in each stage is presented below: \

~

The "Require ments" stage involves identification of the major functional

r"equir‘ement',s which the system is to fulfill. This phase is tritical, since it
involves the vef'y difficult task of translating managerial information
requirements into a set of technical specifications from which the system will
actually be developed. The eftectiveness of this translation is particularly
important since misunderstandings are easily carried f‘or'w-ar'd into -subsequent
stages and may go un-checked until.late in the development sedue;ce.

To avoid such problems, a variety of‘technical tools for ™information
7 require ments analysis" (Taggart and Tharp, 1977) have Been developed to provide
standardized and systematic means of defining system requireménts. These attempt
_to provide a means through which management and technical staff can com municate

their needs to one another.

The "Specifications" stage involves translation of system requirements into

technical specif‘icationsi which will guide production of the system. These include
a definition of the functional specifications of the software which will satisfy
System requirements, as well as a description of appr;opﬂate hardware to support
the data and software requirements. A variety of structured tools are frequently
used here to facilitate uniform translation and interpretation of specifications
(Couger and Knapp, 1974).

The third step invclves development of an overall conceptual design of the
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system as a whole. Working from detailed specifications and using a variety of
mode]ing‘ﬁechniques (Chapin, 1974; Fergus, 1974; Hartman, et al; 1974) the
-designer first deveiOps working models of functicnal coniponents of the system
(ie. mociules), and then combines these to create an overall design ot the system
as a working unit. The importance of detailed and accurate rgquirement.s and
;\_,..,sgg:zifications is paramount here, since any degree of interpretive discretion on

S

the part of the designer may have significant impacts on the developing system.

-

Design is followed by the actual production of the system, beginning with
writing software programs and development of logical structures tor data storage

and retrieval. Str'uctur'ed' program ming methodologies are frequently utllized here

DEFIN{TION OF
SYSTEM
REQUIREMENTS

N '

DETAILED TECHNICAL
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N\
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o r \
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\ | -
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to tacilitate translation of specifications into machine-readable code (Kraft,
1971}, followed by extensive testing, or “"debugging", first of the performance of

the software itself, and later of the entire systém. Both forms of testing are
done in relation to pre-determined technical-spandards (Enger, 1976).

The final two steps involve the actual’ deployment of'the system invto the
organization and its or;going maintenance. Deployment typically involves a period -
of* on-site debugging and trouble shooting, as well as L:ser training (although
training is not trad\iti.onally considered part'of‘ the design process). T
Maintenance consists of correcting minor problems in program performance and

o

updating procedures as required from time to timé‘. Both stages entail the use of

specific technical.toolg and standards.

The traditional development cycle thus provides a sequence of steps which
lead eventually to the implementation of an ihf‘or‘mation system. Decomposition of
the overall process into discrete steps, and the use of various technical tools
within each step make it possible for the extremely complex task of system desjgnl
to be handled by a team of technical specialists within a clearly defined set of
technical guidelines.

The particuiar strength of these procedures lies in the degree of
standardization they afford. Standardization allows each stage to be undertakén
by anyone with proper tect cal training and supervision. This makes management
no longer dependent on "élsrmgle expert, and provides an effective foundation for
regulating the design process. Thus, while the traditional cycle appears to be a

logical approach to systelm design, its major function rests in the establishment

of a tramework for managehbial control (Kling and lacono, 1984).

B. The Social Organization of System Design
Decompaosition and standardization of the design process through the
traditional development cycle was accompanied historically by the development of
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bureaucratic mechanisms of coordiration and control. As a growing compliment ot
specialized compdter workers swelled organizational ranks, the need t‘étf/“adequam

. A -
supervision became increasingly apparent (Greenbaum, ‘1976). This led to ch}ange:;
in the organizational units in which the design'f‘unction was carried oul. Qhﬂe
not-a-direct aspect of the design process Q'er se, these remain g pr"e.dErrrfIfra-nL'
feature ofvﬁthe tecvhnology of system design. |

Two aspects of the social organization of Systgem design are important here.
The first concerns the establishment of a traditional hiefﬂar'chy of authority as a
mechanism for‘Asupervising design workers. Ln decomposing the design pr‘oc:éé.s into
distinct areas of technical responsibility, a specializgd division of labour was
‘creatéd. Individuals assigned to relativeiy narrow technical tasks —Wer'e made
accountable‘ to others with broader responsibility, im posing a hierarchical
authority structure which pa;r'alieled. the division QI‘ technical tasks.

This early development in the social organization of* tomputing is still
evident today. Virtually a];‘lerganizations which do system developm en£ employ a
hierarchical dir%ion of' labour to manage complex design projects. These
hierarchies are a major structural features of the com munity of professionals
involved in design work. While the names attached to specific positions vary
between organizétions, the typical structure of this com munity can be described
as follows: ‘ ,/’/

At the highest level are MIS Managers who heads the organizational units in
which the design function is housed. Their primary responsibility is for project
manage ment, including budgetary control and adherence to contracts and schedules,
Below the MIS Manager is usually a "Project Leader" who is u:;uaUy‘ respofisible
for supervising an individual project.” This person will in turr‘x supervise one or
twe "Sendlor Systems Analysts", whose main recponsibility lies in the analysls of
user information needs and the overall conceptual desigr% system., 'I‘hts
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individual is oI‘tenrthe main contact with the prospective user. Under the Senior
Analyst are typically a group of "Junior Arpiyst-s"' whose viork consists of

Lranélét;ing requirements statements obtained from ghe* senior analyét into

technical specifi.cfa;tions. "I‘hese are uéua]ly passed on to progra mjm ers, Wwho

actually p‘roduce thez programs which fulfill these specj.f‘icétions. In ‘Li:mge .

‘s’di'tware houses, one often finds a distinctionk betwéen "Senior" and "Junior"

program mers, the former being assigned to 'ghe development of n"éw systems, and the

latter being involved mainly with routine maintenance and upgrading of

 established syste ms. Somewhat removed from this typical hierarchy, may also be

-

technicians and other staff who work E)rimar'j_ly with hardware.

With devélopment work increasingly being located within large DP or MIS
departments, the need for additional manage ment structurc;s was apparent. A sgcond
development in the_ organization of the design process arose in response to
pr‘db}e ms'in managiﬁg lar_ge-scaie development projeéts. Complex tasks such as
require ments analysis or pro’gra-m ming ofﬁen required a number rof individuals
working on dift'erent components at the same tirﬁe., fhese g;ﬂoup.s were often formed
into distinct organizational units to facilitate management 61" that function.

While this facilitated supe;visipn of individual workers, it was.often unclear
who was overseeing t;1e project as a whole. With the major components. of the
design process widely. distribt&ed throughout the organization, the need for
stricter vrganizational controls became increasingly apparent.

’I‘his‘pr'obﬂlem fr*eqﬁently came to light when the ultimate users of the system
under development became concerned about the rate of progress or mounting costs.
Users legitimately wanted assu;ances that the project would be completed on time
and within budget. This reinforced the need for procedures for monitoring the
projct through various stages' and assessing progress in relation to cost and

performance criteria. , AN
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ln response to these_demands, system deveIOpment houses introduced- complex

R = =

‘ syste ms for pr'oject management, including pr‘ocedur‘es for def‘ining the speci!‘ic

R specific points at which- ciients would "sign off" on- speciﬁc aspects of* the wo T

- providing secur'ity that the project was pr‘oceeding according to plan.
‘The ability of lar'ge.rdevelopxm ent firms to meetrclients' expectations of- th‘e@-\g{};?
devv/elop'ment pr'o'ress made .such pr-ocedur'es. an important part of' the "buatness" or"' o
ﬂyswmﬂemgn—ﬂfgmwﬁbﬂitrtvmanagefpmjecheﬁecdvﬁrﬁﬁmﬁme——

and cost constraints) became such a strong sell-ing point that individual firms

developed 'pr'Oprietar'y systems which they sold to clients. as distinct development

%

"methodologies" (see for example Appendix A). Marketed as unique approaches to
system design, these are essential_lyr formalized pr'ocedu(r'es for project management,
which f‘acilitate the accomplishment of"lar'ge'—scale‘design pr'ojects.

To sum mamze, existing. desngn methodologies r‘ef'lect their her'itage witmn

——the context of large bureaucratic organizations* The need for- organi*zation:rl S b

contr'ols which arose as computer's pr'olifer'ated in organizations created a

par'tlcular' social structure among those who conduct the design pr'ocess.,lt L.,

-

within such structures that most desi,gn wor'k is now undertaken. As we;willsee; S

even the intr'oduction of innovative design tools to compliment new tor'ma or OI

e -

| technology not altered the traditional social context.

While the previous discussion outlines the. primary. features of system

*o‘esign, this chapter wculd not be complete ﬁthout"FeT*eTj"én’Ce to some recent -
developments. Most "design technologies discussed above evolved as part of the
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early "MLS" era, or appeabed over the decade which followed. While this would not

zeem to describe "current" methodology, very little fundamental change has

occurred in OLS design since traditional methods were formalized.

This méy be attributed to the essentially bureaucratic nature of the
processes jst described. Such structures are notably resistant to change, of‘tén
preferring to co-opt new developments rather than adopt them. Many of the
innovations that have occurred in systems design have tended ‘to bo absorbed into
. the tr'aditiorlgl methodology and adjusted to suit that co’nte?ct.

Une example of this co-optation concern an entire group of procedures for
"information requirements analysis" (Taggart and Tharp, 1977). These are
essentially sﬁruqtured interview techniques which were developed to addr;ess
problems of misunderstanding between system designers and users. Within tho
traditional design framework, these have taken on the less useful function of
formalizing aod standardizing the interaction occurring between designers and
users, often exacerbating the problem of undemﬁanding. For users, these
techniques have become another technical tool which demands that they translate
requirements which are already vague and unflear into a 1anguag‘e which is both
unfamiliar and intimidating. Although the ava;labi.lity of‘ techniques for defining
inf‘ormat;‘on needs-undoubtedly aids the design pr‘oc"ess, it is doubtful that

understanding in any deep sense is facilitated bg{ current applications of these
tecnniques.

A second innovation that has been adopted by existing design methOdologies.
without fundamentally changing their form has been the widesprfead use of
particicative design str;ategies' {Mumford and Henshall, l1979; King and Rodriguez,
15811, One of the early lessons from MIS research was that participation by users
in the development process frequently alleviated problems in gaining user support

. ) ‘
and ccooperation. By involving the user as a direct participant in developing
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technical specifications, and implementing the system, these technigques were
found to secure user interest and support for the system, and to make the
identification of require ments more ‘accurate.

Research has shown that participative methodologies substantially increase

users' understanding and acceptance of the systems they help desiign, and ensure
more effective usage {(Swanson, 1974; Edstrom, 1977). 1t is unclear whether such
gains are obtained by giving participants a voice in major design choices, or

simply by having users participate in carrying out choices already established by

the design team. In the latter scenario, participation simply serves the function
7 .

of ed\ucéiting users and securing their cooperation in a predetermined system,
rather than giving them a m eaningful say in the design of théir systems (Edstrom,
1977; King, 1978; Kling and Iocono, 1984).

A third innovation occurred with the development of so called "P‘our{h‘
Generation" or ncn-procedural progr'arh ming languages (Martin, 1984). These
essentially automate certain program ming procedures, making it possible tor a
relative novice to develop applications quickly and efficiently. In the handvs‘_of‘

a skilled developer, these tools make it possible to bypass ts@ditional
techniques and rapidly produce a prototype of a program which might otherwise

-

take months to develop.

Within the context of traditional development metﬁodologies, fourth
generation languages are useful in developing working prototypes of a finished
System SO that users can request changes)’before the system goues to production.
Thnis "prototyping" technique (Bcar, 1984), has been shown to g'reat,ly enhance
implementation success by helping to identify and correct errors before they
become entrenched within a full blown sjfste m (Sroka anq Rader, 1986}, Frototyping
is still relatively new however, and remains largely outside tr'adltional'
methodologies. It tends to be very demanding on computer regources and allows
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untrained users to develop applicatioris whicr; may _be inconsistent wfth existing
systems. For these reasons prototyping is often vviewed with suspicion by
traditional developers. Many believe that prototyping must be carefully
controlled within a broader, more traditional development framework (Hounsell and
Birch, 1985).

Fourth generation techniques have been received enthusiastically by users.
The ability to bypass the traditional methods and develop applications rapidly
has opened up new posgibilities for "distributed" and "end-user" computing. With
the availability of inexpensive microcomputers these tools have been a major
force in defining the most recent conception of what an ideal information system
« could be. Aé long as responsibility for systen develovpment remains locked within
traditional structures however, our ability to. realize that potential may be

significantly delayed.

r
7

Looking Ahead

While these developments represent a significant addition to the process of
systems design, none provides a solution to the fundamental problems which
plague information technology. Even with these techniques, pr'oblems'in 01IS design
have not vanished. Sygtem design continues to present difficulties for managers
and systems professionals alike (Hariton, 1985; Gui}lan and Bostr«'om‘, 1986). In &
fact, continued efforts to develop ﬁew approaches to OIS design only under'lin.e
the fundamental problems in this area. ‘

What is sigfiificant about these developments howe\;er', is that each seeks to
improve the deﬁgn‘ process by providing «; means of enhancing com munication
between desj.gner‘s‘and users. Each recognizes the fundamental problem as one of

failed understanding between these groups, and introduces, by way of some
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technical process, a means of improving their interchange. At the same time, each
presupposes a basic level of coOm munication between these groups to function as a

design tool (Guinan and Bostrom, 1986). Without effective interaction between

these groups, no set of technical procedures can serve as a basis for effective

design. PThis reinforces the crucial role which communication plays for theientire
process of system design. In addressing problems of QIS: design therefore, it will
not be sufficient to simply impose technical procedures which mimic or replace

human understanding; an understanding of how com munication functions in the

design process is essential if design procedures are to be improved.

Sum mary
This chapter provides an introduction to 01S technology and to the
historical cdntext in which it evolvec;. The tendency for the design process to be
located in highly bureaucratic structures has shaped both the procedures of
design and the or‘ganiza;,ion of the professional com munity in which it is carried
out. Most ‘design projects of any scale follow the traditional rdevelopment cycle,
most make use of stf‘uctur‘éd techniques for system analysis, design and
program ming, and most are undertaken within a hierarchical division of labour. -
These characteristics of system design are part of the taken-for-granted
world of the computer worker. These have also been oyerlooked by scholars and
practitioners attempting to understand problems in QLS design. This study
contends that these contextual features play an important role in creating and
enlarging barriers to com munication within the d;sign process, The chapters which
follow describe an'yempirical study which seeks to model the manner in which these

factors affect the nature and quality of com munication in this setting.



CHAPTER FOUR: An Empirical Study of Com munication Barriers in QIS Desjgn: ,

Design and M ethodolog'y

Overview

The aim of this thesis has been defined as the development and evaluation of
a model describing how particular features of the social and technical context of
syste;n design create com munication barriers between QIS designers and users.
Having reviewed the liter‘ature relevant t? this area, we may now begin an
examination of the central problem by describing the development of the model in
question, and by undertaking an empirical study to refine and formally test that
model. We begin by descr'ibin; the design and methodology e mployed ln gathering
and analyzing empirical data for these tasks.

This chapter outlines the overall two-phase design cf the study, followed by
a description of specific methodological issues confronted in collecting
appropriate data for each phase. Included here is a description of the general
population from which samples for both po;"tions of the stLidy are drawn. The
chapter closes with a brief discussion of tbe techniques used to analyze the data

collected in the second part of the study. The results of specific portions of

the study are reported separately in subsequent chapters.

The Qverall Design of the Study » )

The decision to pursue the empirical component of his study in two distinct
phases is based on a recognition that two fundamentally different kinds ~'of
research tasks‘ are involved in initially developing and later evaluating a model
of OIS communication problems. The first task requires a descriptive approach
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relying primarily on qualitative data. The ai)m here is to provide a detailed
description of sbeqﬁ‘ic aspects of com munication in Q1S design and to develop an
understanding of how these function within the design context. 1t is this rich,
q{xalitative description of , OIS design which will provi_dev a basis for defining
specific elements _and relationships to be depicted in the model.

The second task requires a more quantitative approach. The alm here s to
provide empirical evidence to refine the representation of elements and
relationships in the model, and then to assess the validity of t};e model as a
‘Wwhole., To undertake this evaluation of the | model, a large body of data is
r'equjred. The second portion of the study thu\s‘ uses a fundamentally du‘r‘er-ent:
methodology to provide a final assessment of the model developed abuv@

The S£udy proceeds through two distinct phases employing d{smxct modes ot
data gathering and analysis. The first phase is essentially a descriptive study |
which uses qualitgltive techniques to obtain detailed accounts of the soclal and
technical contexts of system design and to'deter'miﬁe their impact on deggn
problems. Data for this portion of the study are obtameg through ir;ter'vle W3 with
a sample of individuals having direct involvement in the system design process. A
detailed interview protocol was developed to focus _thevse interviews toward
specific aspects of the d‘esign process, as defined above. Interviews were
conducted with a small sample of individuals to provide the data on which an
analysis of com munication problems in this context was carried out.

Data from the qualitative portion of the study were examined to identit'y
features of the design contéxt which might systematically affect com munication in
this setting. ThlS examination was guided by an interpretive analysis of
com munication breakdown, as previewed in Chapter One. By ftocusing attention
toward specific aspects of the com munication process, this perspective provided
the basis for selecting elements and relationships for inclusion in the model,
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For example, the focus of the model was defined to be specific features of
the soclal and technical context of system design which create com munication
barriers between de;igr;ers and users. We defined such barriers as problems J;n the
accomplishment of shared understanding between technical and managerial frames of
reference. In examining data from the first part of the study, we therefore seek
to identify how the social organization of design professionals and their use of
specific design techniques may affect translation of design specifications
between managerial and te'chnicalh frames of reference. Based on this analysis, a
model is proposed which describes how the mrajor' components of the design context
atfect com munication within OIS design. |

The second phase of the study is quantitative in nature. ‘Based on the
results from p:ase one, specific variables are identified to operationalize
elements of the modeL To collect data which support rigorous testing of these
constructs, a guestionnaire was developed for distribution to a large sample of
systems design professionals. Initial questionnaire items were based on tentative
relationships defined in the model. An initial version of the questionnaire was
pre-tested on a small group of subjects, and after ;'evision was sent to system
design professionals in two major professional organizations for completion.

Data obtained with the questionnaire were analyzed following procedures
described below. These procedures provide a basis for refining the model by
hpr‘OViding support for the validity of -individual elements and relationships in
the model. With this sup‘por't, a formal validation of the model as a whole was
undertaken using the came questionnaire data.

This two-stage design ofters several advantages in terms of the o&era]l
validity of thé study. We begin with tentative not%'ons about possible causes of
com munication breakdown in the design process which appear to be conceptually
valld and cons:i,étent with the literature. The first phase provides detailed
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observations which support construction of an\ e mpirically grounded model which
tests and elaborates these injtial hypotheses. Whiie this phase provides basic
observational support for the model, its e mpirical base is relatively srﬁ&ubarxd
cannot support any claim to generalizability. The second phase extends the study
to a broader sampie and offers statistical verification to confirm the wider
Qtﬂity of the description offered. In total, the study provides a balanced
approach tb the problem of empirically supporting the model and ensuring the
overall validity of the r‘esu}ts.

We now turn to a more detailed description of specific methodological

aspects of the two major phases.

Phase One: Initial Interviews

The first part of the study provides an description of the social and

-

technical contexts of system design as they relate to problems in 015 deslgn. We
have argued elsewhere that aspects of the socilal organization of design
professionals and the technical procedures they use may contribute to

com mupication problems in the design process. In this section our aim i3 to
obtain evidence to support such arguments and pr*o'vide a concrete account of’ how
contextual factors affect com munication in this setting.

Because OLIY‘ initial analysis 1s couched within an interpretive tramework, it
is appropriate that we adopt an approach consistent with that orientation. It was
decided that simple interview techniques would provide the best strategy for
obtaining descriptions of design proble msgras understood .by participants in the
process. While it was considered desirable to have participants speak openly on
these concerns, it wasjalso felt that direction should be given to assist in
collecting data directly related to the issues under investigation. It was

! ¢
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decided that the interview strategy described by Merton (Merton, et al, 1956) as
the "Focused Interview" offered an appropriate format for balancing openneés and
structure in the interviews.

In this format, the interviewer directs attention toward ; specific issue or
incident and allows the respondent to discuss their reactions to that éubject. :
Typically, the researcher enters the interview with a §peciﬂc set of hypotheses
in mind which direct attention towards specific topics. Considerable room is left
for subjects to define the cont.ent of their r‘ésponses, while m aintaining a f‘ocus.
toward specific issues. The analysis of this material seeks to define the
interpretive schemes which subjects use to frame their fesponses to the question
at hand. ’

The population from which interviews were sought was defined as all
individuals operating in a professional capacity related br contributing to thae
process of system degign. Since the study focuses on the.desi,gn proceés itse?f,
and since this group is primarily responsible for that proc,eés, this was deemed

4 .
an appropriate sample. The sample was initially limited to individuals working
within the greater Vancouver area, but was later expanded to include individuals
from Toronto as additional opportunities arose. Includéd were individuals
occupying any of the several categories of design work described'i.n chapter
three, Iro‘m MIS manager to systems technician, as well as ﬁﬁose who work as
private consultants. It was also‘ felt that other professionals not directly
1n‘volved»in design work but wh® contributed to it m signﬂicant wayé should also
be sought for interviews. This included educators who t,r‘ainéd various
occupatidnal groups doing system design, as‘well as personnel recruiters
specializing in systems- related placement. The latteér were of interest because
of their "inside knowledge" about the technical and personal qualities of

effective systems personnel. Both groups operate -on the boundary of the system
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design culture and were believed to have special insight into the nature and
social context of design work. )
Since this initial. phase was descriptive and not intended to ;uppor’t
A statistical or logical inference, no concrete specifications were established t‘Qr‘
sampling this population. However, two general guidelines were followed in
obtaining the sample: (1) the sample was to include a diversity of poéit.ions
within IS design, and (2) thev representation of groups in the‘ sample should
correspond with their level of involvement in the design process. As interviews
were scheduled, effort was made to contact individuals from a spectrum of
occupat(ions, and to ensure that groups closely involved in design work were most
strongly represented in the sample. Particular effort was made to ensure that
senior-level system$® analysts w;ould{cor.lstitute the major group in the sample,

\
since this group is most directly responsible for system design.

This specification affected the size of the sample eventuauy obtained. -
Senior analysts are 2xtremely Susy individuals, and while man;l were interestedx in
the study, it was often difficult to schedule interview time. 't was often
necessary to reschedule appointm ents, and occasionally to cancel mter‘vie WS
altogether. Because of this, the relative size of other groups in the sample had

to be constrained, although it would have UYeen possible to intlate the sample

with others less directly involved with system design.

Prospective subjects were initially contacted through systems consulting
firms listed in the Vancouver phone bogk. Interviews were scheduled with a single
individual active in this field, and these frequvent.ly led to additional contacts.
Contacts with educators and career placement Q/f}kﬁls/w}:rje :uso initiated py
telephone, and also led to contacts among a,&dit.ional colleagues, | ‘1\‘
The sample that was eventually obtained for the first phase ﬁpci;}led a total

of twenty-two individuals: fifteen design professionals, including four MIL5
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mana;gers, one technical specialist, one senior level programmer, and nine semnior
analysts. Two of the analysts interviewed were private consultants, the remainder
were members of large consulting firms. The sample also included three
individuals working in systems-oriented placement and four educators in éyste ms

7]
training.

Most inter‘views‘\wer‘e conducted in Vancouver over a period of four months
beginning in April of 1985. Two supplementary interviews were conducted in the
Toronto area to enhance the representaﬁon of senior analysts in the sample. The
interviews were all between sixty and ninety minutes in length, conducted during
business hours in the offices of the individuals involved. In two cases,
f‘o]lowi-up interviews were scheduled to pursue additional questions.

Data was initially collected by taking notes of subjects' responses. This
was soon found to be awkward and was replaced by tape-recording the interviews.
Permission to record int:er'vie'ws was obtained at the beginning of each session. In
all cases, initial notes or recording% made Qf‘ the interviews were reviewed as
. soon as possible after the interview and a more extensive set of notes made.
Consistent with the focussed interview technique, data were sum marized in
rcference to a specific set of pre-defined issues, as discussed below.‘ A dditional
notes were made concerning topics raised by the subject, as well as the |
interviewer's general impressions.

The interviews followed a pr"otocol designed in reference to the analysis of
com munication barriers initially previewed in Cha‘tpter' One. Five major areas of

“interest were ‘identified for which detailed empirical data was sought. These

included:

(1) Managerial vs. Technical Frames of Reference - Differences between designers
and users as a basis for distinct frames of reference; including
differences in personality, attitudes, education, cognitive styles, etc.
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(2)

(3)

(4)

which could be tapped by more focused questions. A number of' additional questions

The Social Organization of thé Desi.gh Community - Subject's understanding

of the organizational structures in which design work is carried out. For
example, major Job classifications and major differences and relationships

among these, i

“

Design Tools and Procedures - The use of specific technical tools and

procedures; the impact of these on the design process and the ability to

overcome specific barriers.

Com munication Patterns Between Designers and Users - The elfectiveness of

relationships (ie. com munication} between management and systems personnel;

. . . ¢
the existence of conflicts concerning basic goals, interests, values, etc.

in general, and as a possible outcome of inetfective deslgner/user

com munication.

»;Design Qutcomes - Subjects' awareness and interpretation of MIS difficulties

It was al.so'ir'ecognized that particular groups might have 'speclal knowledge

were added to the basic protocol for these groups. For example, individuals in

the career placement field ‘were asked questions regarding qualifications

exhibited by the "best" systems designers, educators were asked about the

background preparation provided for specific groups, and so on. A detailed

outline of the interview protocol is provided in Appendix B.

One difficulty that was anticipated in designing the interviews was the

potential for the interviewer to bias subjects' descriptions of MI5 diUficulties

by initially defining them as "com munication” problems. Although the id'ea of’

com munication problems is cited frequently in the literature, it was felt that

defining the issue in this way would unfairly bias responges in favor of the

R

iﬁterpretation suggested by the model. It was decided to open the interviews with

a general statement about "MIS difficulties” and not to introduce the idea of
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~ com munication. unless it ""’was'ﬁ}et"of'f‘ered"'by"the subject. If the subjéCt were

raised, it would be pur-sued in depth to determine how the subject understood the
T T T - T T Tt T e T - ’ .7' 7’ T *’7’—7 ’’’’’’’’’’’’

re]ationship between com munication and design proble ms..
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Data collected in tne 1nter'views were analyzed after' the maJority of the \

: interviews were eompleted. Notes ﬁ"om each mter-view were initially sSum mar'ized

lf‘or' each of the areas def‘ined above. In addition to documenting r'esponses, the '

E | 1 7 T T

. : 'analysis also sought“to develqp a composite view of 1mpor‘tant elements in each

~area by syr‘tbesizing speciiic points which the sample as a whole 1dentif‘ied with

relements T

| to be included in the model. %1 doing this, emphasis- was placed on understanding

_the hatur'e and the role ,of‘ com munication processes in creating 0IS pr'oble ms.

Because of‘ the diversity of the- sample, it was r'ecognized that unanimity of‘n

perspectives might be difficult to achieve. The aim in analyzing the data was

£

- therefore to develop a unif‘iedgfram ewor'k r'epr'esenting major' areas of‘ over'lap

{
among the diverse perspectives. The r'esultant f‘ramework outlines the major'

[ I

f‘eatures of‘ OIS dit‘f‘lcultv and their r'elation to br'oblems of‘ com munication. ‘a

-

viewed by individuals dir'ectly involved in the design pr'ocess. The results of the B
interview portion of the study are reported in-detail in Chapter Five.
. This analysis provided the basis for a tentative model of com munication

barriers within 01s design. The .deri«vation of this model from the —interview data_.,,,

1s described in detail in Chapter Six. With this step completed it was thenj;b.,"r 7

.possible to evaluate the model more r'igorously. The. methodology f‘or- this second

—phase of” the study is described below.
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A Survey of System Design Professionals
| ‘The model derived from interview data depicts a set of belat.ionships among
features bf the design context which operate jointly to create com munication
barriers in QIS design. In this sense, the model offers a tentative explanat.iop

of com munication problems in the design ;etting. The objective of phase two 15 to
provide empirical data to initially refine this tentative model, and to fcrmally
test its validity.

Methodologically, this presents a challenge. Traditional methods are
designed to examine individual relatidnsl%&ps between L_solatedk variables. The
causal process depicted in the present model is clearly multivariate in nature,
making thé use of more traditional methods inappropriate. To examine the ‘pr'esem.
~model, it was necessary to identify methods wh% would not decompose complex
pfocesses into isoiated relationships between dependent énd independent:
variables. It was necessary to look beyond traditional approaches in ’obt,alning
evidence to support the model.

A fundamental questigm ]I.1 selecting a research strategy concerns the nature
of the analysis to be uﬁdertaken. In this éase, we required a technique which

, < : '

would allow us to draw conclusions regarding the overall structure of
relationships among the factors identified adee. Recent multivariate statistical
techniques now offer readily accessible methods !_which support this type of*

i

analysis (Dillon and Goldstein,‘ 19843 James, ié_lp 1982). In particular, a class
of techniques known as "Latént Structure Analysis" (billon and (oldstein,
1984:p.490) are especially suited to the E)roblem of describing multivariate
r‘elaiionships among sets of interacting variables. These techriques are
particularly useful for assessing the“ effectivehess of structural models, they

are appropriate here in assessing the overall validity of the model.

While the statistical Iprocedures for Latent Structure Analysis are complex, -

'S
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the format of the analysis is relédvely straightforward. The technique assumes a
theoretical model which outlines the principle structur‘?l components @f the
process being described (ie. the major constrizcts in the mrodel), as well as the
causal relationships which are assumed to exist among these. These components are
thén operationalized to provide a detagiled"'m easure ment model" (Bentler, 1985)
specifying relationships between obserQabfe variables and tlhe latent vconstrfucts
they repr-esent.» Urs:.ingﬁw;:tj: for each of the observed variables, statistical
procedures are conductea which examine interrelationships amongkth'e various
elements of the model. From this analysis, estimates of the fe]ative strength and
direction of specified causal relationships are derived and statistical tests of
goodness of fit are performed to assess the ‘validity of the medel in question
(Bentler, 1985).

’ This analysi.s requires a number of basic conditions to be met to provide a
valid assessment of a model (James, et al, 1982:p.26). The first condition is
that each of the major constructs in the m_odel be operationalized in terms of
e mpirically measurable variables. Theoretical ~constructs are often difficult to
observe directly. In lieu of direct measurement, obser'vable variables are sought
as indicators of these underlying constructs. A second condition is provision of

empirical support for the assumed composition of these latent constructs.

Ideally, the relationships between observed and latent variables should be both

«

conceptually and empirically suppor‘tedlbef‘or'e entering the analysis. A th]';‘d
condition is that the major causal relations assumed to exist among latent
chstr:ucts e mpirically supported before. undertaking the a_rialysis. Meeting each of
these‘c,onditiOns ensures the validity of the overall structural analysis, which
then assesses the accuracy with which the model as a whole reflects the
underlying structure of the data provided. |

In the present study, we enter this phase of the analysis with -a tentative

L3
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formulation of tr;e model based on qualitative data. Several steps are required to
refine this initial version of the model SO it is amepable to 'r'igorous test.
Several steps must be taken to m;eet— the conditions outlined above. In pursuing
the empirical validation offered by latent structure analysis theretore, an
important focus of this study will be to refine the existing model to a point
where more rigorous verification can be undertaken. ;

:l“he first refinement required in pursuing this objective is the provision of
concrete definitions for the major constructs and r'elationéhips suggested bi the
model, as well as a more detailed description of the causél brocess through which
Eggse affect com rﬁunication between designers and users. By empirically defining

these relationships, it will be possible to identify variables to represent what

are now only hypothetical constructs in the model.

Following these initial refinements, it will be useful to test specific
aspects of the model to gulfill the second and thifd conditions outlined above.
Evidence will be provided to establish the empirical validity of the constructs
depic e‘d in the model, as well 'as to support the assumed relationships amor@.
the}s/e.leith this support, it will then be possible to proceed with a rigorods

-

test ol the model's overall validity.

In summary, the specific objectives to be pursued-in the second phase of the

)

study are as follows:

{1) To undertake r'ref‘jnement of the model derived from Phase One which will

]

enable major constructs to be operationalized -in terms of specific,
empirically observable variables,
(2) To obtain empirical data which will provide an initial validation of the
major components of‘ the model, as well as their assumed relationships,
(3) To undertake a formal evaluation of thé model using latent structure

analysis to ascertain its general validity.
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In pursuing these objectives, data had to be obtained to fulfill the
requirements for statistical inference. This @éken to mean data that were
"expr‘essed\ in quantitative form and from aniappr‘oprdately large sample. A '
quest:ionnaire strategy was chosén for this task, because it provided a re]atively
eaay method of obtaining data from a large sample. By constructing an
appmpr'iately worded questionnaire and distributing it to a large sample of
indivi}iua.ls, it was assumed thaf; data appropriate to the desired analytical
techniques c;uld be collected.

The purpose of the questionnaure was to gather data concerning the maJoI‘
elements depicted in the model. The first step in developlng an appropriate
questionnaire was therefore to r‘eview the results of the first phase of the study .
and identif;' the specific features for ’_which empirical support would be sought.
Because Phase One pr‘o:iid':d a detailed description of system design problems,
several variables wér‘e identified for each major*-componént of the model. These
can be summarized within seven major catggor'ies:

(1) subjects' educational bag:kgronnd and work experience

(2) the organizational context 1n which subjects work v

(3) specific aspects of subjects' involvement in the design process

(4) the design strategies and tools typically used

(5) com munication and socialization patterns within the work setting

(6) the perceived outcomes of the design process

(7) personal demographics

; An initial draft of the questionnaire was develOpgd to reflect the variables
identified in these &ategories. The goal in developing this draft was to include
as many as possible of the variables identified ifi the first phase, with the
expectation that refinement of the questionnaire would reduce this number. A

total of forty-nine items were included in t{ne first draft, most of which
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required a simple check-off response. A smaller number of items used a ranking

format to indicate, for exa mple, the relative importance of specific work
activities or work group preferences. Others gsked for more detalled written
responses.

To assess the appropriateness of the items, and to check tor coding
proble ms, a pretest of the questionnaire was undertaken. AA first étep was to ﬁave
the instrument reviewed by colleagues familiar with questionnaire construction
and with the general reseér‘ch area. This revigw provided useful f'eedback on the
content and format of several items. J

A-sample of \fifteen system deyelopment personnel at a majr educational
institution were thek asked to complete the questionnaire, and to provide
feedback on problems they bad in completing a‘r‘ly*of the items. A total of tourteen
questionnaires were r;eturned, several of which included comments on the
questionnaire itself. R‘esponses from this sample were entered into a computer
file according to a tentative coding scheme and elementary descriptive statisrics'
were obtained 'to exa mine the initial qualities of the data. Respondents' feedback
concerning the q‘l)estionnaire items was reviewed to assess p’otential problems in
item format or wording.

The results of these tests enabled significant improvements to be made in
the que;ﬁo;lnaire. Several coding anoma]iés yere en.counter'ed which indicated the
néed to r‘eéonsider' how the data were to be structured. This led to the revision
of the coding scheme for several items, and to changing séme response formats c¢n
the questionnaire itself. Sum maries ()’f'ﬁthe data showed unusual response
distributions for some items, Vsuggest,ing additional revisions. Feedback from

. réspondents c‘oncerning'the structure and format of the-questionnaire provided

additional information that helped to re-structure parts of the instrument.

A" second draft of the questionnaire was devéibped based on the pretest,

\ T4,
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“results. The number of items was reduced from forty-nine to thirty-seven, and
re}ponse f'orﬁats for many of the questions were clarified. The pretest also
suggested the need to include a number of attitﬁde items concerning the nature of
organizations and management, and the potential role of computers as a management
tool. The importance of these issues had been overlcoked in constructing the
original inst'brument and were added at this pgint without further pretesting. A
copy of the final version of the questionnaire is provided in Appendix C.

With a revised guestionnaire invplace, an appropriate sam was now sought.
The general bopulation selected fc;r the questionnaire study was the same as that
used in the initial interview stage, ngmely, all in.dividuals operating in a
professional capacity directly related or contributing to the process of
information system design. Additional gro/ups used in the fixfst part of the study
but who were peripheral to design work per_se (eg. educators, career placement
individuals) ;Jer*e not includéd. The population was also geographically delimited
tC members of that group operating within the metropolitan Toronto area. This

. .

7 dmitaticn was.adopted __pr’imar’i_‘ty to facilitate distribution of gquestionnaires,
but was not thought to impose too great a limitation, since this group represents
the majr portion of the systems‘development work undertaken within cehtral
Canzada. In selecting a specific sample to whom questionnaires would be sent it
was recognized that a trade-off would ultimately have to be made between
ootaining a truly representative random sample and finding a convenient method
or distributing and collecting quest.ionna.n’"es. lBecause limited funds were
e;‘;aizable to support gquesticnnaire distribution, it was felt that convenience
wGould have to out-weigh the finer dgtajls of sampling methodology.

n conﬁsigjhem'ng how indiviguals in the population could be contacted, it was
decided that pmf‘essional orgarizations in the system design field would provide
a useful venicle for accessing a large sample of appropriate individuals. The
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directors of three professional or‘ganizatio\ns were contacted to obtain-
information about.the composition of their membership, and to expiore
* possibilities for distributing a questionnaire among them. One of these was

composed largely of individuals in lower echelon positions thgat‘ involved computer
[y ’ : b ’ '

work, but were not active in.systems design. That o;ganizat,ion was not given
further consideration in sampie selection. The other two, The Associadoxx of
Systems Management and The Cvanadian Inform\ation Processing 'Association, both had
a membership }n the Toronto ér,eaxmade up pr*imar‘ily of MIS‘ managers, sy.;,t(ems
analysts, program mers, and other technical ‘personnel who 'wenr'e regularly engaged

in system development woOrk.

The composition of these groups was considered qppropr'iate for the pi‘esentf
_ study. Each represented’ a group of mdividuéls from a variety of' job
classifications directly cohnécted _wi‘th system design, and thus afforded acceus
to a useful cross-section of the defined population. It Qas r‘ecogrrlizedh that

-
restricting the sample to members of these organizations would introduce a

potential bias and probably compromise the randomness of the sample. It was also

understood that no assurance could be provided that the r‘epr‘ésentation of

1

specific sub-groups within the sample would parallel that in the larger
population. Despite these limitations, it was felt that the use of Lwo separate
organizétiorfs, both of which had a broad range of membership, would increase the

likelihood that the sample would be fairly balanced. Within these limitations, it

4

was decided to seek the assistance of the two organizations in\dié‘tr'iputing the

questionnaire.

Both organizations agreed to distribute copies of the questionnaire to their

Toronto membership. The Association for Systems Management had approximately

three hundred members in the Toronto reé;ion, while the Canadian Information

1]

! - : ‘ ‘
Processing Society represented nearly two hundred. Because membership lsts for-
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both organizations were confidential, there was no way to determine how mva‘ny of

these were dual memb.er'ships. Five hundred copies of the gquestionnaire were

L d

f‘orwarded f‘or djstribution in May of 1986. Each quest:i.onnair‘e included a letter

oI‘ mtmduction I'r'om the resear‘cher‘ explaining the research and assuring
anonymity of‘ r-espondents and confidentiality of results. Subjects were informed
that a copy of‘ the results of the study would be available to’ anyh articipant who
_requested them, and a contact address was provided. A copy of that letter js

1ncluded in Appendix C. A stamped, pr'e-addressed envelope was also provide with

7each questionnaire to facilitate return of completed instrumenrt,s; S

Compl‘eted questidnnaires were -assi,gned identifying code numbers asthey were
'r'eceived. These number's were used to 1dent.1fy :lndividual cases as responses were
coded and entered into computer files. The coding scheme developed within the
pretest was used in entering all data. tems on the questionnaire which called
for written responses were not coded in this process. Many of these nems were
-included to obtain detailed, qualitative responses to specific issues, and were

not intended for use in evaluat:l.ng the model. The or'iglnal questionnair'es were

r‘et,ained and kept 1n locked stor'age, to be destroyed after completion of the

study. | .
A total of ninety-four questionnaires wére returned by September of 1986."
Of these, une was only partially ccmpleted, and a second had been completed by an

mdividual whose Job responsibﬂities were not, consjstent with the population

under consideration. Bot.h of these were rejected- as unusable. A total of ninety-

7,t101wmtﬂn&itheﬁanpMpmsen%a4esm§efme—ot;

memberships in the two organizations, the timing of the survey near the beginning
of summer holidays, and the unexpected occurrence of a postal strike. A sample of
ninet!-two responses- was deemed sufficient for the intended analysis.
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Data Analysis

The analysis of the questionnaire data was intended to establish the overall
validity of the model der'iv'ed in Phase One using Ladztent Structure Analysis. In
pursuing this analysis several stagesﬁ of data analysis had to be undertaken
before a final evaluation could be ~made.

Each step in this analysis is dependent on the outcome of previous steps. In
this sense, the analysis is essentially exploratory in nature. Each stage
examines a particular aspect of the data to provide a growing body of evideﬁce
supporting thé validity of the model. For that reason, a detailed description of
the methods used to analyze the data will be postponed until Chapter Seven. tor
the present, it is possible to outline in general terms the three major phases

through which the analysis moves, and to indicate the strategies.pursued in each.

(1) Examining the Major Components of the Model - one of the two major
conditipns which must be met to permit latent structure analysis is the provision
of empirical support for the major constructs in the model. The first phase cf
the analysis provides this support. From the interview data, specﬂ‘ic emplirical
dimensions were identified to provide a concreté definition for the majr
constructs. To use these variables in further analysis, it is essential to /
demonstrate that specific sets of variables provide an empirically valid and
stable repreéentat}ion of those RQroader copstructs.

L F_or‘ exa mple, t:he interview study identified s;pecif‘ic variables as\indicat:or's‘j
of »the social organization of the dresign, comm qnity‘.\ One of the aims of the second
phase of data analysis was to indicate that these variables could be reliably .
.vcomb'med to provide a composite indicator of a bro?der construct ;at”
"bureaﬁcr:atized design". Similar vertif‘icétion had to be provided for other major
concepts in the model, including the notion of managerial and technical "frames

of reference", "patterns of-com munication", and so on.
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A variety of multivariate statistical methods were ’used‘in this p.ha.‘se
depending on the specific variables in question and the py}pe‘vof‘ result desired.
For example, Cluster Analysis was hﬁti;}ly used to define distinct groupé within
'the sample which reflected the,}impact of the hierarchical or"ganizat;iori of the
dési,gn process. Statistical tests were under'tak_en to establish the validity of
this grouping and to examine in more detail the nature of the differences between
the groups that were identified. |

Other constructs in the model were evaluated in relation ,to‘ this initial
grouping. The model predicts, fgr exa mple, that distinct types of in‘vélvementdin
the design -process shoyld be related to basic "frames of reference",: to the use
of specific desigﬁr;tools, to com munication patterns in the workplace, and to
various opinions relevant to the désjgn context. Discriminant Analysis was used
to determine if combinations of variables representing e;‘u:h of thése constructs ‘»
were useful in dlstmgu:Lshing between the groups identified earlier. Statistical
support tor several gf these iwas taken to indicate the validity of the broader
‘constructs represented. Thé resuli:skthus. provide empirical support f‘br‘ the

validity of the major theoretical constructs on which the model is based.

(2) An Assessme 5‘ Major Relationships - The second condition to be fulfilled
before undertaking a formal analysis of the model is th"e provision of initial
support for thg proposed relationships between major components. Since each of
the constructs is represented by several variables, the pr'oblem in this portion
ofuthe study- is to provide an analysis of relationships t;etween multivariate
groups of descriptors. While the final stage of the analysis assesses the causal

. & t
si,grg.t‘icance of these relationships, the present task was provide evidence
’suppor't.ing the existence of these r*elatioﬁships, and tb assist in exa m‘ining their
str‘engih and nature.

The technique used for this purpose was Canonical Correlation analysis, a
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technique suited to examining relationships between multivariate seté of
variables. The approach was essentially exploratory, with all possible
relationships between cdmpohents being examined. The outcomes of this qr}{ilysis
support several significant relationships predicted in the modél, and provide

. initial ev{dence regarding the strength and* direct.ionality\ of these relations. A
detailed sum mary of these results, described in Chapter Eight, provides the basls

for additibnal refinement of the model prior to its final evaluation.

(3) A Final Structural Evaluation of the Model - Having satisfied the basic

-

conditions for the application of st,ructubr'a]f modeling techniques, a _ref‘ine-cj.

version of the model was subjected to assessment using Lagent Structure ‘Analysis.
The purpose of this analysis was to der'ivpe an assessment of the overall vaJldi;yy
of the mddel. The technique provides duantitat.ive estimates of the major

parameters of relationships depicted in the model, based on a specification of

re‘lationsqr’]ips between sets of variables representing those constructs. Th‘e .
procedure also provides a detailed examination of the strength and directionality
~of relationships“predicted in the model, as well as statistical tests of the

overall goodness of fit between the speci.f‘ied model and the inherent mathematical
structure of the data. The latter tests provide the desired assessment of the

model's overall validity. A , | i

Sum mary

The steps outlined above provide a series of analytical explorations to.
2 2 '

accumulate a body of evidence to assess.the validity of the model. At each step,
additional mSJght is gained into specific aspects of the design process, and ‘
opportunities to revise the model are made available. Hhi;;e 'tk'1e' overall proéedur‘e
is conducted with a specific end in sight, it is essentially exploratory and

seeks to develop further insignht intc the structure of the design process, as
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revealed in the data. The study thus attempts to make use of' ‘more f‘or'mal
,ff,ff,quantitative t,echniques within amesséntiaﬂyuexplomtoguﬁameuork '
I mschadologicam mmm&botn -exploratory. andﬁconﬁnurator:pelemems%oﬁopevi

- 3. B *

a r'igorous examination of the model in question.
|
‘We are now able to examining the empir'ical resu]i:s of' the study, ‘Qeginnm%

. with a summary of the interview results from Phase.a Qne. . o ;
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CHAPTER FIVE: The Interview Results

Introduction .

i

This chapter sum marizes the results of th.: interview phase of the study.
The data examined here provides an empir'ical base from which a model of
com munication barriers in 01IS design is to be der'iv@ The results are presented
in a framework of five major _categories, reflecting Lhe assumptions and N
hypotheses outlined .in chapter ohe, Specifically, the results ar; reporf/e.d in
terms of:

(1) Managerial and Technical Frames of ‘ﬁeference,

(é) The Social .Or‘ganization‘ of The Desigh Com munity ;

(3} The use of Specific Design Tools and Procedu

(4) Resultant Com munication Patterns

{5) Design Outcomes | . : | < 0
’ Eacp sec,tion discusses the types of da.ta Ehat were sought énd the releva':ce of
that infor:mation in r‘elatioh to the OIS com municétiori pmblém§, as well aé
details concerning the dat'a 5actua.11y obtained. The deyelopment of a concéptual. ‘f
model of com munica;ion. barfiersébased on these ’data is outlingd 1n Chaptér Six.

|3

The Inierview Results

f ~ . )
Managerial vg. Technical Frames of Reference - N o '

B 4

A central element in cur initial def‘mition of 0I5 corn municar,ion pmble ms 13
tne notion *nat distinct managemal and wchnical f‘ratnes of reference prwsent
barriers’to understanding between designer“s,and'— users., In exploring this coﬁncept,‘

8e.



-
>

) "
it is important to establish (1) whether such differences ‘wer*e r‘ecoéﬁ;iéd among
sub-groups within the design c“om munity (eg. do managers dif‘t‘er; from analysts,ﬁ
technicians from program mers, and so on), (2)- the perceived nature _or:. those
differences, and (3) their importance with respect to com‘municé’t.i(;n Dbarriers
within the design com munity. Theﬂaim in obtaining this data .was to -establish
whether sigm'f‘icant differences were recognized withiﬁ the design com munﬂy which
could be construed as a distinction in frames of réference. -This Jgdgement Qou‘ld
be based on evidence of a consistent set of attributes 'dis"t_ingruishing -bet,Weeun
identifiable groups. T

A nu{mber of specific differences are identified in the literature. The
present aim is to further establish and explore'their,,vahdit,y. In part,icular',
information was so(;ght to -deter*mine the extent to which such differences were
acknowledged among design professionals, and to define the specitic groups
between which these differences were seen to 'be significant. Thesé data were
considered important to establish thé validity owf the °frame of r'et‘er'ervlce'
concept, and to obtain additional information conéeming prob’lé’“m's of '
understanding in the design pr*ocess\.‘

The results are discussed w1{hin two broad categoﬁes: (’1) per'sonaJiL):
differences and (2) differences in cognitive style among design professionals.
Additional data wAer*e also obtained to suggest a connection betw‘eren individual
differences and aspects of the broader organizatiobal context. These are
discussed below in terms of: (3) d,j.fferences in professional training,;‘\)and (4)

differences in the nature of technical and managerial work.

1. Personality Differences
2
All subjects ackhowledged differences between technically and managerially
oriented individuals as a basis for IS design problems. However, many found 1t

difficult to pinpoint the exact nature or locus of such difference. Abcut one
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Lidrd of the sam ple used the idea of "per'sqglality différ'ences" to describe
variances in personal and social orientation between gr'oups. Among these, two
thirds suggested that technically oriented personnel tend to be introverted,
whiie: managerially oriented individuals are more extroverted. Technical people
were described as "quiet", "self-absorbed", and "independent", while managers
were seen to be more "open" and "outgoing", and to "like to talk to people". The
frequency of such interpretations indicates that per‘s‘onality differences are
widely acknowledged within the present sample.

Dif‘t"ér'ences in "social skills" evidenced by managerial and technical

personnel were also identified. Managers were seen to be highly social in

orientation and to exhibit preferences for working with others. They were

57

described as socially competent in both one-on-one and group situations. It was
suggested that managers are highly flexible in their behavior, frequently
shifting postures and attitudes to match the social context. Several subjects
identified this "contingent" nature of managers' behavior as an indication of
superior com munication skills.

Technical personnel were generally seen as non-social, preferring to work
alone if given the choice. Most subjects saw technical peopleA as possessing less
refined social skills, particularly in group situations. One individual described
them as "socially clumsy", tending to be static and inflexible in their
orientation. While this view was the nér‘m, one individual suggested that such
differences were not fundamental, 'but were simply the product of age differences
between systems people and managers. Because most managers are older, their
increased social erxper‘ience and "savvy" gives them ‘the appearance of being more
socially confident and adept. Younger technical people only appear less sociélly
adept as a product of inexperience. Regardless of how the differences are
interpreted however, the data suggest differences in how technical and managerial
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groups function socially.

W hile persénahty'dijferences were qually discussed in very broad terms,
some inter‘vie‘ws revealed a more detailed per‘spective.\()ﬂe placement consultant
suggested that technical people consistently score lower on tests of achlevement ‘
motivation than do managers. Rejecting the conclusion that technical peoplg are
less motivated, the individual suggested that these groups simply differ

“regarding the locus of evaluation for achievement. It was suggested that managers
normally judge success in terms of external, social indicators like status,
power, salary, and so c;n, whereas technical people are driven more by t(he pursuit.
of technical excellence, as defined by a limited peer group. The suggestion is
that technical people are not less motivated, but that they exhibit a diff'erent
type of motivation based on a unique set of values.

The differences described above were com monly related to problems of

understanding between designers and users. Such differences are widely
recognized, and frequently interpreted a source of problems in understanding
between distinct groups in the‘design community. In particular, they were seen to
be zn im'por'tant cause of problems in system development. One individual suggested
however that such differences were not necessarily personal, but may be a product
of differences in the work and the working context of different groups. It may
not be accurate to suggest that personality differences themselves cg?lstitute the
distinction between managerial and technical frames of reference.
2. Cognitive Differences

While individual differences tentatively support a distinction between
technical and managerial fram.es of reference, evidence of cognitive differences
is necessary to link that distinction to problems of understanding between the
two groups. The inter'vie;v findings provide insight into the process through which

differences in cognitive style affect problems of urnder‘standingmwitmn the design ~
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context.

Differences in "“thinking" between managerial and technical personnel were

}mentioned in over eighty percent of the interviews. Initially, these were )
described in rather general terms. As one individual put it, "éhalysts Just dont't

think like businessmen". With additional probing, more detailed descriptions of
differences became apparent. In general, the€se can be summarized in terms of a
distinction between "Logical" and "Heuristic" styles of problem solving.

Subjects indicated that technical individuals use a predominantly logical
orientation, reflected in a h;ghly analytical and quantitative approach to
problem solving. These people were thought to address problems by breaking them
down into sm ailer‘ units and by seeking discrete "facts" to addresé componéhts
sepa.rsjgly. They tend to tend to rely on sharp distinctions, using "black and
white" definitions to define discrete logical categories. In this respect many .
subjects saw technical thinking as somewhat rigid and inflexible.

Decision making within the technical style was said to be highly structured.
Decision s;tuations are viewed in narrow te.r'ms, with only a limited range of
information being accepted as appropriately factual. Technica} decision making
was said to be slow and dif‘f‘icult, because logical relationships were cargfully
examined in Blir'suit of a single "correct" solution. At least one interview o
characterized this as prica]ly "Left-Brain" thinking.

In contrast, managerial problem solving was frequently seen as more
"Right-brained" or "Heuristic". Subjects thought that managers use a broader and

more open-ended approach to problem solving, for example by considering human and

organizational criteria in defining and analyzing problems. Rather than using

-
.

black and white categories, managers 'ere thought to use a more flexible style of
analysis, seeking complex patterns within a multi.t‘acetéﬁ body of information.
Decisions were made by striking a heuristic balance between multiple, often
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competing values. Because of this, managers were seen to be faster, more

flexible, and generally more effective in their decision making.

@ Subjects frequently associated these differences with problems in 1S design.

As one analyst suggested,
Technical people can't think in terms of what managers need .., they
don't have the business perspective that would allow them to ”i
conceptualize how things relate to one another. They may know a little
about accounting or marketing, but they don't know how to put. the whole
thing together. S
The suggestion here is that technical people think differently from the way
managers do, so their ability to understand managerial information needs is
hampered. The unique style of technical personnel makes them approach the design
h 2
task from a unique perspective with its own set of norms and values.
Subjects frequently referred to differences in cognitive style in terms of

the orientation toward technical excellence which dominates the designers'

perspective. For exampie, " w

a lot of technical people are attracted to system design because of the
intellectual stimulation that comes from writing programs and ’
understanding file access structures and memory maps, and so on ...
which are all totally irrelevant to solving business problems.

Designers were seen to be intrigued by the technical aspects of a project, and to
have little understanding or interest in the;organizational application. What
managers interpret in business terms, desigmers frequently interpret in technical
terms. The gap between these interpretations all too often becomes evident in
systems which don't fulfill expected requirements.
3. Differences in Training

While the results thus far support the concept of distinct frames of
ret‘;rence, they do little to extend that concept beyond what is available in the
literature. The Interpretive framework suggests however that frames of reference
operate not only at an individual level, but should be reflected in the broader
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social context of QIS design. Two additional interview results offer insight into
the broader aspects of this problem. The first of these concerns differences in
the ,trainir;g of designers and users.

Differences in the content of technical and managerial training were
identified by the sample as obvious areas of distinction between users and
develoibers of 0IS. For example, managerial students receive less exposure to
computing equipment than technical students, and are not trained in specific
program ming languages, design tools, and so on. Technical students do not get
exposure to business analysis techniques nor to the softer "people" skills which
management students often do. These differences present something of a "knowledge
gap" between designers and users which most members of the sample acknowledged.

Less obvious are the distinct responses to workplace tec.hnology which these
training differences create. Several interviews suggested that despite advances
in computer education, the level of literacy among managers remains relatively
low. One analysf suggested that "managers still don't know how to use technology
to solve problems". This was attributed to ‘the fact that managers do not receive
technical training which allows the mw to use computers as a problem solving tool.

One instructor of both managerial and technical groups suggested that
management students often héve dif‘f‘iculty learning program ming because "they
don't have a facility for conceptualizing businéss problems in terms of
°program mable' steps". Another discussed difficulties motivating technical
students to be interested in problem solving unless it could be done on a
computer. Training thus appears to steer students toward very different
relationships with technology.

While differences in the content of training can be are not°surprﬂsing; the
interviews suggest a deeper contrast concerning the basic structure and focus of
education in each area. Technical training was said to be more specialized, with

]
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an explicit focus on specific tools and techniques. More time is sper%t practising
quantitative and analytical skills than in underst;angﬂ.rfg the lai'ger contexz;s in
which those skills will be applied. Students learn computer skﬂls using specific
languages and technigques to complete pre-deﬁnqd program ming assignments,
paralleling an actual software development setting; Emphasisvis glven to
structured technigues which reinforce a mechanistic problem solving mode.

Technical students are taught to address problems from the perspective of
the technology itself, and to evaluate soluuions in terms of how faithfully
specific techniques and principles have been applied. The techniques the mselves
'supply the basis for def‘ining the problem as well as the criteria against which
solutions are. judged. This contributes to a "one best solution" mentality in
which technical excellence provides the predominant criteria for success.

In pedagogical terms,» em’phasis is given to the acquisition of basic skills
rather than to a broader understanding of principles and their application to
specific settings. The assu m’pt.ion appears to be *;hat the tools the mselves,, if’
correctly applied, embody a solution regardless of the detaﬁs of the case.

Mariagement training was seen as much broader in bgth scope and purpose.
Managerial students ate exposed to a broad range of subjects and study a variety
of different perspectives on business and organizational practice. The aim 13J‘to

prepare students for the greater variety managers are assumed to face in business

life. Thus while technical students are groomed to undértake very focused and

detailed work, management students learn to appr'oach“pr'oble ms from a
multi-dimensional perspective, and to apply broader analytical frameworks.
Two educators identi;‘ied the use of case studies to illustrate the unique
focus of management education. Case studies present students with compleg
problems for which there are often a variety of potenpial interpretations and

solutions. Students apply a broad background of information to provide an
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analysis of the pr‘o‘blem.gThe aiym is to give manager'jai students experience in
dealing with the complex, %ﬁd sometimes ill-defined situations which managers
typically face. |

In addressing such problems, students learn that tﬁere is no single
- "correct" solution, only solutions which optiﬁi?hé and balance diverse aspects
‘mor'e effectively than others. This reinforces a flexible, heuristic approach to
pr'@blem skolving. Management pédagogy emphasizes the development of students'
abi'IIt;y to make balanced judgements about complex situations, within a specific
value framework.

An additional observation about educational differences illustrates the
impact such differences have on ‘p;-oblems in OIS design. According to one
interview, technical students are taugpt to analyze situations in terms of broad
principles which operate uniformly ac;'oss different contexts. Management

students, on the other hand, are taught that individual situations diff‘er’in*\

b
important ways and that these differences have to be accounted f‘or;)in devisirig
solutions to specific problems. , : -/

For example, managers recognize that a given problem can vary from industry
to industry, from organization to organization, or even R‘om depaftme;ﬁt to !
department. Contextual factors ar‘%ia‘lavﬂvays an impcertant consideration in |
manage ment decision making. Fro mx a technical perspective, these factors are seen
as minor issues which have little impact on the operation of broader pr'inciplés.

A technical analysis of an organization might well suggest, therefore, that the
same accounting system woulc;l fulfill the needs of two separate branches, whereas
a managerial analysis might reveal important ciifferences between branches which
make their needs different. A system developed on the basis of a purely technical
analysis could easily find limbo in at least one of these settings.

- By focusing on distinct bodies of knowledge, by emphasizing different kinds
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- of problem solving, and by imparting different values, the two forms of educat,ion
strongly affect the cognifive and professional orientations ¢f students. Those

who succeed in either area undergo a socialization which reflects the qualities
embodied in the training itself. The training in each area reinforces unique
managerial and technical cognitive styles, and encourages the formation of
distinct frames of reference.

4, Differences in the Nature of Work \
Many of the differences in personality, cognitive style,\and educational

background discussed above were interpreted by the sample to be part of a single,
more fundamental distinction between technical and managerial grdups.
Specifically, each of these differences was thought to reflect the unique
occupational demands to which each group responds.

Subjects indicated that te:hnical work is defined largely by the demands of
computer technology. Success in this area, requires specific mental attitudes and
attributes in addition to specialized technical training. One must have an
affinity for highly structured and detailed work, and an ability to maintain a
narrow focus of attention. Individuals who successfully complete technical
training will have these abilities honed to a high level through participation in
training which augments these basic attributes with a host of technical tools and
procedures. In the work context itself, technical jobs often require further
specialization and further narrowing c© one's focus.

Pursuit of a technical career thhs reinforces specific characteristics which
enable individuals to work effectively within a technological framework. The ’
require ments of technical work define the basic personal, cognitive and

educational qualities which form the elements of a technical frame of reference.

.

e

Similarly, the qualities which distinguish managers and managerial education

were thought to reflect the demands of managerial work. Managerial work was said
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to be characterized by its emphasis on "people" and "business" issues and by the

demands of the organizational context in which these occur. This work is highly

varied and unpredictable, fﬁ'(/olving activities which demand a broad range of
social, Vbusiness, anc; organizational skills. One must deal with information in a
variety of different forms, and from several different sources. Decisions are

often made under time constraints and with incom ple‘ﬁ‘e\inf‘or‘mation. Decisions are,
appraised on business, organizational ahd political gr‘oungjs, and often require a
delicate balancing of the thrtee.

These demands define the appropriate personal, cognitive and educational
qualities of an effective manager. Highly developed social s , a strong G
external focus, flexibility in interpersonal r;elationsrand probleim solving, and
decision making based on careful balancing of perspectives, are all qualities
demanded by managerial work. Individuals who possess such qualities and whose
education has enhanced those skills will tend to function well in tr_lis context.

As before, the occupational context defines the basic: nature of the managerial
frame of reference.
Summary

The data presented above describes a range of‘d_'i_f‘fer'encesA believed to affect —-
problems of understanding within the design process. An obvious feature of these
differences is their coherence around occupational distinctions. The distinction
between managerial and technical work provides the fundamental basis on which the’
entire range of differences hinges. The idea that design professionals recognize
fundamental differences between mariager‘ial and technical personnel is thus
clearly supported by these data.

While design professionals construe this difference as one bétween distinct
groups (ie. managers and technical personnel), careful examination of the
differences suggests that the distinction is more accurately one of cognitive and
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social orientation, and not one of membership in a spéciﬁc group. Rather than
suggesting a distinction between specific groups (ie. desi.gnei‘s ‘and users), the
data supports the interpretation that the difference is between the frames of
reference which these groups use to orient their behavior within the design
context. The important variable here, in other words, is not group membership,
but cognitive and social orientation. |

A focus on the frame of reference per se as the salient dﬂ‘}erence has
several implications for the present study. In describing problems in OiS design
it is more useful to refer to barriers between interpretive frames than between
specific groups. It is likely, for exalm ple, that managers and technical people
differ in how closely they conform to the °typical' orientation ascribed to their
respective oc‘.éupation‘al groups. As a result, problems in understanding between
specific individuals may be explained more effectively in terms of frames of
reference than by group membership. This perspective also leads us to suspect
that differences in orientation among sub-groups. oi design professionals may
indicéte the potential for misunderstanding within the design com munity itself.

The: interview data thus support several tentativ.e conclrusions. The concept
of distinct frames of reference operating in the design context appears to be
tentatively supported. The data provide concrete descriptions of diff'erences
related to that distinction, and demonstrate their internal coher‘ence based on
occupational I“ocas. The data also indicate that design professionals construe
these differences as a source of com munication problems in the design context.
Specifically, the data suggest that differences in the interpretation of design
information may result ﬁ-om differences in interpretive frames among indivi‘aals
working in the design context. Thirdly, the data indicate that the most
significant differenc ffecting com munication in the design context are not
nécessar'jly tied to specific groups (ie. designers and users) but are more
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related to the interpretive frames which individuals utilize to orient themselves
within their occupational context. It is thus possible for com munication barriers
to arise at any point where information must pass between individuals whose

occupational orientations differ. These data thus identify the possibility of |
’ N
com munication breakdown not only between designers and users, but also between

different sectors of the design com munity itself.

The Socié.l Organization of System Design

| Given a basic distinction between technical and managerial frames of
reference, we can now examine some of the contextual factors which affect their
operation within the design process. The occupational basis for this distinction
suggests an important relationship between the work one undertakes and the
orientation one uses in approaching specific cognitive and social tasks. It was
suggested above that the requirements of sbecific roles within the design
com munity itself might also constitute a basis for differences in orientation
which could affect the nature and quaiity of understanding. The present section
examines this suggestion by describing imgortant features of the social
organization of system design.

Major features of this organization were explored in Chapter Three, which

described the general structure of occupational roles within the design
com munity. E&m (;ollected within the interviews sought to conﬁrm this pattern of
organization and to examine the impact this structure may have in relation to
com munication barriers. In particular‘, the interviews sought to explore the
suggestion that the organization of design roles and tasks may af:fect the
* interpretation of design information as it passes through various hands in the
development of 01S.
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Issues relating to the organization of design won;'k were implicated as a
éour‘ce of difficulty in over three fourths (77%) of the inter‘vif:ws. A comfnon
theme among these was that the traditional divisionﬂ of‘alabour contr‘ibuteé to ar
distinction of interests and opportunities among systems professionals which was
said to reinforce group dif‘f‘eféﬂées and to contribute to com munication problems
between them. In this respect, the interview data supports the argument that the
social organization of the d,_eéign process contributes to com municat.ion problems
in 0IS design. Specif‘ié results supporting this claim are outlined below.

’ One aspect of the social organization of system design frequently cited in
the interviews was the specialization which organizations impose on design work.
The segmentation of“ design work into sb&'ec,ia.lized Job categories was sald to be
the most potent factor affecting conﬁmuni%at;ion in.this set;t,ing._‘In describing
this specialization, most of the interviews referred to the traditional division )
of labour outlined in Chapter Three. In addition 't;o describing the relative
status of various hierarchical levels, the interviews also revealed the actual
involvement of various design professionals in carrying out specific portions of’
a design project.

MIS managers, for example, aré primarily involved in the administration of
the or‘g'aniz'ational units in which design projects are conducted; their
involvement in design per se is normally limited to overseeing initial
feasibility studies. Responsibility for actually conducting feasibility studies
and for defining the overall scope va}nd purpose of pr‘bjects falls in the hands of
the senior analyst. Junior analysts iz)ok after what is called "external design",
where a description of the system's output is defined and translated into
specifications. These descriptiohs are used by senior program mers to define the
structure of systems and programs which w\ﬂl provide that'output, referred to as
the i'intelr'nal design" of the system. Junior progra m'mer‘s, in turn, follow these
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specifications to~produce components of the syfie\mj/and finally technical and
e?lgme’er'ing personnel install and test the syst;?m.

Several areas of difficulty. were mentioned in relation to this structure.
Because successive stages are handled by different: :lndividuals, portions of the
project must pass tjro}n one person to another as tbe" project matures. Several
interviews inéicated that movement 9f‘ information between individuals was

'ﬁ“equehtly a céuse of misunderstandi;lg and mis-com munication of spec_if‘ications.
) iy
This was partly explained in terms of“v';*“whaticom munication experts call “serial

transmission effeects'; however, several interviews also suggested that because

each position has its own specialized training and its own distinct inter'e‘stsﬂ,gkanvg .

.,

priorities, the potenhtf;,al for pisinterpretation grows exponentially with the
.number of steps involved.

Segmentation of design work was also related to a decreasing awareness about
the overall nature and purpdse of the system. AS specifications are passed from
analysts to programmers, the system as a whole is usually broken into smaller and
sma]ler modules. By the time specific components go to production, individual
program mers ﬁequently have no idea of the broader system into which their module
is to tit, nor of the specﬂ‘lc business application the component is to fulfill.

The potential for misinterpreting specifications is enormous under these
conditions.

Hierarchical structures were seen to contribute to proble mg of com munication
and understanding through other means. Responsibility for the actual production
of Information -systems is consistently given t(; individuals (ie. program mers)
whose principle orientation is technical and not managerial. The range of levels
between "design" and "production" was described as’'a gradient reflecting an
increasingly concentrated technical emp‘hasis. While MIS managers tend to be
"organization men" and to maintain an essegmtially managerial orientation,
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successively lower levels demonstrate 'mqr-e of a technical focus and orientation.

Several interviews suggested that a major watershed occurs between analyshs
and programmers. While analysts retain Some degree of interest and un_der‘étlanding
of managerial problems arid perspectives, pr’ogr‘a m‘nrlers have very little sense of
the organiiational app]icatior;s to which their products were put. k’r‘dgra mmers and -
technical staff were seen toh‘be exclusively "syste ms-or'ient'éd"‘,' while analysts
exhibited an active .L_nterest in users' applcations. The éxistence of this
program mer/analyst split was seen as a major barrier affecting the quality of
sysEe ms design.

Although analysts appear to be marginally aware of managerial perspectives,
several interviews expressed concern regarding even their abilities to understand
managerial information needs. Because organizations consistently promote
employees who are most effective at their current job, demonstrated technical
excellence as a programmer is often the principle basis for promotion to analyst.
In the traditional system development hierarchy, the normal career path is to
begin as a junior program mer working on maintenance and upgrading assignments.
Those who are particularly good at this are eventually assgigned tasks for new
system development. Programmers who exhibit technical excellence (Le. who
de monstrate speed and consjstenc'y in'writing error-free code) are frequently
promoted to junior analyst positions, and so on. Because advancement is based
1ar'ge1y on technical excellence, the people who get to be top analysts are
frequently "the cream of the engineers", as one interview put it. kven with
incr'easing’ interest in managerial co.ncer'ns at the ;analyst level therefore, the
fundamental orientation continges to be techlrjical andg not managerial.

The situation is worse for those who do not advance up the bureaucratlc
ladder. Programmers in lower level ’_posit,ions have few opportunities to develop

external interests and skills. Housed within departments that are isolated and
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'steeped in technical sub-culture, lower level personnel get little exposure to
broader organizational perspectives. "If you're hired as a computer pr'ogf'am mer",
one person suggested, "you'll be allorwed to get additional training o;mly in
technical courses". The technical specialization demanded by the bure;uératic ‘
context tends to insulate technical groups from exposure to broader experiences
and points of view, and reinforces distinctions in perspective and orientation.
Sum mary

This part of the study provides evidence that the organization of

individuals working in OIS design has a major impact on éhe nature and quality of
com munication in the design process. The use of a specialized division of labour
not only introduces a number of distinct levels through which design information
must pass, it also segregates individuals into sub-groups with distinct
occupational orientations. These structures create problems in moving information
through a sequence of individuals and at th(e sa mé time reinforce distinctions in
managerial and technical orientation. These' structures thus contribute to the
f"orination and reinforcement of distinct {rames of reference and so contribute to

problems of understanding within the design process.

Design Tools and Procedures

A second contextual factor identified in outlining an Interpretive approach
to 01S problems concerns the technical tools and procedures employed in the
design process. It has been suggested that these techniques can affect the
quality of com munication within the design context by establishing patterns of
interaction among design prefessionals which ultimately contribute to problems of
understanding between them.

Data was sought in the interviews to support these arguments. In particular,
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subjects‘ vere asked to icientify specific design techniques in common use, to
disc'uss Nproblems'associated with these, as well as to comment on the use of more
recent design innovations. The aim here was to obtain a description of' the impact
which specific design tools have on relationships between designer anq user, and
to determine if these conform to ‘the analysis outlined above. |
Data from the interviews generally supported this analysis. Just over foufd
fifths (‘80%) of the sample identified the use of specific design tools as a
contributing factor in IS design problems. Most of these comments were cnr'it,icgl
of tr‘adit.iona; design tools, suggesting that these can contribute to system
failures. The effect of these tools on com munication between designers and users
was less evident in the data, although the results.are not inconsistent with such
an interpretation. Mixed results concerning the effectiveness of non- traditional
design tools suggest cautious optimism among design professionals regardlng the
effectiveness of these techniques. | \
The interviéws provided considerable insight into the naLure;‘ot‘ L\\nx
technical process of system design. The following sum mary describes )%he basic

[

features of that process, as background to an examination of related ouLcomcs. Ag
outlined in Chapter Three, structur'ed design tools were ’i);igjnauy developed to
allow complex design tasks t<; be broken down into specific procedures to be
carried out by technical personnel. An important basis for this was the
standardization of design procedures and the development of specific guidelines
for individual components of the process. These were often reflected in Lhé use
of standardized fQPmS which concretely define various steps and pr~ov1de
structured guidelines for ganf'ying these out. For this reason, traditional design

’

techniques are often referred to as being "forms driven".
Techniques for information require ments analysis are typically forms-driven.

These are undertaken using standardized interview formats which ask users to
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identify specific functions they wish the system to support. The ‘analyst obtains
specification of the user's neéeds by recording on standardized forms descriptions
of the report formats apd other output the user feels would be appropriate. These
"external” specifications are then submitted for translation into a detailed-
"Internal” design.

The translation between exfer‘nal and internal specifications is accomplished
using structured design tools, which organize require ments into modules and
provide technical specifications for each of these. Standardized forms provide
descriptions of appropriate information flows, data structures, and so on, which
are then passed to other technical staff for production. The eventual production
of the system uses structured program ming techniques to further translate
internal specifications into machine-readable code. Standardized forms enable

~
isolated components of the system to be completed by a staff of programmers, each
working on part of the overall system. Such m ethods clearly facilitate
bureaucratic management of the design process.

The interview drata identifies several difficulties within the traditional
design process. Reliance on a forms-driven methodology was generally seen to be
problematic. Standardized procedures tend to re-define user require ments within
rigid technical specifications. Most methods ask users to "sign off" on these
specifications as a protection against potential error; however, most users find
it difficult to fully understand these specifications because of their highly
technical form.

A more damning criticism is that structured techniques can become an end in
themselves rather than a tool to fulfill broader requirements. For an novice
designer, forms-driven tools provide a °cook-book' defining the range and scope
of the development process; the forms themselves structure the complete process.
When this is done however, the design technology takes on a life of its ow;l with
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no apparent relationship to the original user. When the forms are complete, the
désign is complete, whether it fulfills the users requirements or not. Without
attention to the larger purpose for which the system was originally proposed,
structured techniques can lead the development process astray.

This is related to the fact that structured techniques are designed for
individuals with technical and not managerial expertise. Without understanding
the managerial applications for which the system is being developed, use of thesg
techniques reduces the analysis of business problems to a purely technical
exercise. Employed within a purely technical orientation, these tools enhance the
likelihood of such an outcome.

Several examples of this were given regarding information require menty
analysis. Standard forms for identifying user needs are frequently applied
without real understanding of the underlying business problems the user is
facing. Typically, these ask the user to define what s/he "wants" {rom the
system. The problem with this is' that managers often cannot articulate thelr
information needs, particularly if they are not familiar with the technology.
Faced with this question managers often descrdbe what they're currently uulng,
including existing flaws and inconsistencies. A system bulilt on this information
simply automates existing inefficiencies.

Asking what the user wants assumes that they have accurately diagnosed their
problems and can articulate this in terms of information requirements. Without an
analysis of the managerial problems being addressed, no technical tools will
effectively capture the users real requirements. This problem is only accentuatud\
if the individual doing the analysis has no managerial training or experience.

According to several interviews, techniques for information requirements
analysis provide only a super‘ficial view of managerial tasks, and do not provide
an analysis of underlying needs. Without proper attention to larger managerial
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issues, these tools often address the wrong level of anéiysis, and capEur‘e the‘

- wrong data for system design. In the right hands these techniques help to examine
the underlying structure of information usage, and to devise systems which
address fundamental needs. Used inappropriately, the tool becomes an end in
itself, with predictably unsatisfactory results. The difference lies in the

ability to locate use of these tools within an analysis of the user's business
context.

Structured design and program ming were similarly criticized. These too can
be followed blindly, without attention to managerial concerns. This frequently
occurs when design work is placed in the hands of individuals who do not
understand managerial work. Structured design allows the system to be developed
by technical personnel Lwho, may never have had contact with the users of the
system. Without connection to the user, the designer or program mer must base the
design on an "idealized" user - an imaginary person following textbook procedures
for the work that they do. When such idealizations are done by individuals with a
strictly technic'al orientation, thew‘r'esuh;s are likely to be disastrous.

Structured techniques were recognized as an effective way of breaking
complex tasks down into more manageable units. They were also seen to create
duplication of effort and problems in consistency of work done by different
individuals. Even with strict standards, differences in approach between
designers can have significant impacté on system performance. Structured
techniques are especially well suited for tasks which are highly routine to begin
with;\l\\As technology moves toward increasingly complex managerial tasks however,
such techniques are increasingly ineffective. Traditional methodologies were seen
to be outmoded in the light of more recent movements in technology as a whole,
and in the technology of design in particular.

One such development received comsiderable attention in the interviews. The
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advént of so-called "fourth generat.i%n" program ming languages and;ﬂ"pr‘ototyping"
tools, was seen as a significant shﬂt\i\n system development. The advantage of
these tools is the ease and speed with\which applications can be developed. Using .
t.:hese tools, a developer can obtain rough- specifications for a system one day and
return the next day with a tentative mod‘éel for the user to examine. Bepause

changes can be made quickly, the system can be tailored to suit the user's

requirements in far less time than it would take a single version to be produced

using traditional methods.

Fourth generation tools place designers and users in a dn‘f‘ér'ent
relationship than they have in traditional design. Rather than one having to
formulate his information needs in abstract terms and relay these to someone who
does not share the same understanding of the work involved, designers and users
can now sit down together with a common reference point and ldentify in how the
system should perform. The developer can use this concrete example, rather than
abstract information depicted on standard forms, to create a system which the
user already understands and approves. éy glving users and developers a focug for
com municating information requirements the potential for understanding is greatly
enhanced.

Fourth generation tools also enable systems to be easily altered when needs
change. Traditional methodologies often produce systems which are difficult to
change. Two kinds of changes are frequently encountered however which make thé
need for flexibility critical. Because organizations are inherently dynamic, the
needs of individuals frequently change as new products and developed, new markets
arise, and so on. Because traditional methods may take several months or even
years to complete a final product, such changes can maké a, system obsolete
shortly after implementation.

A second type of change occurs as a result of the learning which inevitably
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arises when individuals work with a system. It is often dif‘f'icﬁlt for managers to
anticipate how a system might be used until they have some direct experience with
it. Once a system is in use, requests for new functions and capabilities often
increase geometrically. Designers refer to this as the "Gee, .it would be nice

if.." syndrome. As one individual suggested "no matter how much time and money
you spend in the design process, you just can not conceive of what is the best
solution until you're halfway there". The flexibility and speed of fourth

generation tools enables the developer to eope, with both types of change.

While fourth generation tools Qer'e widely supbor‘ted, they were not
considered a panacea for design problems. For example, the flexibility of these ~
tools is won at great cost to computing resources. Programs which run on "4GL"
systems are often regarded as wasteful by computer experts. Moreover, these
programs seldom go through the same degree of error checking and testing which
mtr‘aditional products do, and concerns have been raised about their consistency
and stability. In the context of large-scale.systems, 4GL systems have also
raised concern abc;ut the integrity and security of corporate data bases.

Another concern expressed was the danger that prototypes themselves simply
become formalized as the f‘inalfhsystem. The problem here is the same as with
information analysis techniques: unless the prototype is considered within the
broade\r: context of the system as a whole, it may simply recreate existing
Inefficiencies and do little to provide a coherent solution to broader problems.
The need for 4GL tools to be situated within a broader analysis of managerial
needs was expressed by several developers.

While forth generation tools clearly represent an advance in system design,
their use is still limited. They were seen to be especially useful for smaller

system development, and for providing an effective basis \f‘or defining user

information needs. In the latter capacity, they appear to facilitate
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understanding between designer and user. Unless they are applied within an

understanding of the organization as a whole, however, these can easily fall prey
to the problems traditional methods do. The key to effective use of design tools
appears to be the ability to locate users' needs within a broader gnderstanding
of organizational and managerial requirements.
Sum mary

Data obtained in this portion of the study suggest the importance of the
technical context in affecting the quality of 0IS design. Tr‘adit;ia'}‘ig;l 'gesign
tools were originally developed to facilitate com munication of design\ ;})t‘ormation
within a bureaucratized design process. It is evident, however, that many- of
these tools have had the opposite\Eff‘ect. These tools are often the source of
significant mis-com munication, either because they necessitate the re-translation
of design specifications through a series of technical forms, or because they are
employed by individuals whose ability to understand business problems is Hmited.
When these tools supersede human judgement, their application is more often a
source of communication problems than a solution.

A notable exception in the availability of fourth-generation desigh tools s
which operate by facilitating com munication between designer and user. The

appearance of these tools reinforces the suggestion that older methods often

create as many com munication barriers as they were intended to overcome.

Resultant Com munication Patterns and Processes : L
The previous section provides evidence that the use of specific design tools

influences patterns of interaction between designers and users. By establishing

specific constraints or opportunities for interaction, different methods appear

to impact the type of com munication and understanding that is able to develop.

”
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The present section out.]i.nes evidence which helps to illuminate this

#
’

relationsﬁip.

Data were sought to support _the idea that traditional structured techriques
introduce specific com munication patterns within the design com murlity which
isolate sub-groups from interaction with each other, which reinforce basic
managerial and techhical distinctions among these groups, and which make
understanding dif‘f‘iculi: to achieve. Each of these outcomes is believed to affect
the overall quality of t!he design process and its products.

The impact of com munication on system design was spontaneously recognized in
over 88% of the mterviev{éfaln fact, most described the design process in terms
which suggest the inseparability of com munication and design. For example, five
system developers described system design as a process of "translation". The
analyst's job, as one suggested, is to "take English language statements about
users' needs and turn these into computer language statements". The ability to
accomplish this translation was seen as a fundamental skill distinguishing
effective analysts from poor ones.

Lingulstic metaphors were, frequently used to describe the design process.

The basic problem in system design was said to be that managers and developers
"speak different languagesf'. In this respect, systems analysis was described as

being similar to that of an "interpreter": assessing the information provided by

one group and expressing that information in terms another group can understand.
Similarly, problems in QIS design were described in terms of the failure of this
translation. In describing the underlying cause of OIS difficulties, one analyst
suggested that "nine times out of ten its a com munication problem between the end
user and the system developer". Others suggested that problems in translating
managerial needs into technical language was the mapr flaw in most failed
systems. Two dimensions of this problem were identified: (1) users' inability to

>
<
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identify and articulate their needs, and (2) designers' inability to interpret .
and translate these into appropriate specifications.

While both parties are equally implicated, discussions of 0IS problems
frequently attributed IS failure to. a lack of‘vcom munication skill among
designers. We have already examined evidence suggestiné that designers may not
possess the soclal skills to interact effectively with managers because of their
heavily “technical background. Th Lcurrent interviews support this. One person
suggested that a number of OIS pro ms arise fY'om the inability of designers to
"10c;/>l<\\the user in the eye and talk his business". |
- /There was a strong indication however that thé problem may not simply realde
in designers' personal com munication skills. Several interviews suggested that
the problem might be one of inadequate information and training. Many dealgners
do not appear to have a knowledge of managerial work, nor the training to know
what questions to ask. As one analyst said, "even if the analyst's com municatlion
skills are not a problem, the basic problem of translating between two different
languages is still there".

One perspective on this problem which coincides with arguments outlined
above concerns the impact of traditional design methodologles on com munication
between designers and users. The structure in which traditional design is
conducted was said to reinforce barriers between occupational groups. Barriers
are particularly erG;nt between managers and the lower-level personnel who
actually produce infor*matio‘n systems. Traditional technical work was described by
one individual as a "back-room job", housed in isolated depar'tmem’.s and having
little formal contact with other groups. Because of technical gpecialization,
lower personnel have fekw opportunities to develop the contacts, or obtain the
information which would e%able them to understand the applications to which their

systems were being put. Existing methods force these people to interact more with
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the computer than with users, reinforcing rhechanica.l working and thinking habité.A

Structural boundaries between program mers and managers in traditional design
work accentuate the role of the analyst as "translator". The more these groups
are separated by specialization, the more difficult the problem of bridging the
gulf between them. The problem 1is accentuated by the use of design tools which
constrain ana.ysts to use standardized formats for conveying information. These
necessitate additional translation betweéh the user and the producer of the -
system, adding another link in the chain of com munication and increés!.ng the
potential for miscom munication. Because of this, several interviews suggested
thaﬁ com munication between designers and programmers is often as problematic as
that \between designers and users.

Relationships between com munication problems and traditional design methods
have concerned systems professionals for some time. Efforts to overcome problems
in this relationship have had some impact. More than one analyst suggested that
the growing familiarity with computer technology by the general public is helping
to bridge the. gap between designers and users. This is accentuated by the
availability of microcomputers in a growing number of organizations. Changes in
design methodology also appear to be helping. The use of user-based steering
committees to guide system development an;j other means of othg user
involvement have helped to improve understanding between technical and managerial
groups. Fourth gen.er'ation design tools, as discussegi‘ earlier, are also having
some impact on com munication between these groups.

Most interviews suggested that these developments are still slow in
affecting major changes however. The predominant difficulty in IS design
continues to be the failure of com munication processes between designers and
users. At least part of this prcblem appears related to the formal structure and
methodology of traditional design.
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Sum mary

These results reveal the importance of com munication p“s‘mcessves within OIS
design; and point tlo significant problems in com munication wiﬁmn that task. The
data indicate a systematic relationship between the social orgaru\éaudrl and the
~technical toc\xﬂs; of system design, and the com munication patterns which désigners
engage in. Specgﬁ‘ica]ly, the traditional design hierarchy reinforces the o 7
isolation of specific group\s so that com munication between them is minimized. Use
of structured design techniques was also implicated in creating barriers to the

com munication of design information. These appear to contribute to barriers of’

understanding between designers and users.

&

Deﬁén Qutcomes

The last area of concern in the inter'vieys'was the ultimate outcome of the
OIS .design processes. Many predicted outcomes were discussed In previous
chapters, since these are what the present study has set out to ‘exém Ine, We have
suggested that information systems have a high rate of -"f'ailure" because the
quality of éom munication within the design process prevents developers from
effectively understanding the needs of prospective user?. This was said to be .
manifested in systems which were rejected because thé§7 did not meet the : 4.
expectations and requirements of users. This argument suggests a relationship
between com munication processes within system design and the effectiveness of the

systems which result from that process. The present section provides evidence

which examines this relationship.

The interviews suggest that OIS failures are closely r'elat_& to
com municaticn processes in the manner described. A consistent set of outcomes Qas
defined by the sample as consequences of incf‘f‘éctive com munication between
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demrlebs and users. In addition, suggestions were put forth regarding the
mechanisms by which these ou;comgs are produced. A summary of these results will
complete our examination of the interview data.

Since the interviews were initially grounded on the premise that OIS
problems manifest themselves in thé failure of completed systems to meet user
requirements, it _is unfair to suggest tﬁat the interviews offefred support for
~such a conclusion. What the results do provide is a detailed description of how
this 1s_actua_1411y experienced by professionals in the f‘igld, and how. these results
arjse.

One of the most com mon outcomes was the lack of .flexibility exhibited in
ineffective systems. Several kinds of f'lexibility were identified: (1) Systems
should accom modate users with a variety of skill levels; those whicllgassume the

)

same skill level amsng all users are IY'Qstrat,ing for those who are either above
“or below the assumed level. Flexibility is also required to accyom modate changes
in user sophistication as experience grows. (2) Systems should respond to”
developments in the organization as it- matures as a %usiness, or as it responds
to changing conditions. Failed systems are often too rigidly structured to enable
such changes to be made with ease. (3) Systems are often set up to support
routine operations, and \may not be flexible enough to deal with exceptional
circumstances. Managers who believe their role.to be concerned WwWith "exception
manage ment" find little support from such systems.

A second outcome, also associated with inflexibility, is the im position of
procedures whiéh are awkward and unfamiliar to the user, and require "considerable
training to be useful. Systems often entail complex procedures for data entry,
upgrading, and information access. Users often feel at a loss Pwith systems that
are complex and baffling. Managers experience this in trying to gain access to.

- information; if data are presented in an unfamiliar way, it is unlikely to
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satisfy immediate needs.

Problems with cewntr‘alization of computing and inf‘ormatién resom'éés were
identified as a third outcome. Issues of data security and integrity ;re of real
import, particularly in designing large systems. In addr‘essinéithese concerns,
the need for control over resources often overshadows the a(:,c:ess neéds of the
user. Questions of control over .resour'ces often become a frustrating political
issue within organizations, to which individual users may turn their backs.

The principle complaint however, concerns the actual ability of syste‘ms lt,o
meet the functional r‘equirements.of the business. In many cases, systems aimply
do not provide the informational support which users expect. This frequently
occurs when the 'd‘esign méthodology merely recreates the oid system rather than
introducing new capabilities which help to sol\)é business problems. Users are
frequently led to expect answers to important problems. If the design only
replicates existing procedurés, many of these expectations will be dashed and
interest in the system will wane. This is often true with higher level ménage ment
functions, which are difficult to support at the best'of times. Inability to
address a manager's information needs is often reflected in the fallure of the
system to support complex decision making tasks, strategic planning needs, and s0
on. Unless systems are specifically designed to address these broader issues,
support for the Syst’em is not likely to be sustained. \\

The mechanism which underlies these problems is evidently a complex one. The'
entire summary of results in this chabter details various facets of the process
which evidently brings such problems to light. In ch;r‘acter'izing the nature o\{‘
these problems however, severg members of the; sample referred again to tt;e
fundamental problem of understanding between designers and users. The range of’
barriers outlined here all tend to manifest tbe mselves in a basic failure of
understanding between these groups. Differences in personal and professional
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‘ ’Orientation, reinforcement of these through education, the social structure of
design personnel, and the use of specific design strategies all contribute to
difficulties in fully understanding tha two ¢groups' needs. This failure of
understanding 18 reflected in the sygtems which are the products of ineffective
design.

The basis for this failure occurs in the process of translating from "user
language" into "computer language". As the design passes through several hands,
'subtle' changes are made whj;ch progressively shift the emerging system toward a
technical perspective. In obtaining initial specifications, it is never possible
to fully describe the users needs. Where several users are involved, minor
differences leave room for "interpretation" by technical experts. In writing
formal specifications, the analyst uses his technical orientation to fill in gaps
and reconcile inconsistencies in the original description. This is accomph‘shéd
by making inferences, based on a technical perspective of what "should" be
included in the system. As the design passes from stage to stage, 8aps and
incongistencies are "evened out" through the.application of appropriate technical
principles.

Throughout this process, technical values gradually overtake the or'iging.l
organizational values embodied in the system description. As the design emerges,
the system becomes increasingly structured by technical interests and less by the -
business interests which initiated the project. A technical interpretation of
design specifications is increasingly reinforced as structured i:ools are used to
produce the system. Even with the best of intentions, the br:oader' structure of
the design process can take over and alter the focus of the system away from the
user's orientation and toward that of the technician who produces it.

The context and structure of the design process thus significantly shape the
outcomes of that process. In particular, structural forces affecting

-
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com munication between users and designers can make understanding between these

groups difficult, and can ultimately affect the success of the design project.

Sum mary V’\l -

The interview results presented in this chapter provides a description of’
major components and relationships hypothesized in the argument advanced earlier
| in this thesis. These results suggest that the major thrust of the argument
advanced thus far accord well with the experience of a small, but varied sample
of systems development professionals. This offers some initial validation of the
proposed explanation of QIS design problems. In addition, the results provide a
rich empirmcal base f‘r‘om- which we may now begin to outline in more concrete terms
a conceptual model describing major forces operating in the design context to
affect the nature and quality of com munication. While many of the com ponentsar\'gr'
such a model have been identified in the present chapter, it will be helpful to
explicitly focus this wide-ranging analysis with the aid of a model which -
sum marizes the critical features of the process implicitly described above. It is

toward the articulation of that model that we now turn.
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CHAPTER SIX: The Social and Technical Context of System Design: An Interpretive

Model

Toward a Conceptual Model of User/Designer Com munication

The mteryiew results support several of the arguments advanced earlier
r‘egar‘ding com munication barriers within OIS design. In particular, the idea of
distinct managerial and technical frames of reference, the social organization of
the design com munity, and the use of specific design tools are all supported as
factors contributing to com munication problems between users and éeveloper‘s. The
data also provide a plausible explanatién of how these factors create problems in
the design process. Implicitly in these results therefore is a description of a
causal process potentially responsible for the erﬁer'gence of com munication
barriers in QIS design. The purpoée of the present chapter will be to explicitly
extract that description from the results presented earlier.

This chapter describes the hypothesized causal process in the form of a

conceptual model outlining (1) aspects of the social and technical contexts of

OIS design which directly affect the creation of ;:om munication barriers, (2) the
outcomes of those factors in terms of com munication patterns and OIS design
outcomes, and (3) a set of causal relationships which describe how com munication
barriers arise.

We begin with a discussion of the general framework in which the model is
couched. We then proceed with the derivation of the model by identifying factors
affecting com munication in OIS design, by describing the causal relationships
through which their im pact is felt, and by demonstrating that specific
com munication and OIS outcomes logically result from these. The chapter concludes
with an illustration of how the model can be employed to explain problems of
com m)uni.cation in OIS design.
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Theoretical Orientation and Assumptions of the Model

Any attempt to describe the underlying features of a social process must
make certain assumptions about the nature of social reality, about the kinds of
phenomena worth attending to, and about the means of apprehencﬁng these.
Consistent sets of such assumptions form the basis for major theoretical
"paradigms", recognizable as accepted research traditions within specific areas
- of study (Burrell and Morgan, 1979). Having defined the focus of this analysis to

be fundamentally a problem of understanding among designers and users, it is

appropriate that the study be located within an orientation that acknowledges the
role of individuals' subjective states as a basis for social behavior. The

analysis must offer grounds for describing differences between participants in

. terms of these internal states, as well as for associating such differences with
specific aspects of the design process. In addition, the'ahalysis must describe

how such differences may be reflected in actual' design outcom es which explaln the
origin of QIS problems. In short, the appropriate orientation for this model is

one which provides a clear connection between the subjective experience of
understanding and the concrete actions of individuals within a soclal process

such as system design.

The assumptions of the "Interpretive" paradigm (Silverman, 1971; Burrell and
Morgan, 1979; Putnam, 1983) fit these requirements. The Interpretive perspective
is an extension of Symbolic Interactionist and Phenomenological approaches to
social beHlavior (Burrell and Morgan, 1979), and offers an ‘alternatlve to
traditional frameworks which focus on overt behavior. Interpretive tLheories re:t
on the premise that the social world is best understood in— terms of the
subjective meanings and experiences of the individuals whose actions constitute
that world. Unlike the behaviorist's focu;s on objectiv‘e "behavior", interpretive
scholars focus on human "action" - the meaning-endowed activity which individuals
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direct toward specific ends and purposes. Subjective experience is structured in

"terms of the purposeful actions we undertake within the social world, and made

meaningful in relation to the purposes and intentions we pursue (Schutz, 1967).
Within this framework, individual experience is made intelligible on the
basis of a personal set of categories and meanings accumulated in ongoing social

experience. Because individual experience is fundamentally social, these
interpretive schemes are always formed in a specific social context. In this way,

the individual shares similar interpretive categories with others in the same

‘social group. The ongoing creation of a shared interpretive scheme allows

experience to be structured around a limited number of "typical" social
practices, 1ending(/\a sense of order to an otherwise chaotic existence (Berger and
Luckman, 1966).

Based on this conception of social action, interpretive scholars assume that
soclal events are best urider‘stood through an exémination of the interpretive >
schemes which underlie purposeful social activities (Bvur'r'ell and Morgan, 1979;
Putnam, 1983). Analysis frequently segks to uncover the latent interpretive
schemes which give order and purpose to observed action. Interactions are
examined as sequences of behavior which initially establish a shared interpretive
scheme, and then enact that scheme in the form of coordinated, purposeful action
(Pearce and Cronen, 1980).

In applying this framework within the present study it is assumed that
com munication between designers and users ¢an be usefully interpreted in terms of
the description outlined a»bove, and that such an interpretation can usefully
apprehend important aspects of understanding between these two groups. Increasing
use of an Interpretive perspective by com munication scholars (Pearce and Cronen,
1980; Putnam and Pacanowski, 1983), and by students of organizational science

(Silverman, 1971; Burrell and Morgan, 1979), suggest that such assumptions may be
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warranted. In addition, the perspective outlined above offers a unique

opportunity to approach the problem of understanding between designers and users
in a way which explicitly links concrete actions of systems design with the
subjective understandings which are claimed to be the source of QIS diﬂ‘iculty.
We now turn to the task of detailing these connections.

An Interpr'etivé Concept of Communication Breakdown

In Chapter Two it was argued that existing research frequently reflects a
limited conception of com munication, and one which is of little value for
addressing questions of subjective understanding. Interpretive approaches view
com munication as a process of shared meaning construction (Pierce and Cronen

1980; 1979; Putnam, 1983) and are more suited to an exploration of current

¥

issues.

Within an interpretive framework, no assumption is made that individual
experience is a direct reflection of external rea]ity. Instead, our experience of
an objective social reality is seen as the outcome of a social process in which
we actively construct a shared basis for interpreting experience (Berger and
Luckman, 1966). Individual events are made meaningful by reference to a
matrix of social knowledge which serves as a reference for interpreting ongoing
experience. Based on cumulative individual experience, these interpretive
schemes, or frames of reference, embody the background knowledge and interpretive

knowledge common to the social grdups in which we participate. In this way, .

experiences shared within a 'particular group are embodied within individual
frames of reference and form a basis for "culturally" shared interpretations.

Com munication is the underlying basis of this process. Because individual
frames of reference are unique, the establishment of a shared interpretive scheme
is essential for coordinated action. Com munication can thus be defined as the
process through which we establish and use shared interpretive schemes to

117.




coordinate human activity (Schutz, 1967). Participants initially negotiate a

shared basis for interpretation, and thgn employ that scheme to construct
meaningful sequences of behavior, the outcome of which is a sense of shared
meaning and understanding. Com munication is thus more than a simple transfer of
information; it is a complex exchange of symbolic behavior through which both
parties construct mutually intelligible action (Berger and Luckman, 1966).

This process is fraught with potential barriers. Problems in understanding
arise because of a fallure to establish shared inter‘pr‘etiive frameworks. Because
each person interprets eveénts within their own frame of reference, understanding
can only be accomplished in areas where these overlap. Problems arise when
divergent frames prevent agreement on the basic purpose and meaningbof‘
interaction or the appropriateness of specific béhavior:. Such disagreement may
cause the participants to derive different understandings of what has transpired,
and may onlyvbecome apparent when subsequentlaction reveals the discrepancy.

Within an interpretive perspective therefore, the nature of "com munication
breakdown" 1is not that one person fails to accurately decode another's messages,
but that the two, in conjunction, employ interpretive schemes which produce
incompatible action. Many of the difficulties encountered within systems design
reflect this kind of mis-interpretation. Even when developers and users carefully
work through a set of struct;ured design require ments, systems often do not embody
the kinds of information require ments that users intended. The problem of
understanding is not so much a matter of correctly hearing the
others' words, it s more a matter of being able to correctly understand the
intention behind the words - a kind of understanding which is prevented when

fundamental frames of reference differ.
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Deriving the Model

Having outlined an interpretive definition of communica.tion breakdown, our
task now is to provide a concrete description of specific elements of the deslgn
context which contribute to such problems in OIS design. Our initial aim is to
describe specific factors which prevent participants from achieving mutual
understanding. In addition, we must also describe causal relationships among
 these elements which describe how problems in understanding are generated.

Since the model is intended to describe processes affecting com municatlon
within the design context in general and not in any particular case, it is
appropriate to formulate the elements of this model in relatively broad terms.
The interview results provide considerable detail in describing elements of thg:
design context; our present aim is to locate.within that discussion a more
general pattern which describes the process underlying a variety of OL5 proble ms.
By formulating the model in this way we are not describing the deslgn context per
se, but rather the system of causal relationships through which specific features
of that context contribute to problems in com munication and understanding.

Since the problems of interest have been defined in terms of barriers to
understanding, the process we are interested in describing can be construed as
the emergence of such barriers over time as a pr‘o‘duct of' various contextual
forces. So far we have seen how these barriers initially arise with indlvidual
differences, are gradually reinforced by educational processes, and then reach
full force within bureaucratically structured organizations. ln thls sense, it i3
useful to portray the model as a temporal sequence of pk;ases through which
barriers initially appear and are brought to maturity through the influence of’
forces within the design context. Within this framework, the model's task i3 to
describe where in the sequence of events specific contextual forces are felt, und
to illustrate the specific set of relationships proposed as an ex'planation for
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the emergence of the barriers involved.

We begin the derivation of this model by outlining the major temporal phases
through which com munication barriers might be seen to emerge. We then re-trace
these steps, describing major contextual variables which affect this sequence,
and outlining specific causal relationships suggested in the interview data. We
conclude with an overview of the model as a whole and a description of its
application.

The Basls for Misunderstanding: Technical vs. Managerial Frames of Reference

The nature of QIS com munication barriers has been described as a failure to
bridge managerial and technical frames of reference. We describes QIS design as a
social process specifically intended to bridge these f‘undamentall;f ditferent ways
of understanding system requirements. The breakdown of that process was described
as the basis on which misunderstandings between system developers and prospective
users occur. Within the broader Interpretive framework, the gulf which separates
these iInterpretive frames is, by definition, the source of misunderstanding
between these groups. When we propose to construct a model illustrating the
emergence of misunderstanding within rthe desigh context therefore, this is
equivalent to proposing that we document the emergence and the outcome of
distinct technical and managerial frames.

Following this argument, we can identify specific phases in the emergence of
com munication barriers by describing the emergence and maturation of managerial
and technical frames of reference within the design context. By mapping the major
movements in this development, we can provide a framework within which the impact
of other contextual forces can be located and described. The sequence of
developments in this pr‘oe’ess will thus provide identifiable land marks through
which to examine the cdntr‘ibution which various forces make to the emergence of

com munication barriers.
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As the interview results indicate, an initial basis for the emergence of
managerial and technical frames of reference is evident long before individuals
actively participate in the design process. A number of individual differences in
personality, attitudes, values and so on lie in the background tb the initial
formation of separate technical and managerial interests and perceptions.
Important here are fundamental differences in cognitive style whiéh form the
focal point for differentiating between individuals who will be drawn toward
either a technical or managerial career. Evidence presented earller suggests that
an entire cluster of personal and cognitive differences are evident as a
precursor to, and probably an influential factor in, the initial selection of a
managerial or technical career path. For purposes of“the present madel theretore,
we can consider this cluster of differences to be the starting point for the
emergence of distinct managerial and technical frames of reference.

While personality and cognitive differences may influence career choices,
the impact of educational processes marks a new phase in the emergence of
distinct frames of reference. Thei interview results indicate that several aspects
of the formal training given to both managerial and technical students strongly
impacts the ways in which they define and approach problems, on £he kinds of
information they will seek in addressing problem situations, and on the valu.es
from which they will judge potential solutions. Differences in training also
extend to the social realm, wpere different social ‘skﬂls, experiences, and
expectations are instilled. The distinct educational backgrounds which managoerial
and technical students experience strongly influences both t\heir cognitive and
social orientations.

Educational forces thus mark the initial formation of' a true distinction
between managerial and technical frames of reference. What began as a loose
constellation of individual differences has now coalesced into a unitform set of
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differences which are recognized and accepted as a basic feature of the social
world these groups share. The influence of the educational context thus creates a
~ new order of socialization which crystallizes initial differences into a orderly

and socigﬂy recognized distinction.

The next phase in the emergence of communication barriers occurs when
individuals enter their professional careers within an organized design setting.
Theyor'ganizational context represents the most powerful set of influences
affecting the deYelopment of com munication barriers. As thé interview results
show, a number of factors contribute toward com munication problems in thl.,
context. Some of these are a by-product of the nature of large, complex
organizations. An emphasis on functional specialization within a particular area,
the tendency‘f‘or design personnel to be functionally if not physically sepaf'ated
from other areas of the or‘ganiz{ation, and the tendency for both management and
technical personnel to maintain social ties within their own groups, all tend to
reinforce and strengthen the initial frames .ol reference which the two groups
bring with them into the organization. Within this context, initial differences '
become institutionalized as part of the organization's culture, adding a new
dimension to the intel{pr'eti\;e barrier growing between the two groups.

While the gene.ral organizational context tends to formalize and entr*ench the
original frames of reference, specific f‘acﬁors concerning the structure and
organization of the desjgn{‘ process itself contribute further to the emergence of
barriers. The interview data provides concrete evidence that both the social
organization of the design com munity itself, and the use of specific design
procedures both contr'ibute to further difficulties in com munication.

Specifically, the tendency for design tasks to be broken down into distinct
specialties and arranged in hierarchical systems, and for individuals to use
standardized design tools to convey important elements of design information,
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both contribute toward emerging com munication problems. These 7im pose even turther
| separations between individuals with distinct fY'ém;as of reference, makmé it
increasingly difficult for these groups to develop shared experience or |
understanding.

These forces vhave their impact primarily through the establishment of
specific patterns of interaction and com munication among design personnel, and
beﬁween system developers and users. These patterns Hdmit the range of
professional and social contact which technical personnel may be involved In, and
restrict opportunities to gain understanding about the nature of“ managerial work.
This separation further draws these groups apart and introduces additipr;al
problems in allowing com mon understanding to develop between these groups. In
particular, these groups come to have difficulty agreeing on the nature and
meaning of specific system requirements. The outcome of these misunderstandings
is finally realized in the development of syste ms which fail t(; address the nequ
of the user, and which im prose technically elegant, but often ineffective means of
accomplishing managerial tasks.

What the data suggest ther‘efore‘ is a sequence of five major phases which
trace the initial emergence of managerial and technical frames of reference
through their institutionalization within formal organizations to the eventual
establishment of barriers to understanding reflected in specific syste m outcomes.
These five stages are illustrated in Figure 6.1 below. This hypothetical sequence
represents one way of conceptualizing the em&ergence‘ of com munication barriers
that is consistent with the observations presented in the previous chapter. This
framework is advantageous in that it describes a specific structure in which we
can now begin to represent the impact which specific contextual factors have on
the establishment of com munication barriers. In this way it is helpful in
describing causal relationships between specific contextual forces and the
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emergence of problems in understanding which underlie OIS dif‘f‘iculties.

While the impact of seyer‘al contextual factors has alr‘eady been’suggested by
the present discussion’, it will be useful to provide a detailed review of
specific factors in order to identify how each of these enters into the process
identified above. On the basis of that discussion we will then be in a position
to complete the model so thatfit represents the entire system of intluences

identified in the int®rview data. We turn now to a discussion of these factors.

Contextual Factors

The majority of factors which impact the design process can be disgussed
under three major headings. Several factors operating at an individual level as a
precursor to the emergence of distinct frames of reference have already been
discussed. These are treated here as backgr‘ound‘factor's which describe the origin
and early development of managerial and technical perspectives. Other factors
operate pr'ima'r'j_ly at the level of the work organization. Among these, the
bureaucratic nature of complex organizations in itself contributes several
important dimensions. More particularly, the social organization of the design
comm unity and the specific technical tools and procedures of system deslgn have
been specified throughout the thesis as factors of special interest. The
discussion below provides a summary of the major factors operating ﬁ) each of
these areas, and offers a tentative description of relationships between them.

=

A. Background Factors - Individual-level differences between desighgrs and users

v

have already been discussed. 1t will now be possible to provide a better
(under‘standing of their significance within the design context. Basic personality
factors are significant at a very early stage in the formation of distinct 4
managerial and technical frames of reference, acting as general orientations out
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of which further distinctions eventually emerge. Studies have suggested, that
innate characteristics ané early cievelopmerital experiences’ pr'obably contribute
equally to the emergencc;:- of basic personality orienta;ions from which further
distinctions in coénitive style, values,‘ attitudes toward work, and personal and
professional aspirations appear to develop (Marcus and Robey, 1983). These
factors are significant in the prfgsent'coﬁtext primarily as factors influencing
thé selection of a career path oriented either tO\;Jard managerial or more
technical work.

Having made a specific career choice, individuals typically undergo some
form of professional training. The educational process embodies several forces
which reinforce and institutionalize the germinal distinctions already in place.
These forces are evident in the formgl structure of the training itself, as well
as in the informal social structure of the institution. As we have seen,
technically and managerially oriented students are often formally separated
within these institutions, or attend completely different institutions. Each
recelves specialized training frolm instructors who are experts in a narrow
specialty, and who become exemplars of "correct" thinking and behavior.

Technically oriented students follow a focused curriculum e mphasizing

i

meticulous step-by step work habits and the search for "technicajly correct"
solutions. Managerial students follow a much broader course -of studies,
instilling an awareness of the complex, multi-valued nature of business
situations and providing tools for decision making which call ‘for delicat'ely
balanced Jjudgements.

The interview data also suggest that many of these formal distinctions are
reinforced by informal social processes in which management students and
"techies" tend to remain socially isolated from each other, and where the effort

to retain a distinct group identity is often openly encouraged. These social
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processes represent the early formation and inkstitut,ionalizat.ion of' distinct

frames of reference within managerial and technical groups of students. Initial Ry
tendencies toward specific cognitive ahd social orientations are thus reinforced

and ritué]ized within this context to creaté the first indications of a)closed

and specialized interpretive framework.

As indicated -ear]ier, these factors contribute toward the movement trom the
initial stage in the rﬁodel toward the formation of a specific distinction between
manager'ial and technical interests. The educational setting appears to be largely
instrumental here, .evidently by providing a basis for focusing specific
differences into coherent systems of both cognitive and sqcial preferences. It s
through this influence that specific technical and ¥m anagerial orientations first
come into being and "Brecome part of the social milieu within which aspiring
managers and system designers form basic understandings of the nature of their
chc;sen careers. Even at this early stage, we have the basis for fundamental

disagreement between these groups.

B. Organizational Factors

1. Formal and Informal Organizational Factors - Organizational factors have a
significant effect on the continued developmeht of distinct frames of reference,

and by implication on the-emergence of further barriers to com munlcation within

4.

: ' . &+
the design setting. These factors include those operating within the com mon

context of work for both OIS designers and users (ie. the general structure of

B M .i’f@\“"\
bureaucratic organizations), as well as specific aspects of the or-génizaﬂpion of’
the design com munity itself. -, '

¥
>

-Complex organizations include a number of factors w_hich tend to reinforce
and strengthen the isolation between technical and managér'}al groups. As in the
educational context, many of these factors are part of th&formal constitution of

complex organizations. For example, managerial and technical groups are often
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separated as a formal featur*e of organizational structure. 0IS designers are
normally hodsed within a specific Daté Processing (DP) unit that may be both
‘physically and functionally i,so\lated from the operating core of the orfganization.
Thus separation has two imﬁpor-tant impacts: (1) DP unité frequently dperate under
their own set of objectives and may be unaware or dis-interested in the
‘objectives of other departments which they 'sér've, and (2) as distinct
organizational units, DP departments must compete with others f‘or';scar'ce
resources, often creating an adversarial climate between these units. Both
outcomes tend to create a background of mistrust and misunderstanding which
becomes part of the context in which the design process is located.

Within these formal structures a number of other factors have been
identifi:d as barriers to designer/user com munication. These can be referred t;)
as informal or "emergent" in the sense that they are pér’t of the ongoing social
process which arises within the organizational setting. One of these’ concerns the
continued separaticn c-)f‘ technical and m‘énager'jal personnel in inf‘or'méi social -
interaction both on and off the jJob. Both groups tend to associate with their
peers and not with members of other groups. In addition, relationships between
designers and users are often less than amiable, possibly as a result of
political differences between DP and other departments. Examples of one-
upmanship on the part of both groups, and the use of technical jargon to create
dependency relations have been noted in the literature (Johnson and Kaplan,
1979).

Many of these factors contribute directly to the formation of distinct
frames of reference within managér'ial and technical groups. The lack of ongoing
coniact between these groups limits the formation of any basis of mutual
under‘standing and makes it difficult for further inter'act,io\n to take place. Other .

factors reinforce distinctions already in place, for example, through continued
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enforcement of We-They attitudes and perceptions. The general context of complex
organizations therefore reinforces the initial frames of reference \;:hich
technical and managerial personnel bring into the organization. Within
bureaucratic structures these differences become formalized as an accepted part
of normal working routines. In this way, basic differences become entrenched
within the formal system of the organ}zatipn, as well as part of the informal
culture into which individuals “are sociaﬁzfeﬁd", These influences tend to

crystallize managerial and technical frames into rigid frameworks which are
extre mely potent in defining the reality of those who hold them. Within the
organizational context, basic framas of reference thus contribute to the growing
separation and isolation of these two groups, clearly affecting the quality of

com munication between them.

2. The Social Organization of The Design Com munity - A second dimension of the

formal organizational context concerns the manner in which system design work isn
;iiructur'ed. The traditional organization of syste ms professionals discussed

earlier compartmentalizes design work into isolated components. The hierarchical
arrangement of job functions has two important consequences in reinforcing
differences in frames of reference: First, the work necessary to conduct the

design process is fragmented and divided ambng a variety of different

individuals. This reduces the likelihood that individuals who actually produce

system components effectively under'atand the broader nature of the system, and
significantly increases the potential for mis-com munication as specific

askignments are "handed bff‘" from one individual to another. Secopd, the limited
understanding of managerial work that may exist among technical personnel tends
to be concentrated toward' the top of the hierarchy so that the individuals who
actually produce the system components also tend to be those who know least about
management. Formal procedures for system development pose significant barriers 1',0’
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effective design by imposing a technical hieraﬁchy betWeén the producers of the
system and its ultimate users.

These formal ar'r'éngements frequently contr'ibute to OIS pr'oblerhs by
preventing designers and users from gaining practical experience with each
others' requirements. Several differences between managerial and systems related
work were identified in the interview material. The two groups seldom gain any
understanding of each others' work within their training, and often have little
opportunity to do so within organizational settings. This makes it difficult for
both to understand and respond to the others' requirements. The formal separation
of these groups within most organizations and the formal constitution of most DP
departments sevérely limit interaction between the two groups and‘.ﬁmak‘e 'j:t
difficult for designers to gain an understanding of managerial needs.

The organization of the design com munity itself thus creates additional
barriers to com municatic;n within the design process by setting up specific
structures for interaction among designers which drive a wedge between those at
the top and those at the bottom. This creates differences between designers and
producers of systems which continue to reinforce managerial/technical
distinctions and make it difficult to move infor‘métion and effectively and
establish understanding even within segments of the design com munity itself. Such
differences form im portant barriers to understanding which directly affect OIS

-

outcomes.

C. The Technical Context of Design - Several of the factors identified within
the organizational context point toward another set of influences affecting

com rﬁunication within the design process. The manner of organizing and carrying
out design work described above is not an isolated occurrence, but part of the
broader struéture of OIS design processes typical of large, bureaucratic
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organizations. Another aspect of this structure is‘t,he use of specific ‘dé‘i’si‘gn
tools andv procedures which are an integral part of this structure of system ™’
design.

The interview data clearly suggest that widespread use of structured tools
such as information requirements analysis and structured program ming and design
embody several barriers to effective com munication between designers and users.
Although the original intention of these techniques was to facilitate exchaﬁge of
information between designers and users, this appears to have occurred only at
the cost of a more general loss of understanding. Structured techniques tend to
focus attention toward the technical details of system specifications so that the
_ 5r‘oader‘ objectives and needs of the-system are often forgotten. Moreover, these
techniques also tend to lull both the user and the designer into complacency
about the difficulty and the importance of achieving mutual under‘sténdmg; the
assumption seems to be that the techniques the msglves can do the com municating.

One of the ways in whic'h the use of specific design tools most strongly
affects the problem of understanding between deﬁveloper‘s and users is through the
establishment of specific patterns of com munication within the design context. In.
working through various technical procedures, specific kinds of interaction are
prescribed by the tools themselves, while others appear to be eliminated. For
example,(: direct contact between the lower-level programers who actually produce
specific system modules and the people who will eventually use them 1is virtually
cut off and replaced by a series of formal procedures which translate user needs
into program mable specifications. Among thoée who do have direct user contact,
the use of traditional structured techniques tends to restrict com munication
about system requirements within the bounds of the sp;ecific analy&ical technique
in use. By contrast, those who use more flexible design tools-such as prototyping
will tend to follow less structured and circumscribed patterns in formulating
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" system requirements.

In other words, the hse of specific design tools appears to impact the
problem of understanding by creating specific patt;er'ns of com munication and
interaction within thé design process. This structurﬁng of com munication patterns
is also influenced by the hierarchical organization of design professionals,
which is closely bound up with use of structured design tools. Both of these
influences impose specific constraints and pattérns onto com munication processes
within the design process (ie. among the design com munity itself as well as
between designers and users) which affect the ability of these groups to
understand one another .ef‘f‘ectively. In particular, the‘use of traditional
structured techniques appear in the interview data to create patterns’'of
com munication which further dLstan/_ce individuals with distinct managerial and
technical points of view, and so contribute further to existing barriers to
ufiderstanding. In combination, the hierarchical organization of design

Ve
professionals and their use of structured design tools appear to further
exacerbate fundamental differences in interpretive frames whichaar'e maintained

AN
within the organizational setting. These constitute a second set of influences

within the organizational context which function to further deepen problems of

understanding.

Communication and QIS Qutcomes

The description of factors affecting the emergence of com munfcation barriers
has thus far outlined contextual factors both within and outside the organization
which are responsible for problems in'under‘standing in OIS design. While this
describes the major elgments operating in this process, and outlines the major
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relationships through which these influences are felt, there remains one final

relationship to be estabh‘shé{ﬂ. In the sequence of stages outlined earlier', the
final outcome of the: gradual emergence of com munication barriers is the creation
of specific OIS outcomes as a direct product of the barriers outlined above.

The interview results provide several indications that OIS diﬁ‘iculties are
a direct result of com munication barriers in the design context. Speciﬂc
problems such as the inflexibility of systems produced, awkwardness and
unfa miliarity of procedures imposed by these systems, and the frequent inabllity
of systems to meet the expected business needs of the user, all appear to be the
logical outcome of barriers to understanding in the design context, as described
below.

To the extent that‘ individﬁals within OIS design (especially the producers
and consumers of 0IS) are preve;lted from fully understanding one another's needs
within the design context, it will be difficult f‘op them to asgist one another in
defining the precise requirements the system is to fulfill. Various gaps and
inconsistencies that arise from incomplete Qnderstanding will tend to be resolved
within the specific frame of reference of the individual involved. This creates
the basis for considerable mis-construal of system specifications and for
important functional characteristics to be mis-translated as they proceed through
several phases of the design process. Initial difficulties 1n- understanding are
thus translated directly into concrete specifications for system production.
Barriérs to understanding thus contribute almosc inevitably to the development of
systems which address the wrong set of needs, which blindly automate ineff'ective
organizational procedures Qithout a careful examination of their actual vélue, or
which do not provide easy and meaningful access to information.

The data clearly support this final link in the model, establishing the
relationship between com munication barriers in OIS design and the specific
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outcomes of that process. This link represents the final stage in the process

through which fundamental barriers to com munication and understanding within OIS
design initially arise and eventually bring about specific problems in the use of

0I5 technology.

A Tentative Model

The discussion above identifies spécif‘ic factors which contribute to the
emergence of com munication bar-r'ie.rs within the OIS design context, and indicates
that this set of factors constitute the elements of a coherent and integrated
process affecting the quality of communication in OIS design. By placing these
elements within a framework of temporal stages, the proceeding discussion
_provides a basis for describing systemic interrelationships which operate within
the design setting. These contribute to the establishment of com munjication
barriers which are ultimately reflected in specific difficulties in OIS
implementation. This discussion outlines, in other words, a specifit model of the
prbciess underlying com munication problems in 0IS design.

We can visually represent the major features of thi."s model by indicating on
the previous diagram the specific locus and -direction of influence' which each of
the contextual factors has with respect to. the emergence of com munication |
barriers. This is illust .ted in Figure 6.2. The elements identified in this

model and the patterns of influence depicted among them constitutes a description
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of the major features of the OIS design context which affect the nature and
quality of com munication in that setting. It also indicates the specif‘ié impact
which each element has on the emergence of barriers to Vcom munication and
understanding. In thistrespect, the model cdnstftutes an explanatory framework
for describing how specific pf'oble ms in OIS implementation ariSe as a product of
the action of specific forces within the design context.

Using this model, we can describe éenerarconditions operating within the
design context which affect ongoing com munication pfoce&es and determine the
likelihood of success in the design effort. For example, to the extent that
manage ment and systems personnel enter the organization from traditional
educational settings, their initial frames of reference can be expected to differ
markedly. If the organization operates according to a traditional bureaucratic
model, wé can expect that these groups will be ho;Jsed in separate departments,
where they develop distinct organizational perspectives as a prbduct of both
formal and informal aspects of the organizationél setting. These act to
institutionalize distinct interpretive frameworks aﬁd to drive managerial and
technical individuals into more distant camps. )

In the design context itself, the organization of the design ;r'ocess in K
terms of both social or-ganization and technical procedures, will have additional
impact. If these factors are traditional” in;f‘or'm they will tend to create within
the design group itself variations in tect‘i?]ical or managemal focus which -7
make it difficult for lower-level personnel t%o understand managerial
require ments. Using traditional design and Sjo&mc_tion tools will also contribute
.toward design problems by imposing éertain formal procedures for transferring and
Lr‘anslating‘ important pieces of design information, and by limiting the degree of
contact between system deve10per-s and users. Both of these factors add to the °

emergence of com munication bar'r'ler's by estabhshlng specific patterns of
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com munication within the design context\\-which make the possibility of effective
under-st;anding between techniéai and n;anagerial frames increasingly ;:iif‘f‘icult..

As a product of th;eée forces, the initial differences betweer.ymanager'ial and
technical personnel become a formalized dimension of the organizational setting, |
and now.emerge as a specific ?;;rr'ier's to understanding within the -design context.
These barriers are u]i;ifnately reflected in system outcon;es which fail to meet the
needs 6f the user and thus create ;pecif‘ic ‘proble ms in user acceptance a.nd
utilization. Thus, under conditions of extr‘eme. bureaucratization, we can expect
that tie ‘full range of forces will work to maximize problems in com municatioﬁ,
while a more flexible and open system of organization may give rise te
considerably fewer barr'iir‘s, and potentially fewer im plementation problems.

The m‘odel offers, ’in. short, a means ot;“ analyzing the speci.f‘icconditio;]"s ;n,
play wi@hin a specific design setting and can provide a potential explanation for
com munication -proble ms that arise within that context. In this respect, it is
offered ;as a candidate for explaining the origin vand specific nature of
com munication barriers in OIS design. Before such explanations can Be accepted as
valid however, the model itself will have to be empirically tested to

establish its value as a description of significant aspects of 0IS problems. It

is toward the provision of such a test that we now turn.
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CHAPTER SEIVEN: Questionnaire Development and Preliminary Data Exploration

Q verview

Having derived a conceptual model of OIS com munication barriers fY'ongﬂ the
interview data, we now undertake an empirical evaluation of that model. The
present -chapter outlines the development of question\nair'e instrument to 6bt£n
"data from a sample of system dgsign professionals, undertakes a preliminary
examination of the data coﬂécﬁed. This chapter also pr‘esents—an outline of the *
procedures used to analyze this data.

This discussion forms a bridge between the smlt,lal interviews and the formal
assessment of the model. We begin by abstracting from the interview results
specific variables which will be used to measure specific components of the
model. These results will ensure that the operationalization of variables in the
guestionnaire is consistent with the basic formulation major constructé in the

model. With this basic assurance of validity, we will then proceed with a formal.

e
~

evaluation of the model.

3

" Questionnaire Develop ment

A. ldentification of Variables ' ~ '

The first step in developing the questionnaire was to identify specific
‘variables for major components in the model. ThlS section describes the selection
of variables ffom the interview data to provide a first draft of the
questionr-waire.

Because. the model represents interactions among several contextual factors,
it was recognized that an attempt to address the entire range of elemer;ts and

e
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relatiénships might prove’ overly complex. It was decided thgt a‘.selec.t.ive
evaluation focusing on the central elements would offer suf‘f‘i_cient verification
without p;'esentirlg major analytical problems. Since the five constructs. used to
focus the collection of interview data form the major elements of the model,
these were adopted as a basis for constructing the questionnaire. Questionnahf%
construction was thus based on to following elements in the model:

(1) managerial vs. technical fr'ames' of reference

(2) The social organization of the design com munity

(3) the use of specific design tools and techniques

(4) resultant com munication patterns

(5) OIS outcomes

It was re‘cognized that each of these elements were complex, m ;utlvar'iate
constructs. iEach is multi-faceted and operates within a complex system 6[‘
relationships within the design process. It was decided that all‘of‘ these were
best formulated as composites of several more specific dimensions. For each
component t!herefore, a unique set of measurable dimensions were soﬁght, using Lhe
interview data to identify specific indicators.

This approach has advantages as well as disadvantages. The use of mutiple
measurements allows several distinct dimensions of a conétrucL to be acknowledged
and explicitly included in the analysis. This prevents the real complexity of
the phenomenon from being reduced to a single, univariate measure. Moreover,
multiple measures of djfferent facets help support-the validity and sLamey of’
the construct as a whole. A disadvantage is that it may be difficult to define in
advance the most effective set of dimensions to focus on. Where cholces must be
made regarding which dimensions to measure, practical considerations like .ease or
reliability of measuré ment may affect the ulﬁimate intcrpfetation of’ results,

For the present study, the advantages were seen to outwWeigh potential
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measurernent problems. Because the study is exploratory, it was felt tha.t/
fine-tuning the measurement methodology was usefully poétponed unt:il after an
initial assessment of the model. While concern for measurement problems was
maintained, the study proceeded with the. identification of specific variables for
each construct. Q

The initial definition of variables was accomplished through an examination
of interview »data in relation to the‘ model. Major éspects of each construct were
used to-define areas in which specific variables were sought. Data in each of
these areas Qas then reviewed to identify specific observations which might sérve
as indicators for those dimen;ions. In other words the model helped provided a
broad outline of each conétr'uct and suggested general guidelines for appr'op{'jate
observations, while the interview data helped identify specific observations to
satisfy these. m

A critical factor affecting choice of variables was the decision to employ a
qufast,ionnajre' methodology. The gquestionnaire format was chosen because it offers
an ability to obtain data from a large sample of subjects where time and
financial resources are limited. However, the use of this format constrains the
types of data that can be obtained. Variables which could not be measured using
self'-report .responses on paper-and-pencil test were thus not included in the
study.

It was also recognized that reliance on self-report data might present
additional limitations regarding validity and reliability of the data. Because
they often portray subjecté' perceptions rather than actual behavior, self-report
measures cannot always be taken at face value {Kidder, 1981:147). In the present
study it was decided to select variables that would allow behaviorally-oriented
desu'iption whenever possible.

Another limitation arose from the use of mail to distribute the instrument.
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Because length and complexity of a questionnaire can affect response rate, it was
decided that the '"l‘éngth would have to be limited. This made it impossible to
incorporate standardized scales and tests containing large numbers of items. For

-

example, it was decided not to use the Meyers-Briggs Type Indicator“ (MBTIV)"“Qsed

-

in previous r‘esear:!:’lfT,‘) since the scale contains 126 items, and doubt has been
expressed about the reliability and validity of sub-scales used in r‘elateAd .
research (Kaiser and Bostrom, 1982). These limitations made it necessary to limit
the range (_)f variables selected for each construct.

Within this set of limitations, specific variables were identified for each
of the five constructs. These are outlined below with an explanation of thelr

relationship to the broader construct.

(1) Technical and Managerial Frames of Reference - Five major dimensions of

this construct were identified for inclusion in the questionnalre as described in
Table 7.1 below.

The individual's current position was thought to provide an
indicator of their occupational frame Of reference, since that construct is
defined largely in occupational terms. Three varlables were identified as
descriptors of this dimension: the area of responsibility the individual has

within the design process, the number of years of exper’iencé in that position,

Maijor Dimensions Variables
Current Position Area of responsibility in IS design
Years of experience in position
Technical vs. Managerial orientation of work
Area of responsibility
Technical or Managerial
orientation
Type of education
Level of education
Career aspirations
Preference for group contact
Amount of Programming Expertence

Previous Work Experience

Training

Group Affiliations

Computer Programming
Age

TABLE 7.1: Initial Dimensions and Variables for the “frame of
Reference” Construct
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and the relative emphasis on technical or managerial work encompassed by the

position.

Since frames of reference evolve over time, previous work experience was
also considered an important element of this construct. The individual's le\}el of
responsibility, as well as the technical or managerial ermphasis of the work were
identified as specific components of &this dimension.

Professional training was identified as a third element of frame of
reference. Aépects §f training included here are the specific t}pe and level
training undertaken. It was assumed that the longer oﬁe spént in training, the
more hkely‘one would be to !become encuiturated into a specific frame of
reference.

Another dimension of tk}is construct concerns personal affiliation with a
specific occupationai group. It was assumed that preferences for a particular
group would reflect feelings of solidarity with that group, and could be used as
an indicator of similarity in frame of reference. Two specific variables were
identified: preferences for involvement with specific groups on the job} and
preferences for promotion to positions in different groups.

Two additional variables were also included, since the interview data
suggested a relationship to occhpational orientation. Since involvement in
computer pi"ogr'a m ming evidently influences orientations toward design work, it was
useful to include amount of program ming experience as a var'jable.r The im pact'of‘

age was also suggested in the interviews, and was included as a possible measure

for this construct.

{2) The Social Organization of The Design Community - In reviewing
interview data, two distinct types of information appeared useful in describing
this construct. The first concerns the hierarchical structuring of design work,

reflected in the patterns of professional activity which designers display as a
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result of their role in the ciesi‘gn process. Thé second concerns ﬂthe nature of
organizations the mselves, ;ug'gesting that organizamoﬁs might ditffer in degrees
of bureaucratic étructuring xdepending on the i:ype and size of the 6réariiza£10n,
the kind of technology in usé“, and so on.™It \;vas ‘decided to par‘tition thke. broader
cbnstr‘uct along these lings, and to define distinct var'iables for each separate .
component.

The data suggested that bureaucratic structuring would be most evident ln\
the degree to which’&isign tasks were broken up and assigned to specific |
individuals. It was decided an effective indicator of this would be a description
of bjects' actual work routines and to determine how speéiahzed these were. To
obtain Jonsistency in these descriptions, a list of twel‘ve design activities was -
developed to represent design tasks ranging from strategic management of
information resources to testing and debugginé programs. The specific tasks tor
which data were sought are outlined in Table 7.2. 1t Qas assumed that by
indicating the am’ount of time spent ‘in each activiﬁy the degree of speclaldzation
in the design pr‘gcess could be assessed.

For the second component, the inﬁer'vie ws indicated various aspects of the
organizational context could provide an indicator for bureaucratic structuring.
The nature of the organizational unit within which the respondent f‘ur‘lc‘t,ion‘ed W
thought to be a useful descriptor, particularly)to'the éxtent that the individual
was situated within an MIS department within a large organization, in a smaller
firm, or perhaps as an private consultant. An indication of the size of the
organizatioﬁ involved as well as the type of organizational affiliation were
lidentified as useful measures.

Interviews also suggested the importance of the technical context as a major
dimension of this construct. Two indicators of technical context were identified:
the kind of hardware in use, and the type of applications four which the
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, Major Dimensions Variables
I. The Organizational Context
Organizational Context

Type of organization

Size of Organization \
Type of Hardware

Type of Applications

Internal/external clients

- Sector in which clients work

II. The Structure of Design Work

Time spent in specific - strategic planning

design tasks: project budgeting

analysing information needs
coordination meetings
writing specifications
programming .
installing hardware
testing and debugging
upgrading existing systems
training users and staff
evaluating systems ’ »

Technical Context

Clients

Table 7.2: Initial Dimensions and Variables for the "Bureaucratic
Organization of Systems Design" Construct

_technology was employed. Large mainframe systems were assumed to be more highly .
bureaucratized than smaller mini-computers or networked micros. Similarly,
certain applications (eg. basic transactions) tend‘ to be more bureaucratically
structured and rely on structur'ed m ethodologiec, while others (eg. user-based
decision support) require more flexible and open systems. The latter were assumed
to be an indicator of a less bureaucratized design process.

A final dimension concerns the type of c].ient‘:s served by the design
process. Interviews indicated that designers who work with clients within a
single organization 'beco m'e specialized and static, while those working with
external clients often have broader experience and more f'lexiblerapproacvhes. It
was assumed the internal/external distinction would help as’sess the degree of
" bureaucratic - structure as well, All thr:ee dimensions were inciuded as indicators

of the organizational context, as illustrated in Table 7.2.

(3) Design Tools - Four major dimensions were associated with the use of

ST 4 . . . . - ’
specific design tools. The principle focus of this construct can be described in
terms of concrete behavioral indicators describing aspects of the design
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technology in use. Several other indicators were also identified, as outlined. in
Table 7.3 below. \

The Interviews suggested differenceg among designers in terms of their
general approach to the desig;m t/ask, as well as the particular tools and
techniques they use. These constitute the f‘irét two major dimensions outlined in
Table 7.3. General design strategy can be described in terms of broad principles
and approaches which guide the design process and focus attention toward specific
aspects of the organizational setting. Within these characterizations, the nature
of a individual's design strategy can be further described in terms of specitic
procedures and4tools. Ten major design tools ‘were identﬁi‘ied which respondents
would be asked to check off to provide a concrete description of this component.

The interviews also suggested two types of design tools associated wlth _
com municatio\n issues. The use of structured design and program ming were 111dicat.,ed
as major components of the design tool construct. In addition to simply
indicating whether such téols were used or not, two additional vardables were
adopted as indicators of a structured focus: emphasis on systems as opposed to

application program ming, and the identification of specific program ming

languages. The latter offe\rxs\some indication of the type and level ot design work

being done. The second type of design tool is the use of non-traditional

Major Dimensions Variables
General Design SiLategy - Major design principles adhered to é
- Specific approaches advocated .
Specific Design Procedures - Several behavioral indicators of design tool

- use (eg. use of steering’committees, system
* conversion, software customizing,

doccumentation, etc.)

Structured design

Structured programming

System vs. application programming

Programming languages

Use of "fourth generation” tools (Amount)

Use of "fourth generation” tools (Type)

< Use of application prototyping

Use of Structured Methods

Alternative Design Tools

Table 7.3: Initial Dimensions and Variables for the “Design Tools”
Construct
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pr.ocedurfes,' particularly the use of fourth generation design tools and
prototyping. Indicators of the use of such tools was chosen as another' dimension
of this construct.

(4) Com munication Patterns - This construct was not fully illuminated by the
intervieh;s. Fréquent references were made to communication problems, but these
were not discussgd in terms of identifiable patterns and behaviors. However,
three potential indicators of com munication patterns were suggested. Since these
- Were not well defined by the interviews, it was decided that they should be
represented as much as possible by behavioral indicators. The areas and their
specific indicators are outlined in Figure 7.4 below.

The three dimensions all concern the social contacts whi\“ch deéigqers make in |
the context of their work. The f‘irjst concerns the amount of time the designer
spends with each of several major groups in the organization;l context, assumedly
as a result of tue design tools and strategies uséd. The second dimension
concerns the actual com munication activities carried out with those groups. The

focus here is to identify the type of interactions engaged in, whether they

involve working with groups, with individuals, or wowgking alone. The final

Major Dimensions Variables
Social Contacts in - Time spent with specific groups (eg.
Design Work top management, end users, programmers,

analysts, technical spectalists, alone)
Communication Activities - Time spent in specific communication

tasks in the design process (eg.
meeting with user committees, obtaining
requirements from individual users,
working alone on specifications,
consulting with techniclal staff, etc.)

Soclalization Qutside Work - Social time spent with specific groups
(eg. top management, end users,
programmers, analysts, technical
specialists, alone)

Table 7.4: Initia) Dimensions and Variables for the "Communication
Patterns" Construct
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dimension concerns com munication links which exist outside of the work

context per se, particularly in terms of preferences for socialization outside of

work. ‘ -

(5) Design Outcomes - Two general areas were identified as eventual outcomes of};v:‘*
the design process. Specific indicators were suggested f‘br‘ each of these, as
'out]ined<in Table 7.5 below.

The f‘ir'stA area concerns the effectiveness of the systems which result trom
the design process. The limitation of relying on self-report data was evident
here, since most designers would tend to assess their work positively, and there
was no way to validate claims that were made. For this reason it was considered
useful assess these systems nét only directly, but a]sb in ways which might not
be interpreted as evaluating the systems themselves. In addition to a variable
seeking direct assessment of the respondents' system(s), two other avenues were
also adopted. The first assessing off the ef‘fectivéness of' information syste ms}’q‘
general, assuming that responses would tend to reflect the designers' ow/n/»’
experiences, and th; second to asséssment the extent to which user's understood
and were able to make good use. of th;ir systems. This assumed that any

difficulties evident in the system would be attributed by the designer to the
users, and not to the system.

The second dimension concerns relationships between designers and users
arising from involvement in the design process. Specific indicators included the
extent to which users understood the nature of the design process, users ability
tg define their information needs, ﬁhe degree to which definition of needs i3 a

L_ﬂoblem in the design process, and the extent to which disagr'eéments occur
b’tween designer and users. These were all assumed to indicate the general health

of the relationship between these groups.
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Major Dimensions Variables
System Qutcomes Designers' assessment of own systems
General effectiveness of IS technology
Clients' understanding and use of sysiems
Clients' understanding of design work
. Clients' computer 1iteracy
Clients' ability to define information
- : ' needs
' - Extent to which defining needs 1;/6’\*0
problem for designer
- Frequency of disagreement between
designer and user.

Communication Qutcomes

4

Table 7.5: Initial Dimensions and Variables for the “Design Qutcomes"
Construct -

. Questionnaire Development and Pretest

~ Having specified variables for the principle elements of the model, it was
possible to begin questionnaire development. The present section describes the
development of an initial draft of the questionnaire, the results of the pretest
of' the initial rdr‘at“t, and r‘evisiqps made to complete a final ver':sion. |
5

Becvause of the large number of variables incorporated, oge criteria
considered in dr‘éfting the questionnaire was the ease with ‘which @bjects‘could
complete the instrument. It was felt that ease of completion would significantly
- enhance the response rate. Attention was paid to the structure of response
formats in drafting specific items.

For many variables (eg. area of responsibility in current and former
positions, Type and Level of education, Type of Organization, Type of computer
hardware and Type of apphcauoné, Industrial sector, Type of clients,

Program ming languages, and others), specific sets of response categories were
available which could sim ply be checked off. Variables requiring gquantitative
responses (eg. Size of organization, Age, Years of experience, etc.) were given
predefined response ranges so that answers could also be checked off. The ranges
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were arbitrary, and selected primarily for convenience.

Some‘ var'iables/ rlequired the respondent's assessment regarding the extent to
“which they experienced certain conditions (eg. how well users can define
information needs, how often pr'oble ms gm‘se,ﬁ'om mis—def‘jn‘ed ne:'eds, how often_
disagreements arise, how much program miﬁg éxperience they have, and so on). These
were given a f‘our-categéry r‘esponsg scale, with categories defined according to
the context of the question (eg. none/very little/ moderate/ extensive, or
never/occasionally/quite ofteri/always).

Several var'iables'(Ménager'ia]/Technical focus of current and previous work, '
emphasis on Systems vs. Application program ming, Time spent in specific design
tasks, Time spent with specific groups, Preferences for different occupational
groups, time épent in specific com munication activities) required an estimate of
the rela'éive importance or fY‘equencyu of various categz)r'ies was considered
appropriate. For these, subjects were asked to provide rankings indicat,ing
relative importance, or percentages indicating amount ot‘ftime spent in a specific
activity.

Although the sample was to congist of highly trained professionals, an items
were phrased in simple terms. Technical jrgon, buzz words and specific pl‘OdUC\j.
names (eg. names of. programs or téchniques) were avoided whenever possible. The
woruing of items was kept neutral and balanced in terms of technical or
managerial bias._

When a tentative set of items and response formats had been developed,
initial feedback was sought from colleagues with research experience in this
field. Their comments were useful in identifying pdtential difficulties in the
wording of questions and responses for several items, and in suggesting an
appropriate ordering of the items. A first draft of the questionnaire
incorporated these revisions to improve the readability and format of the items.
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»‘The' »initial ‘dr'af‘t, included a total Qf‘ f‘brty-ﬁihé ite m's‘, intluding” several
write-in questions.

Before pre-testing the questionnaire, a tentative 'codin'g' scheme. waéc prepared
to f‘acﬂibafe“ tabulation of responses direltly into a com puter ﬁle. Many, ite mvs‘
required categorical responses, Lmiting the metric quaﬁt:ies of thé data to the
no‘minaf_y,v or occasionally ordinal level. Other items could be coded as cg‘da‘nal or

. o
intrrval data. In developing this coding scheme some concern was raised about
problems of combining data of different types, and attendant; limitations on the
anaiysis which might be permissible. It was desided to examine some of these
issues as par‘tvof' the‘ pretest of the questionhaire. .

The next step waé to pre-test the ’questionnaire within a sample similar to
that being u‘k‘sed in the larger study. A system development group at a major*
educational institution was enlisted to complete the questionnaire and provide
comments on the format of specific items. The 'pr'etest sample represented a range
of' professions within the system development f‘ie%&and was deemed to represent an
appropriate parallel qf the larger population to be sampled later.

Fo-urteen huestionnaires were returned from the pretest sample. All were
fully completed, and several included additiona% comments on item format anc'i
Structure. Four major steps were undertaken in using the pretest data to refine
and clarify the questionnaire instrument. The first was to review com ments k
provided by the sa m‘ple regarding item and response clarity. Several com ments were
helpful in improving the wording-ef questions. The results also indicated
pr‘oble‘ms with the questionnaire layout. The order of ftems was found to be
awkward and iuggestions were made f‘or' placing items together in more coherent
sections.

A second step was to identify problems with the response formats and coding

scheme. Comments from the sample indicated too many different kinds of response
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ﬁypes (ie. rankings, per‘éenﬁages,? éheck-of‘f‘ categor‘ie's, etc.), and a lack of }
clarity in several fqur-cétegory scale items. In cod.ing the pretest data for
entry into the computep, it was also noted that rankings‘and scales both tended
© to e]immate impdrtaﬁt q-ua]iti'es of the data. Specif‘ically, boph types of "codmg‘
provided only ordinal level data for variables which could eésily be represented
with -data having interval quélities. It was decided to replace these responses
with percentage responses used elsewhere in the questionnaire. The reduced the
lnumbeb of distinct response types and im p;‘oved the metric qualities of the data
for several var'jabIés. Similar results wer'e‘obtained by replacing four‘-categqr-y
responses with a continuum scale. These changes are reflected in'the final
version of the instrument in Appendix D.

Using the -SP3S-X statistical program, frequency distributions were
calculated for each variable as a way of further examining the éoding scheme. The
results did not indicate any difficulties in these'r‘espects. On two items, it was
apparent that multiple answers had been provided where a single .response had been
expected. This led to a revision of the items involved to improve their clarity.

A fourth concern was whether use of categorical responses in severab areas
would limit the kind of analysis that would be appropriate. While revisions. for
various items had im proved ,the metri¢ qualities of \some data, several items could
only be measured at a nominal or ordinal level. Tbis is a f‘r‘equefit problem in |
questionnaire-based research and is usually overcome by the constructioi@.t of .
multi-item scales combining categorical variables to form a single composite
variable with improved metric qualities. The final step in the pretest assessed

; .
the potential for developing composite var'iable"é from items on the current
instr'l;lment.

It was acanwledged that the size of the pretest sample would preclude

rigorous scale construction. However, a scale was constructed for one of the
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constructs in order to assess the possibility of using such scales with an

expanded data set. Variables representing the "Frame of Reference" const'"ruct were
-selected since these were lar'gely categorical in nature. The vamables were,
re-coded to reflect an orientation towar'd the two frames of referenCe, based on a
hypothetical 1-O-point scale With managerial and technical orientations at

opposite poles. Scores were combined to form a scale by averaging responses for

each item. The result was a single indicator describing the overall orientation

of each individual as a rating _en a ten- point scale.

: . &
Frequency distributions and reliability statistics were calculated to asses

the utility of the scale as a 'co’m binatien of categorical variables. The frequency
distribution, although based on a small sample, suggested that a wide range of -
values had been attained and that the distribution of values was consistent with
What was known about the sample. This suggested that a reasonab}e- degree of

~N -~ .

variance could be expected, and that composite variables might prove useful in

further analysis. The reliability coefficient for this scale was relatively low--:

(alpha=.5511) but supported the idea that categorical var'iables might be combined
to provide indicater*s with improved metric qualities. It is difficult to assess
the effectiveness of this reliability given t;e sample size on which it was
based. However, it was felt thet the revised form of the questionnaire would
provide data of adequa;e quality to support the use of composite measures.
Based on these results, several cnanges were made to improve the
questionnaire items, the overall structure of the instrument, and the quality of
the data which the inétrument was capable of providing. A final draft including |
these improvements was formulated and arrangements made for its distribution, as
discussed in Chapter Five. Additional steps taken in co]lecting*and preparing
data for further analysis are described in the next section, in preparation for

the analysis of data in the chapter to follow.
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APPEliminary Look at the Data I S

Five hundred copies of the questionnaire were reproduced and distributed

responses were received within two weeks of the initial mailing, and retu,ms were

7brisk f‘or the f‘ollowing two weeks. This was- interrupted by a postal strike during

June of 1986 which lasted nearly three weeks. Because of this, and the onset of‘
 summer holidays,‘ it was*decided to postpone analysis of the 'data untilthe

f‘ollowi.ngr September. Over the summer, additional responses slowly mounted to a

| disappointing, but was not considered unreasonable given the postal 'strike and‘

)

the timing of the survey over the Summer.

As questionnaires were received ‘they were assigned identii‘ication numbers 5

e

for coding. Several respondp s had included names and addresses and had
'requested the results be f‘orwarded to them when available. This inf‘ormation was
removed and stored separacely from the- questionnaires to ensure the anony mity of‘

Wthe responses the mSelves.

The revised coding scheme was strictly adhered to in translating responses.
from the actual questionnaires into computer ﬁles. Coding was done by a paid -
Lstudent assistant, under instructions to discuss all questions with the
. researcher. In the course of data entry, two of the questionnaires were f‘ound to

o~

be‘incomplete. Closer study of these ‘indicated,that both had been receivedf

.someone' not directly involved'in systems design., It was decided’ to drop these

e

from the sa mple, leaving a total of 92 usable cases (18.6%) in the sample to be

analyzed.

Prior to undertalcing the analysis this data, st,andard procedures r‘or

i.nspecting and screening the data were undertaken. This’ included (1) inspection
»
~ of data records to identify potential coding problems, (2) examination of 7

>
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frequency distributions for data entry errors and..outliers, (3) examination of

frequency distributions to ensure appropriate variance on all var'iabl—es/to be
used in further analysis, (4) identification of the characteristics of the sample
obtained. The results of these steps hélped to correct several coding errors arnd
to ensure that the data were appropriately structured for further analysis. The
inspection also revealed that sufficient variance had been obtained for most
variables to be retained for the analysis. Two items (type of clients and the
amount of time spent in systems as opposed to application. program ming) proved to
:have insgf'f‘icient variance .to be usef‘u'l,I and were dropped from the study.

The ﬁnal preliminary step was to provide a description of the sample from
which the data was collected. Because the sample is self-selected, it is
essential to identify the actual charéctem‘stics of the sample, and to assess
poten;ial problems of interpretation which might arise in relation to that
sample. -

Nine variables were examined which provide a useful description of the

I8

sample. Most of these describe the design work which participants engage in, or
the organizational context in which that work is done. These are useful in
idehtﬂ‘ying any limitations which have to be imposed on the interpretation of
further results. One variable described something of the demographic character of
the sample. We begin with that variable.

The median age of the sample was 38 years, with ages ranging between 22 and
76. The oldest individual was an extreme case, with the next nearest age being
58." The distribution of ages was normal, with a slight bias toﬁard the younger
‘ .
side of the spectrun.. This distribution was seen to present no difficulty for
further analysis.

Type of b within the design field was im portant in describing the sample.

While it was intended to provide a balanced and representative sample of
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posiﬂons, the actual composiuon ot‘ the sample appeared to be biased somewhat;

toward the managerial end of the job spectrum. Nearly half (108.91) of t,he sample ‘

dwcr'ibed their' job funct.ion as "MIS proJect management" "System desdgn and

corsultjng was next with 22.8%, t‘ollowed by "systems analysts and pmgr'am mers“

" at 18.5%. Systems engineer‘s and technical specialists were the smallest group ab

‘2.2%. The bias toward higher level posit.ions was perhaps nat,ura.l, —given—t.hat ‘ :
. /’ e
responsibi]ity for system design is not generally givan to Junior level

\—\

personnel. It was r-ecognized however that the repr‘ese?itfti?m of lower level

__technical personnel might impact certain comparisons in the analysis. It was

daemed important to proceed with some caution in this regard..

Levels of experience in the sample varied considerably. The mean was

approximately 11 years, with a range from 1.5 to 46 years: 'I‘he latter score was,=».
again, an outlier, with the next near'est case being 29 years. The distr-ibution
 was negat.ively skewed however, with mor‘e cases_located at the lower‘ end of the.

scale. This variable presented no special interpretive problems for —f‘urt,her T |

e

w

- analysis. .
;The organizational context pf work rwas unevenly represehted in t,hé sa mple.
The majority of cases (70.7%) indicated they uo;-kéd in an MIS department within a
larger orgarﬁzaudn. 10.9% were a@cmed with ,pther' deMm ents of large .
organiz;.atipns, B.7 were p;'i\iat,e consultants, (4;3 ﬁnﬁl accounting firms, 3.3% were

from manage'ment,‘consulting firm's, and 2.2 were . with comp\iter vendors. The

'. maJorLty (45.7%) were employed by ﬁrms with over one t,housand employees. Only

10.9% Worked in firms with less than 50 individuals. The "bias 1in the sample s

. clear'ly toward large f'irms with major MIS 1nstal]at.ions. ’

-

* This was seen to be a pr'oblem however. II: is not, unreasonable .that a

£
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s:gmﬁcant portion of the aample would repr‘esent this contingent. The fact that
£
. the remainder of ‘the sample is evenly dist.ribut,ed over the remajnder' of the



spectrum will still allow meaningful comparisons between 6rganizations of
different types. It was acknowledged, at the same time, that the bias of the’
sample might emphasize the bureaucratized forms of systems development which are
common in these environments.

The blas toward larger systems is also reflected in the types of computer

hardware evident in the sample. Nearly half of the sample (46.7%) indicated that

3
S

they deal primarily with mainframe computing equipment. 16.3% use primarily mini.
'computer's, and only 7.6% use primarily micro computers and micro computer
networks. The low r‘epr‘es'entation g)f‘ the latter is unfortunate in that this may
indicate that some of the newer forms of sys{:em development which use micro-based
systems may be poorly represented in the sample. This limitation may be

alleviated somewhat by the observation that nearly one third of the sample

(29.3%) indicated that they have experience with a variety of different types of
systems. While a note of caution must be suggééted then, it was believed that any
imbalances in the sample would not significantly impact the interpretation of
findings. )

The majority of participants in the study deal with internal rather than
external clients. This is an indication of the predominahce of large,

..bureaucratized MIS inspa]lations within most organizations. It was believed that
the bias in the sample toward such types of technoloéy was not' unrealistic vis a
vis the actual population.

A final variable examined here concerns the industrial sector from which
participants were drawn. While there was a slight predominance of representation
from the manufacturing sector (23.9’%), there appeared to be an equitable
representation of several m\éjor sectors in the samble. No concerns were raised
that particular sectors were overly dominant or under-represented.

In short, the sample is well balanced in a number of respects. There is a
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fair representation of the major job classifications in which design work is

done, and a good ba.lan‘ce of ages and levels of experience. A bias was noted in
favor of larger organizations with separate MIS departments and mainframe
computers. Because of under representation of some less bureaucratic forms of
system design that might be related to .trlis bias, it was cautiqned that the
analysis might emphasize the nature of more traditional forms of design over
others. While this will remain an important consideration in interpreting the
results, it was not seen as a serious flaw, since it was believed that larger',‘
bureaucratized systems tend to be the.nor'm in the Erger population. Based on
these cqnsider*ations, we can now proceed to the forf;al analysis of the data. We

conclude the present chapter with an outline of the procedures used in the data

analysis.

The Method of Data Analysis: A Preview

The qgest.ionnaire provided a lz;rge and comblex data set. While this data
might support several different types of analysis, only those technigues used to
fulfill the requirements for latent structure analysis are reported here. It. is
acknowledged that several potentially interesting aspects of the data remain
un-analyzed for the moment. In Chapter Four, it was suggested that three major
" steps wex;e reguired to ensure the quality of the data entering JE final
structural analysis. These include:

(1) Provision of operational defiritions for each of the constructs in the

model,

(2) Provision of empirical support for the composition of the major

constructs, and

PRI

{3) Provision of empirical support for assumed relationships between major
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constructs (cf., James, et al, 1982:26).
These require ments provide the framework under which the present aﬁalysi; was
éonducted. -

Three major phases of analysis y{ge,_,—p'dfsued in fulfilling these
requirements, and in completing the"t;inal assessment of the model by latent
structural analysis. These pha;ses are outlined briefly below. Detailed
descriptions of the particular statistical techniques used in each pha§e, and the

é

results obtained, are provided in the chapter which follows.

I. PHASE ONE: Validation of Major Constructs

AThe first phase addresses requirements (1) and (2) above. Initial steps
toward satisfying theaf‘irst requirement were already taken in specifying specific
sets of variables for each construct. That discussion provided an mltLal
em'pir'ical basis for identifying the major components of the model. For preseﬁt
purposes, it was necessary to further specify hoﬁ particular composite measures
were to be derived for each construct from the existing variable sets. The
constitution of thése composite measures would provide the concrete operational
definitions to satisfy Requirement (1): '

Requirement (2) demands that the analysis dembnstrate empirical support for
the definitions specified above. James and associates describe techniques for
providing such support in cases where the model is defined in precise
mathematical terms (James, et al, 1982, p.54). In the present analysis however,
we must initially define these r‘elationships in addition to testing their
validity.

A technique appropriate to this purpose is Discriminant Analysis (Dillon and
Goldstein, 1984:394). This technique is used to identify differences between
bre-def‘i.ned groups and to test their significance against a given data set. This
is done by constructing combinations of descriptor variables which maximize

P
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diﬁ‘er'ences between t,he groups. where signiﬁcant. diﬁ‘erences exist between

gr-oups combinations of var'iables which characterize t.hose dif‘f‘erences wi]l be .

st.atistica]ly signif‘icant,. In t,his sense, Discr'iminant analysis is can be used t.o

define com binations of var'iables which describe under'lying dif‘f‘er‘ences bet,ween -

e

-

App]ied in t.his way, Discr'iminant, analysis provides a use(‘ul method (‘or

h 'def‘ining and statist.ica]ly t.esting composife megﬁres for each constr'uct. The
technique also pr'ov1des descriptive inf‘ormat.ion concer'ning the im portance of »

the measures derived. Discr,'iminant analysis thus offered a basis for satisfyi:xg

both of the requirements outlined above.

To im'plement. this analysis it, was necessary to .f‘ir'st identif‘y sub'-gr‘oups
within the sample.v Such gr'oups had to be clearly related to éhe OIS design
7' context, and to di.f‘f‘er' concer'ning' major ele r'nentts of the model. A basis r‘or'r
specif‘ying groups was sought within the inter'view d‘até. A r‘ecunr'ing finding was

 that IS design pmble ms amse  from the bur‘eaucr‘atic division of design work int.o

Specialized ta_sks. Among the var'iables descr'ibing the organizat,ion of design work
- N . . (\

were descriptors of specific activities undertaken in the design. process. 1t ‘was-
decided that groups baSe/ciKQnﬁ.thes'e' variables would provide an appropriate bass
f‘or' further analysis

A Cluster Analysis (Dillon and Goldstein, 1984: 157) was performed using the

behanonal indicators described above. When a tentative breakdown of groups had'

been defined, Discriminant analysis was performed to identify the nature of these

groups, and to conf‘ir'm the appmpriateness of these differences’ for further

'analysis. Using this gr'ouping, it was then possible to under'take an exa mination

of each of the. major constructs using Discriminant anz;lysis. The purpose of this

procedure yasvto construct composite measures for each construct, and to test the
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in each case to determine the exact nature of the differences within the sample
and to help interpret the validity of the measures derived. These initial tests
were followed by. an analysis of variance to further establish the validity of
each construct.

The procedure described above is outlined more concisely in Figure 7.1
below. These steps allow each of the constructs to be examined through an '
analysis which (1) provides composite measures to operationalize the construct,
(2) statistically tests the validity of the functions derived, and (3) provides
_conceptual validation for the construct in question. The outcomes of this

analysis are described in the section entitled "Phase One: Validation of Major

Constructs" in Chapter Eight.

Plpure 7.1: gutline of Data Analynls Sties and tethodss
FHASE CHE: Validation of Major .onstructs

Gtep 1: Define and valldate sub-groups in the sample based involvement
{n specitilc design activities.
Techniques: . .
A. Exploratory Cluster Analysis to establlsh tentative groupling
of cases based on patterns of involvement 1n design procens.
B. Discriminant Analysls of groups to {(a) examine the nature of
groupinmg, and (b) test significance of group distinctions.
C. Refined Cluster Analysis using discriminant scores to verify
cluster grouping.
D. Analysis of Variance to determine significance of group
differences on discriminant function.
Step Two: Define and Analyze of other constructs in relation to groups
defined above.
Technigues:
A. Discriminant Analysis to construct composite functions for each
construct and to examine group differences on these.
B. Analysis of Variance to describe and test the significance of
group differences on each construct.

I. Phase Two: Assessment of Relationships Between the Constructs

The second phase znalysis satisfies the third prerequisite for latent
structural analysis. This phase represents a relatively straight-forward process
ol establishing empirical support for the major relationships predicted in the
model. |

Since each element is represented by a set of specific variables, it was
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decided that the basic requirement for this phase of the analysis was to
dem-onst,rate the presence of statistically significant relationships between these
sets. By providing evidence to support the‘ statistical and conceptual validity of
these relationships, it was assumed that the final prerequisite for latent
structural gpalysis would be fulfilled.

The technique adopted for this task was Canonical Correlation analysis.
Canonical correlations describe relationships between multivariate sets of
indicators for more general constructs. .Pr‘ocedur'es for this analysis calculate
linear combinations of variables within each set such that the product-moment
correlation between the two is as large as possible. The results of this analysis
provide an indication of the strength and statistical significance of the overall
relationship, as well as detailed information about ﬁhe specific contribution of
individual variables to that relationship. Thgese results were considered useful
in providing statistical as well as conceptual evidence to support the validity
of the relationships depicted in-the modleL'

Also included in the output of the Canonical anaiysis are statistics
describing the variance accounted for by ‘each Canonical function. Since functions
are derived for both sets of variables, the analysis provides an assessment of
variance accounted for in both directions (ie. what percentage of variance in the

"criterion" variables is accounted for by the "predictor" variables, and vise

versa). While it is not appropriate to attribute causality to correlational

statistics, information about‘the relative potency of each variable set in
explaining the other was interpreted as an indication of the directionality of
each relationship. Tentative interpretations of causal direction were later used
as a basis for specifying the directionality of major r'elatiOnships between
constructs.

In keeping with the exploratory stance of this analysis, it was decided that
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the analysis would be applied to all possible relationships between constructs in
the model. The aim was to determine whether any relationships existed which wer'é
not specifically identified in the model, as well as to assess the validity of
those that were predicted. The results of this survey of relationships was useful
in refining the model, as well as in supporting the r*elatibnships alr'eady‘
depicted. ‘

These procedures are sum marized in Figure 7.2. The results from this phase
are reported .in Chapter Eight under "Phase Two: Assessment of Relationships

Between Constructs."

FIGURE 7.2: Cutline of Data Apalysis Stares and Techniques:
PHAGE TWwU: Assessment of Helationships Between Constructs

Purpose: Provide evidence to support the existence of relationships
between constructs in the model.

Technique: )
A. Canonical Correlation Analysis 'to determine strength and nature

of relatlonships between sets of varlaples connected with cach
construct. '

II. PHASE THREE: Formal Validation of the Model

With the major prerequisites for latent structural analysis satisfied, the
third phase undertakgs a ‘f‘inal assessment of the model. Latent structure analysis
provides a statistical assesément of a specified model by examining structural
relationships amoné the set of constructs specified in the model. The procedure
provides estim ates.of‘ the strength and directionality of the relationships in
that model, and subjects these to statistical tests of "goodness of fit" to
provide an overall assessment of how well the Im odel describes the underlying
structure of the available data. Where a reasonable fit is demonstrated, the

procedure confirms the model's validity. The steps taken in this procedure are

outlined in Figure 7.3 below.
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FIGURE 7.3: OQutline of Data Analysis Stages and Technigues:
PHASE THREE: Formal Validation of the Model .

Purpose: Examine structural relationships between constructs and provide
} statistical support for causal pathways depicted in the model.

Technigue:

A, Latent Structural Annlysis tc asacas overall validity of moded
using composite measures for each major construct.

7

The present analysis was conducted using the "EQS" structural equations
[}
program (Bentler, 1985). The first step was to specify a particular®*"measurement
model" (James, et al, 1982) describing the mafﬂfést variables associated with
| each major construct. 'I:he measurement model for the current analysis was based on
the composite measures developed in phase one to represent each of the major
constructs. The specific arrangement of composite measures descr‘ibed in the
results of that phase. w‘e're used as formal operational definitions for each of the
major constructs. Equations describing these relationships formed one component
of the EQS input.‘é:%
A secoﬁd portion of the input was the specification of structural

»

relationships to be tested. Based on the reéults of the analysis of relationships
between variable sets for each construct, a particular set of relationships wer:a
identified for a formal test of the model. These ‘relationships were assumed to be
indicative of potential causal relations between-the major constructs, the

validity of which would be evaluated by the structural equations program. In
specifying these relationships, the EQS program required that assumed causal
relationships among the constructs be explicitly defined in terms of linear
eguations.

Cenfirmatory applicaticons of the EQS program normally include predictions of
the magnitude of the parameters defining these relationships. EQS then derives
estimates of these parameters based on the available data, an;i tests the
statistical fit‘of those estimates. Using the program in an exploratory mode, it

was decided to allow EQS to estimate the parameters without any specification of
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initial values. This allowed the program to generate pahameter estimates which
described the best possible approximation of the specified model given the
available data. Statistical tests for goodhess-»of-f‘it thus provide an assessment
of Fhe model in terrﬁs of how well it describes the undérlying structure of the
data.

£

The results of this final stage are described in Chapter Eight.

Sum mary

This chapter undertakes intermediary steps between the first and second
phasés of the study. Based on the interview results from the previous chapter,
specific sets of variables were identified to assist in collecting data on each
of the five major constructs in theé model. The develépment and pretesting of a
questioﬁnaire instrument to obtain that data was described, and preliminary
stages of data analysis were outlined. This'prepar;es the ground for the major

analysis which will follow outlined procedures to provide an empirical evaluation

of the model. We now turn to the results of that analysis.



CHAPTER EIGHT: Data Analysis

Qverview

The previous/ chapter prepares the way for an assessment of the model using

latent structure ana . The analysis follows a series of exploratory steps in
which individual elements are examined in isolation as a preliminary step toward
a complete structural analysis. This analysis introduces several refine ments
concerning the definition of specific constructs and relationships. The f{inal

Y

analysis then provides a formal assessment of the model.

'é,

.

;‘\ 4

. The results are reported under three headings: (1) validation of major

éonstructs, (2) assessment of relationships between constructs, and (3) the
va.]uidla'tiori; of p’ﬁé model as a whole. The first two sections satisfy the

preliminary reqﬁir*ements for latent structural analysis, while the last section
reports the outcome of the final asseszh ent. Thle chapter ends with a suthar‘y of’
the major conclusions from the analys:isv.iT'he broader conclusions and implications

of the study as a whole are discussed in Chapter Nine.

Phase One: Validation of Major Constructs

Step One: Delinition of Sub-Groups

I, Initiz]l Cluster Analysis -

e

-

ine first step was to identify sub-groups within the sample. It was decided
that variables describing time spent in specific design activities provided a

basis feor sub-dividing the sample, since these activities reflect the social and
tecnnical context of system design. The initial analysis thus scught ;o determine
if’ systematic patterns of acuivity could distinguish groups within the sample.
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Cluster Analysis (Dillion and Goldstein, 1984) was used to assign individual
cases to groups based on similarity of responses to design activity vélr'iables.
jThis proc‘edur‘e caléulates "distance" estimates between each pair of ind_ividua]s
to indicate similarity and then forms clusters whose scbf"e; are closest. éThis
fesults in assign ﬁﬂent of cases to groups whose responses adhere to‘similar. }
patter)ns.

The variables uéed for this procedure were a sub-set of the indicators
originally defﬁning_the "Bureaucratization of Systems Design" construct. The
re maining variables, which dlescr'ibe subjects' organizational context, were set
aside for later analysis. The CLUSTER sub-program in SPSS-X was invoked, using
standardized scores for the design activity var'iables./The analysis e mployed the j
"hirer*ar‘chical, agglomerative" clustering process (Dillion and Goldstein,

1984:p.168), and the Cosine of the combined vector of variables as the distance
measure (SPSS-X Users Manual:779). The cluster*‘ linkage method was the "average
linkage between ‘groups" option (Ibid:778). |

Output from this procedure has three components: (1) An "Agglo meration
Schedule", describing the combination of clust/e;s at each stage in "che analysis,

(2) A "Classification Table" displaying the assignment of individual cases to a |
specific cluster for each iteration, and (3) A graphic representation, known as a

"Dendrogram", of the clusters derived. The are presented in Appendix E. “\\

While statis'tical’ tests are not available to determine the "correct"
clustering, an apéropm’ate solution can be inteﬁpreﬁed through visual inspection
in relation to known characteristics of the sample. In the present case itv was
assumed that clustering would reflect 3‘0b categories typically found in design
york; This ass_l;mption was used to narrow the range of pétential solutions to
those with a reasonable number of groups - thr'ee< to eigl?t were cons;ider‘ed

appropriate for exploratory purposes.
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Inspection of the Agglomeration Schedule indicated that distance
coefficients dropped abruptly after the six-group solution. The accompanying
Classification Table also indicated a stabilization of‘ the clustem’né process at
the six-group solution. Both indicators suggested a six-gr'oup zolution as

#

appropriate, and were supported by the "dendrogram" display.

II. Discriminant Analysis to Test and Describe Group Differences

Using this solutior;, a second step was undertaken to examine the nature and
significance Qf‘ these clusters. A discriminant analysis was undertaken to
describe .the specific combinations of“cr'iter'ion varigbles which distinguished
between the groups, and to .identify the composition of each cluster in terms of

v
those variables.

The "DISCRIMINANT" pro;edure in SPSS-X (Users Manual,p.b%) was used for
this analysis, using the same criterion variables as ébove. The "MAHAL" method of
cpmputing discriminant functions was selected because it because it explicitly
a;counts for collinearity among the variables. |

- A summary of results is presented in Table 8.1. The analysis produced five
Discriminant functions, each representing a composite of act_iv‘ity variables
distinguishing between the groups defined above. Several indicators ar'e. useful in .
assessing the discriminating value of these functions. The eigenvalues indicate
that there is more variability between the groups than within them. Squared
canonical correlations indicate the proportion of the total variance explained by

group differences on each function (Ibid:104). The results suggest significant

L

EIGEN- PERCENT OF CANONICAL WILKS CHI-

FUNCTION  VALUE VARIANCE  CORRELATION  LAMBDA SQUARED Db, T,
1 4, 66402 36.70 .9074399 .0028736 468,18 (L0001
2 4.,08855 32.18 .8963707 L016276H0 329.45 XN LU
3 1.71244 13.48 . 7945616 L8282 11 199.29 30 w0
o 1.33895% 10.54 .7566093 2246472 119. 46 10t
5 0.90317 7.1 . 6888843 .52547385 51,48 B 0001

Table 8.1 Canonical Liscriminant Functions for hoﬂign Gotivity Variables
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between group differences on these measures.
+vidence of group differences is also indicated by tests of significance

based on the Wilks' Lambda statistic. The Discriminant procedure calculates

lLambda for each function and uses a chi-square transformation of this value to

test the significance of each function. The results indicate that all five

functions are significant, beyond the .0001 level, indicating that each function

describes significant differences between the groups.

The next step was to identify more concretely the nature of these
diff'erences. This was dorme by examining correlations between the criterion
. variables and each discriminant function. Table 8.2 illustrates discriminant

loadings for each variable on each function. These loadings were subjected to

var'imax rotation to distinguish patterns in the data.

The results illustrate that each function is associated with a unique set ‘of

activity var*iéables, making it possible to deSéQbe the specific differences
idéntiﬁed betweep the groups. The three activities associated with Function 1
-arre writing software specifications, testing and debugging systems, and
program ming. Since these are all technical aspects of systems production,

Function 1 was interpreted as denoting "Technical Production".

FUNCTION NUMBER

VARIABLE 1

2 3 4 5
Writing Speciflications L68399% - 02391 -, 16425  -,00126 -.12659 °
Testing/Debugging . 3695 1% -. 12019 -.01540 .07678 . 02009
Programming .25849% -.06134 -.00841 -.10811 L01304
Froject Coordination -.0B264 . 32884 .01486 L0004 Y -.05633
Administering Budpots ~. 11630 167 .00607 L5697 -.09229
Monitoring Progression -.03207 . 29594 % 01810 -.02856 -, 10222
Staft Supervision -.00785 L2u610% .0185% -.06758 -.00176
Analyzing Info. Needs -.18322 -.32426 JTEIS3Y - 102066 ~.23302
Planning Implementation ~-.02194 L1107 L13107» 00710 -. 12090
Installing liardware -.05166 -.11725  -.05733  .95975% 078543
Trouble-Shooting/Support  ~.07700 - 12273 )B4y 11415 LTure
User Training .00908 -.13723 .02499  -.03030 542514

TABLE .2 Correlations Between Variables and Discriminant Functions:

Design Activity Variables
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thction 2 13 assodated uith f‘our activities: meet:lng clients to- cowdirmte

pm,jects, ad mmisterﬂng pmjec* budgets, monitcring pmject progresﬂmx, and

traimng and supervisd.ng .pr'oject staff‘ Since these ret‘er t.o ad mimstratiVe

e T imL = —_— -

\ aspects of desigri, Function 2 was labeled "Project Ad mimstrat.ion" Funct.ion‘ 3

PSR -

sias asso&ted. wit,h analysing mrwmation needs and planning syst.e ms L

Support*. : -

" What this analys:’isr\sgggests is that the six groups differ along five
underlying dim&hsions. Thex‘l{/e functions identified above are related to
'speciﬁc aspects of design wa‘k\;\suggesting' that significant differences exist

among individuals in the sample bés\ed on variations in their patt,erns of

pr'of‘eémonal act.ivity. This ﬁnding rein}‘orces the not.ion ot‘ that, the
\

professional activities of system demgners\are strongly affected by‘the‘

\

\‘
bureaucr*atic structurdng of design work. /yhe pr'esent analysis thus provldes

empirical 3upport for the. validity of this constnkct and mdicates that N

\

bmeaucratization of design work is a s:gnif‘icant aspect of‘ the design context.

[

’rhe five discriminant functions provide a set ot com posite measures for this

‘construct which are both stat:lsﬂca]ly and conceptually valid. The results t,hus' s

. o proﬁde an oper'atianal det‘miﬁon for this ccnstruct, and provide empirical

<

Y validation for its use in the present model.

i
\

HL Reﬁned‘ Cluster. Analysis to Def‘ine Final vSub—Grdups

|
\\
A

-3

The analysis above describ-es gr'oup differences related to the

bureaucratization of design wcrk. Because the clustering used t‘or' that analysis

-

- \ In=
s 2 H w
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was only tentative however, it was decided that a more r‘ef‘iped definition of
sub-groups could be obtained by re-clustering the sample using the"‘fﬁ‘:composite
measures defined above to assign inividuals to groups.

Five discriminant scores were obtained for each individual based on the
composite measures defined above’: These scores were used in a second cluster
analysis to L;ef‘ine the sub-division of the sample. Identical methods and distance
measures were used in the second analysis, and the same procedures were used to
interpret the results. The Results of this analysis are presented in Appendix F.

As before, a six-group solution provided the most effectivé clustering.
Uistance coefficients in the agglomeration table change significantly after the
six-group solution. The classification table indicates stabilization of group
-aszignments at this stage, and the Dendiogram illustrates six distinct groups.
Based on these results, group member‘sl;lips defined by this analysis were retained

for use in further analyses.

IV. Analysis of Variance to Test Group Differences

A final step in this analysis was to describe the specific nature of the
groups identified above. To provide information about group com position, an
analysis of variénce was performed to (1)'test the statistical significance of
“group differences, (2) examine the specific nature of these differenceé, and (3)
identify the composition of each group.

A simple one-way analysis of variance was provided by the "BREAKDO'WN"
procedure in SPSS-X (Users Manual, p.373). This provided descr'iptive statistics
for each dimension compared across the» six groups, as well as an analysis
assessing the )str'ength of between-group differences. Tests of significance were
performed, and the ETA and ETA SQUARED coefficients calculated to assess the

variance explained by group differences. These results are tabulated below.
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Group Sum Mean Std.Dev. Sum of Squ.

-39.8556 -1.37433 .53033 7.87516

69.6663 2.58023 1.28391 42.85988

-22.6100 -2.51223 1.56879  19.68885
1.8297 .18297 .81882 6.03433
1.1046 .15781 1.01710 6.20700

- 9,5177 - .95177 .465310 1.94862

Total .6173 .00671 .991908 84.61387

(within groups)
ANALYSIS OF VARIANCE

A B WM

Sum of Mean F
Source Squares D.F. Saquare Ratio Sig.
Between Groups 300.8962 5 60.1792 61.165 .0001
Within Groups 84.613%9 86 .9839
Total . 385.5101 91
ETA = .8835 ETA SQUARED = .7805

Table 8.3 Descriptive Statistics and ANOVA for FUNCTION 1

Group Sum Mean Std.Dev. Sum of Squ.
64.8292 2.23549 .88952 22.15518
-20.4450 - .75722 .68088  12.05380
-29.8476 -3.31641 1.82885 26.75781
- 2.1014 - .21015 .93179 7.81422
- 2.5353 =~ .36218 .54391 1.77506
- 9.4882 - .94882 1.03452 9.63218
Total .4114 .00447  .965619 80.18826

(within groups)

ANALYSIS OF VARIANCE

A B WM =

Sum of Mean F
Source Saquares D.F.  Sauare Ratio Sig.
Between Groups 269.7548 5 53.9510 57.861 .0001
Within Groups 80.1883 86 .9324
Total 349.9431 91
ETA = .8780 ETA SQUARED = .7709

Table 8, Descriptive Statistics and ANOVA for FUNCTION 2

Group Sum Mean Std.Dev. Sum of Squ.

1 3.1255 .10777 .78798  17.35938

2 3.1839 .11792 .69425 12.53187

3 -31.4154 -3.49060 3.17379 80.58362

4 - 2.0752 - .20752 .97222 8.50696

5 L9611 .13731. .66657 2.66592

6 25.6631 2.56631 1.05376 9.99374
Total - .5569 - .00605 1.23734 131.66806

(within groups)

ANALYSIS OF VARIANCE

Sum of Mean F
Source Squares D.F. _ Square Ratio Sig.
Between Groups 176.7903 5 35.3581 23.094  .0001
Within Groups 131.6681 86 1.5310
Total 308.4584 91
ETA = .7571 ETA SQUARED = .5731

Table 8.5 Descriptive Statistics and ANOVA for FUNCTION 3

|
|

Sum Mean Sﬁd.Dev.

Group Sum of Squ.

1 - 3.8696 -~ .13343 .43034 5.18541

2 -11.0604 - .4D964 230193 2.51363

3 - 9.4136 -1.08595 147675 1.81833

4 - 4.1229 - .41229 .53868 2.61160

5 28.7125 4.10179 3.50304  73.62780

6 - .9417 - .0%417 1.04904 9.90437
Jotal - .6959 - _00756 1.05467 95.66116

(within groups

)

ANALYSIS |OF ViA RIANCE
Sum of ? Mean F
Source Squares 1 D.F. Sauare Ratio Sig.
Bgtwgen Groups 134.4497 | 5 26,8899 24.174 .0001
Within Groups 95.6612 ) 86 1.1123
Total 230.1109 | 91
|
ETA = .7644 lETA SQUARED = .5843

Table 8.6 Descriptive Statiﬁtics and. ANOVA for FUNCTION 4

|

Group Sum Mean Std.Dev. Sum of

1 -14.4418 - .49799 55718 8.6;14§uu'

2 4.7903 .17741 .97568  24.75078

3 -18.6625 -2.07361 .97830 7.65659

4 28.0451  2.80451 2.18443  42.94567

5 4.0979 .58541 .91273 4.99848

6 - 1.7529 - .175291  .45637°  1.87448
Total = 2.0759 .02256, 1.02819 90.91747

(within groups)

ANALYSTS

Sum of 1

oF

VARIANCE

Source S J Mean ‘

quares DJF. Sauare Rati i
Between Groups 128.0531 g 256106 24325 gégi
Within Groups 90.9175 g8 1.0572 '

Total

ETA = .7647

218.9706 91
|

!

ETA| SQUARED =' .5848

Table 8.7 Descriptive Statistics and ANOVA for FUNCTION 5

i
y
|
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These results verify that differences between the'sub-gr‘oups are significant

beyond the .0001 level for all five dimensions. The' ANOV A statistics indicate
. N /’ 5 . !
that the two functions concerning technical production and project ad ministration

(Functions- 1 and 2, respectively) represent the strongest differentiation between
groups. The ETA Squaredcoef‘f‘i\cients for these functions (7805 and .7709)
indicate that appr'oxiniately 78 percent of the variance for each-function is

accountable by group differences.

As well as indicating the significance of the group differences, the results

also provide a detailed description of their nature. By compiling a composite of
: A
egch groups' ranking on the five dimensions, the cgigmposition of each group can be

assessed,

Group Means

Group Func, 1 fFunc. 2 func. 3-  ftunc. & bunc, 5

1 - 1374 2.2354 L1077 - 1334 - L h979

2 2.5802 - .7572 1179 - /4096 L7746

3 -2.5122 -3.3164 -3.4906 -1.0459 -2.0136

4 L1829 - 2101 - .2075 - 122 2.B0aS

5 L1578 7 - 30621 L1373 4.1017 . 5854

b - L9517 - .9488 2.5663 - L0941 - L1152
Total L0067 0044 - .0060 - .0075 L0225
Population !

Table 8.8 Crogp Means for the Five Liscriminant Functions

Table 8.°2 sum,marizes'group méayﬁ for each of the functions. While group
differences do no't appear: to he large, the reader is reminded that these valueg
are based on stancardized séof'es. Scores should be inter-pr'eAted in terms of »
standard dey‘jéations,- with positive scores indicating a group mean above the

average for the - total population. A score of 1.0 iﬁdicates a group mean one

Sy
L& .

standard deviation above average for the sample. ‘

The following group descriptions were derived from these results:
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Group 2:

Group 3:

Group 4:

Group 5:

Group 6:

This group scored highest on the project ad ministration function. This
group spends less time in tasks associated with user support,
installation of hardware, and technical production; and were only
moderately involved in system design and analysis. This group is thus
made up primarily of individuals whose major focus is with the
administrative aspect of systems design, and was ldentitied as "MIS ~

Management".

Group twb consists of members whose major activity is technical
production. The group had low scores on functions relating to system
design and user support, and scored well below average for installing

hardware and project administration. This is consistent with the duties
of lower-level Program mer/Analysts.

The third group presented an anomaly. This group scored lower than all
others on all functions. Assuming that these individuals are indeed
appropriate members of the design com munity, this finding suggests a
category of individuals whose involvement in design represents only a
small portion of their professional work, or who are involved in some
capacity not tapped by the variables measured. It was decided to label
this group "Adjunct" participants in the design process, and to retain
this group, with caution, for further analysis. :

Group four consisted of individuals occupied with user support, and to
a lesser extent technical productiqn. This group scored low on project
ad ministration, design and analysis, and installation of hardware. This
configuration appeared to indicate a group with technical expertise,
but with responsibility for supporting user applications. The group was
identified as being involved with "Software Support".

The fifth group scored high on installation of hardware, slightly above
average on user support, technical production and systems analysis, and
low on administrative activities. This portrays a well rounded group
whose focus is with technical aspects of design. This group was
characterized as providing "Hardware Support".

4

The final group had high scores on design é}nd analysis, and were below
averaga on all other dimensions. Uninvolved in technical production and
support, this group represented involvemernt in the design process with
analytical aspects of design and planning, consistent with that of’ the
"Senior Analyst'. ‘

‘The composition of the sample in terms of these groups is sum marized in

Table 8.9 below. These results indicate that the principle differences among

individuals in the sample are those related to the bureaucratic organization of

design work. This finding confirms thea validity of this construct, and

illustrates its importance as a structural feature of the design context.
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Group Humber of Professional

Humbar Hembers Category
] 29 M1S Management
2 27 Programmer/Analyst
3 9 Ad junct Professional
4 10 Software Support
5 7 Hardware lupport
6 10 Senior Analyst

Table 8.9 Compcsition of the Sample by Cluster Groups

Sum mary of Results So Far

The analysis thus far fulfills two major purposes toward evaluating the
model. First, a specific set of groups has been identified reflecting distinct
patterns of activity within the design co;ntext. These groups represent an
important source of variance in the sample clearly related to structural aspects

é

of the design context. These groups thus provi‘de a useful bagis for examination
L}
o' other constructs.

Second, the analysis validates of the construct relating to the "Social
Organization of the Design Com munity", particularly relating to the bureaucratic
segmentation of that com munity. In future, we will focus on that facet of the
design com munity, using the term "Bureaucratization of System Design" to reflect
this aspect of soc'ial organization. The analyses above provide five composite
measures which offer a specific operational definition for that construét.‘ In
these ways the analysis fulf‘ilis the first two requ:irements for latent structure
analysis as they relate to this construct.

Step Two: Definition and Validation of Constructs .

The next step in the analysis was to seek em pirical definition and
validation for the»ﬂr‘e;naining constructs in the model. This step consists oi" a
_series of discriminant analyses seeking to (1) define composites of variables
which provide reliable measures for each construct, {2) test the utility of these
composites in defining differences between the groups identified above, and (3)‘

describe the 'nature of these differences.
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/\ .
Variables used to examine the major constructs were speciﬁed earlier in -

Tables 7.1 to 7.5. As the reader will recall, items for "Social Organization of
the Design Com munity", were partitioned into sub-sets, one of which was used
above to describe the bureaucratic nature of that com munity. The remaining
sub-set describes the organizational contexts in which these groups operate. To
preserve this. distinction, the latter will be treated as a distinct construct tor
the remainder of the study. With this ‘adt*".tion, the variables described above
formed the basis for the present analyses.

Items identified for each construct ‘were entered as criterion variables into
a Discriminant analysis using the sub-groups defined above. The results of each
analysis are presented below in tables describing the Discriminant functlons
derived and related descriptive and test statistics. Ryelationships‘ between the
functions obtained and the initial variables are also tabulated to asalst in
inter‘pr'eti’hé the dimensions on which groups differed. These results include an
analysis of variance for each function, to test the ngnjﬁgance of* group
differences, and describe their nature. The results aré repo;r'ted separately for
each major construct.

I. The "Frame of Reference" Construct

Variables r‘epr‘esénting this construct were coded with a view toward
specifying subjects' basic interpretive schemes as being oriented toward either
managemal or technical concerns. For variables with categor'ical response for mats
{eg. current and previous area of responsibility, type and level of education, /
group a,f‘f‘ﬂiations,‘ and so onl) a codi’ng scheme was developed whi;h assigrned
\;alues r‘anang from®one to ten based on theif' relative managgerial or technical
e mphasis. Responses indicating a technical Qr'ientation were ascigned scores below
five while those indicating managerial cientation wer'e' assigned scores above
five. Individual responses were coded m accor;dance with this standard scheme,
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These variables were elitered as criterion var'jahles into a Discriminant
. analysis as described above. The ults of this analysi.s are detailed in Table o

wmmm&mm@mmwat only one d:tscr'immant function was-

% o : ' 3
82,5 percent of the variance-among the criterion variables. The eigenvalue - - -

(.83974) and Canonical correlation (.6756) for this function indicate that a
“substantial proportion of the variance within the sample is gttributable to group
differences defined by this composite.

-«

PART 1. Summary of Discriminant Functions o S
: EIGEN- PERCENT OF CANONICAL  WILKS CHI- p
FUNCTION  VALUE _ VARIANCE _ CORRELATION _LAMBDA __ SQUAKED D.F. SIG.

i .B3974  82.50 . .6756013  .4599141  58.09 13 -0001
2 .15424 15,15 .3655517 .8461229  10.77 8. L2146
3 .02393 2.35 . 1528799 .9766277 1.52 L6764

PART 11. Correlations Between Frame of Reference Variables and Dlscriminant
Functions

FUNCTION NUMBER

VARIABLE® ot e - -3
Job Responsibility . ,99636%  ,08512 -.00348
Tech/Mgmt Focus .64646%  ,30813 \~:05872
\ ‘ B
Group Affiliation . 20024 .97768% - -.06362

. Tech/Mgmt Association  .07H89Y  .34922%  .U8B¥Y)

'Variables for Previous work experience and Focus of' beairn work were

. excluded from the analysis by the DISCRIMINANT procedure. :
"PAKT I1I. Descriptive Statistics and ANOVA for Discriminant Function 1 e
Giroup Sum Moenn Stdlbev, ‘Qum of ip[_

MIS Management - 22.6167 .98333 LAB52T T HUIHOBA

Programmer/Analyst -18.1585 - -.75660 .91649 - 19,3190

Ad junct <3448 .064310  1.60507 - 18,03381

Software Support -4.4017  -.48908  1.34496 ' 14.47150

Hardware Support -1.4784  -~39569  1.50740% 9.08904

Senior Analyst 1.7665.. & .19627 .83887? 5.62970

Total .6893  .00883 99808\" 71.72396
- SR {(within groups) S i‘ S -

ANALYSIS OF VARIAMNCE

Sum of o ' Mean F *

Source Squares D.F. Square Ratio Sig.
*  Between Groups 38.9242 . 5 = T.7848 7.8148 .0001
Within Groups T1.7240 72 . «9962
Tocal . 110. 6482 71
- ’*E'{'ri”.’5931 ’’’’ “ETA SQUARED = .35%18 i o T

Table 8.10 Summary of Discriminant Analysis of Frame of Reference Variables®
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The composition of this function is described in Part II of the Table. Note
that variables describing previous work experience and focus of design work were
excluded from the analysis because they failed to reach minimum statistical
tolerances. This can be interpreted to suggest that no significant group
differences were apparent on these variables. Among the rermain’mg variables,
those reflecting current job responsibility, type of desigh work, and group
affiliation preferences were particularly important in defining this function,
while type of education and time spent with different groups were relatively less
important.

Part III of Table 8.10 provides an analysis of variance to further test and
describe group differences idéntif‘ied by the Discriminant function identified
above. These results provide additional statistical and conceptual support for
the validity of the Frame of Reference construct. Re'ca]ling that criterion
variables for this analysis were coded to ref‘lect‘ the degree of technical (low)
or managerial (high) o.r'ientation, the results describe group diff'erences which
are consistent with expectations. For example, méan scores indicate that Gro:o 1
(MIS management) scor‘ed‘ quit(i high (.98333), Groups 6 (senior analysts) and 3
(the adjunct group) ;cor‘ed Just above the population average (.19627 and .04310,
respectively), while Groups 5, 4 a'nd 2 (all
technically oriented groups) scored below average for the total population. This
coincides with the expectation of different professional orientations within the

design contexts

The ANOVA results support this conclusion, indicating that these group

differences are siém‘.f‘icant at the .0001 level. It should be noted that the ETA

SQUARED coefficient indicates that, while significant, group difterences on this
function only account for approximately 35% of the total variance. This suggests R
that a(ic"i[gitional sources of variance affect the sample. | =

¥4
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In t,ot,g}l, the results support the validity of the Frame of Reference .

construct, at leaéflfinasmuch as the variables included here capture significant

5 - i . - @
. aspects of that construct. The discriminant function identified provides a

) cem.posite measure for this construct which delineates significant group
‘p;fferences. These results are inter'pr'eted as providing appropriate empirical
-~ support for the construct in question. *

I. The "Organizational Context" Conamct s

Pe

Thls section describes the results of‘ an analysis to establisn the vancuty

of the sub-set of variables re mam.’mg af‘ter‘ var'iables for "Social Organization of

| System Design" were partitioned in Step One. The remaining var'iables describe

W@ﬁﬁ?—“%ﬁ%&&ﬂﬁi—bﬂﬂ&ﬁv— = = =
These var'iables were coded to r'ef'lect differences among organizat.ions in -
terms of the f‘]ex:tbﬂji:y each presented as an environ ment, f‘or design work. Coding
was based on the assu mptlon that large, bureaucratic organizations represent an

relatively m.gld' and mﬂex1ble emdron ment as- compared with smaller, more

] informal firms, and used a ten-point scale to characterize organizational
features as either flexibile (high) or inflexibile {low].
The variables »;ver'e entered into a Dis'cr'iminant analysis, »using the same "
;pr'ocedur'es és abov’e:’_ﬂu;e results of this analysie are sum marized in Tab}e 8.11,
One composite function was identified which inc‘iicat.e.d differences between ° o

-sub-groups significant ath .02 level. The relétively low eigenvalue (.2211)

and Canonical correlation (.4255) for this function indicete £het, while

s:gmﬁcant, the function °lacc.ounts for only a small. propoftion of tﬂe
between-groups variance. | .

- The composition of this functionﬁ}s described in Part I of the table., The
results indieate that the djfferentiation betweer? groups is based on only two of

the original six variables: the type of computing hardware used and the size of

-« "5y



: . L ’ . .
UG TR PART 1. Summary of blacriminant Functions

T . Lok R = ~

. EFGEN- PERCENT OF CANONICAL ~ WILKS ~  cHI- '~~~ s
FUNCTION _ VALUE -# VARIAHCE  CORRELATION _ LAMBUA _ SQUARED D.F. SIG.
1 22114 B2,48 4255522 . 1821970 20.88 60 .021Y S
204693 17,514 L2117220 © .9551738 389 4k 4199 - ,
‘ Functions T e
‘ - C "~ .. FUNCTION RUMBER o T i
. VARIABLE L 2 )
. Type of Hardware S 999768 .02212
. ' Size of Organization +32289*% -.11280 )
‘Industrial Sector . ,00017 ~  1.00000% T - )
Type of Organization ‘ -.26683 .34137" o

PART 11l Descriptive Statistics and ANOVA for Discriminant Function 1

_Group %gg . lHean Std.Dev. Sum of liqu. ; ’
MIS Management . 6000 .02069 1.00594 28.33416 :

s Programmer/Analyst - 2.2924  -,08490 .80251 16.74489 * ’
"AdJjunct 4.6365 .51517  1.08747 9. 46086 ‘ ' . -
Software Support - .1696 -.01696 1.21847  13.36208
- Hardware Support -7.5588 -1.07983 1.40053  .11.76901
Senior Apalyst  6.0439 60439 83929  6,33969 .

Total B -.6893 01369 1.00006 ~ 86,01042
{within groups} ' L

ANALYSIS OF VARIAHNCE

. Sum of . Mean 3 = o
Source Squares D.F. Square Hatio Sig. . -
Between Groups “ 14,3966 5 2.8793 2.81790 .01
Within Groups 86.0107 ~ 86 1.0001 o
Total 100. 4073 91, o
. L L e - ETA = 3787 .- ETA SQUARED =. 1434 _ .- _ . . . . B T TP

Table 8.11 Summary of Dlscrllminant Analysis of Organlzétiohal Context Variables

8

%

the organization. Two variables (Type of clients and Type of app]icétioné) wér*e
eliminated from the analysis because they failed to f‘u]ﬁ.]l computational

toler'ances. The remaining variables (Type of Organization and Industrial Sector)

contributed insignificantly to the composite f‘unction. It appears that the

—diﬁﬁﬂettowbetweenmm primarily a product, of diff‘er'ences in the . B
] vent, e size .0 e or'ganization conbtituting a secondary

influence.

Part II of Table 8.11 descr'ibes the analysis of‘ var'lance evaluatj.ng group

d.i!’ferences on the significant function. The r‘esults mdicate that group means - -



differ only. slightly on this function. Recalling that variables were coded to
reflect flexibility (high) or rigidity V(low) in the organizational environment,
these differences do conform with expectations.Technical gr'qups .includingd
p‘r‘ogr'am mers and hardware support personnel scored r'elativély low c:n this
ldimension, suggesting a relatively inflexible env:lrohnment consistent with the use
of large mainframe systems. Groups scoring higher on this function, including
administrators and systems analysts, appea;r' to work within a more tlexible
setting (eg. organizations using micro-technology or a mixture of technologies).

These differences are supported by the ANOVA results v;hich indicate that
differences on this fi:nction are significant at the .018 level. The differences
do not appear to be particularly strong. The ETA SQUARED coefficlent indicates
that only 14.3% percent of the total variance is accounted for by these
differences. As defined here therefore, the organizational context a‘ppeam to
constitutle a only minor point of difference within the sample.

These results indicate a minimal level of support for the "Organizational
Corftext" construct. Reflecting differences organizational size and type of-
computing nardware, this construct can be considered statistically valld, but
only of minor?mportance. |
HI: The "Design Tools" Construct

Variables for this construct were coded to reflect the assumed association
of traditional design technigues (notably, structured design and program ming)
with increasing routinization and standardization of the design process, and
non-traditional methocs (eg. use of fourth-generation software, prototyping, and
SO on) wWith a more f'.-exibleAand user-oriented process. The coding used a
ten-point, scale to indicate traditional techniqués' at the higher range and
innovative techniques in the low range.

A Discriminant analysis was conducted using variables specified for this
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construct and following the estabh‘shed procedure. The results are presented in
Table 8.12. Part 1 of’the table indicates that thr‘ecersjgniﬁcant functions were
obtained. The first accounte;i for 41.7% of the vgriance within the variable set
and indicated a differentiation between groups significant at the .002 1eve£.
Function two accounted for 28.1% of the variance and was significant at .015. The
third was just significant at .041, and r‘ep;'esér?ted an addi'tionbal 20.1% of the
variance. The three functions accounted for a cumulative total of 89.96;72’ of the

\ S
variance in the criterion set. R

Eigenvalues and Canonical correlations for thé three functions indicate that
each represents a moderate differentiation between groups. Function 1 is the
strongest, representing group differences which account for appr‘oxim atelyA 42% of
the variance. Functions 2 and 3 provide a weaker differentiation of gr'oups,
r'epresenting 36% and 31% of the variance, respectively. .

The composition of the three significant fﬁnctions is depicted in Part I of
Table 8.12. Function 1 provides the clearest distinction between groups in the
sample, primarily representing differences in the levels of analysis designers
use to focus their design efforts. These levels range from narrowly defined
aspecgs of the prleém at hand to a broad analysis of the organization's business
practices. Function 2 r'ef'leCtS the use of fourth generation software,
prototyping, and to a lesser extent, the amount of program ming experience. In
combination, these variables indic;ate a differentiation based on the extent to
whi'ch non-traditional méthodologies are used. Function 3 is comprised of
variables concerning use of structured program ming and structured design, and an
emphasis toward maintenance program ming. These relationships indicate that
Structured technigues tend to be aséociated with more routine aspects of the

development cycle.
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PART I. Summary of Discriminant Functions

FIGEN-  PERCENT OF  CANONICAL WILES CH1 -
FUNCTION  VALUK VAHIANCE  CORRELATION LAMBDA SQUARED D.F. SI1G.
1 .224839 41,71 . L2B5851 .6066913 47.97 20 .0028
2 . 15150 28.10 .3627210 . 7431295 24,93 12 .0151
3 .10863 20.15 .3130305 .8557126 13.08 6 .0416
4 L0541 10.04 .2265589 . 9486711 4.42 2 .1094

PART II. Correlations Between Tools Variables and Discrimlnant Functions

FUNCTION NUMBER

VARIABLE 1 2 3 4
Design Focus .99970*% .00406 -.01188 .02085
4GL Experience ~.04806 .96374% .23849 . 10964
Prototyping 07324 .T72914% . 19279 .21087
Programming Experience ~-.05684 .26621% .24282 .22525
Structured Programming .01244 ~.27238 -.93165% -.24018
Syst vs. Appl Programming . 10222 .23632 57257% .56598
Structured Design .01305 -.11141  -,38428% -,14521
Maint vs. New Programming .01091 .22493 .35363 .90787%

Table 8.12 Summary of Discriminant Analysis of Design Tools Variables

PART III. Descriptive Statistics and ANOVA for Discriminant Functlons 1 to 3

Function 1:

Group Sum Mean Std.Dev. Sum of Squ.
MIS Management 5.6717 . 20256 .98772 26.34102
Programmer/Analyst . 3086 .01143 95431 23.67873
Ad junct 3.1723 . 35248 1.12641 10.15149
Software Support -1.5824  -,15824 1.22056 13.40792
Hardware Support ~9.3527 -1.33610 . 74603 3.33939
Senlor fAnalyst 1.1512 .11512 . 95282 8.17035
Total -.6311 -.00693 1.00052 85.08853
(within groups)
ANALYSIS OF VARIANCE
Sum of Mean F
Source Squares D.F. Square Ratio Sig.
Between Groups 15,1455 5 3.0291 3.0259 T ,0146
Within Groups 85.0885 85 1.0010
Total 100.2340 90
ETA = .3887 ETA SQUARED = .1511
Function 2:
Group Sum Mean Std.Dev. Sum of Squ.
MIS Management -1.7566  -.06273 1.01497 27.81449
Programmer/Analyst 5.1577 . 19102 1.06681 29.59032
Ad junct -3.3163  -,36847 .98701 7.79357
Software Support 5.2229 .52229 .90923 7.44043
Hardware Support -5.7430 -,82042 .61326 2.25659
Senior Analyst 1.0204 . 10204 1.06079 10,12763
Total 0.5851 . 00643 1.00013 85.02305
(within groups}
ANALYSIS OF VARIANCE
Sum of Mean F
Source Squares .  D.F. Square Ratio Sig.
Between Groups 9.8574 5 1.9715 1.9710.  ,0912
Within Groups 85.0231 85 1.0003

Total 94,8805 91

ETA = »3223 ETA SQUARED = .1039
Function 3:
- Growp—— ———————— SUm____ Mean __ Std.Dev. Sum of Squ.
© MIS Management -11.7333 -. 41904 +95049 24,39293
Programmer/Analyst 9.0287 «33439 87754 20.02234
Ad junct 6417 07130 1.27532 13.01166
Software Support -3.0653 -.30653 1.11566 11.20432
Hardware Support .3911 05587 1,00743 6.08955
Senlor Analysy J.1914 31914 1,16523° 12.21998
Total -1.5454 -,01698 1.01135 86.94080
(within groups)
ANALYSIS OF VARIANCE
Sum of Mean F
Source Squares D.F. Square Ratio Sig.
Between Groups 9.9356 5 1.9871 1.9428  .0956
Within Groups 86.9408 85 1.0228
Total 96.8764 90
ETA = .3202 ETA SQUARED = .1026

Table 8.12 Summary of Discriminant Analysis of Design Tools Variables
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‘A,—»-:Par't‘III of Table 8.12 describes the analysis of variance for the three
Discr'iminant‘.functions. A =comparison of group means on Function 1 indicates that ‘
ad mi_nistr*ativé personnel (Group 1) and senior analysts (Group 6), along with the
"adjuﬁét" group (Gr%n;p;3h;tend to use a broader level of analysis in approaching
the deshgn‘task7than do the others. The group connected wiﬁh technical and
hardware concerns (Group 4) averages noticeably lower on this function,
indicating a major difference in design focus for this_ group. The” ANOV A results
fci?ifhis function show these differences to be significant at the .014 level, b;lt
that only a small amount of th:‘e\var'iance in the sample (15.1%) is attributable to
these differences. This function tﬁﬁs\appears to represent é significant, but

weak difference between groups.

Means for Funct:_Lén 2 and 3 are even less effective in distingu:lshlng the
groups. The results indicate that group differences on both functions failed to
reach significance at the .05 level. Exa’mina%,ionlof group means for both
functions does indicate a differentiation that is consistent with the model
however. Use of innovative design tools (Function 2) appears more prevalent among
analxsts and support personnel than among adrnnfs:rative or technical groups.
Program mers, hardware specialists, and senior analysts seem to be more‘act,ive
users of tradnjonal:xructuﬁed techniques. While weak, these differences offer
minimal support for relationships suggested by the model.

The major dimensions of difference for the "Design Tools" construct concern
the focus of the design methodology and the use of traditional or innovative
design techniques. Group differences on these dimensioné are consistent with
predictions from the model, but provid;e only a weak basis for distinguishing
between groups. These results indicate partial support for the éonstrdct,
ack{g>wledgiqg that certain aspects of the construct were notstatistically
significant. |
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IV. The "Communication Patterns" Construct

Variables included as indicators for the "Com munication Patterns" Construct
inéiuded estimates of time spent by design personnel in sbecif‘ic cgm munication
activities, time spent with specific groups, and patterns of social contact on
and of‘f“ the job. Responses on these variables were coaed using the same ten-point
scale used elsewheré in this analysis, to indicate preferences for managerial
(high) or technical (low) associations.

A Discriminant analysis was performed using these ite ms. The x‘esuits of that
ané.lysls are summarized in Table 8.13. Part 1 of the table reveals that two

T

composite functions described significant differences between sub-groups. These
functions represent, r;es;ecti\;ely, 48.2% and 35.6% of the'lvar'iance in the
variable set, with_'a cumulative total Qf 83.8%. Eigenvalues and Canonical
correlations for these functions indicate that both provide a significant basis

for discr'iminating'bel;;ween groups. Between-groub differences defined by Function
1 were proportionally larger than within-group differences (Eigenvalue:.h%), and
accounted for 55.1% of the total variance. Differences on Function 2 were
shghtly smaller (E%igenvalue:.322; 49.3% .of total variance). Function 1 defined
group différences significant at thWOm level, while; Function 2 was

significant at .004. d |

The composition of these functions is d‘escr'ibed in Part I of Table 8.13.

Function 1 is composed of variables describing a com munication pattern consistent
with the stereotype of the isolated technical speciahst, with high loadings for -
<%‘kﬂ)g alone, smaller loadings indicating association with technical groups, but
with low scores for meetiﬁg clients in groups and working with top management.
Function 2 repregsents an very different pattern, with strong loadings on

variables indicating active working interactions with other design staff and

clients. Both' functions portray differences in interaction patter'hs among the

o
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PART 1. Summary of Discriminant Functions ‘ h

EICEN~ PERGENT OF CANONICAL WILKS CHI-
" FUNCTION  VALUE VARIANCE  CORRELATION  LAMBDA SQUARED _D.F. SIG.
1 43615 48.24 .5510B41 .45790061 65.2¢2 25 .0001
2 32212 35.63 «4936007 .6576216 34.99 16 .0040
3 10432 . 1 4 .3073535 .8694577 11.68 -9 .2319
4 .04125 //%Tz6 . 1990485 .9601604 3.39 4 490
5 .00023 ¢ 0.03 .0151100 «9997717 0.19 1 .8902

~

PART I1. Correlations Between Communication Variables and Discriminant Functions

FUNCTION NUMBER

VARIABLE N 1 2
Working on tasks alone .g8272% .00002
Time Spent Alone , .45594% -.28286
Time Spent with Programers ~.00892 +99173%
Time Spent meeting with staff -. 10969 .22131%
Time Spent with individual clients -,02850 -.05453
Time Spent with client groups -.20804 . 16264
Tech vs. Mgr Socialization -. 15850 -.01797
Time Spent with top Management -, 13539 -.16196

PART 111. Descrfbtive Statistics and ANOVA for Discriminant Functions 1 and 2

Function 1:

" Gropp Sugy: Mean Std.Dev. Sum of Squ.
MIS Mapiagement -14.9088  -.53245 .95563  24.65745
Prograjnmer/Analyst 19,0977 .70732 .91362 21.70260
Ad junct - .B296 -.10370 1.59143 17.72870
Sof'tware Support -4.7760 -,47760 .94502 8.03772
Hardware Support 1.0152 . 14502 . 45227 1.227138
Senior Analyst .4015 .04015 " 1.08761 10.64608

Total -2.7760 -3.08424 1.00000 84.00000

{within groups)

ANAL Y”Eil S OF VARIANCE

Sum cof Mean F
Source Squares D.F. Square Ratio Sig.
Between Groups 23.9770 5 4.7954 4.7954 . 0007
Within Groups 84.0000 84 1.0000
Total 107.91770 89

ETA = .4712 ETA SQUARED = .2221

Function 2: *
" Group Sum Mean Std.Dev. Sum of Squ.

MIS Management 13.8227 .49366  1.34836 49.08819
Programner/Analyst . 2692 .00997 .67884 11.98147
Ad junct -9.9047 -1.23809 44894 1.41088
Software Support - .7392 -~ .07392 1.02191 9.39880
Hargware Support 1.2364 . 17664 .72159 3.12416
Senior Analyst -4,6B44 - 46844 .99980 8.99648

Total -2.2200 -2.46772 1.00000 84,00010

{within groups)

ANALYSIS OF VARIANCE

Sum of R Mean F
Source Squares D.F. Square Ratio Sig.
Petween Groups 21.5571 5 4,314 4,314 .0015
Within Croups 84.0000 84 1.0000
Total 105.55T 91

ETA = .4519 ETA SQUARED = .2042

Table 8.13 Summary of Discrimipant Analysis of Communication Patterns Variables
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‘groups which are consistent with the model.

The group differences identified by the two functions are <dlescr'ibed in Part
II of Table 8.13. Group means for Function 1 indicate,that technically oriented
~ groups (ie. program mers and'halr'awar'e}pecialists) tended to score »
higher on this dimension. Ad mirxistrative and software support personnel scored
relatively low on this dimension, indicating that they seldom work alone.\This is
borne out by a comparison of group means for Function 2, where administrative
staff score well above the others, indicating an active involvement with others.
The remaining groups all scored relatively low on this dimension, suggest.ing a
éeneral tendency among technically groups to operate in a more isolated
environment. Notable here is the finding that Senior.Analysts do not appear to be

L 4
any more active in com munication than their technical peers, and in fact may even

be mggg isolated. -

Analysis of variance for the composite f‘unétions indicate that group -'
differences are statistically sigm’ficanﬁ at the .0007 level for Function 1, and
at the .0015 level for Function 2. In addition, the ETA SQUARED coefficients
indicate that these differences account for a reasonable amount of thé total
variance, with Function 1 r‘esponsibleﬁgr' 22% and Function 2 reflecting 20%.

These results Sl.:ppOI"t the "Com fn;,nication Patterns" construct. Two
significant composites were identified which describe important differences among
the sub-groups in the sample. These differences are both statistically
significant and conceptually meaningful, thus confirming the validity of the
construct. |
V. The "Design OQutcomes" Construct

Variables representing this construct were originally defined under two
general categories: (1) outcomes relating to the relationship between désigner's

and users {ie. com munication outcomes), and (2) outcomes related to systems
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performance (ie. systems outcomes). To retaining consistency with previous coding
the original variable set was re-coded using a ten-point scale ‘to reflect
positive outcomes on the high end oft the scale and negative outcomes on phé‘ low
end. These variables were entered in a Discriminant analysis identical those -
above. The results are outlined in Table 8.14. |

Part 1 of the table indicates that no composite functions were identified.
which were significant at the .05 leveL\However, one function which accounted
for 82.6% of the variance did achieve significance at the .08 level. While this
is not highly significant, the eigenvalue and Canonical correlation for this
function suggested that group differences of some import were represented by this
function. The eigenvalue of .1777 indicated that between-group di¥ferences were
proportionally larger than the within-group variance. The Canonical correlation
of .388 indicates that group diff‘er-érlces defined by this function account for a
38% of the total variance. Baséd on these resulﬁs, it was decided té tentatively
retain this composite for further exa mﬂination.

The composition of the function is examined in Part II of Table 8.14. The
function primarily reflects the occurrence of disagreement between |
designers and users and difficulties in defining users' information needs, with
designers ass/e/ssment of users' computer literacy contributing only a minor
component. Group differences defined by this function are tk{us related to the
extent to which agreement and understanding is achieved between designer and user
concerning information requirements. This differenée is consistent with the (model
and constitutes a valid dimension of the outcomes construct. Tlhe lack of
systematic relationship with other variables indicates that some difficulty
exists either in the specification and measurement of variables for this

construct, or in the model itself. :
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PART I.

Summary of Discriminapt Functions

EIGEN- PERCENT OF CANONICAL - WILKS cat- . '\}
FUNCTION  VALUE VARIANCE _ CORRELATION  LAMBLA SWUARED  b.F.. 810G, L S~
I 7727 82.69 . 3880448 LBI00313 T 0637 10 0BI% ) ‘
2 .03710  17.31 . 1891486 9642228 2,987 b hhYQ
a ‘
PART 1I. Correlations Between Desifgl tcome Vartables and Disoeiminnnt
- Functions .
» FUNCTION NUMBER
VARIABLE 1 . 2
Frequency of Disagreement .99895¥% Arass6 .
DIfficulty in assesalng nceds LANH Sk
Clients' knowledpe ot destipgn L0759) AR LY
Clients det'inition of needs 00549 L2730 .
MIS Effectiveness 00549 .27303"
Clients knowledge of systems 05360 .23376%
Clients computer literacy . 18873 .21573% ;
PART 11I. Descriptive Statistics and ANOVA for Discriminant. Function 1
Group Sum Mean Std.bev.  Sum ot Squ.
MIS Maragement 4,487 15475 . 929491 2h.,21388
Programmeq{ﬁnalyst 2.5260 .09355 1.09421 31129487 ‘JQ?
_Ad Junct -3.0669 - .47238 .97702 5.72749 R
Sof'tware Support -8.3015 - .83015 87504 6.89127 = 5.
Hardware Support 2.7206 . 38866 .83966 4.23023
Senior Analyst 1.4511 - 14511 1.03076 9.562217
Total - 4225 - ,00469 . 98654 81.75504
(within groups) )
ANALYSIS OF VARIANCE
Sum of Henn I
Source squares D.F. sSquare at 1o Hhpne
Between Groups 10,6504 5 2. 1301 2.1886 L0630
Within Groups 81.7550 84 L9733 *
Total 92. 4054 89
ETA = .3395 ETA SQUARED = .115)
"W’—-\ -
_ N~ v
N y

7

~ -
Table B.14 Summary of Discriminant Analysis of DeSign Outcomes Variables

The ANOVA results for this function (Part III) several interesting

differences. The highest scoring group on this function were the hardw

specialists. Administrative personnel and Senior analysts were next highest,

followed by program mers. ALl of these groups report a somewhat positive

evaluation design outcomes. The adjunct and the software support groups tended to

assess outcomes negatively. Interestingly, members of the software support group

would also be most likely to have direct contact with users, since it is their
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'Pb to solve systems problems.. The relatively positive results for the other
groups may thus reflect some degree of insulation from the actual outcomes of the

design process.

These differences were significant only at the .06 level, indicating only

weak support for the distinctions indicated. This is confirmed by thé ETA SQUARED

coefficient, which indicates that only ';11.5% of the variance can be attributed to
group differences.

These results indicate only marginal support for the "design outcomes"
construct. The validity that might be ascribed to the construct appears to reside
in only one or two items from the original variable set. The differences
indicated by those variables are consistent with the model however, and do offer
tentative conceptual support for the construct. Problems in suppor'ting this
construct may be related o problems in measuring the construct. The use Qg‘

self-report assessments of outcomes may have been ineffective in obtaining a

valid representation of important aspects. Because some indications of support.

—
“have been identified, the construct will be tentatively retained for further

analysis, acknowledging the need for caution in interpreting further results.

summary of Phase One

Thel arEyses conducéed in tm}hag establish empirical support for the
majority of constructs outlined in Chapter Four. For most cases evidence has been
provided to satisfy the first two of the three prerequisites for Latent Structure
Analysis. .

In evaluating eaéh element of the model refinements hav;e been made to the
original definitions of major constructs. Statistical examination of the variable
sets for each component has facilitated the elimination of certain indicators
which did not pass statistical tollerances. Discriminant analyses of each
variable set have enabled specific composite measures to be defined for each
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construct. The composite functioné derived in these analyses wi.liconst.itute
specific measurement felationships for each cons&uct, sat.ist‘yihg the‘ first
prerequisite.

The identification of significant group differences for various composite
functions provides evidence supporting both the conceptual and statistical
validity of the constructs in question. The statistical performance of each
composite is assessed within the original Discriminant anjalysis, as well as by an
additional analysis of variance for each function. The results assess the
validity of each construct by testing the consistency of the results against
predictions from the model. The-analyses thus also satisfy the second
prerequisite by gstab]ishing the statistical and theoretical validity of the

principle constructs.

These results indicate substantial validation ff,g‘r*/ many of the constructs,

s

and at least marginal support for others. ‘,Ir"r"\%h);z latter cases, weak support may
be associated with measurement problems related to the original variables.
Support was weakest for constructs whose original variable set included several
items whizh did not correlate with significant f‘unctio/ns. It was decided to

retain these constructs for further analysis, acknowledging potential limitations

on the interpretation of results.

PHASE TWO: Assessment of Relationships Between Constructs

Phase Two concerns provision of empirical suppoft for the relationships
depicted in the model to satisfy the third requirement for Latent Structure
Analysis. Thge technique used to validate these relationships is Canonical
correlation analysis. This procedure provides an assessment of the strength and

statistical significance of relationships between multivariate sets of indicators
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for complex constructs, as well as an examination of the contribution of specific
indicators to that relationship. These results provide evidence necessary to
assess both the statistical and conceptual validity of the relationships in
quesﬁion. 57 .

The analysis was conducted using the MA&OVA procedure in SP3S-X to test all
y

possible relationships among the six constructs described in the analyses above. /

-This was done to ensure that no valid relationships were overlooked. Since

Canonical analysis assesses re]ati‘onships between sets of variables, it was
considered necessary to specify ;mMmum of two variables to represent each
construct. Where the previous analysis identified two or more functions for a
construct, these were used directly in the analysis. Where only one function was
identified, the variables composing that function were used instead to facilitate
the multivariate analysis. Although iﬁ was considered desirable to have at least
two composite measures for each construct, the‘altemative allowed constructs
with only one significant function to be inClt,ided in the presént analysis. Where
the model suggested a specific causal direction in these relationships, the
construct consigjered the '"cause" was used to define the "Predictor" variable set,
while the '_"effect"‘construct was ¢elineated the "Dependent" set.

The resulté,are described below in Tables 8.17 to 8.24, which sum marize the
analyses in which significant relationships were obtained. For e;':lch, the |
following information is provided: (1) Eigenvalues and Canonical Correlations for
the Can‘onical roots derived, (2) Multivariatq Tests of Significance for the
analysis, (3} A Dimension Reduction analysis indicating the significance of
individual Canonical roots, (4) Cor‘re]at;ilons of Predictor and Dependent Variables
with significant Canonical roots. Assesém ents of the validity of each construct

are discussed separately below.
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I. The Relationship Between Frame of Reference and The Bureaucratization of’

Systems Design

The relationship between these constructs was analysed using the following
variables: (1) Bureaucratization of Systems Design was represented by the five
composite functions defined earlier; (2) Frame of Reference was represented by
the five indicators which strongly correlaged with the single composite function
for this construct (see Table 8.9). Since frame of reference was considered a
contributing factor in relation to the bureaucratic segm entation of design, these
variables were defined as the predictor set, with Bur‘eaucr‘atiigaon constituting
the dependent set. | |

The r'esult; of the analysis ar‘é presented in Table 8.15. Part [ of the table
déscribes eigen'values, canonical correlations, and squared correlations tor each
of five roots derived in the analysis. Eigenvalues and variance statistics both
indicate that the first function accounts for the‘ majority of the variance
(approximately 20%) in the predictor variables. Canonical correlations for the
five roots indicate that the first root describes a relatively strong
relationship between the two constrﬁcts (correlation of .7090), while the others
represent only weak or neghgib}e""'felationships (all less than .35). Squared
correlations for these results indicate that only the first root accounts for any
appreciable proportion of var'ia;nce (50.2% compared with 10.8% for the next

largest function).

Tests of significance in Part II of the table indicate that the correlation

between the two sets of variables is significént beyond the .001 level. This can
be interpreted to mean that the predictor set of variables (ile. trame of
Reference) has a statistically significant impact on the dependent variable set
(ie. Bureaucratization) (Norusis, 1985:p.224). Part III provides a "Dimension
Reduction Analysis" which assesses the number df Canonical roots which have a
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PART 1. Elgenvalues and Canonical Correlations

Percent of Canonical

Cannnical Squared
Root Eigenvalue Variance Correlation Correlation
1 1.01099 19.9595 . 70904 50273
2 L 12142 9.6029 | . 32905 . 10827 <
3 07536 5.9602 .26472 L0T008 ’
4 . 05659 4.4756 .32143 .05356
5 . 00002 0.0016 00461 .00002
PART 1I. Multivariate Tests of Significance
Test Value Approx. F D.F. Sig. of ¥
Pillals 13466 2.41136 25 .000
Hotellings 1.26438 3.25704 25 .000
Wilks . 39026 2.84434 25 .000
PART I!I. Dimension Reduction Analysis
Wilks i
Root s Lambda F D.F. St of F
1 to b . 39026 2.84434 25 .000
2 to 5 . 78481 1.05931 16 . 396
3 to 5 .88010 .99168 9 L4469
4to 5 .94642 69310 4 " 430
5 to 5 .99998 00149 1 .969
PART TV, Correlations Between Predictor and bependent, Variabie:s
Canonical
Variable¥ Hoot 1
Predictor Type of Education . 34938
Variables Previous Work Experience 32112
Job Responsibility 34145
Group Affiliation L6666
Tech vs Mgr Focus of Work .86568
Dependent Technical Production -. 79965
Variables Project Administration L3002
System Design and Analysis -.015%51
Installing Hardware -.25833
User Support -.58456

i

S

Table 8.15 Canonical Correlation Analysis of Relationship Petween

Frame of Reference and Bureaucratization of System Design

significant impact on this relationship. The results show that only the first

function represents a significant relation between the constructs in question.

Part IV of the table is useful in examining the contribution of specific

variables in defining the relationship between the constructs. Among frame of

reference variables, those relating to current job responsibility, technical or

managerial focus of profiessional work, and group affiliations, figure most

significantly, while those relating to education and previous work experience

are only moderately important. Among the variables for Bureaucratization,
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composi.tes reflecting involvement in technical production, user support. and R

progect ad ministration wave the- largest impact. This suggests that the - —— f

relationship 'pr'imar—'ily» concérns differences in- professional 'activityfrelated*to o

subjects' orientations ‘toward technical or managerial positions. Such di.f‘f‘erences

~are consist'ent with the model, and clearly in line with the expect,ed nature of

this r‘elationship., S : : - : e

. P Cla . Y PRV

The results thus provide support the validity of a relationship betweenE\the

~-Frame of Reference and Bureaucratization constructs. The relationship is both

cant and consisten With predictions Trom the mode e
results thus confirm the validity of the relationship in question. -

B II. The JchﬂonshiLBetieeL&amLoL&eﬁemncmMommMcaiion:Eattams:

Variables used for the‘ f‘ra'me of. ref‘erenceconstruct in the previous section

were retained for the present analysis The Com munication Patterns construct was

“\
represented by the variables which comprised the two signﬂ‘icant f‘unctions
defined in the earlier Discriminant analysis (see Table 8.13). Frame of reference
S wias co dered a con ribu fa or t f‘ ' y i :

‘was therefore defined as the predictor set. The results are described in Table
“8.16. | |

Five Canonical f‘unctions were derived; among which the first three(acconptw
for the maJority of the variance. However, the dimension reduction analysis in
Part II indicates that only the first two of these f‘unctionsi

'n.an\
signif‘icant. Related eigenvalues and variance statistics indicate that a moderate

re statistically

total of 78.7% of the variance % accounted for by these. functions. Canonical

correlations f‘or the two roots (.6757 and 5134) also indicate a moderate

~association between the two constructs. Tests of gignificance indicate that

variables representing frame of ref erence have a significant im pact on

com munication patterns. This'relationship‘was significant beyond the .001 level.
. . LA ‘
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_PART I. Eigenvalues and Canonical Correlations

Canonical ‘Percent of Canonical Squared

Roct . Eigenvalue Variance Correlation Correlation
1 .84053 54.85535 .67578 .45668
2 .35808 23.36921 51348 . 26367
g 3 .25912 16.91057 45364 .20579
4 .05867F 3.82667 .23535 .05539
5 01591 1.03820 . 12514 .01566

FART II. Multivariate Tests of Significance

Test Value Approx. F D.F. Sig. of F
PilTals .39718 2.42002 35 .000 -
Hotellings 1.53227 2.73182 35 .000

lks .29544 2.60966 35 .000

fART III. Dimension Reduction Analysis

Wilks —

Root s Lambda F D.F. Sig. of F
1to5 .29544 2.60966 35 .000
2 to 5 .54376 1.81250 24 014
Jto 5 73847 1.41307 15 . 145
4to$5 .92982 .62061 8 . 7159
5 to 5 .98434 . 36058 3 .182

PART IV. Correlations Between Predictor and Dependent Variables

. Canonical Canonical

Variable® RHoot 1 Root 1

Predictor Type of Education } . 40986 -.31114
Variables Previous Work Experience .23812 . 22256
Job Responsibility .67120 . 42054

Group Affiliation «91753 -.09376

Tech. vs Mgr. Focus .62890 ~. 18444

Dependent Meeting-clients individually 41778 .03016
Variables Meeting clients in groups .33106 .05440
Working Alone -.53797 .03402

Time spent with management .66956 49195

Time spent with programmers -.05921 . 30412

Time spent alone g -.42886 12467

Tech. vs. Mgr. Socialization .71971 -.32917

Table 8.16 Canonical Correlation Analysis of Relationship Between
Frame of Reference and Communication Fatterns

E3 -

Part IV illustrates the relative im portance of specific variables in this
relationship. Among the frame of reference set, variables repbesénting group
af‘ﬁliations, current job responsibility, technical vs. managerial focus, and
type of education contributed most to differences in com munication patterns. The
specific differences afected appear to be related primarily to socia]iiat,ion with
different groups o'n the job, involvement with top management, working alone, and
meeting with c].ieg-ts. In other words, the results suggest a relationship between
one's orientation and involvement inh technical or managerial activities and one's
pattern of com munication activities with clients and other staff members.
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Such a relationship was predicted by the model, indicating that the nature of the
relationship verified by this analysis is in line with theoretical expectations._
The results thus support and validate a relationship between the constr'ucts
of "frame of reference" and "com munication patterns". On both s;at.istical and 7
theor'etical grounds, it appears that a relatively strong rélationship exists
between these constructs which conforms with the expectations outlined in the
m odel.

III. The Relationship Between QOrganizational C‘ontext and Bureaucratization of

System Design

The five composite functions obtained in the earler Discﬂminant analysis
were used in the present analysis to represent the Bureaucratization of §yste m
Design. Since only one Discriminant function was obtained to represent
"organizational context'", the variables which comprised that composite, as
indicated in Table 8.11, were adopted as indicators of thatv construct. The model
predicts that aspects of organizational\ con’text should affect the degree of
bureaucratization; thus, variables associated with the former construct were
defined as predictor variables for this analysis, andkthose for the latter were
designated as dependent.

The results of the analysis are illustrated in Table 8.17. These indicate
that only one canonical function was obtained, accounting for all of the variance
in the predictor set. The eigenvalue of .1402 for this root, and the canonical
correlation of .3506, both suggest that the relationship defined by this root
accounts for only a small portion of the total variance between the two sets. The
squared correlation suggests that the amount of variance explained may be as low
as 12%. Tests of statistical significance do indicate that the predictor
variables do have a significant impact on the c.iependent set however, suggesting

that while the relationship is weak, contextual factors do appear affect the
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PART I. Eigenvalues and Canonical Correlations

Canonical Percent of  Canonical Squared
Root Eigenvalue Varlance Correlation Correlation
1 . 14020 100.0000 . 35060 . 122960

PART 11. Multivariate Tests of Significance

Test Value Approx. F D.F. Sig. of F
piTlals . 12296 2.41150 5 .043
Hotellings . 14020 2.41150 5 .043
Wilks .87704 2.41150 5 .043

PART IIIl. Correlations Between Predictor and Dependent Variables

Canonical

Variable* Root 1

Predictor Size of Organization .21315
Variables - Type of Organization -~ -.04393
Type of Hardware : .85783

Industrial Sector .53294

Dependent Technical Production -.31530
Variables, Project Administration -.05935
System analysis and design -.05906

Installing hardware -.89539

User Support -.43670

Table 8.17 Canonical Correlation Analysis of Relationship Between
Organizationai Context and Bureaucratization of System Design

degree to which design work is bureaucratized.

The specific nature of this relationship is illuminated in Part IV of the
table. Among the predictor variables the type of computer hardware, the
1ndustn&ﬂ.sector, and the size of the organization represent the greatest
contribution to the /r'elationship. These appear to impact the dependenp set
pr'imar'ﬂy through activities related to installing hardware, pr{ovid_'ing user
support, and technical production and program ming. The negative r‘elationshiﬁ
between these variables suggests that individuals who scored low on the predictor
set (indicating an organizational context tending toward flexibility) tended to
score high on the dependent set (indicating involvement in activities related to
the specific variable). The results thus suggest that individuals most active in
producing and installing systems, and in providing support for users, also tend
to \gork in relatively inflexible, restricted organizational settings. This
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relationship is anticipated by the model, and is consistent with the effects
predicted between the two constructs. |
The results of this analysis indicate a rather weak, but statistically
significant relationship between features of the organizational contéxt and the
bureaucratization of the design process. The relationship coﬁf‘orms to theoretical
expectations and is thus conceptually as well as statistically valid. These
resulté cqnstitute empirical validation for the relationship between these
constructs.

IV. The Relationship Between Bureaucratization of System Design and

Com munication Patterns ' -

Variable sets for both constructs were the same as previously defined.
Bureaucratization was defined as the predictor set, while com munication patterns
were defined as dependent, in accordance with the original model.

The results are described in Table 8.18. Of the five Canonical roots
derived, the r‘esglts suggest that the initial three all define significant
components of relationship between the two constructs, and a fourth Just failed
to reach significance at .05. The three significant roots account for a total of
84.9% of the variance within t:he predictor set. Canonical correlations for each
root (.5850, .5051, and .4457, respectively) indicate a relationship of only
moderate strength. Squaréd correlations for the three roots indicate that a total
of 79.5% of the variance between the two variable sets is explained by the three
roots however, and multivariate tests of significance indicate that the
relationship is significant beyond the .001 level. These results support the
conclusion that bureaucratic specialization of design work has a significant

'im pact on the patterns of com municatiQn in which designers participate.

Correlations between specific variables and thd# three significant functions

in Part IV of the table provide m§ight into the nature of the relationship
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PART 1. Eigenvalues and Canonical Correlations

Canonical Percent of Canonical Squared
Root Eigenvalue Variance Correlation Correlation

1 .5203% 39.81860 .58504 . 34227

-2 « 34259 26.21405 50514 25517

3 .24798 18.97470 44576 . 19870

4 . 18155 13.89147 .39198 . 15365

5 .01439 1,10118 11911 01419

PART I1. Multivariate Tests of Significance T

Test Value Approx. F L.F. Slg. of F
PiTlais e .96399 2.79791 35 ~ 000
Hotellings 1.30689 2.85276 35 .000
Wilks . 32752 2.86990 35 .000

PART III. Dimension Reduction Analysis

Wilks

" Roots Lambda F D.F. Sig. of F ¢
1to5 . 32752 2.86990 25 .000

2to5 . 49796 2.55166 24 . 000

Jto 5 66855 2.31611 15 . 004

4 to 5 .B3434 1.91936 g .060

5to 5 .98581 .39336 3 .758

PART 1V. Correlations Between Predictor and Dependent Variables

Canonical Canonical Canonical

Variable Root 1 Root 2 Koot 3

Predictor Meeting cllents (ind.) 02227 79907 - <.27087
Variables Meeting clients (groups) -.08352 -. 70571 -.0093%
- Working alone -.70046 .39882 -.51416

Time with Management . 75539 -.20919 -.29211

Time with programmers -.41532 -.50808 .36615

Time alone -.39332 L4163 -.42941

Tech. vs. Mgr Soclalizing .35252 07077 -.48964

Dependent Technical Production -.93180 32410 -.08129
Variables Project Administration -.15396 -.68775 57351
System analysis/design -.37993 -.67232 -.01061

Installing hardware -.22628 -. 18656 . 16093

User support -.28B492 .33555 74223

o

Table 8.18 Canonical Correlation Analysis of Relationship Between
Bureaucratization of System Design and Communication Patterns

between these conétr*ucts. Root 1 reflect an ‘association 1n which high values on
predictor variable r'elate;j to technical production ( writing speEif‘ications and
program ming) are related té low Scores on involvement with top management and
high scores on working alone. Tms1s consistent with the‘ prediction indicated in
the model that lower-level technical staff tend to have relatively f‘ew
opportunities for interaction with others, particularly with individgié%s involved

in higher levels of management, for whom information systems ar‘éigpica.]ly

\
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intended. B

The second root describes an a_lssociation in which predictor variables
indicating project administration and’design and analysis are closely related
with com munication patterns indicating involvement with users (both individually
and in groups), as well as with project staff (program mers). The resulf,s indicate
that, as ;;r‘edicted, the more one parEéipates in higher- level administrative and
‘design functions, the more likely one is to interact with a diverse group of
individuals. These results also underscore the role of senidr' design
professionals as individuals who must com municate across group boundaries -
esbecially those between system users and technical production personnel.

Canonical root 3 indicates a relationship indicating connections between
j:nvolvement in user support and project administration with com munication
patterns ref‘lgcting a tendehcy to work closely with«others, to have relatively
frequent contact ;Nith both users and top management, and to socialize often with
technical personnel. These results also reflect the need for individuals with
responsibility for system performance to have active corhmunicat.iqn links with
_var'ious related groups. The connection between the com municat,ioh patterns of
systems personnel and the provision of service to users is again reflected in

these results.

All three roots describe components of a relationship between the
bureaucratic structure of system design and resultant patterns of com munication
which is in line with predictions from the model. In particular, differences in
com munication patterns related to specialization of function within the design
process is clearly evident. These results thus indicate a relationship that is

conceptually valid, as well as statistically significant. This confirms the

empirical validity of the relationship between the two constructs.
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V. The Relationship Between Bureaucratization of System Design and Design

Too ' - - ' . , w\

In ﬁhe initial exploration of relationShips among constructs, no significant
relationship was found between the five composite measures used earlier to denote -
-the "bureaucra”ization" construct and var;iablés r'epr'esént,ing the uée of speciﬁcv
design tools. On further examination, a relationship was found to hold bepwéen a
smaller sub-set of the var'iables"or'igina]ly used'to obtain-the composite measures
and the latt:er~ construct. It was decided to employ this smaller set of variables
to represent bureaucratiza&ion in the present analysis, acknowledging that this
yould restrict thé interpretation placed on any relationship found. Baéed on
suggestions from the model, variables repreéenting bureaucratization were
considered to be the predictor set in this analysis, aqd "tools" variables the
dependent set. |

The results of this modified analysis are pf'esented in Table 8.19. The
results indicate that two significant Canonical roots were found, accounting for
a total of 82.5% of the variance in the predictor set. Canonical correlations of
.505:’{ and .4547 for the two roots suggest a moderate relationship between the two
variable sets. Squar'ed correlations indicate that a total of 46.1% of the
variance between the two variable sets is accounted for by these functions. While
this represents orly a moderate relationship, multivariate tests of significance
“indicate that the im pacﬁ’ éf the predictor set on the dependent set is significant
at or beyond the .001 level. While this analysis is based on a restricted set of
indicators for one of the constructs, there appears to be at least some basis for
the claim that the two are related.

An analysis of this relationship from Part IV of the table indicates a
complex set of connections between the two variable sets. Canonical root 1
describes a pattern of design activity associated with low involvement in systems
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PART I. Eigenvalues and Canonical Correlations

o

Canonical Percent of Canonical . Squared
. Root Eigenvalue Variance Correlation Correlation

1 .34286 46.91384 .50529 25532

2 . 26066 35.66669 45471 .206117

3 12731 17.41947 - ,33605 .11293
PART I1I. Multivariate Tests of Significance ‘

" Test Value Approx. F D.F, Sig. of F
Pillais «57501 2.40085 24 000
Hotellings .73083 2.36503 24 .001
Wilks .52400 2.38911 24 .000

PART III. Dimension Reduction Analysis

Wilks
Roots Lambda F D.F. Sig. of F
1to3 .52400 2.38919 24 +000
2to 3 .70365  2.19566 14 +010
Jto3 .88707 1.71863 6 T2t

PART IV. Correlations Between Predictor and Dépendent Variables

Cénonical “Canonical Canonical

Variable’ Root 1 Root 2 Root 3
Predictor Planning Implementation -. 46254 .41998 . 78081
Variables Programming .58398 . -.66160- . 47038
Trouble-shooting/Support .84342 .53103 .08156
" Dependent  Sys vs. Appl programming 44467 -.70868 . 31591
Variables Maint vs. New programing - . 25484 - 816417 < 34743
Programming experlence 53115 -.07632 .26736
Structured Programming -.3245 .56821 . 12694

4GL experience 5454 -.23020 -.19019 *
Prototyping L0944 8 -.21008 11168
Structured Design ©-.08559 .02397 - . 42664

Design Focus -.5118 -.43563 -.23857 .

Table 8.19 Canonical Correlation Analysis of Relationship Between
Bureaucratization of System Deslgn and Deslgn Tools

planning, extehsive involvement in software support and trouble shooting, and
program ming. This corresponds closely with the activities of an individual
occupying a lower echelon position with responsibmty/for user support. This
pattern appears to be associated with a relatively high ljsage of
fourth-generation software tnols, extensive progr'aming experience but with a
fairly narrow focus of désj,gn perspective (ié. concentration on localized
problems rather than laf*ger* organizational concerns), an emphasis on appﬁcations
development program ming, and low usage of -structured program ming tools. This
suggests a tendency for there to be a relatively active use of innovative
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development tools among individuals actively involved in providing systems
support to users, but who do not play an active role in systems planning and
development. | - !

Canonical root 2 suggests rather different patterns of design tool use among
‘a different group. This root appears to be related to low levels of program ming
activity, but an active involvement in both systems planning and trouble lshé:oting
and support. This describes activities associated with the role of a higher-level
systems planner or analyst. These activities appear related to use of design
tools specifically in new system and new app]ic;lt.ion development, but with fairly
significant use of structured program ming'techniques, and little experience with
fourth-generation and prototyping tools.

This indiggtes that in'div.idue;]s who are in positions of responsibility ®
concerning systems design and planning tend—to&rely on more traditional design
tools and havg less experience and involvement ‘with newer design techniques. The
tendency indicated here for systems planners to have less familiarity with newer
design techniques may have some bearing on the problems which users report in
getting their information requirements satisfied.

It ‘is evident that some relationship can be demonstrated between a sub-set
of the "bureaucratization" variables a}nd those representing the ;Jse of specific
design tools. Distinct patterns of design toolx uée are clearly r'élated to
~different areas of professional responsibility within the design process, as the
original model had predicted. The results of this analysis thus indicate a
specific relationship between th; bureaucratization of, systems design and the use
- of specific design tools. The relationship def‘inéd by this analysis thus appears
to be both statistically and theor'etica]ly valid, and can thus be accépted for
further_analysis. In confirming this relationship however, limitations im posed by
the reduced variable set used in the analysis ahe acknowledged.

7
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' VL The Relationship Between Design Tools and Com munication Patterns .

Variable sets I'GDPeSeqtjng'tﬁe’tNO’constr:ucts in this analysis ‘were defined

'pr'eviously. “Because the model suggwts that -use of specific design tools may - -~ -

. _affect patterns of com munication between designers and users, indicators for the

f‘orm er construct were identif‘ied as the predict.or set.for this analysls and items

.fepr‘esenting the latter construct were denoted as dependent; The résulf.s of the - —

/.v

LPART 1. Eigenvalues and Canonjeal Correlationa

Canonical R Percent of  Canonical Squared
‘Root Eigenvalue Variance Correlation Correlation
i <G4B29 36053213 .5563&““#“““““*309S3**“—“—“"---—~_———~“~“--
2 -37742 30.75701 +52346 .27401
- 3 . 19567 . 15.94562 . 40454 . 16365
4 .09117 7.42953 . 28905 . 08355
5 .05338 4.34969 .22510 .05067
6 .03857 3.14355. . 19279 .03714
7 02261 184248 HiB69 02211

PART II. Multivariate Tests of Significance

Test Value Approx. F D.F. Sig. of F
- Pillais . 94066 1.57182 56 .007
Hotellings  1.22711  1,60589 56 ©.005 -
Wilks . 34343 1.60412 . 56 .006

PART III. Dimension Reduction Analysis

- Wilks . :
- - S - ~~-—- -~ - Roots—— -~ -Lambda ---—- -F- - -D.Fv - Slg. 0f F - . o
, "Tto 1 .34343 1.60412 56 J‘GUE— '
2to 17 L49739 1.37586 42 2067
. 3to7  .68512 1.02459 30 .35 N
4 T0 7 . .81919 .80469 - 20 . 707 .
570 17 .89386 L15564 12 .695
i 6 TO 17 .94157 .81497 6 .560
‘ 7707 .97789 .91568 2 404

PART 1IV. Correlations Between Predictor and Dependent Variables

Canonical Canonical
Covariate Root . 1 Root 2
Predictor Sys vs. Appl programming -.07583 . - L0676
- Variables Maint vs. New programing -.08036 -.66902
Programmi.,g experience .28707 -.622719 .
Structured Programming -.29520 . .48313
‘4GL experience 41117 -.24349
Prototyping ; -. 15620 -.40098
Structured Design C o -041512 63794
PERE i Design Focus T, -.78799 - -.05903
- Dpependent  Meeting clients tind.)  ~ -.03119 -.27610
Variables Meeting clients (groups) -.07074 . -. 20844
Working alone * -.17992 -, 41876
Time with Management -.44392 CL 30017
. Time with programmers ° -.31527 -. 13977
——————eeeee o Time - alone-— e =,30725.. 30838
. Tech. vs, ng 50cializing o -, 164773 -.39297

Table 8.20 Cancnical Torrélation Analysis of Relationship Between Design
Tools and Communication Patterns
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The analysis identified seven Canonical roots, of which only the first two
appear to represent statistically significant components of relationship. The
remaining roots have low eigenvalues and account for a relatively small
proportion of variance in the predictor set. The number of roots derived may be
an indication of a very complex relationship, with several sourceé of variance.
This is also indicated by the variance statistics, which reveal thaf only 67.2%
of the variance in the predictor set is accounted for.. |

Canonical correlations of .5563 and .5234 for the two functions suggest a
moderate relationship between the two constructs. Statistical tests reveal a
significance level of approximately .005, indicating that differences on the
design tools variables have a significant impact on differences in com munication
patter:ris'. Squared correlations of .3095 and .2740 for the two Canonical roots can
be interpreted to mean the a total of 58.3% of the variance between the two
variable sets is explained by the relationship defined by these functions. These
results suggest a relationship between the two constructs that is of moderate
strength and importance. |

The nature of that relationship is revealed in Part -IV of Table 8.20. The
first root is strongly associated with design tool variables indicating a broad
perspective within the design process, relatively little use of structured design
and structured program ming, considerable experience with fourth generation
software, and a high level of prégr'amming experience. Tms describes the use of
non-traditional design tools, and is associated with com municatioh patterns
indicating a -strong tendency -to ‘work directly with other individuals, including
both managerial'personnel and: other technical personnel. As the model predicts,
the use of non-traditional design tools appears to be associated with more active
and diverse com'municat.ion contacts.

This interpretation is r‘einforced/by examination of the second root. Design
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tool variables associated with this root indicate an emphasis on
systems/maintenance program ming as opposed to application development, a
relatively low level of program ming experience, significant use of structured
tools for program ming and design, and little use of prototyping. This clearly
describes a £raditional pattern of design tool use. This is associated with

com munication variables denoting primary relationships with other technical
personnel, a high tendérnc‘y to work alone, and very low contact with cllents.
Those whose work requires use of traditional desj,gh tools thus appear to reflect
relatively impoverished com munication patterns, as the model predicts.

These results indicate a sig?li.f‘icant relationship between design tool use
and com munication patterns. The results demonstrate a significant relationship
between these constructs, and indicate the theoretical validity of that
connection. The results thus provide empirical validation for the relationship in

| W

question.

VI. The Relationship Between Desién Tools and Com munication Qutcom es

Although the "design outcomes" construct was only marginally supported by
the earlier Discriminant analysis, thalt construct plays an important role within
the original model as an indicator of the impact which com munication patterns
have within the design process. For that reason, an effort was made to identify
at least a portion of the original variable set which would indicate a
relationship with other constructs. This was done under the assumption that
problems in measuring this construct may ﬁe at the heart of the difficulties
encountered earlier.

Attempts to demonstrate a relationship between design outcomes and other
constructs using theF original variable set (see Table 8.14) pr'bved fruitiess.

Using a sub-set of variables specifically identified as "Com munication Outcomes"
however, a relationship of at least maf'ginal import was identified between this
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set and the design tools constru;t. It was deéided to partition the original
Design Qutcomes construct into two distinct components, one concerning

Com munication Outcomes and the other concerning MIS Qutcomes. The present
analysis reports the résults of a Canonical corfelation analysis to define the
relationship between Com munication Qutcomes and Design Tools.

Variables for Com munication Qutcomes were used in the analysis as the.

)
>

ependent variable set. The Design Tools construct was represented by the same
rvar'iable set as in the previous analysis, and was deemed the predictor set. The
r'eéulj;s of the analysis are \pr'ovided in Table 8.21 below. Of three Canonical
roots that were derived, one appeared to represent the major proporﬁon of
variance in the predictor set (66%). Eigenvalues for the three functions
“indicated that the remaining roots did not represent an§ appreciable portion of
the variance. This was supported by the dimef{sion r'educ‘tion analysis (Part III of
the table), which suggested that only the first function was even close to bqihg
*signiﬁcant. The significance level of .069 indicates that the predictor set hés
some impact on the dependent variables, but that the relationship is clearly a
weak one. |

The Canohical correlation of .3852 for the first r;oot also suggests a weak

relationship. A squared correlation of .1463 indicates :hat cnly a small portion
of the variance between the two constructs (ie. 14.6%) is explained by the
defined relationship. The connection between the two constructs is therefore only
marginally significant. The results do indicate however that some basis for
associating the two variable sets is present. Given the likelihood of measurement
problems associated with the outcome indicators used here, it is possible that
the actual relationship between these constructs is much larger, but is masked
here due to inadequate data. There is no direct indication in the data however to

suggest that this is actually the case.

207. N



PART 1. Eigenvalues and Canonical Correlations

Canonical Percent of  Canonical Squared
Root Eigenvalue Variance Correlation Correlation
1 L1747 66.01195 . 38259 RN
2 .08674 33.39134 . 28252 .07981
3 .00155 .59671 .03434 .0015%
pPaRT II. Multivariate Tests of Significance
Test Value Approx. F. L.F. Sig. ot ¥
Pillais 22174 1.68404 12 LO71
Hotellings .25976 1.70248 12 6 -
Wilks .78428 1.63900 12 L0069
PART I1I11. Dimension Reduction Analysis
Wilks -
Roots Lambda £ D.r. Sig. ot ¥
1 to 3 .78428 1.69900 12 L0869
2 to 3 .91876 1.168462 6 L3726
3to3 .99845 .06355 2 .938 .
PART IV. Correlations Between Predictor and bependent Variables

r

Predictor
Variables

Dependent
Variables

Canonical

Covarlate “Root |
Sys vs. Appl. Programming 12629
Maint. vs. New programming L 44820
Structured Programming - .B6496 _
4GL experience . 18850 \
Client's delfinition of needs 66160 N
Frequency of disagreement -. 135N

Table B.21 Canonical Correlation Analysis of Relatlonship Between Destpn

Tools and Communication Qutcomes '

One reason for suggesting that the relationship may be larger than the

208.

results indicate is thé clarity of the theoretical association revealed in Pai-t

IV of the results. The predictor variables most closely associated with the |
canonical root identified above irzlude very iow use of structured program ming
techniques, extensive use of fourth-generation development tools, and

considerable emphasis on procedures for new systems and application development.
These are strongly correlated with outcome measures indicating a very high rating
of clients' abJ;_'Lity to define their information requirements and a very low
incidence of disagreement between designer and user. In these terms, there
appears to be a clear association between the use of recent non-traditional

design tools and the presence of positive com munication outcomes between

designers and users. Conversely, failure to use such tools can be interpreted to



be assoclated with significant problems in defining information needs, and in a
high incidence of disagreement. These relations square well with expectations
from the model, and offer tentative indication that the r'éléitionship deﬁneq '
here, although statistically weak, is consistent with ﬁhe Ani’odel.

Lacking strong statistical support, the best that can be said regaﬁdjng the
relationship between design tools and com munication outcomes is that it appears

to conform to conceptual expectatiens, and that measurement problems may well

.of#

mask the presence of a stronger association. Without evidence to assess this
supposition however, we can only indicate a weak relationship between these
constructs.

VIII. The Relationship Between Com munication\Outcom‘es and MIS Qutcomes

Having partitioned the Design Outcomes construct into two distinct variable
sets in the previous section, it was of interest to determine the extent to which
the resulting sub-sets of variables were related. An analysis was conducted using
the Com municat;on Outcome variables defined in Table 8.14 as the predictor set,
and the remaining MIS Qutcome indicators as the dependent set. The r'esulr;s of
this analysis are illustrated in Table 8.22.

Two canonical roots were produced in the analysis, accounting for the entire
range of variance in the predictor set. While the eigenvalues for the two
roots indicate that the first encompasses é considerably larger proportion of
variance,‘bhe'dimension vr'eduction analysis in Part III suggests that both roots
are statistically significant. The Canonical correlation of .7282 for the first
root demonstrates its considerable importance in defining the association between
the two variatle sets. The second root reflects a Canonical correlation of only
3699, Squared correlations reveal that the first root accounts for 53% of the
variance between the two constructs, while the second explains only 13.6%.
Together the two functions account for nearly 70% of the variance between the two
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PART 1. Eigenvalues and Canonical Correlations

Canonical Percent, of Canonical Squared.
Root Eigenvalue Variance Correlation Correlation
i 1.12939 87.6864% . 12827 .53038
2 . 15860 12.31364 .36998 . 13689
PART II. Multivariate Tests of Significance
Test Value Approx. F D.F. Sig. of F
Pillais 667217 10.26392 8 .000
Hotellings 1.28799 12.87989 8 .000
Wilks 50533 11.55674 8 .000
PART I1I. Dimension Reduction Analyslis
Wilks
Roots Lambda F D.F. Sig. of F
1Tto?2 ".405331 11.55674 8 N0
2 to 2, .49739 4,33502 3 .007

PART IV. Correlations Between Predictor and Dependent Variables

Predictor
Variables

Dependent
Variables

Canonical ~Canonical

Covariate Root 1 Root 2
Clients understanding of design .95806 -.28656
Frequency of disagreement .39971 . 91664
Clients computer literacy . .B4676 ~.05443
clients understanding of systems 87734 ~.368717
Problems defining user needs .56726 .73193
MIS effectiveness B .09631 -.02060

Table 8.22 Canonical Correlation Analysis of Relationship Between

Communication Outcomes and MIS Outcomes

variable sets. Statistical tests indicate that the relationship defined bethen

the two constructs is significant beyond the .001 level

The relationship is dominated bAy the first Canonical\r'oot. Among the

predictor variables, the indicator for clients' understanding of the designers!

work loads particularly heavily on this root, while the indicator for occurrence

of disagreements is substantially lower. High scores on these indicators appear

to be associated with similarly high scores on indicators for users' computer

literacy and clients' understanding of their systems, and considerably lower

scores on the variable for difficulty in defining clients' information needs.

The second root appears to be most strongly associated with the

occurance

of disagreement, and negatively associated with clients' understanding of the

designers' work. Among the dependent variables, these indicators appear related
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most strongly with high levels of difficulty in defining clients' ﬁqfor'mat:ion
needs and low levels' of clients' understanding of their systems. The results for
both Canonical roots are consistent with the argument préSented in develo;;ing the
original model that the degree to which designers and us;ars aré ébie to
understand one anothers' needs will af‘f‘éct the quality of the systems ultimately
prddpced. |

There is, in sum mary, a strong relationship between the two sets variables
associated ‘with Com munication Outcomes and MIS OQufcomes. The relationship appears
to be both statistically and theoretically valid, and so will be retained as a °

further refinement to the model under examination here.

Sum mary of'Phase Two

The series of analyses described above provide, acceptable levels of
empirical support for a majority of the expected relationships among major
constructs in the model. In adopting an exploratory approach to this portion of
the study, we have been able to define and obtain support for several
relationships predicted in the model, as well as others which were not originally
identified, but which appear consistent with the spirit of the modlel. This
approach thus enables several revisions to be ’incor'por-ated into the modéL while
assessing the empirical validity of its. component relationships.

Many of the relationships predicted by the model received considerable
support from this analysis, providing initial indications of the model's
effectiveness in describing underlying relationships in the data. Significantly,
the constructs which have been most strongly validated are those most central to
the model. Notable among these are relationships between Frame of Reference,
Bureaucratization of System Design, and Com munication Patterns, which form the
centfal core of the model and describe the fundamental elements of the
com munication process within the design context. Other relationships in the model
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describe contextual or secondary forces. Among these, Organizational Context and

Design Tools both received weaker support in the analysis, but' sufficient to

LTREE B

Jjustify continued analysis. One expected relation not supported by the analysi;si/
was that between Com munication Patterns and Design Outcomes. This is an important
linking relation ‘in the model and the failure to find support for it was
unfortunate. With other constructs str‘bngly supported, it seemed unlikely that
this relationship should not be validated. The suggestion has already been made
" that measurement problems associated with both com munication and systems outcomes
may mask any relationship that might exist between these constfucts.ﬁlt was
therefore decided to proceed with further testing of the model with this relation
tentatively in place, as a means of determining whether, on the whole, the model
could still be empi}'ically supported. '

The results of this portion of the analysis thus support a refined version
of the ordginal‘ model which depicts a number of specific relationships among the
principal constr'ucté. The refined model developed on this basis is illustrated in
Figure 8.1 below. based on thé analysis of relationships described above, the
figure describes a complex interaction among the major components, suggesting
that individual‘f‘r'ames of reference and elements of the organizational context
both contribute to the bureaucratic segmentation of design work. Such
segmentatioﬁ, along with the use of specific design tools, contr'ibutes' to the
creation of specific com munication patterns, which ulr,im:ately affect the ouLyco me

of ‘the design process. . We turn now to an evaluation of this refined model.
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FRAME OF

REFERENCE
MIS
OUTCOMES
BUREAUCRAT I ZATION COMMUN!CATIOH
OF SYSTEMS DESIGN PATTERNS ~.
| ‘A COMMUNICAT ION
OUTCOMES
ORGANIZATIONAL DESIGN '
CONTEXT TOOLS

FIGURE 8.1 Major Relationships Between Constructs Confirmed by Phase 2.

v

Phase_Three: Latent Structure Analysis of the Model

Having provided specific operational def‘initions for each of the major
components of the fnodel, and having provided empirical validation for both the
construct; and thejf‘ inter'r'elationshigs, we have now satisfied the basic
prerequisites for Latent Structure Analysis, and are now able to finally assess
the effectiveness of the model using that technique. This section reports the
results of this final portion of the analysis. |

I?n comparison to the lengthy preparation for this analysils, the assessment
of the model using Latent Structure Analysi.s is a relatively simple task. The
computer program used to conduct this analysis was the structural .equations
program known as "EQS". This program provides estimates of structural paraxﬁeters

for equations describing relationships among sets of interacting variables.
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Parameter estimation is conducted on the basis of data provided by the
researcher, following a particular specification of pre-defined relationships

(ie. a structural model) \among the variables involved. The program defines the
best possible solution for the specified relationships, and th?n tests tr)e

"goodness of fit" between the solltion obtained and the actual data provided. In
this way the program provides a basis for assessing how well the specified model
describes the undler‘lying’str‘u‘c\t‘ur‘e of the qata provided.

The EQS program r‘equiré§ three bas;c types of information to conduct an
analysis. The first is the specif“ieation of the model td be teste’a in the form of ,'
a "measurement model" specifying: (1) relationships between obser‘ve\ad variables
(for which actual data has been collected) and lany latent (or un-measured)
constructs defined in the model, and (2) the proposed relationships linking
various latent constructs. These relationships are specified in ter'mls of
eqﬁations which describe the structural relationships assumed to hold within the
data, and indicate which parameters are to be estimated by the program. Provision
of this infor'mgtion translates the model under examination into mathematical
form. ‘

For the present analysis, a measurement model was specified as folows:

Based on the results of the analysis in Phase 2, variableé which loaded heavily
on significant cannonical roots were selected as mdicator's f;r' each of the major
constructs. In general, these were the same variables originally defined as
indicators for these constr‘uctsv, but included various refinements suggested by
the analyses above. A summary of the specific items used to specify each
construct in the measurement model is outlined in Table 8.23.

To conclude specification of the measurement model, each of the
relationships assumed in the model (see Figure 8.1) was also defined. Following

procedures defined in the EQS manual (Bentler, 1985}, these relationships were
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Variables Construct
Type of Fducation
Previous Work Experience Frame of
Tech vs. Mgr Affiliation Ref'erence
Focus of Work

Technical Production

Project Administration Bureaucratizaton

System analysis and design of system design ﬁ‘&’
Instaling Hardware ' )
User Support

Time spent with clients (ind.) .

Working alone . Communication .
Time spent with top management Patterns e
Time spent with programmers
Tech. vs Mgr. Socialization

iy

. Syst. vs. Appl. Programming
Structured Programming Design
4GLL Experience Tools
Design Focus
Frequency\of Disagreement Communication
Qutcomes
pifficulty defining user needs MIS Outcomes

Table 8.23 Measurement Model for Latent Structure Analysis
{Based on Results of Phase Two)

specified as additive, linear relations (an assumption of the EQS procedure) in a

form similar to regression equations. The structural parameters for these
equations (analdgous to Beta weights or regression coefficients) were left to be

estimated by the procedure. The set of structural equations uéed to represent the

model ip Figure 8.1 is described in Figure 8.2 below.

n
Bureaucratization = (*)Frame of Reference + (*)Organizational Context

Communication Patterns = (*)Frame of Reference + (*)Bureaucratization +
(*)Design Tools

Design Tools = (*)Bureaucratization
Communication Outcomes = (*)Communication Patterns + (*)Design Tools

MIS Outcomes = (*)Communication QUtcomes - N

Figure 8.2 Representation of Structural Equations used in Latent Structure
Analysis {Based on Model in Figure 8.4)

The second piece of information required to run EQS is an input data\set.
Several options are :’available as appropriate input to EQS, including raw data, or
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“_J/_,_.// | S | _, "
correlation or covariance matrices. In thé present case, it was decided to use a
correlation matrix describing Pear'son’ R coefficients for each of the observed
variables specified in Table 8.23, since this was easily generated usmé:SPSS-X
output procedures. | ,

'The final item of input for the EQS pfogr'am was thé seléction of' pr'oce'éﬁr't—il
speci_t‘ic;ations for the analysis. 'The first of these was the definition of a
method by which the program would estimate structural parameters. EQS h‘aé a
variety of different procedures, each using a somewhat‘ dﬁTerépt,analyﬁic‘aL
method. For tb.e Br‘esent analysis, the most general method - "Generalized Least
Squares" - was selected. The second specification involves definition of - -
assumptions regarding f,he distributional characteristics of the data. The
assumpt‘itfg that the data were nor.ma\]ly distributed was adopted for this analysis.

With these items specified, it was possible to.fina]ly undertake a formal
assessment of the model described above. The results of the analysis are
‘described below using three major components of the output from the EQS, program.

Since EQS operates under specific assumptions regarding the di;st:r"ibutional
characteristics of the data set, a first step-in reviewing the results of the
analysis'is to detepmirie if these assumptions have been violated. Any significant
depérture from the assumed distribution will affect the mterpretatién vof the
r‘estﬁts. EQS provides information to test diStr’LF)}iﬁicnal gssumpt,ioﬁs in the form
of frequency distributions and statistics descr‘ipix;g‘the range of r‘esiduzﬁ;ﬂsv
resulting from the estimation of structural equations. Important criteria here
have to do with the distribution of residuals as well as their relative
magﬁitude. In the present case, a distribution of residuals that is approximately
normal indicates that the assumption of normality in the data set ha.g not been
violated. The magnitude of the ré;siduals also serves to assess departures from

normality, as well as to provide an 'initial indication of the overall
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effectiveness of the solution that .has been vdeve10ped. Relatively small values
ar;)ong the residuals can be int,é.r"pr'et,ed to indicate that the solution describes
,the basic structure of the data relatively effectively.

Figure 8.3 below J‘Jlustr'at,es. the distribution of standar‘dized r'esiduals:
produced by the EQS analysiss The distribution appears close to normal,
mdicating that distr:ibutional aséumptions about the data have not been violated.
Thé EQS program also calculated a value for the "average absolute standardized
residual" as an estimate of the relative magnitude of the residuals. The value
for this statistic was 0.1520, indicating that, on average, differences. be';ween
the actual values for variables in the analysis aﬁgj values based on the estimated
strUctuf"al equations model were relatively smail_.\ This provides further
indication that distributional assumbtions have not been violated, and also
suggests that the estimated model was relatively successful in describing the

basic characteristics of the dataj/e},
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Figure 8.3 Distribution of Residuals from Latent Structure
AnalysTs .
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The second component of the EQS output describes the Generalized Least
Squares solution for the linear equations which constitute model. Part of this
output co\nsisted of an "It;er‘ative Sum mary" .descr'ibing each of the phasés of’
analysis the program went through in attempting to provide an eftective solution.
An important criterion here is’ whether or not the program was actually able to
"converge" and provide a completeﬁ solution. T_he iterative sum mary also contains «\
statistics indicating the absolute degree of change among the parameters being
estimated for each iteration. This statistic provides a useful indicator of Lhe
extent to which the values of parameters are altered as the program searches for
an appropriate solution. In general, the larger the degree of change indicated,
the greater the difficulty the program had in obtaining an effective solution.
Bentler (1985) suggests that the terminal value of this statistic should remain
below .001, if the r‘esultg are to be trusted. Another statistic, the "alpha"
coefficient, can be interpreted as an indicator of whether the program had
difficulty in finding a solution. Values departing significantly I‘f-om 1.00 are
generally taken as an indication of difficulty.

The iterptive summary from the EQS analysis is reported in Table 8.24 below.

-~

As the r'esults\ihvow, the program was able tu converge to a solution in only two
iterations. This suggests that little diff‘icglty was experienced in deriving an
effective solution. The terminal value for the absolute parameter change
statistic was .000002, well below the cutoff value of .001, indicating that the

magnitude of the changes necessary to obtain a solution were very small indeed

\‘:\ . Farameter
I'¥eration Abs. Change Alpha
] . 055350 1,000
2 .000002 1.000

¥Program converged after 2 iterations.

Table 8.24° lterative Summary of Latent Ltructure Analysi:
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and that the final solution was arrived at v?ith relative ease. The alpha
coefficients for the tV;IO iterations were both 1.00, again indicating no
difficulties in optimizing the solution. | |

The solution itself is described in Table 8.25, which describes the
parametérs assigned to each of the major structural relationships identified in
the final solution. These parameters.can be interpreted to indicate t‘he re_lative
;trength of the relationship in question. Thﬁs, for exa m'plé;, the frame of
reference construct has a proportionally larger impac£ on communication patterns
(parameter of 1.015) than do either the bureaucratization of system design or the
use of specific design tools (both O.SZB).\Simﬂarly, the solution indicates that
com munication patterns affect com munication outcomes (0.741) relatively more than
does design tool use (0.391). A more graphic representation of these |

relationships is presented in Figure 8.4, which illustrates the final "Path

Diagram" produced by the analysis.

Relationship Parameter
Frame of Reference X Bureaucratization 1.923
Frame of Reference X Communication Patterns 1.015
_Context X Bureaucratization 2,599
Bureaucratization ¥ Communication Patterns | 0.528
Bureaucratization X Design Teols 1.000
Design Tools X Ccmmunication Patterns 0.528
Ccmmunication Patterns ¥ Communication Qutcomes 0. 741
Communication Qutcomes X MIS Qutcomes 1.000

Table 8,25 Summary of Generalized Least Squares Solution for Latent
J Structure Analysis

Tne most important part of the analyais, of course, is the actual assessment
of the effectiveness of this solution in describing thé undelr'ly_ing structure of ‘
the data. Eds provides two major indicators to assess the "goodness of fit" of
the model derived in the analysis. One is a test of fit based on a éhi-Squared
statistic. While this test is the most frequently used, it has been criticized as.
being cverly sensitive to the size of the sample relative to the number of
parameters being estimated (James. et al, 1984). Bentler (1985) suggests an @

alternative test, known as the "Bentler-Bonett Normed Fit Index" which is not
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dependent on sample size and is thought to provide a more effective indicator of -
the effectiveness of the structural equation solution. The index is devised to
indicate increasing degrees of fit as the value of the, index approaches 1.000.

Bentler (1985) suggests that values in the .90 range are "desirable".

=l

FRAME OF
REFERENCE

MIS
OUTCOMES
BUREAUCRATIZATION s T COMMUNICAT ION
OF SYSTEMS DESIGN PATTERNS ‘\\\“¥\\\\\£§ 1.000
2.599 1000 “s28 COMMUNICATION
' OUTCOMES
ORGANIZATIONAL DESIGN -391
CONTEXT TOOLS

FIGURE 8.4 "Path Diagram" Confirmed by Latent Structure Analysis
(indicating structural parameters)

In the present analysis, both tests indicate a faJrly strong fit between the
model specified above énd the actual ‘structure of the data. The test value for
the Chi-squared independence test in this case is 7929.307, based on 231 degrees
of freedom. Sample chi-squared statistics below this value indicate.»ﬁ Lgositive
fit between the model and the data. The sample value for this andlysis was
910.000, based on 219 degrees of freedom. This value indicates a po‘sitive fit
that is significant beyond the .001 level. This result is conr‘ir-_m ed by",the
Bentler-Bonett fit index of .905, indicating a strong degree’ ;f f‘it between the
model and the data. Both tests thus provide strong' indicatio‘ns that the' model
specified abével accurately descﬁbes the underlying structure of the available

data. The pattern of relationships that was proposed to exist among the various

220.



constructs can thus be interpreted to pmvide a relatively good description of
factors and procesées affecting com munication in the design context, at least to
the extent that the data used in this study provide valid measures for these
constructs.

Summ ary
The results of the final Latent Structure Analysis indicate considerable

3upport for the mode%. The analysis indicates that a solution for the structural
equations deacribing the model was achieved with relative ease, and tk\uat the
solution provided a high degree of fit with the data provided. The results
indicate positive support for the model as a description of factors and processes
affectinlg communication within the design context. The various components and
relationships defined by that model, while surely not describing the ent.n;e set

of relevant forces, does appear to reflect significant aspects of the underlying
process, and thus may prove useful as a basis for examining specific problems in-

the OIS design countext.
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CHAPTER NINE: Conclusions and Implications

Overview

The study documented in this thesis reports the developm er;t and empirical
evaluation of a conceptual model describing the nature of com munication problems
in infof'mation system design. In ‘the initial portion of the study we identified
specific aspects of the systems design context which may affect understanding
between deéﬂgner's and users. A model was developed to describe hypo;t)et;ical
relationships among ﬁhose forces which reveal their mutual im"luen‘ce in ‘atTe(f;Ling
com munication problems. A study was undertaken to empirically validate that
model. The final phase of the study indicates that a modified version of' the
original model effectively represents underlying patterns in the data collected.
Within the limitations specifiec in the study therefore, we conclude that the
model presents a valid description of specﬁ‘ic aspects of IS com munication
proble ms.

The point of this investigation is not simply to provide empirical support
for a particular model however; the motivation for proposing this model was to
understand the basis for com munication pr'obiems in systems design so that
sugéestions might be advanced to improve the quality of &hat com munication and
the effectiveness of the systems which are its products. In other words, the
study also has implications of a practical nature. In concluding the study, it
will be useful to outline some of the practical implications which stem from the
investigation. N -

We begin by outlining conclusions arising from the empirical study itself.
Steps taken in various "preliminary" phases provide -insight into several aspects
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of 15 com munication problems. We will review thAes‘e as 'a wéy of amplifying the
models utility -in 1lluminating the nature of these problems. kThis is followed by
a discussion of.' broader issues pertaining to problems of IS design and
implementation within organizational settings. Based 6n these discussions, final
sections of the chapter deal with 'the‘specif‘ic practical implications of the
study as they relate to improving the quality of com munication between system
designers .and users, to providing a more effective basis for application of

information technology, and to the prospect of future research in this area.

Conclusions and Discussion of the Empirical Study

Previous chapters have emphasized the search for evidence to validate the
model, often to the exclusion of‘)r*ef‘er*ences to the im portance of the results for
understanding com munication within the design context. Several findings have been
revealed which help illuminating the nature of com munication problems in this
context. The major substantivé conclusions of the study are outlined below.

An initial focus was to provide support for each of thé major constructs
portrayed in the model. To accomplish this, the study identified significant
differences between sub-groups in the sample based on specific sets of indicator
variables. This provided several important insights concerning aspects of the
design context.

Perhaps the most significant finding in this phase was the r‘evelatiéﬁ of the
powerful impact which the bureaucratic structure of systems design appeared to
have within the sample. In describing the social organization of the design
com munity, the results indicate that substantial differences are apparent which
are largely the product of the segmentation of design work into specialized and
isolated tasks. Evidence was provided that the sample was composed of groups
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ﬂvnahich paralleled the traditional bureaucratic organization of design work.

The importance of this finding was reinforéed as additional constructs were
evaluated. Several elements of the rﬁodel were found to f\vary in ways which .
appeared to be directly related to the bureaucratic patterns .revealed above. In
most cases, the differences indicated were consistent with predictions derived
from the model.

For example, the model suggested that differences in "frames of reference"
* should be evident among individuals occupying distinct roles within the design
proE:ess. The results indicate this to be true. Individuals who occupy senior
" positions within the design hierarchy (ie. MIS managers and Senior'.Analysts)
scored consistentiy higher on indicators suggesting a managerial orientation,
while junior personnel (ie. Programmers and Technicians) revealed a technical
frame of reference. These differences were particularly evident in relation to
indicators of managerial or technical focus of w\or‘k, affiliations with distinct
groups Wwithin organizations, as well as formal job responsibilities, training-and
levels of experience. The results are thus consistent with the conclusion that )
individuals occupying positions at diff‘ér‘ent levels in the system design
hierarchy maintain distinct orientations toward the design pr‘ocesé, and to -
affiliate with others who share similar beliefs.

Significant differences in the use of specific design tools and techr;iques'
were also revealed in relation to specific sub-groups in the sample. The analysis
reveals that groups at the higher end of the bureaucratic spectrum e;(hibit, more
. frequent use of innovative design tools (ie. fourth-generation languages,
prototyping, etc.), while junior personnel tended toward the use of traditional
structured techniques. These relationships appear to be related to differences in
the two groups' involvement in the design process. Senior designers are
frequently concerned Jith new systems development and thus tend to require tools
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whic;h f‘acilitate definition and emulation of user needs, while junior per*sonnel
are more likely to be assigped rhaintenance and upgrading duties, requiring more
traditional tools and technigues. In this sense, the study demonstrates a
relationship between the social organization of design work and the use of
specific degign tools.

Still another finding in relation to the segmentation of the sample concerns
the identification of distinct com munication pétter'ns among different groups. The
analysis reveals differences between groups concerning theif' involvement with
others in the design setting, as well ‘as in the specific type of activities which
define that involvement. For example, programmers and technical personnel work a
great deal on their own or in one-on-one relationships with other technicians.
M1S manager's‘and senior analysts have a broader pattern of com municative
activity, including interaction with end users and top management, as well as
with other members of the design team. This group also shows greater likelihood
of being involved in group-oriented activities where systems issues are discussed
among a variety of ;nterested parties. In other words, allocation to a particular
segment of design work appears to impact both the degree'and the kind' of
~com munication activities one is h‘keiy to be inv'olved in.

The relationships outlined above all suggest a relationship between the
bur_eaucratic segmentation of design work :;md‘other- aspects of the design context.
Additional relationships were also noted, though not supported strongly by the
analysis. Among several aspects of the organizational context, for example, only
a few appeared to be related to differences in design actfvity. Important among
these were the kind of computer technology used and the overall size of the
organization. In both cases, the énalysis supported the conclusion that extensive
bureaucratization was associated with large organizations employing mainframe

computer installations.
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All of the relationships outlined above suggest the importance of the
bureaucratic érganization of system:;: design as a basis for differences within the
sample. In the model, differences in frames of reference, in the use of design
tools, and in resultant com munication patterns were all expected as a consequence
of differential involvement in the design process. The results indicate that
thiese predictions hold within the current sample. It is fair to conclude,
therefore, that this aspect of the design context is a critical factor af‘fect.ing‘
patterns of professional activity and interaction.

In addition to describing individual constructs, the study also sought to
examine relationships among these and to indicate how these rélationship affect
specific outcome measures. Phase two of the study provided evidence of
significant relationships linking these elements of the model.

A connection was identified between the Frame of Referen}ce construct and
com munication patterns demonstrated within the sample. The relationship

¢

identified by the analysis indicates that factors such as type and level of
education, technical or managerial focus of current work, affiliations with
specific groups in the work context, and formal job responsibmties all

contribute to differences in com munication patterns, par'ticularly‘ih"'terrns of the .
degree of involvement with end users and managers, socialization patterns on the
Job, and the extent to which one works in relative isolation. The nature of the
connection appears to be that individuals with a managerial orientation tend to
have com munication links with a broader range of groups within the organizational
setting, and tend to engage in more frequent and varied types of interactiém. As
earlier observations suggested, technical personnel have a more restricted range
of com munication contacts and involvements. The results indicate an association
between individuals' frames of reference and their patterns of com mun.?cative

activity within the design context, as the model predicts.
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A relationship was also identified between individuals' com munication

pai:terns; and their use of specific tools and techniques for systems development.
The results suggest that the use of innovative design techniques (eg. prototyping

. with fourth-generation software) was aésociated with com n;unication patterns
involving direct and active interaction with other groups. Individuals using
these téob tend to have more communicative contact with end users and managerial
personnel as well as with oi;her_technical staff. Individuals using traditional
development tools (eg. structured program ming and design) appear to opefate
within a restricted com municative environment where interaction is limited to
technical peers. This relationship is predicted 1n the model, which indicates
that lower-level personnel responsible for the tech:rxl:cal development of systems
tend to have little contact with the ultimate users of those systems, and thus
little opportunity to gain direct understanding of their require ments.

g The relationships identified above describe elements of the com munication
éﬁkontext internal to the design process itself. While the study indicates
inter-relationships among these elements, only marginal support was ava:u'Jable to
link these with specific outcomé measures. In the om‘.ginaim odel, a relatio;lship
"was predicted between patterns of com munication behavi;n" and specific outcomes of
the\ design .pr‘ocess. Early results showed this relationship to be unsupported.
However, problems ir he meé.surement of these outcomes are evidentrin the étudy,
and may account for the lack of support for this relationship.
A second relationship was identified, héwever, for which provisional support

was suggested. The results indicated that variations in designers' use of
pardcular design tocls had scme relation to specific com munication and systems
outcemes. The specific components of this relationships suggest that use of |
traditional methodologies may bé associated with more frequent disagreeinent
between designers and users,. as well as with di.f‘t:‘iculties in identifying users'
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information require ments. Conversely, the use of innovative techniques wés'
associated with f‘ewer disagr'eeuients and less difficulty in specifying users'

needs. W hile these associations were weak, measurement&pr'oblems discussed above
were considered a po&sible‘ explanation‘ for these results.

A final rg]auonship provided additional evidence of a connection ‘between
the com munication outcomes suggested above and specific im}pacts on the- pmducts
of 'the_ design process (ie. OIS systems themselves). The results indicate that
com munication problems such as disagr'ee“ment between designers and users and low
levels of understanding about each others' jobs are positively associated with
indicators of systems problems, including problems in defining clients'
information needs, low client understanding of the systems they use, and low
a&essmenté of users' computer literacy. The prediction in the original model
that ineffective com municationv would lead to problems in system perforihance thusg
appear to be borne out by these results.

In total, the r:esuli;s outlined above indicate support for the idea of a
complex interachtion involving designers' frames of reference, aspects of the
techrical and organizational context, forces toward bureaucratization of the
design process, and the use of specific design tools. All of these features
appear to create a context of forces whose major odtcome is to affect the nature
and quality of com munication underlying the system design pr:ocess, and ultimately
the effectiveness of the systems developed within that process.

The final stage of the analysis. set out to determine whether this set of
relations, operating as an integrated system, effectively described the basgic
structure of the data available. The positive results obtained in thigfanalysis
provide evidence that the system of relations depicted in the model does describe
significant forces affecting the nature and quality of com munication in the
design context. While these are ciearly not the only factors affecting L5
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success, it can be concluded that the model describes some of the major forces
affecting the outcomes of IS design, particularly those arising from barriers to
- com munication and understanding.

The Limitations of the Study

While the conclusions outlinedgabove are supported by specific findings, it
is important to bear in mind specific ]irilitations which affect the
inter'pretatio}x of these results. Several facets of the analysis reported above
have utilized composiﬁeC measures fér complex, and otherwise un-observable
cons;r,ructs. While this as a legitimate research tactic, it carries witih it the
potential danger of over-interpreting certain results.

Whenever a construct is represented by One ‘or mofe sur'r'oga{e indica/t,,or's, it
1s necessary to recall that any conclusions dr'awri about the construct in question
"must be interpreted speécifically in terms of the components Zhat have been
measured. The results of such analyses will always be limited by the definition
of the construct irrip]icit in the selection of indicators. Conclusions drawn about
the construct will aJs;J be limited by the effectiveness with whiéh specific
elements of the construct have been measured.

In the present study, cohsiderable effort was taken to ensure the‘ validity
of the measures used. Each construct was represented by a variety of indicators
representing distinct aspécts of the construct. Each ihdicator' was empirically
validated by in-depth interviews. In certain phéses of t\he study however,
specific indicators wére eliminatedr from the analysis either because they failed
to reach computational tolerax%ceé for statistical procedures, or because only
specific sub-sets of indicators constituted a significant r-elat,ionship; These
changes are clearly indicated within the text.

7_\\ Because of these concerns, particular care has also been taken in
ints\er’pret.ing specific relationships identified in the r‘esults."Ebr“ea\ch

\
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‘relationship, effort has been made to identify the specific indicators wilic_p
constitute the greatest part of the variance, and to interpret the nature of the

relationship in these terms. These specifi€ations should be borne in mind when

’

interpreting the results. ' : o

Beyond the composition of measurement for major constructs, more general

v

problems of measurement validity appear to have impacted at least some of the
findings of this study. As discussed in Chapter Fight, there was some indiéaf;ion
that the effectiveness of measurement for specific "design outcomes" indicators

might -be suspect. These indicators were ‘m easured using self-report questionnaire

items, whose effectiveness in obtaining a valid description of outcomes might L

well be questfbned. Suspicion that the ineffectiveness of these measures,m'ay be

F

partially responsible for the lack of stgnificant results concerning specific

outcomes has already been discusseﬁ; Speaking more b.r'oadly, the results of other

- /g
aspects of the analysis are, as ugual, subject to the.caveat that results are

1

only as' good as the measures 'oni which they are based. There are no explicit )

%

indications however, thétf problems of this kind have affected other aspects of

- >
-

1

the study. -

a4

Broader Conclusions Regarding IS Pesign and Implementation-

The conclusions.outlined above describe specifrlc aspects of the IS context
which affect the nature apd quality of com munication in that setting. These -
résulzs represeng insights {:onceming factors affecting the outcomes of th;
design process. Taken as a whole, these findings help to illuminate the broader
nature of IS design viewed as a processbf com munication, as well as to pr'ovide a
perspective on problém's encountered within tl'lxét'\‘*process.

The study as a whole confirms the importance of com munication in 1S design.
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It is widely believed that diff‘icultieS in IS development frequently result from
barriers to under'standingjbetween Qesigners and users. Before this study, Little
evidence *has been proffered to support or elaborate this assumptioh. This study
offers evidence that com munication is not only important to(” the design process,
but cons.tritutes the very basis on which that process functions.

15 Design is defined here as a process in which the needs of managers and
other employees are translated into a form which other indi‘viduals can uée to
construct a technigal system which, at least theoretically, fulfills thoée needs.

‘ The imag;e of a process of translation acr*osé two alien cultures :aptly captures
the essential character of this process. The present study contributes to an
understanding of this process by por'tr'aying‘.design as a task.involving
interpretation across two distinct frames of reference, ahdﬂ by descr'ibihg a
variety of forces within the social and or‘génizational contexts of design under
which the interpretive pr'ocessaoper‘atesr. The study attempts to define IS design
specifically in terms of com municatioh, and to develop an understanding of how
broader contextual forces affect that process.

In describing factors which affect communication within this setting, the
emphasis has been to gain an under'sﬁanding of the social and teéhnical contexts
ir; which design is carried out, and to derive from that an analysis of how these

faciqrs affect the products of IS design. Several factors have been identified

which influence com munication in this setting and appear to impact the systems

@

that are produced. Many of these are related to the bureaucratic structures in
which design work ‘is located.

The study shows that problems of understanding between designers and users
are consistently reinforced by -aspects of bureaucratic organization. Problems of
translation across technical and managerial frames of reference are compounded by
the tendency',to-segment design‘wor‘k into isolated and specialized tasks.
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Hierarchical structuring of these tasks further removes the br*oducex‘s. of systems
from contact with users and to impose additional links in an already difticult
chain of translations. Bureaucratic procedures promote the use of technical tools
which e?cacer‘bate problems of understanding, and structure interactions in a way
that opportunities to learn about managerial work are denied to thcl*se who could
most benefit from them. In several r‘especg,sf, therefore, bureaucratic structuring
of design work is the most significant- factor affecting com munication problems in
IS design.

A more enc'our'aging note in the study is associated with the availability of
innovative tools which‘ positively impact com munication in the design setting.
Teghniques such as the use of fourth-generation development tools and v.ar'iqgs
types of application prototyping appear to short-circuit barriers imposed by
bureaucratic structuring r;md open up important opportunities for technical
personnel to gain insight inﬁo managerial work. These tools appear to create a
more effective basis for system design specifically by facilitating interaction
between designer and user, and by providing a basis for rapid feedback and
error-checking. The appérent improvement of IS outcomes accéompanying such tools
further illustrates how com munication is fundamental to effective design.

In its broader aspects then, the study offers insight into the nature of' the
design process and its potential problems. By developing and testing a model of
the design process specifically couched in terms of com munication, the study
provides a basis for conceptualizing important aspects of IS design, and for
understanding the potential im‘pact of various contextual factors in determining
the effectiveness of that process. In these respects, the étudy contriutes to

both conceptual and practical dimensions of the problem at hand.
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Implications B
The study has a number of practical implications in addition to its

conce'ptual interest. Several implications are apparent concerning the issue of
improving com municati(;n processes within the IS design context itself. These are
outlined in the first section below. The study also has somewhat broader
Implications regarding the nature and role of information technqlogy within 7
organizations. In par*ticular*, the need for organizational po]icieé regarding |
development and implementation of information technology are discussed in the
second section below. Finally, the study presents several implications for

further research into the design and implementation of information technology in

organizations. These are discussed in the final section.

Implications for Improving Com munication Within Systems Design
The study suggests specific implications for improving the quality of
com munication between designers and users within the design context. The:
essential barrier to com munication in this setting lies in the fact that
designers and users operate within distinct frames of reference which define
differing orientations and approaches to the design task. The distinction of
managerial and technical groups on this basis means that each utilizes a unique
set of interpretive categories, values and priorities in defining aspects of the
design context. These differences can eventually lead to variances in
interpreting the overall goals which a prospective system should fulfill, discord
about the specific information needs to be met, and eventual dissatisfaction with
ccmpleted systems. |
An obvious step in overcoming problems of this kind begins with the initial
training and education of both systems and managerial personnel. To the extent
that we provide widely divergent training to these groups, we increase the
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potential for communication barriers. While specialization is appropriate,
introduction to the nature of the others' work requirements »would assist in
preventing the J.nit.ial formation of barriers. This could be accomplished by
incorporating technical modules into existing management curricula (and v_iée:
versa), creation of educational programs explicitly bridging the two disciplines,
and special programs which bring managerial and technical students together to
work on single projects. The latter would have the advantage of encouraging
direct contact between the two groups, which appears to quicken the socialization
process which establishes distinct interpretive frames. Regardless of the method
used, the explicit aim of such programs should be to gain an appreciation of the
others' orientation as well as to provide an exchange of technical information.
Emphasis on the former would be particularly beneficial in preventing the
formation of disti_nct barriers to understanding.

Within the organizational context itself several steps can be taken t,()‘
prevent the formation of distinct frames of r'efer'encejand to reduce their impact.
A continuation of cross-disciplinary training might be one approach to provide
contact between these groups. ano’tp prevent crystallization of attitudes and’
perspectives which contribute to misunderstanding. A specific training or
upgrading program might be implemented to ensure that individuals in each group
gain exposure to the perspective of the other as well as to specific technical
information about their respective tasks. An 1mporta‘ng“‘cﬂc;r‘nsi‘dér'ation again should
be the need to encourage informal social as we].lr as direct professional contacts
between these groups, to facilitate development of a shared perspective on
relevant pr‘ofessional concerns.

Additional steps can be taken regarding the structuring and manage ment of
the design process. Generally speaking, we have seen the profound impact which

bureaucratic structuring of the design process can have. It both creates and
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reinforces distinctions which make mutual unde;'standing_ exceedingly difficult.
Several suggestions- can be made to prevent this ﬁ*om~hap;3§ning:‘

(1) effort should be made to broaden the scope of specific system development
Jobs, particularly at the lower end-of the traditional hierarchy. Individuals

should be given r*esponsibﬂity for a range of design tasks, including frequent
contact with the prospective users of the systems under Qegelopment. While some
degree of specialization will usually be appmpr'iate? sufficient exposure to a

range of tasks will enable individuals to develop their skills as design

professionals more rapidly, will facilitate the deve10pmenvt of a user-oriented
perspective, and wi]l prevent the individual from being im bued with a purely
technical per;spective.

\(2) As much as possible the development of a single system should be’th’e \\
responsibility of a single individual or team. A general principle might be to

have those individuals who design a system also responsible for its actual
production. Com munication problems of‘ten arise when components of a project are
"handed off™ from one specialist to another. Continuous invql\fement with the same -
pboject gives the designer Jincr‘eased understanding of the entire system, as well
as providing an understanding of the history and development of the whole
project. This 1s also advantageous\ from a training standpoint, in that junior
members of the design team gain familiarity with the entire development life
cycle and have opportunity to observe how senior personnel approach and solve
complex design challenges.

{3) Design teams should always include the dix;ect participaﬁion of user
representatives, with formal involvement in decision making about éystem
specifications and functions. This not only ensures that users have direct input
into their own systems (which facilitates acceptance and understanding), but a).lso

provides ongoing dialogue between technical and managerial staff. Formalized as
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part of the.design process, this enables initidl barriers--to _be tzroken—rdown——;and

- ensures continued 'exchange of information and perspectivesﬁ;ihich “enable both ,,:i,,,l,

_groups to overcome limited and biased perspectives. [

(4) Senior demgn personnel should have f‘undamental training 1n both managerlal

. and techmcal f'ields. Where a team approach is used some. specialization of‘
function will usually be advantageous. However, at-least one senior member should
have the capability to operate as an expert in both realms and, m‘ore lmbortantly;\
to translate and articulate an understanding of one domain"'into th'e language' of

wmmmxwmmmwm%

a given system as well as from a training standpoint. To the extent that the

' senior member serves as a role model, this would help to foster an environment ln

-

which distinct frames of reference are easily bridged. ' | 7’ ‘ - .
(5) The organizational unit responsible for system development should maintain a‘ '
pos1tion of h.'igh vmbility and open access to the remainder of the organization.
The traditional image of‘ the "DP Shop" as an isolated and alien entity of‘ten

SR e s

contr'lbutes to a ‘climate of mistrust and suspicion, of‘ten f‘oster'ing stereotypes

of the closed, socially inept technical type. To the extent that these 1mages can i '
be’ overcome, individuals may feel more wil]lng to break down mis—belief‘s iabout 15
| staff and to open com munication channels. Ther concept of the"'lnf'orm ation 'cen't'fe" o
"‘(Martin- 1984) has proven useful invthese respects, and can be ‘a useful was to-~
f‘acﬂltate genume user interest and acceptance of IS technology. | |

‘In addition to the structure and management of the deslgn process, it is

'or'ientation'.' The study has pointed out the advantages of using fourth-generation

develop ment sof‘twar’é',"app]i’c’ation’pr?totypﬁig';”an'd ’va?"ﬁ)us'}dhds “of partic ";I;Ta’tivé"’ -
design methodologies which seek active user involvement in the design .process. I
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- All these techniques help to break down ';bar'r'ier's to understanding by providing a
direct colm munication link between designers and users, and by allowing for

-1m mediate feedback regarding the ef‘f‘ecti?eness of a given system or application
in Eneeting the users' needs. In the short term, these tools provide a relatively
quick and effective basis for systems devefopment. Over the longer-term, they
facilitate the development of an increasingly éhar‘ed understanding of each
groups"j;leeds, and create the basis for ‘m ore creative utilization of infQrmation
technologies. Beyond their role as design tools, these also serve an important
educational function for both gr‘g)ups.

Use of such tools is, of course not always appr'op;'iat;e, particularly with
larger scale mainframe systems whi&?:’h require more careful integration and
security of data resources. With such systems, continued use of structured design
andn program ming techniques may continue_to be useful. It is advisable in such
sltuations that special attention be given to the potential problems inherent
with these techniques, notably the tendency for the developer to work in
isolation, to allow technical specifications of information needs supersede the
users real requirements, and separation of the producer of the system from its
original designer. Some of these impacts can be par'ti;:;]ly alleviated using a less
bureaucratic organization of the design process, as outlined above. In any case,

use of these more traditional tools should be carefully managed to ensure that

these problems do not occur.

Implcation for Organizations: Deﬁ.rﬁog the Roﬁ mTechnology

While the ‘s‘tudy addresses issues specifically/within the context of IS
design, it is clear that the n;tur'e of com munication processes within that
context are affected by the larger organizational context in which they occur. ln

this respect, the study alsc has implications concerning the broader role of
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inf‘ormation technology within the organization as a whole. In particular, 1; s
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more general choices adopted -at an organizational level. - b e

_For example, the use of‘ a structure in which to. manage the design Iunctiou_wl |
is in part an outcome of specif‘ic organizational policies concerning the role
which inf‘ormation technology is to occupy within the system. Typically, highly
bureaucratized structures are associated with a climate of strict managerial

&>
supervision and control. Within such a context, inf‘ormation technology is often

utilized within the existing organization as a mechanism f‘or managerial control
' Under-such conditions, the development -process itself 'becomes politically cha‘rged

:aad#e%eelFte:be:pepeewed%?se “vi]

In other words, organizational policies which lie behind the im plementation of‘-an
information system can also be a factor affecting, its pe_rception and ,accept‘ance
by users. Clearlythese“ perceptions will im pact com munication'~pr0cesses ’

underlying syste ms deSLgn and wi_ll af‘f‘ect the quality of‘ the development

*—outcom €3.

To the extent that broader organizational po]icies regarding the role of‘
14 .
informatlon technology aff‘ect the c]imate in which the ,design process is enacted,

it is advisable that such po]icies be caref‘u]ly examined f‘or potenti.al im pact. A
po]icy which views technology as a tool for f‘aciJitating employees' .access to. and ]
use of organizational ~inf‘ormation resources, and which attempts- to caref‘ully

;s

: integrate such a system into the existing organization, will - inevitably create a, .

more ef‘f‘ective context for specif‘ic design projects.: In -any case, the specif‘ic

_strategies adopted for organizing and managing the design process should be -

caref‘ully examined as par-t of a broader organizational policy determining an

appropriate role for the technology within the given organization.‘

Ideally, such a policy should -also include strategic ‘planning mga_nding now
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inf'ormation technology is to be managed on an ongoing -basis. In- par'ticu;lar

W " h accom Dany the"”” "*’j

im’plementatiOn'of‘"new“technolo'gies shOuld "al'so be exp]icitly developed:'i'A’Siabove,‘f

_ ‘these play a role in setting the broader' context in, which design pr'ocesses are C e

l
'car'r'ied out, and S0 have an important impact on the nature and quality o!i
' 'com munication in that context. e | | e L

Im plications f‘or Fur'ther' Resear'ch

In addition to specif‘ic practi al implications, the study also suggests

directions for continued research in this area. \The present study, 'has been

‘description of major forces act.ing within thejdesign contex't. The model examined

here pr'ovides some indication- of im portant"com municative aspects of‘ the  design N
pr‘ocess, but is by no means complete. It is evident fY'om the results of the

7 empir'ical study that impor'tant sour'ces of‘ var'iance within the sample have gone "

> .
the model itself.

Some of this r'ef‘ine ment couldi come in the f‘olr'mof im’pr'oved measurement f‘on =
.var'ious constructs, particularly tkhose concerned with com munication and design"
'Outcomes._ A ~study based on_ direct observational or other documentar'y evidence,-

; uould pr'ovide a useful ‘addition to-the present r‘esults. Each of} the major'

constructs in the model could provide the basis for more in-depth and complete

study. The specific dimensions identified and measured for the present study

-undoubtedly provide only a partial definition of these constructs. An effort to

f‘urther def‘ine and clarif‘y these would add to the richness and completeness of

the model. It is also likely that other' factors not addressed in this study may
ha've an important im pact on the processes described in this study. ,Consider-ably

239.



‘more work remams, theref‘ore, to further ret‘ine and develop the- presentmodei, e

The model  itself is. suggestive of several areas in which f‘uture research,,,,, .

would be . benef‘ic:ial. Each of the relationships betw een.- major constructs

represents a poterntial avenne ‘i‘o; 7 exploration in which im portant new insights are
likely to: be f‘ound. Further def‘,inition of‘ particularaspects of the associati_on
,,between var'ious .constructs wonld again help, to add detail to the bmad,,sketc':h,,,,, e

drawn here. Many of‘ the specif‘ic im p]ications of‘ various relationships could be

empirically examined. Relatlonships between specﬁ‘ic types- of‘ design techniques

and theﬁf“reiated‘comnmtton‘and“s“sﬁems mfit 5tﬁ‘é§, IO!‘ exampie. Could De

T f‘ruitf‘ully explored in further detail.. -~

Considerable roo m_for ongomg research ’might' alsorexist inr terms of

estaElishing the most ef‘f‘eotive organizational'strocture in which to house and
manage the design functlon. Several suggestions from the model c_ould be
) emplrica]ly tested to determine th’e im pact on com munication and systems outcomes. .

The model provides, in other words, severaI important opportunities to extend and

ref‘ine our understanding of‘ communication oroceases within the design context. By

opening these avenues for furthe_r study, the model provides an important

contribution to the research literature and suggests several avenues for further

v work in this area;

-+

Sum mary

In the sense that it brings together  two distinct areas of study - the

technical and the social - the app]ication of‘ information technoiogy in

organizations represents a significant area of‘ investigation for scho]ars in

,,,,, - J—

several disc1plines. ‘For Com munication scholars this area represents a challenge
to understand problems and promises associated with bridging these areas. The
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present focus on systems design, construed as a process of translation between
these worlds, represents an initial effort to ktest some initial ideas about how
com munication across such boundaries can be accomplished. It is hoped that the
investigation described in this work offers some initial understanding of such

com munication problems, anq that it opens the prospect for an effective crossing

of ‘the boundary in the fﬁjt\\z:e.

241,



APPENDIX A:

A "Typical” Information System Design Methodology



o

"312 uonerado jo 1,05 *uondeysnes Jasn Suuapisuos
‘WAISAS uononpoid 3 JO uonen[eAd [[BISAQ

1500 sunelado

pue 3suruiograd pauuryd snsiaa sdurunopsd [emdy o

3

‘uone1ado WalsAs Fuinunuos uoddns 01 uoneiuswndod O
‘w3IsAs Jeuonesado K[ng O

‘Jsuuosiad Sunessdo pue 1asn paures] O

‘S[ENUBLU 3INPad0ld O

‘swesoid paisal Ang 0

Teve

‘siudwannbal as1nosay

'saInpavoid uoIsIaAuOd pue Junsaj
‘so[npow pue swreidoid ‘sassasoid walskg
“(JeatsAyd pue [eardo)) udisap sseq ;e
"USIS3p JINIIAUYOIE [EIUYII |, “S)1Jaunq pue SI503 Jo AUTWWNg o

‘uoday suonesiyadg [estuyss] O ‘aseyd 1xau 1oy poja jo alewnsa pue ueld ylom O

“SPI3U [0NUOD pue A1Unaag ‘1apowt eiep 193fo1d (jeI9AQ) O

"BUIIUS 30URULION3] ‘s1dasu0d swasks [9A3-4y31H o

SIUSWIS viep (e jo Sunsi “19afo1d jo adoss jo uondussag o

‘SMO]J [RINPad0ld :199fo1d yoes jo uoniuyya(

‘suondussap indino pue induj ddad
‘suonduUNy [re jo uondudsa(g Jo uoneziuegio pur aIEM1J0S ‘arEmpIey 10§ sa13aleng

‘Uodsy suonedidads [ruondung O ‘A331mns 1wowdo3Asp SWIISAS [JEI2AQ

0Oocooo

ocoO0ooag

@)

0on

“Sadueyd "sinoAe[ u3315s pue sinoAe] uodoy o , . ;
Zunuawajdwit 10} SABWINSS SNsIA souruntouad [endy o ‘sinoAe] wJoj induy o ‘uotoe hoau&:ou uuvcww:ﬁEoﬁm o Wwouwredsp 4qg s uonezurdio ay) h.d mo@”ww%uw
:suodal smels Jpousd Jd i ‘suoniuyysp - N ued uonejjeisut Puung g ) o uotlezl 1 _
'$31npad01d pasiaal ayl ul pauted) s1as( - aseq rIep [BOsAyd pue [eo130] 01 $90UAIRJL-SSOID) O _ w.:b_ucoc, pue wou_:o%& jo buEEmm o PUE SWIISAS ‘suonesado J(1g waund u.o :o:n_”_ﬂw\,_w -
"sagueyd weadoid paisal Ang s ‘S9AlIELIEU J[NPON O _M3IAISA0 USSP [EANUYI3) Eu;xm o - A . uonez zm 10
“suoniediydads Sutwwresfoxd paepdn o SHBYD 2IMdMIS g MIIAII40 UBISIP [RUONOUNY walsAs o U_o ssaulsng ayy jo surpd otdatens ay1 01 Ps n_ 1
'SUOHIEDIJIPOW WNSAG T :suonesijioads Julwureisold 3 ‘nodoy AJewwIng 1USWIZEUR| O SIUBWBIINDII UONBULIOJUT 2ININj PUE JUALIND JO JUDWIIRIG T
s o [ ] T
! ; ' NY1d :
zo_:hmwrﬂwaonm | NOLLYINTANDQQ | | NOLLYTIVISNI | ‘
HYHSOad W/HO0ud | | ONINIYR S | i IRv ) ol M :
“aNY ONY | SIHNAII0N SNONYJHIDIdS! SOINONODI | || SNOILYDII93dS | SKOILYDIH1D3dS | NOLLINIH3Q NVd
WIL5AS N31SAS ; ¥isn| ,ozi!«xwoxu x&Z»m‘ i ‘r dﬁ_zxuw_.‘ ‘ * ?zo:uz_.:_ ﬂ Ewﬁo.am,, m:ubm;wx
e [EE  — : A, A e ——
A A 4 [ Y X A__A
NOILY TTIYLSNI SAILSAS ONINNY 10 SWILSAS

1M0daNs SAILSAS NOILDNACKHS

TNINNY Vg NOILYNIGYOCD

HIioh e NOILYNTYATZ NY g

BN poms SK3ISAS |
——

ININKYTd INING0TIAI0
RETE Juvaid0S
alas ShILSAS

_ NOUL vV LSN)
Jevai305 T
JuvaguvH

B ml | ﬂ

LEITEL] |
NCISHIANCD  —r NOISEIANDD bmey

H HLTVIDR IST I IV R SH5ATYNY —NOILYIIASSY Tl NI

RZFL A FLERETE 2
i Mloas o 30NWHD . 153003 ,wuz;xcuumn_

150d

P

] r
! e
P LEFSYNS

|

|

| S

|

NDIS30 H
0 « Ot N
}— ONIWAYN)OB G 031110 KDL Y2 Gx\oﬁ‘

J

—

NOSIvY
350

ONILESS
ALl401ad

|
_L
NOILVEVd3INg
‘4 NOISYIANOD

_

JLELEIRELER]

$3¥NnJ3308d
435N

‘pasawaidut

A19A152)5 pue sadoxd are sadueyd 1Byl ainsud 0] O
“santanoe gutuued SWIISAS 2Jning UL ISISSE 01 SWIISAS 3yl

Jo sduruuoprad pue aimionns g jo Aupenb ayy ssasse o] O
"SW2ISAS 3yl 01 sprww $a3urYD JO 2dusnbas pue

31qEIWN 13S0 3y} 190 [0NU0d JudwIdeurw apiaoid o] O
‘sampasold 1o swesSosd Jandwod *swasAs

ay1 01 sadueyd [enualod (e [0NUOD pue Kjnuspt o] O

Hoddng swajsdg uoydnpoid :aseyq

"waisAs A 10 uonerado SuMunUOd [NJSSIVINS INSUI
01 SAINIOMS 1UAWIFeurw pue [ruolieziuedIo ysijqeisa o] O
WaISAS 3yl wewajdwr o] O
"WwasAs I asn 0] [puuosiad uren o O
‘uyonretado 3a13))9
Joy ATessadau yuawuonAus [eatsAyd ayi aredaid o] o

“wass ay1 Aesado 01 saunpasosd pasinbaz ([ ysiqrisa 0] O

‘sureifoid
1aindwo2 papieiap a[qerjal pue JAEINdIE AL 0 O

uoye[[e}SU] SWIISAG :3seyq

/[\ NDIS20 SWILSAS AdvYNIALTIHd

180440
SATLSA, .
0ddi’
NOILI3TIS ERELTY NOV£INGUY¥ ,An_:.;.v
u:.-Com I8¥ML 408 45 A931vy1Ls AY3LvHLS Sn1vlS zo:w::can
T 34vAQEvH ca3Llsas NOILYZINVH G J8vMLI09 IN353ud oy
T IVRO¥YH T JHVMCHYH
TwAC vyl H ‘_
BN » SISATYNY SNOILYII41D3d8 TYIINNDIL N N 7o as v z:,quuwmmuoa 078 NorL w2
. L o > 3 1) a ?
| LN3nIovNTR (1331038 1502 ONY TYNOIL TN L ckandorawn e NOLLYREO SNI i
L ;
i e
ﬁ I : | |
NOILYDIVAT ININNY 19 ¥ _
' 3IN0IHIS 3oy 105 NOLLNG .“o $193M0ud $IANLIIMAC
RRIZ3T] Lav 14N J19N15 ] ssansng
NOILY £330Gag :

NOILY21TadY

"WIISAS Y1 JO UONB[[RISUI [NJSSIIINS INSUD

01 SINI5NIS 1USWIFLURW PUE [RUONIRZIUEIIO YSI[QTISa O] O "padojaaap 10u st uerd swasAs 319(dwod
"2A0(QE PIUIJINO SIOIOR) A3Y Y1 e uaym 109f01d 3[iuis v 10y Futuuejd awenbape apiaoid 0L

Pim 92158 pue PUEISISPUN WASAS 2yl sunrado pue Juisn ‘ueid o3 Jo uonspdwod JnyssIdONS JUNSUD
log 31gtsuodsas jsuuosiad juawadeurw J[v 1Y) LNSSe 0] 0 01 S2INIDILIS 1USWSTBUBW PUET [EUONEZIUTSIO YSIQRISS OL

‘WAsAS 3y woswadwr o1 sjquIdWi] g “uswdolaaap 1oj sanuoud

"pannbal $301n0531 arempIey PUE 13UUCSIdG O ysIqrisa o1 pue spaford swaisAs o1y1dads Ajuuapt oL

“WIISAS 3 JO sIdUdg O "uoneZIUESIOo

"LI0Jj9 uonieieIsut oY1 JO 150D o a1 JO $padu [p101 Ay 12aw o1 sanfiqeded [puuosiad

‘uonesado walsks 10 1500 O put 3IeM1JOS *DIRMPITY JO AZ21EMS$ [[LISAO UT USTGRISI O]
‘uonesado woIsAs jo aneN O ‘way £q papiaold uonzwoul
JWBISAS Y1 JO $10)0P) SUl PUT SWISISAS JUSLIND JO $SAUIANDIIJJS JY) SSISSE O

“Spaau

A3Y || Kjniuapt 01 papasu yom dy1dads sy uuopad o] O

“SPIsU UONEBULIOJUI [JE Juswndop pue Ajnuapl o] O UOLIBULIOJUT S)T 0} $2A1123(qO §,UONEZIURSIO Y1 T[T O]

uSIsa(q SWISAG Areunrfai] :aseyJ

3

Suruuel swajsAg :aseyy

SLYVHO ONINNV1d S1ONAoud

SAALLDA[O

324D ayr] judwido[aaa swadisAg
‘HAOHLINW



APPENDIX B:

Interview Protocol

244,



Interview Protocol

Introduction and Overview of Research

General introduction to research project in terms of its focus on QIS

"Failure", and its interest in attempting to illuminate the underlying basis for
these difficulties. The prob]em was explicitly not defined as a "communication"
problem, since part of the aim was to determine if subjects were used this or
equivalent terminology in understanding the problem.

General Questions

1.

Subjects were initially asked to discuss their own experience with computer
information system and to reflect on the problems they have encountered or
been aware of. More specific probes would be used to flesh out details,
particularly regarding problems which had a clear "human" element (ie.
non-technical problems).

. Subjects were asked to consider the.underlying cause of the problems

referred to. This was cften be done by asking what IS problems seemed to
have in common, what subjects thoughHt was the biggest difficulty or the
most central problem, and so on. If it did not arise spontaneously,
subjects were asked if there were aware of any specific problems relating
to the design process. The specific nature of such problems would be
discussed in depth.

. Subjects were asked t5 discuss their understapding of the compositi'on of

the design community; ie.- Who was involved in doing. design work, what
different types of people contribute to the design effort, what kind of
training and experience did these people have, what would an "“ideal"
individual in each category be 1ike? Do system designers differ in any way
from managers; what is the nature of these differences; what is their
impact? ) ‘

. Subjects were asked to comment specifically on the actual nature of the

design process itself -- how the work gets done, what technigues and tools
are used, what , if any, problems arise from these?

In general, How well do managers and system designers get along? Do they
understand each other; do .they get in each other's way? How do managers and
system developers differ; do they think differently, approach problems
differently; do they have different personalities?

Specific Questions for Specialized portions of the Sample

1.

For EDP Placement professionals:

- What qualities would you look for in an "ideal" system design person as

opposed to an ideal manager?

- What specific job categories are involved in design work? define these in
terms of concrete activities, formal resining, experience.

- What are the important d1fferences among different design professiona1s7
(eg. personalty, thinking, specific abilities, etc.)

- What does a designer need to know to do a good job?

- What special qualities would you look for in screening for a system
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development position as opposed to a management position?

2. For Educators:
- additional detail regarding the formal qualities of managerial vs:
technical education; specific examples of differénces. -g»
.= The nature of 1nforma1 relationships among (and between) managerial "and
technical students. Any basis for diffeences between these groups.

3. For System Consultants and MIS Managers: ,
- specific details concerning methods used in design, and problems
encountered with these. _
- Special techniques used to facilitate communication and understanding
between users and developers?
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gmm The University of Western Ontario

Facuity of Social Science

Centre tor Administrative and Information Stucies . .
Social Science Centre

London, Canada

NEA 5C2

(519) 661-3012

SYSTEMS ANALYSIS AND DESIGN QUESTIONNAIRE

.

- Dear Colleague:

The attached questionnaire is being circulated as pa¥t of a
research project examining the role of communication processes in
the design and implementation of office automation and management
information systems. The purpose of the research is to gather
information about the kind of communication practices which
systems design professionals use as part of their normal work. We
hope to gain some insight into specific practices which make the
design process effective, and so to assist others to become .more
effective in their design efforts.

We ask your cooperation in answering the questions which follow as
completely and as. honestly as possible. This information is being
gathered for academic purposes only, and will not be used for any
commercial venture. Nonetheless, please feel free to withhold any
information which you consider to be proprietary; your answers on
the remaining items will still be greatly appreciated.

A stamped, self-addressed envelope is provided for you to use in
returning the completed questionnaire. Your cooperation in
returning the questionnaire as soon as possible is important in
obtaining complete and accurate results. Thank-you in advance for
your assistance.

You need not identify yourself in any way. All questionnaires and
answers will be kept in strictest confidence. The results of this
survey will be published in aggregate form only. If you wish to

‘receive a copy of the results, please contact me at the address

below:

Ronald E. Sept
Centre for Admlnlstratlve and Information Studies
The University of Western Ontarlo
London, Ontario
NGA 5C2
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UNIVERSITY OF WESTERN ONTARIO

As a systems professional, what percentage of your time is spent
in activities specifically related to systems design?

]

what i{s your main area of responsibility within the system design
process?

MIS/Project Management

System Design and Consulting

Systems Analysis/Programming

Systems Engineering/Technical cperations
other (specify)

How many years experience do you have in your current area of work
(including other jobs of the same kind and level)?

years

which type of organization or department are you most closely
affiliated with?

MIS or DP Department within a larger organization
QOther Department within a larger organization
General Management Consulting Firm
Accounting/Systems Conaulting Firm

Computer System Vendor

Private Consultant

Other (Specify)

Approximately how many people are employed by your firm?

employees

In your normal design duties, do you deal primarily with external
clients or with users within your own firm?

external clients internal users

. What kind of computing facilities are you most accustomed to

working with:

individual Personal Computers (PC's)
networked PC's

minicomputer with several "workstations”
mainframe ccmputer with several terminals
other (specify)

1]

In which industry are most of your clients are located?

Primary Industry (Mining, Forestry, etc.)

Manufacturing

Wholesale/Distribution

Retail/Merchandising

Public Service/Utilities

Government

Voluntary Agencies

Other (Specify)

1 work with clients from a varlety of industries
249,




9.

10.

i1,

12,

]

which type of systems applications do your clients most often
require?

Computer~Assisted Manufacturing/Process Control
Basic Transactions/Record Keeping
Word-processing

Accounting )
Office Automation/Communication Networks

Management Decision Support

Other (Specify)
varies from client to client

In a typical systems development project, what percentage of your
time do you spend on each of the following tasks? Please put 0%
for any tasks you do not normally take part in.

Analysing clients' information needs

Planning and administering project budgets

Developing plans for system implementation

Meeting with clients and assocliates to coordinate projects
Training and supervising project staff .

Monitoring project progression

Writing software specifications

Installing systems hardware

Programming , - .

Testing and de-bugging system

Training users to use software

Trouble-shooting and scftware support

Other (specitfy)

-
L d [

AL

On average, what percentage of your working day do you spend with
each of the following groups:

A\ Top Management
A End Users

A\ Programmers and Programmer/Analysts
v Technical Specialists

\ Other (specify)

v\ Working on Your Qwn
)

Rank each of these groups in terms of how much you prefer to work
with them. Identify the most preferable group as number l; the
second most preferable as numnber 2; and so on.

Top Managemant
End Users
Programmers and Programmer/Analysts
Technical Specialists

Other (specify)

I prefer working on my own

For the group you identified as number 1 (most preferred), list
two or three qualities which make that group especially
attractive. (If you prefer working on your own, explain why).
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13.

14.

15.

16,

17.

18.

Identify one of these groups you would be most likely to have
lunch or coffee with, or socialize with after work.

Top Management
End Users

Programmers and Programmer/Analysts
Technical Specialists .
Oother (specify) =

Feg
LY
¥

How much experience have you had in computer programming?
({f none, please skip to Question 19)

1 2 3 4 5
none very some a fair a great
licele amount deal

Of the programming you normally do:
a) what percentage is:

A systems programming

vs. "\ applications progranming
10 s ‘

b) what percentage is:

\ maintenance/upgrading programming
vs. § new systems programming
100 %

when you write programs for clients, how often dc you use
"structured" programming methods (ie. flowcharting, writing
formal specifications, etc.)?

i 2 | 3 3 z
never seldom occasionally frequently always

How much experience have you had with so called "4th generation"
programming languages and other software (ie. 4dBASE II1I, Focus,

Framework, etc.) that allows users to develop their own systems

applications?

1 p] l 4 5
none very some a fair a great
litecle amount deal

To what extent have you used 4th generation software directly with
users to develop working "prototypes" for specific system
appllcations? ’

3 T T

1 2
none ver® some e fair e great
litcle ] amount deal

Q
what is your assessment of this procedure as a basis for systems
development?

2
w
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19.

20.

2l.

22.

23.

To what extent do you employ a "structured"” methodology £or
systems design?

1 b1 3 4 S
never seldom occasionally frequently always

In your opinion, what are the main advantaqu {or disadvantages)
of using a structured design methodelogy?

when you develop a new system or systems application, which of the
following would you rely upon most to guide your analysis and
design?

A broad analysis of the organization and its major business
objectives and strategies

An examination of the overall problem situation in terms of
the user's ginefa% information needs and resources

An analysis of spec ¢ information tlowu and bottlenecks
affecting the problem at hand

An analysis of the problem in terms of specific technical
resources {(le. systems, algorithms, software, etc.)
which could serve as a solution

In a typical system design project, what percentage of your total
time do you spend in each of the following activities?

A\ meeting individually (face-to-face) with clients
meeting in groups with clients

3

\ meeting individually with other members of the design
team

\ meeting with the design team as a group

\ preparing writzen materials for clients (letters,
proposals, documentation, etc.)

V working alone on analytical tasks or programming

1008 » .

Does your system development methodology incorpozaté any of the
following:

. On-site Needs Analysis/Feasibility study
Strategic planing for clients' information management
User-based stsering committees

. Regular review/evaluation checkpoints

. One-on-one prototyping with end users

Software customization

. User training in software

Implemeantation in modules or phnsol

. Assistance in management of organizational change
10. System cests and modifications

11. Detailed documentation of procedures .

12. douitoring organizaticnal impacts

13. Software support after implementation

14. Post-implementation review and evaluation

W ~JdJAWe W+
. . “« .

lllllllllll!ia

In gendkal, how well do you think your clients understand the
nature of the work that you do?

1 2 3 4 Lo

not at quite juse relatively very
all peorly adequately well well
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24. What is your assessment of the level of computer litoricy of the

users you most frequently deal with?

1 2 3 4 S
totally poor barely quite excellent
inadequate adequate good

25. In general, how well do you think your clients understand the

28,

27.

28,

capabilities and limitations of their systems?

1 2 3 i 4 5
not at quite juse relatively very
all poorly adequately well . well

To what do you attribute this understanding or lack of
understanding?

As a rule, how well do you find users are able define their
information needs in a way that is useful to yocu?

1 2 3 4 5
not at quite just relatively very
all poorly adequately well well

To what extent have problems in defining users’' information needs
created difficulties in designing effective systems?

1 2 3 ; 4 5
none very some a fair 4 great
little " amount deal

wWhat speclal techniques or strategies do yoy usa to obtain an
accurate assesament of user informavion Needs, or to ensure that
the end product accurately reflects the needs of the end user?

(S}
(W3}
L
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29. In general, hca often do disagreements or misunderstandings arise
with your users on systems-related issues?

1 ] 3 4 3
never seldon occasionally ‘frequently always

Identify twe cthree issues around which such mis-understandings
might }m‘&@ixoly to occur.

30. In general, how effective are most MIS development projects in
terms of meeting users' information needs?

1 2 3 4 L1
totally barely moderately quite totally
ineffective adequate effactive effective effective

31. Identify three factors which you consider to be the most likely
causes of MIS difficulties:

a)

b)

=3}

32. In general, what aspect of the system design process would you say
presents the greatest challenge for you?

o

Can you describe any special techniques or stratsgies you have
found useful in overcoming this challenge?

33. what {3 your age?

Years

34. What leve] of formal education have your completed?

high schoel “
college or technical diploma
university undergraduate degree
graduate or professional degres

e -
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35. what type of formal training do you have?

1]

General academic progran
Technical diploma
Computing Sclience program
Engineering prograns
Management program
Accounting programs

other (specity) S

36. wWhich of the following best describes your work experience
pLtevious to your present position:

General Management
Accounting/Operations

Programmer or Programmer/Analyset
Systems Engineering/Technical Operation
Management/Systems Consulting

other (specify)

37. Por each of the items below, indicate whether you agree or
disagree with the statement using the following scale:

n)

nl

3}

strongly disagree

moderately disagree

neutral

moderately agree

strongly agree -

[V 3 W Ny
L B B B )

To be effective, organizations must have clearly defined
channels of authority and responsibiliny.

Complex tasks <an be accomplished most efficiently Lf they
are tackled by groups of pecple working together.

To be successful in an organization, it is better to be

a specialist zhan a generalist.

Things generally run smoother if everyone has a lp.citic job
to do and pecple don't have =0 depend on cone ancther.
Organizations work better when everyone knows enough about
each sthers' job %o trade places once in & while.

If jcbs are properly designed, just about anyone with the
right basic training should be able o do them.

A good manager spends more =ime interacting with employees
than studying and analysing business decisions.

Most pecple are smart enough to figure cut how %o use a
computer without much training.

A lot of what managers d4dc cn a day-to-day basis could never
be computerized.

one of the biggest advantages of computer systems is zhat
they help management control the work to be done.

To use computers really effectively, it is important to
understand how they operate and how they are programmed.
Computer systems should be designed with encugh flexibility
S0 that pecple can develop new, more creative ways of doing
thelir jobs.

Eventually, computers will be able o take over virtually
all of the major functions of an crganization.

Having good morale in an organization is more important zhan
being highly productive.

The more i(nformation that auuq‘u can get, the better thay
can 4o their ‘!eb.

THANK- 70U FCR_YOUR COOPEZRATION

Plsase return this quastionnaire as scon as possible
in the enclosed envelcpes.
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Results of Initial Cluster Analysis

/ Part 1: Agglomeration Schedule .
i o ‘ /
"Clusters Combined Stage Cluster 1lst Appears Next
Stage  Cluster 1 Cluster 2 Coefficient Cluster 1 Cluster 2 Stage
1 27 47 1.0000 R .0 0 2
2 27 58 ) .9927 1 0 3
3 12 27 .9853 -0 2 87
4 8 78 .9247 0 0 46
5 41 51 .9165 0 0 48
6 72 89 ' .9123 0 0 37
7 48 77 .9096 0 <y 0 35
8 28 - 75 .8934 0 0 10
9 67 79 .8787 .- 0 0 - 45
10 28 90 .8708 8 0 t 25
11 66 71 .8681 0 0 39
12 g4 85 .8668 0 0 57
13 21 84 . .8646 0 , 0 26
14 17 T 46 .8636 0 ~ -0 38
15 - 10 52 .8622 0 -9 29
16 68 82 .8585 0 0 - 26
17 35 38 .8488 0 0’ 44
18 1 80 .8464 0 0 52
19 44 62 ©.8417 0 0 32
20 55 56 .8340 0 0 36
21 4 37 ’ .8316 0 0 81
22 21 61 .8249 0 0 56
23 18 50 .8247 0 0 54
24 9 26 .8092 0 0 35°
25 28 74 .8016 10 0 39
26 68 81 .7970 .16 1 65
27 ' 5 43 L7712 0 58
28 14 65 .7703 0 48
29 10 33 .7688 15 0 36
30 13 22 .7670 0 0 74
231 19 60" -.7569 0 0 70
32 31 44 .7565 b 19 84
33 7 87 .7559 0 "0 53
34 15 42 , .7518 0 0 41
35 9 , 48 .7474 24 7 57
36 10 55 , .7443 29 20 47
37 25 72 .71167 0 6 59
38 17 4 20 .7088 ) 14 0 50
39 28 66 .7026 25 11 45
40 32 73 .6954 0 0 68
41 15 54 .6784 34 0 69
- 42 36 39 L6697 0 0 73
43 6 30 .6685 0 0 65
44 35 59 .6667 17 0 59
45 28 67 .6644 39 9 62
46 8 23 .6612 4 0 60
47 10 45 .658% 36 0 64
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17
28
18
14

31
15

12

.6532
6522
.6316
.6279
.6208
.6146
.6002
.5802
.5764
.5562
.5532
.5528
.5279
.5198
.5022
.4854
.4702
.4614
.4419
.4363
.4264
.4250
.4118
.4055
.3976
.3864
.3715
.3593
.3517
.3340
.2830
.2671
.2402
.1850
.1670
.1375
.1340
.0908
.0058
=.0067
-.0362
-.1566
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Results of Initial C]uster.Ana1ysis
Part 2: Classification-Table

Number of Clusters

Case
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APPENDIX E:
Results of Refined Cluster Analysis
Part 1: Agglomeration Schedule

Part 2: Classification Taple
Part 3: Dendrogram
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Clusters Combined

Results of Refined Cluster Analysis
Part 1: Agglomeration Schedule

Ty

Stage Cluster 1lst Appears Next
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Stage Cluster 1 Cluster 2 Coefficient Cluster 1 Cluster 2 Stage
o1 48 60 1.0000 0 0 2
-2 28 43 1.0000 0 1 3
3 13 28 .99¢€0 0 2 42
4 20 92 .9974 0 0 8
5 49 17 .9949 0 0 12
6 39 83 .9934 0 0 19
7 27 79 .9930 0 0 24
8 20 87 .9929 4 0 11
9 42 52 .9928 0 0 45
10 55 67 .9923 0 0 30
11 19 20 .9917 0 8 17
12 49 69 .9914 5 0 20
13 10 81 .9907 0 0 46
14 22 63 .9884 0 0 81
15 34 54 .9873 0 0 52
16 42 12 .9865 0 0 62
17 19 66 .9860 11 0 - 28
18 89 91 .9858 0 0 43
19 36 -39 .9857 0 6 22
20 29 49 .9853 0 12 28
21 32 82 .9845 0 0 33
22 36 58 .9844 19 0 37
23 68 13 .9839 0 0 38
24 27 45 .9839 7 0 39
25 8 44 .9836 0 0 35
26 5 34 .9830 0 0 31
27 23 53 .9818 0 0 30
28 19 29 .9814 17 20 34
29 11 37 .9812 0 0 41
30 23 55 .9752 27 10 62
31 5 57 .9743 26 0 37
32 70 74 .9708 0 0 41
33 32 76 .9679 21 0 44
34 1 19 .9661 0 28 46
35 8 46 .9650 25 0 52
36 50 90 .9650 0 0 70
37 5 36 .9639 31 22 58
38 51 68 .9635 0 23 56%
39 27 30 .9619 24 0 51
40 59 78 .9577 0 0 75
41 11 70 .9573 29 32 49
42 13 35 .9572 3 0 60
43 3 89 .9551 0 18 63
44 32 64 .9543 33 ° 54
45 18 24 .9486 39 9 62
46 1 10 .9479 34 13 56
47 16 56 .9461 0 0 65
48 40 47 .9456 0 .0 75
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Part 2: Classification Table

Results of Refined Cluster Analysis

Number of Clusters

Case
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