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ABSTRACT

This paper discusses the results of a series of expz2rimantal
studiess related to <cognition and 1information systesms design.
These studies (Vasarhelyi, 1983; Moak and Vasarhelyi, 1933;
doeck =2t al. 1972; Mock and Driver, 1975) described in detail
alsewnere are part a major experimental effort pe2rform=zd over 10
years, 4 settings and more than 15 experimsntal versions.

Th2 common tham= of 2xamination of evidenca in this papzr is
the effect of cognitive style vis-a-vis MIS desizgn.
MYethodological discussion involves the |use of the laboratory
m=thod in MIS reszarch as wWell as subject, tasx and systzam
surrogation.

The conclusions indicate the adequacy of the 1laboratory
methodology for MIS desizn researzh issues provided the
limitations of the m=thod are considered. Its main features are
unobtrusiveness 1in execution and facility of experimentation.
Rasults indicate the potential of cognitive style as a design
variable, the value of budget and variance information, the value
of timeliness of information and significant differentials in
information typ2 and aggrezation preferences.
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1. INTRODUCTION

The evolution of computer technologies has resulted in less
axpensive, nore modular and more flzsxible data processing
systems. Thase systems tend to Dbe developad in=-house and
tailor=d to the corporate organizational structure.

Increased compreshension of common decision patterns among
individuals of similar cognitive style, in conjunction with the
above ma2ntioned developments 1in computer technology, mak=s
possible the tailoring of information systz2ms not only ©o
organizational structure ©but also to the individual making
decisions. Moek et al. (1972) state that ",..further ressarch
is needed to develop a taxonomy of relevant decision-maker
~haracteristies wWwhieh <can be used to design more individualized
information systems.”™ (p.147)

Incresased attention has besen given in ths literature to the
usage of Mdecision aids" (Banbasat Dexter, 1932) whizh use
oparations reszarch (OR) bassd techniquess to supplema2nt human
decision making. Quaestions have be=n raised on ths =2ff=2ctiven=ss
of such systems in relation to differential human information
procassing capabilities. Some results sezm to indizate definite
patterns among different cognitive styles for the usage of thase

decision aids. A more elamentary form of decision aid does not
encompass a sp=2cial OR ©oased technique but simply s2lezts
particular information structures as more appropriate for

narticular decision makers. The basic rasesarch n2ca2ssary for
such 2n =ndesavor is discussz2d in this paper.

Tnis paper presents sona Dbasic axioms r=late to humnan
information procaessing that are relevant to MI5 dasign issues.
[t discussas evidenca from pravious research on th2sz axioms and
on tneir implication for information system desizn. Conecludes by
proposing additional reszarch and drawing conzlusions on
practical MI3 design issues.

I[I. RESEARCH QUESTIOHNS

Tha AAA Committee on Human Information Prozcessing (1973)
divided tuman information processing rz2s=zarch into four arzas:
(1) the Bayesian approach, (2) the Leas model approach, (3) the
coznitive complexity/coznitive style approach and (4) thz procass

tracing approach. The last approach is more a techniqu=z than 6!
res=2arzh approach par se, This classification, of valuz for
basic HIP3 resesarch on the modesling of numan dscision oroz2sszs
is of limitzd valu= for practical MI3 desizn issues. This paper
draws on somsz of thess findings to propose soms HAI5 dasign
axlioms.

Tn=2 MIS literature has started to show some ik arest 21
sazaitive Style d2sizn baszd issues. The initial =2fforts must
1tt2adt to =2lassify decision makers that will use MI3s into som2
sorc of zzneral categories. On=2 asproazh to this classification
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usaze of general psychological typologiass denominated
2 style. Many =zognitive style classification schemas

Taggard and Robesy (1979, p.31) state that " ....w2 s22 ¢
no instruments thave bacome " standard " in managemant resea
Wwiich investigates human information processing." In conssquzn
several theories of cognitive styled decision making exist th
ziven a set of often contradictory and h=2terogeneous findings,
comprise the current body of Kknowledge (s=2=2 Libby and Lawis,
1977, 1982 and AAA, 1973 for a survey of the literature). Yithin
this czontext, only a tentative theoretical construct can be

postulatead, Thz construzt which follows is an attempt to
integrate conflicting 1literature findings, and incorporates a
saries of logically derived theoratical 1linkages. Its main

purposse is to provide a framaswork for the testing of specific
propositions.

A Th=orztical Construct

A,1 Individuals are =2ssentially diffarent from one anathar,
s the numbzr of variables involved in p=srsonality determination
is quitez large. Thess variables also can assumz a wide range of
continuous values leadinzg to an infinite numbder of parmutations.

o8]

o

2 Within e business decision context, thz number a.f
2

A.
variables of importance and the range of values th2y may assume
re limited. Axioms 1 and 2 1=23ad to the conclusion that
i

is mo
models of individual bahavior will ba in 2ss32nce substantial
simplifiecations of actual human bshavior.

A.3 Cognitive style thesory uses a dissret= aad rathzr s2all
aunbsr of variables (with 3 very limitesd numb2r of wvaluzs) to
gxplain thsa essence o2f managemzant d=2cisions. A Eth=eoratigal
frama240ri« and Key variables are usai as group m=2mbarshin
determinants. For examplsa, tha AH (analytic x hzuristiz)
framawork 1is based on a theorastical Juagian (sez2 Huysman, 1933)
construct and examines patterns of decision making as Iroup

determining variables. Jn the other hand, the Driver framswork
(Driver ani Mock, 1975 ) ussaes information utilization and
objective focus 2s 3 way to classify individuals into 7groups.

AL Coznitive styl-=2s 40  not ultimately 3
manazerial performanqce and yutaeome, In situati
objective function is wunambiguous, thers is a2 s
objective and multiple parformance determinant
individuals will parform similarly despite different coznitive
Styles. This ultimately parformance balancing is du= Lo
compansatory bzhavior.

o O

A«> Individuals ars varsatile and will compl
akxaessas Wwith additional inputs and accomnplishmanis
their stranzth. Thzase af fects will b2 raflezy

dicatzd Eo taskXs, information s=arched or used, gcomnunica

' :
o
d

W

L)

(1]



patterns, human information processing, filtering, ete. (s2e
Vasarha2lyi, 1977; Vasarhelyi, 1981). In zeneral terms if

P= f‘(a,b,c,d,...)

Ahere P is performance along 32 single clearly stated objective

and a, b, 5] i ete are sesveral parformance deteraminant
variables. This axiom states that

P = Pl = Pll

where P, P' and P" ar=z ultimate performances of individuals 1in
different cognitive style groups. Th2 performance dsteraminant
parameters may be drawn from previsus research studies which
identified or s=zarchszd for differences along several variables
basweesn differsnt cognitive style taxonomies.

Son2 variables that ware examined in previous studies are:
(1) type of information used (Vasarhelyi, 1977), (2) tim2 taken
to make decisions (Mock, 1953; Mock et al, 1972), (3) numbar of
alternativas considered in the decision process (Driver and Mock,
1975), (4) need for timely information (Mock, 1959), (5) format
and aggregation of information (Ronen, 1971; Tiessen, 1976), (5)
comfort with the context (Vasarhalyi, 1977), (7) motivation
(Zedeck, 1977), and (3) perceived effort.

dodeling the human decision process using cognitive style

taxonomiss 1is a simplification. In consz2quenze statistical
results are expzcted to bz 1low and to explain only part of
variances. With the evolution of ressarch in this area mnore
detailed taxonomies will cone into axistancse and thess
statistizgl results improved. This statz=-of-thz-art can be

contrasted with som= of the Bayesian and Lens studies (s22 Libbhy
and Lzawis, 1931) where statistical results tend to presant much
nigher levels of variance explanation.

Parts of thz above theory arz to bz used in the ensuing

sezctions of this papar. The first consideration is th=z cognitive
style framadork to be used and its operationalization.

Cognitive 3%yle Yeasurement

Tn=2 Al frameworkx is commonly used in the 2o0znitive style-
HIP3 literature. (Huysman, 1963; Yoecx =2t al. 1972; Dizk%son et
1 1377) Th2 piteher and the coin test wused by Huysman, ths
self evaluation gJuastionnaire usesd by Vasarhelyi (1973) and the
cognitive style instrumant u.5ed in the Minnesota 2xparimants

(Dickson a2t al. 1977) nave b=zen compared to the M2yers-8rigzs
(1952) indicator and amonz themsalves by Vasarhelyi (1972) and
Zmud (1977) showing - in most instanc2s 1low Dbdut siznifizant
corralatction. Th=2se are operational tests and likely So m=2asd-=
somnawhat diff=2rent zonstructs.
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Another popular framswork is the field independence (Witkins
2%, al., 1982) concept. It presents similar featurss as the AH
framswork and classifies individuals as "low analyties" or 'hizh
analytics™, (Lusk, 19733 Benbasat Dexter, 1979; Otlay Dias,
149

Driver and Mock (1975) based their study on a classification
Wwherz Ss were classifisd along two dimensions: information use
and descision focus. This led to five subject categories(decision
styles). This categorization was uss=d in several of the
2xparimants discussed in this papar.

In conclusion, cognitive style taxonomies tend to b=
designed and implemanted with cognitive psycholozical conzarns in
mind. Therefore they are not specifically fit for information
and LS sbudies, In <consequznce B is not surprising that
results are usually weak in statistical terms, There is resal
nead for psychometric studies oriesnted towards typologiass of
people along the information usazga and human information
processing dimensions. Factor analysis of large human
information banks as the one zenerated by these studies may
provide such an empirically bas=2d classification.

Tailored Systeas

Although one might not expeet 1improvements in "pure
performance" by decision makers, tailoring of information systems
may serve to improve the overall decision outzcome or t2 change
the cost/benefit tradeoffs in the decision procass. Ta
consequsnce, systems may be tailored to support and enhance human
decision maker performance. Among the several variables =zarlier
m2ntioned as used in the HIPS3/cognitive style 1literature, Ewo
Wwill b2 manipulated in this study: agzZregation and type of
information. Th2sz2 will ba used as parameters 1in information
Systems desizn and related to decision maker zoznitive style.

Information and Performanca

Differential performance by subjects will ba affectad by
compensating bz2havior, over Ehe experimental period, for their
information proce2ssing w2aknesses and/or use their processing

strengths.

dne typical difficulty faced by many studies is the low

natural relationshions betWween task and performance. This
relationship 1is oftan referred to as "diaznostizity". For
example 2ood analysis of financial stat2ments will not

nacessarily lead to supzrior stock choica. (Vasarhelyi, 1933)
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Research Quzastions

The emphasis of this discussion is on whether subjects of
different cognitive style rzguest different types of information
and if they process what they recelve.

The basic research guestions being addressed relate to the
potential of information system tailoring to different

cognitively styled individuals.

1. Is cognitive style a relevant information system design
variable?

25 Can these tailored systems improve the cost vs. banefit
balance of decision support?

Figure 1 displays a succinct model of human information

processing and information design wvariables. Some of these
postulated relationships are examined in greater detail later in
this paper. Most of the relationships thowever, ragquire

substantial additional research =zven for an elemesntary lavel of
comprahension.
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ITI. AETH0DILOGY

Laboratory studies ware used as the vehicle to discuss thz
issuas above. Field studiess and some archival methodologiss may
be used at later stages of this 1line of research but the
laboratory method is essential in this early phase.

A series of different descision sesttings such as a produztion
nanagement zame (Dickson et al., 1977 Lusk, 1979), a
macroescononic gams (Mo2k, 19563) have been us=4 in similar
contexts in other ressarch studiess

Salectaed Studies

An overview of previous studies 1is pressnted in this s=2ction
to facilitate an understanding of longitudinal aspects of the
resszarch, to hzlp demonstrate some of the methodolozical
difficulties and enhancaments that have occurred, and most
importantly, to present some new interpretations of preavious
results from the standpoint of human information processing.
dithin the span of the research, four major typss of experim=ntal
settings (decision <contexts) ‘thave been used. In eazh cass, 2
dusiness or economic decision model has baen incorporated within
a controlled experiment. Table 1 summarizes the methodologiczal
differences within each dzcision context,.

The Experimental Settings

Five wversions of ths Information Structurse expzariments
(denoted 1IS51, T82; vie i) have been conducted. The IS s=tting is
uniguz in 1its =mpnasis on controlled information differencas and
in the underlying structure that may be optimized. Complete
description and documzntation for thess 2xp2rim=z2ats can b2 fouad
in HMock (1959) and Moek and Soodfried (1975).

The s=cond decision sz2tting involves a nore intrizate
forecasting problam and a more complex information and decision
support system denoted as the Interaztive Planninzg S3System CTRE3)
Rather than reszarching specific information differences, ths IPS
2xparimznts empnasized the combined effects of «cognitive style
(specifically analytic versus hauristic decision approazhes) and
typ2 and amount of information wutilization. A mor2 czomplate
description of IP3S may Ye found in Vasarhelyi (1973).

The thipd decision context ukilizes 3 Simulatad Stock
Exchanze (3X) whizh has been ~un under thr2s specifications (3%X1,
5X2 and S5X3). The cross-contextual resszarch results reportad in
Mock and Vasarhelyi (1933) involve ISH and SX1. Like the IPS
m2thoadolozy, the stock mark=2t simulation ampnasizes information
utilization and czognitive style differ=nces. 3ut unlik= IP3,
normative decision models such as portfolio models may ba
r2ferencz2d to =2valuata performance differences.
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Th2 fourth decision context wutilizes the Accountinz Data
Analyzer (ADA) Wwhich entails an interactive portfolis choice
jecision using a three stock context. This version of a stock
market setting (where a3 maximum exists) is hizhly structured and

monitorable. Automatie traces of information addrsssed and
utilization times are zathered and allow for a simplified version
>f process tracing. The ADA expariments, ualike thair

pracedents, used a cognitive style and information structure
natching design whereby subjects were given cozgnitive style
tailorad information systams. These "tailored" systems supply
usars Wwith their "preferred" levels of data aggregation and
information type. Subjects wWwerz also given, on a random basis,
"couanter-prescriptive” systems that were tailored for ths
praference of the opposing cognitive style.

Eazh expariment in Table 1 has dealt in some way with
cognitive style. The distinetion betwezen decision approach
(analytic versus heuristic) and decision style (decisive,
flexible, hierarchic, and integrative) lies in the complexity of
thz underlying behavioral models. Part of the n=zeded research
involvas an evaluation of wvarious cognitive style models and
mzasurema2nt tools.

Nsek, Estrin, and Vasarhelyi [19T721.
Driver and !1oeck [1875].
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Summary of Previous Findings

Table 2 summariz=ss the main results of the four major types
of exparimental efforts. Overall, cogznitive style/decision style
nas consistently shown weak but significant differential effects
sver a series of variables and settings. MIS designers should
note th2 laboratory examination of issues such as: information
timing (Mock, 1959); budget setting (Mock, 1973, Mock and
Vasarhelyi, 1977); leasing patterns (Mock =t. al. 1972);
information type (Mock and Vasarhelyi, 1933); cognitive style
tailoring (Vasarhelyi, 1983) and attitude changes (Vasarhelyi,
1931).
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Information Structures

Typical of experimental studies is the comparison of
alternative information structures. Methodologically, alternate
information structures require somz assumptions on decision maker
information models to assess the information content and value of
cuss provided, These are mostly subjective and makz expzrimental
control extrazmely diffisnlt, The tradeoffs between
controllability and result generalizability are non-trivial. JQur
early results show an =mphasis on Dbasic research while more
recent studies allowed for more realistic tasks at the expsnse of
experimental control.

Information Cost

Information is not a fres good and oftan in expsrimental
contexts 1ts cost is neglectad. Valid experimentation must
consider this difficulty and deal Wwith 1B accordingly.
Attributive cost to information (Pankoff Virgil, 1970;
Vasarhalyi, 1933) is also 3 non trivial task. Thea realistic
assessmant of data processing, retrieval and support costs for a
fictitious laboratory setting is nesarly impossible. This
di-ffieulvy is compounded by the nead of a r=zalistic payosff/z2ost
relationship to evaluate subject performance.

Laboratory Decision 3Support Systams

Table 3 displays the k2y features of the softwares used i'n
the experiments. All systems Were interactivz and allow=d direct
user interface =2xcept for the early versions of I5. IP3 and ADA
had its over databasass for user access. IS used arbitrarily at
environmental paramszters.
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Maasurema2nt Instrum2ants

A bio-data form and unobtrusive tracss weare administared
throuzh ths ADA systam obtaining background, feature utilization
and decision time data. Traces were parformed by the computer
whizh recorded all data and software fzatures utilized as well as

thes tims dedicatead £o eaczh display usad. A debriefing
questionnaire was administered at the end of the experiment. The
AH instrument was part of the bio-data qusstionnaire and

triggzerasd the information structure selection.
SELECTED EXPERIMENTAL RESULTS

The I3 Experiments

The 1S experimants ware performed in four versions waich
examined:
(1) Information timeliness (online vs delaysd information)
(2) Learning patterns vis-a=-vis cognitive style
(3) Decision style
(4) Valua of budget information and budget variance
information

Mock (1959) fouand substantial differences betwean online and
delayed information. Indicating the feasibility, in laboratory
conditions, of =2valuating timely versus non=-timely 1information.
The sama set of experiments (Mock at.al., 1972) also> showed
differential learning patterns and model building bahavior
beatwean analytic and hz2uristic decision nakers. Another I3
axpariment (Driver and Mock, 1975) also indicatsd diffarential
bzhaviors among different decision styles.

Twos additional exparimants (Mozok 197333 Vasarhelyi and
Yock, 1977) found effects of intensive decision improvamant due
to budget information and significant =2ffects of supplying
variance feedback.

[P35 Exparimant

The usage of a less structur=d planning contesxt {(Vasarhelyi,
1377) allowasd the examination of decision stylz, type of
information (qualitative Vs quantitative); information system
usar percaptions and issu=2s in information overload. Its results
Showead soma cognitive style affacts, At td tad
information overlpoad and decision sp2gd =2ffects.

w

zhangas,

for comparison purposes. Tharefare, 25 Jara usel far
parformance evaluation.

Ualike thza IS 2xpazrimaznts the IP3 doas notbt have an  optimal
Ed
3
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345 Experiment

The SHS =2xpariments (Vasarhelyi, 1981; Mock and Vasarhelyi,
1933) examinad data utilization ©perczptions, cognitive style,
decision approach and regression bassd descision modeling. The
rasults indicataed substantial ©percezption zhanges, W“eax Hut
obsarvable cognitive style =2ffects and inconclusive reszression
results.

Overall, the SMS axpariments nresaented good
cross—experimantal validity (similar results between 3431, 5432
ani Si133) and reasonable cross-contextual (compared with the IS
expariment). Tha SMS experiments highligzhted the difficulties
with zontz2xts of low diaznosticity and pointed furthar to the
naead for additional analysis for the effect of context on
research results,

Cognitive Style Tailoring Effects

This experiment examined the tailoring of information
systams to coznitive style using the AH franework. In addition
it attributed information usage costs to terminal linkup times and
information accaesses. Traces ware Kept for all man-mazhine
interaction allowing careful interpretation of decision times and

typz of information access=d.

The results indicated indkdal performance differances
accompanied by adaptive behavior l=ading to homogzanesus subject
p2rformance at the last decision pariod. This indicatas
differesntial 1learning patterns suzch as found 1in M"Mock et al
C1972%. Decision makars developad substantially diff2rent
stratezias (reflected by performance data),.

W

g4 tha obnar hand, the result saemead 7o indicat
prescriptive mode (information system desizned for the user'
2oznitive styla) usars to bz mora intzrestsed aad eonafortable wi
Lh2 information being supplied.

=w

ot

Clos= examination of fhe data s22m
interaczction etwaan the factors cozniti
SLMUE By rel,

3 indizate S0 2
2 and information

CANZLUSTIDANS

This papzr 2xaminsd 2 saries of axparimental infarmation
studizs designed Lo evaluatad information systa2m f=2atures ani
quman usaze of th2se systems,. Tha particular amphasis of tha
studies laid on cognitiva styls and information charactaristics.
A thesorztical construzt of human information processing was usad
for the zeneration of res=zarzh gquestions,



Tn=2 methodolozy s2e2ma2d promising in terms of close
monitoring of decision processes wWwithout obtrusion or manual
analysis of lenzthy protocols. This methodolozy also allows for
larzer samples to be considered as a variation of standard
process tracing in protocol analysis (e2.g. Biggs and Mock,
1980). Another methodological consideration is the preferability
of the unobtrusive exparimentation in laboratory settings instead
of the obtrusive experimentation in r=al corporatz “ISs, The
classical tradeoffs of generalizability against control also
prevail.

Jverall, the exparimental results szem to bz strong and
basad on a long series of experiments using different contexts
and ressarch guestions. On the other hand, as expzctadble (Mock
and Vasarhelyi, 1983), specific hypothesis tasts and explzanatory
statistics are w2ak for most tests.

4I3 designers may draw 2 few tentative conclusions fron
these rasults: £33 r=al time systams hava incrz2mental
information valusz to decision makers, (2) different types of
individuals will present substantially different learning
patterns, (3) definite preferences conzerning typ=s (qualitative
VS. quantitative) of information will 2merze amonzg coznitiv
stylas, (4) azgrezation of information will also b= a dezfinit
desizn concern related to cognitive style, (5) decision contex
Will also affect the design of the most desirable infornatio
structare.

[{]

¢ (D

jm }

These basiec information res=sarch qua2stions snould now b2
ralated to specific issues relatsed to MIS design and information
techanslozy in the B30s,. For example thz advent of easy comnputar
bas=2d communiczcation among managers, th2 potential for distriduted
computing, the possibility of distributed databases, the changes
in Lhe cost x benefits of data storag=s and retrieval media are
all potantial issuzs for laboratory =2xploration.

In addition, the results arz interesting enough to wWarrant
furthar extansion and exploration. A se2rizs of variablaes such as
mode of presentation, timeliness of information aand information
contant may Dbe introduced to expand the scopz of these studies.
Further expa2rimentation, along the lines of a morz complete
exp2rim=antal designs, may allow for a mors in dezpth data analysis
and for stronger pot2antial conclusions about the desirability of
cognitive style tailorinz of information systams.
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