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TECHNOLOGY-INFORMATION PROCESSING FIT AND
THE PERFORMANCE OF R&D PROJECT GROUPS:

A TEST OF CONTINGENCY THEORY

ROBERT T. KELLER
University of Houston

A study of 98 R&D project groups using a longitudinal design found
support for the contingency theory hypothesis that the fit between a
task technology's nonroutineness and information-processing needs
will predict project performance. The hypothesis was supported for
concurrent and one-year-later management ratings of project quality,
using absolute difference scores as a measure of fit. The fit between a
technology's unanalyzability and information processing, however,
was not a predictor of project performance. Implications for contin-
gency design theory and the management of R&D project groups are
discussed.

A paramount question of contingency theory models is how task tech-
nology influences the information-processing requirements of an organiza-
tional unit. Several theorists have made information processing the integrat-
ing or central concept in models that attempt to describe how organizations
can match different technologies to the design and structure of units in order
to achieve high unit performance (Cohen & Levinthal, 1990; Daft & Lengel,
1984, 1986; Galhraith, 1977; Nadler & Tushman, 1988; Tushman & Nadler,
1978). The basic notion of these models is that a proper fit between the
complexity of a task technology (henceforth, technology) and the informa-
tion-processing activity of an organizational unit will result in high unit
performance. Generally, in these models nonroutine and unanalyzahle tech-
nologies are posited to require a high amount of organizational information
processing for effective performance, and routine and analyzahle technolo-
gies to need only a low amount of information-processing activity (Perrow,
1967; Thompson, 1967; Withey, Daft, & Copper, 1983). The present study
tested important contingency design theory hypotheses between fit and proj-
ect group performance with a longitudinal research design, with fit concep-
tualized as a match between technology and information processing.

In this research, routineness was defined as technologies with repetitive
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and predictable tasks; this definition is similar to that used by Miller, Glick,
Wang, and Huber (1991) and reflects the items in the Withey and colleagues'
(1983) exceptions scale from their measure of work unit technology. Perrow
(1967) used the term "exceptions" (unexpected events) and referred to tech-
nologies with a combination of few exceptions and analyzable problems as
routine. The present use of the term routineness for the ideas captured by the
exceptions scale alone, however, more closely describes the concept and its
measurement. Perrow defined analyzability as the existence of analytic pro-
cedures to solve a problem. Information processing was primarily tbe
amount of communications among tbe scientists and engineers working in
project groups, botb witbin and outside tbeir groups. Prior researcb bas
found tbese communications to be critical for project group success (Allen,
1977; Katz, 1982; Tornatzky & Fleischer, 1990).

Daft and Lengel (1984, 1986) bave been especially influential in tbeir
empbasis on information processing as a way by wbicb organizations reduce
tbe ambiguity and uncertainty tbat tbey face. Generally, tbe problem organ-
izations face is a lack of clarity (equivocality) ratber tban a lack of data.
Tbose autbors argued tbat tbe amount and ricbness of information process-
ing and tbe communication media used sbould be appropriate to tbe level of
task uncertainty. For example, tbe best way to process information tbat is
bigb in ricbness, defined as tbe ability to change understanding, is tbrougb
a face-to-face medium. To Daft and Weick (1984), organizations acted as
interpretation systems by scanning and collecting data from tbeir environ-
ments, interpreting or giving meaning to tbe data, and tben learning by
acting upon tbe interpretation. Daft and Lengel's (1986) notions are central
to contingency design tbeory, according to wbicb a proper matcb between
task tecbnology and amount of information processing results in bigb unit
performance. Daft and Lengel posited a positive relationsbip between tbe
nonroutineness (uncertainty) faced by a work unit and tbe need for in-
creased information processing for task performance, a proposition specifi-
cally relevant to tbe present study and reflected in Hypothesis 1. Furtber,
tbey saw tbe unanalyzability (equivocality) of tecbnology as a second force
tbat increases tbe amount of information processing needed to perform tasks
(see Hypotbesis 2).

Prior research on tbe fit between tecbnology and information process-
ing, bowever, bas been limited. Hrebiniak (1974) found tecbnology to be
related to coordination witbin work units. Tusbman (1979) found tbat re-
searcb projects witb decentralized communication patterns and tecbnical
service projects witb bierarcbical communication patterns were better per-
formers. Hence, it appears tbat communication structure and task require-
ments must be coordinated for bigb performance. Ancona (1990) studied
five consulting teams and found tbat external activities were better predic-
tors of team performance tban internal group processes wben a team faced
external dependence. Two otber studies bave found tbat tecbnology was
related to activity spanning intra- or interorganizational boundaries (Leifer &
Huber, 1977; Tusbman, 1977). More recently, Ito and Peterson (1986) found
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that the task difficulty dimension of technology (Perrow, 1967} predicted
boundary-spanning activity by work unit members. Unfortunately, this
study, as well as several others in the literature, did not measure perfor-
mance. Therefore, it is really not known whether a fit between technology
and information processing results in higher unit performance—a critical
question in contingency theory.

A research and development (R&D) project group is a particularly useful
unit of analysis in which to test hypotheses from contingency theory that
match technologies and information processing requirements. Project
groups can be expected to vary on the degree of uncertainty in their tech-
nologies; information processing in project groups, particularly communi-
cations among scientists and engineers, has been found to be a critical vari-
able for project success in prior research (Katz, 1982; Katz & Allen, 1985;
Tornatzky & Fleischer, 1990); and these groups tend to be self-contained to
a substantial extent, with project-level performance a meaningful and mea-
surable variable. Information processing in a project group context includes
communications within and outside a group. Both domains are important
because the primary activities of project groups are to import scientific and
technological information, communicate and process the information into
technological innovations, and then export the innovations to another part
of the organization or outside the organization.

Venkatraman (1989] argued that how fit is conceptualized in a research
effort has important implications for the formation of hypotheses and the
analytical technique used to test for relationships. In the present study, fit
was conceptualized as a theoretically defined match between information
processing and technology, following Daft and Lengel's (1986) argument that
the amount of information processing should be matched with the forces of
the nonroutineness (uncertainty) and unanalyzabiiity (equivocally) of a
work unit's technology. Specific hypotheses about the fit between informa-
tion processing and each dimension of technology were then formulated,
following Schoonhoven's (1981) suggestion to avoid ambiguous hypotheses.

Hypothesis 1: Project groups with a level of nonroutine-
ness closely matched with their amount of information
processing will be higher performers than those lacking
such a match.

Hypothesis 2: Project groups with a level of unanaJyzabiJ-
ity closely matched with their amount of information pro-
cessing will be higher performers than those Jacking such
a match.

METHODS

Respondents

Professional employees from four industrial R&D organizations partici-
pated in the research. R&D organizations were selected because their ma-
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trix designs—superimpositions of project groups on existing functional-
based units—created project groups that were seif-contained to a consider-
able extent and because performance on the project group level was
important to the organizations and was measured. Questionnaires were ob-
tained from a set of 98 project groups comprising 683 professionals, repre-
senting a 90 percent response rate. Eighty-seven percent of the respondents
were men, and the average age of all respondents was 36 years. All held
baccalaureate degrees, and 75 percent held graduate degrees. The average
project group contained 8 professionals, and the average tenure in groups
was 31 months. During the time of this study, each respondent belonged to
only one project group.

Measures and Procedures

The ten-item scale developed and validated by Withey and colleagues
(1983) to measure Perrow's (1967) two dimensions of work unit technology
was used in the present study. A principal axis factoring analysis (commu-
nality estimates on the diagonal of the correlation matrix) was conducted for
the present data, with an oblique rotation that resulted in a two-factor solu-
tion with loadings similar to those reported by Withey and colleagues. Fac-
tors were retained in this and subsequent factor analyses when they had
eigenvalues before rotation greater than 1.0 and a natural break occurred in
a scree plot. In addition, a factor loading of greater than .40 was required for
the assignment of an item to a factor. Ratings were then scored in a certain
direction. Coefficient alpha reliabilities are reported in the diagonal of the
correlation matrix (Table 1). A five-point response scale ranging from "to a
small extent" to "to a great extent" was used. Nonroutineness was measured
by five items scored in the direction of nonroutineness; an eigenvalue of 7.23
was obtained, and 49 percent of the variance was explained. UnanalyzabiJ-
ity was measured by five items scored in the direction of unanalyzability; an
eigenvalue of 4.40 was obtained, and 27 percent of the variance was ex-
plained. A confirmatory factor analysis of this instrument also supported the
two-factor solution Withey and colleagues reported (x̂ 34 = 87.93, p < .01,
goodness-of-fit index = .922, adjusted goodness-of-fit index = .873, root-
mean-square residual = .049).

Information processing by a project group was measured by a five-item
scale developed from the prior research on communication and information
flows in R&D project groups (Allen, 1977; Katz, 1982; Keller & Holland,
1983). Four items asked about the amounts of information communicated (1)
within a project group, (2) outside the project group but within the R&D
organization, (3) outside the R&D organization but within the company, and
(4) outside the company. The fifth item asked about the amount of written
information used in the project group, including reports, journals, and so
forth. A five-point response scale was used ranging from "very low" to "very
high." A principal axis factoring of these five items and an oblique rotation
revealed only one clear factor with an eigenvalue greater than 1.0 before
rotation (4.27, 69 percent of variance explained). As a concurrent validity
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cbeck on tbe information-processing scale, one R&D organization in tbe
present study bad items in a separate section of tbe questionnaire tbat asked
tbe individual respondents bow many times otbers bad asked tbem for in-
formation on a work-related matter and bow many times tbey bad asked
otbers for work-related information. Tbis scale was aggregated to tbe project
group level and obtained a correlation of .45 (N = 32 project groups, p < .01)
witb tbe information-processing scale.

Tecbnology-information processing fit was measured by tbe simple and
direct tecbnique used by Alexander and Randolpb (1985) and David, Pearce,
and Randolph, 1989. Venkatraman (1989) saw tbis tecbnique as appropriate
for testing relationsbips wben fit is tbeoretically defined as a matcb between
two variables tbat are independent of a performance measure, wbicb was tbe
conceptualization of fit in tbe present study. Tbis tecbnique reduces several
problems encountered in prior researcb on contingency theory: tbe measure-
ment error and interpretation problems associated witb residuals from re-
gression equations (Dewar & Werbel, 1979), tbe multicollinearity and inter-
pretation problems tbat arise witb tbe use of interaction terms (Dewar &
Werbel, 1979; Scboonboven, 1981), and tbe problems of restriction of range,
reduced sample size, and interpretation of tbe magnitude of fit tbat occur
witb tbe split-sample approacb (Alexander & Randolpb, 1985; Argote, 1982;
David et al., 1989). Tbe absolute difference tecbnique called for conceptu-
alizing tbe two tecbnology variables, nonroutineness and unanalyzability,
and tbe information-processing variable as five-point scales. Fit was tben
defined as tbe absolute difference between tbe values for nonroutineness
and information processing and tbe absolute difference between tbe values
for unanalyzability and information processing. Tbus, for eacb value of non-
routineness or unanalyzability, tbere is a best value of information process-
ing tbat results in bigb project group performance. Tbe closer tbe fit of tbe
two variables, tbe bigber tbe expected performance. Tbe two fit measures
were reverse-scored so tbat bigber values reflected bigber fit. A fit score of 4
would be a perfect matcb and would predict bigb performance, and a fit
score of 0 would be a perfect mismatch and predict low performance. Hence,
witb tbis measure tbe concept of contingency tbeory fit is directly interpret-
able, and tbe bypotbeses can be unambiguously tested. It is important to
note, bowever, tbat tbis tecbnique for measuring fit can be susceptible to bias
in tbe wording or scaling of questionnaire items since difference scores are
used. To minimize tbese scaling differences, tbe scores were standardized,
using Z scores, before difference scores were computed. Tbe resulting vari-
ables, nonroutineness-in/ormation processing fit and unanalyzabiJity-
in/ormation processing fit, bad difference score reliabilities, based on tbe
formula in Coben and Coben (1983), of .71 and .67, respectively.

Project group performance was measured by management ratings of five
criteria developed tbrougb discussions witb management in eacb organiza-
tion aimed at identifying tbe important dimensions of effectiveness (Sund-
strom, De Meuse, & Futrell, 1990). Tbese criteria, wbicb were similar to
tbose tbe R&D organizations studied used internally, were tecbnical qual-
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ity, budget and cost performance, meeting an assigned schedule, value to the
company, and overall group performance. Respondents used a five-point
response format (1 = very low, 5 = very high) for these items. A panel of
managers in each of the four R&D organizations rated the five criteria, once
at the time of the administration of the questionnaire (time 1) and again one
year later (time 2). Three to seven managers in each organization who were
familiar with the project groups they rated each rated from 9 to 19 projects.
At the time of the one-year-later ratings, 91 of the original 98 project groups
remained and were rated hy the manager panels. On the basis of a factor
analysis of project group members' responses (not reported], technical qual-
ity, value to the company, and overall group performance were combined to
form the variable project quality, and the remaining two criteria were com-
bined to form budget-schedule performance. Interrater reliabilities, com-
puted as intraclass correlation coefficients (ICCs [l,k]; Shrout & Fleiss, 1979)
for project quality were .11 for both rating times, and for budget-schedule
performance they were .76 for the initial rating and .74 one year later.

Data collection procedures were the same in all four organizations. Re-
spondents completed the questionnaire during normal business hours on
site at each organization in groups ranging from 30 to 70 members each. Only
the researcher was present, and confidentiality of all information was guar-
anteed by the researcher and the management of each organization.

RESULTS

Table 1 gives means, standard deviations, and a correlation matrix for
the variables. Correlations among the independent variables had a median
value of .44 and a maximum value of .57, with a maximum variance inflation
factor of 3; hence, multicollinearity was not a severe problem that would
preclude interpretation of the regression analyses (Neter, Wasserman, & Kut-
ner, 1983). Table 2 presents the results of the regression analyses for the
independent variables and the project group performance ratings by man-
agement at times 1 and 2. The table reports full-equation standardized re-
gression coefficients for the independent variables entered simultaneously.
In addition, a series of hierarchical multiple regression analyses was con-
ducted to determine the unique variance, measured as the increment in R̂
and the F-value, each independent variable contributed to the performance
variables.

The fit between nonroutineness and information processing was clearly
the best predictor of project quality at both times. Nonroutineness-
information processing fit, did not, however, predict budget-schedule per-
formance. Neither of the two technology variables predicted either perfor-
mance variable by itself or as a combination. Further, unanalyzability-
information processing fit was not a predictor of either performance
variable. Information processing by itself, however, did predict project qual-
ity at both times. Also, information processing by itself did predict budget-
schedule performance at time 1. For the prediction of project quality, how-
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O O O rH

CO 00
rH O

CO in o O5
O i-l rH 00

ID
CM

rH O *
O O O

O5 CM

I I

CO T f CM O5
O ) l > . CM CO

d CM iri CO

O rH !D
O O O

OT 00 CM
O O CO

go ON
.t^ ^ .t:̂  CC

u I
S3 ^ g Sg 3 a g

Z D .S 2 D



1994 Keller 175

ever, nonroutineness-information processing fit predicted more unique
variance when compared to information processing by itself, although the
standardized regression coefficients were not significantly different for the
two computations. It is also worth noting that nonroutineness-information
processing fit predicted more unique variance in project quality at time 2
(one year later) than at time 1, although the standardized regression coeffi-
cients were not significantly different.

Hypothesis 1 predicts that nonroutineness matched with amount of in-
formation processing will predict higher project group performance. The
significant betas for nonroutineness-information processing fit and project
quality, for both time 1 and time 2, indicate support for Hypothesis 1. The
second hypothesis similarly states that unanalyzabiiity matched with
amount of information processing will predict higher project group perfor-
mance. Since the fit between unanalyzabiiity and information processing
was not a predictor of project group performance, however. Hypothesis 2
was not supported. Prior research has indicated that mean tenure in a project
group (Katz, 1982) and tenure diversity (Ancona & Caldwell, 1992) may be
important control variables for explaining project group performance. Mean
project group tenure and the coefficient of variation (the standard deviation
divided by the mean) for project group tenure were separately entered into
the regression analyses as control variables. (Table 1 includes these control
variables in the correlation matrix.) Neither control variable was signifi-
cantly related to project quality or budget-schedule performance, and nei-
ther affected the significance levels of the results for any of the relationships
reported in Table 2.

DISCUSSION

The value provided by the present research is a direct and important test
of hypotheses generated from contingency design theory concerning fit con-
ceptualized as a match between technology and amount of information pro-
cessing in R&D project groups. The results support the hypothesis that a
match between the nonroutiness of a group's task technology and the
amount of information processing it engages in predicts performance, with
nonroutine technology requiring high information processing to achieve
project quality. The present study, moreover, is one of the few to have tested
the fit between technology and information processing with a group-level
measure of performance and a longitudinal research design. The present
findings add support to Daft and Lengel's (1984, 1986) argument that the
amount of information processing and the communication media used
should be appropriate to the uncertainty and ambiguity of a task. As their
concepts suggest, the fit between nonroutineness and information process-
ing did predict project quality in the largely face-to-face medium of a project
group.

Findings from the present study complement those of two important
prior studies. Ancona (1990) found that consulting teams that matched the
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proper external strategy ("informing," "parading," or "probing") witb exter-
nal dependency were bigb performers. Tbe present researcb extended tbat
matcb to task tecbnology and information processing, since tbe notion tbat
R&D project groups are often externally dependent for scientific and tecb-
nological information was implicit bere. Furtber, tbe Ancona researcb was
an exploratory study of five teams, but tbe present study used a bypotbesis-
testing longitudinal design for 98 project groups. Hence, tbe present study
provides an important extension of the Ancona researcb. Tusbman (1979)
found tbe degree of decentralization in communication structure sbould be
matcbed witb tbe nature of a project's work, defined as researcb or tecbnical
service. Tbe present findings extend tbis matcb to nonroutineness in task
tecbnology and information processing by R&D project groups.

Tbe fit between unanalyzability and information processing, bowever,
did not predict project group performance. Tbe nature of R&D work may
account for tbis result. R&D project groups basically import scientific and
tecbnological information, communicate and process tbe information into
tecbnological innovations, and tben export tbose innovations outside tbem-
selves. Tbus, information processing is central to R&D work, as it is to most
professional organizations. Scientists and engineers often constitute tbe pro-
fessional employees of R&D groups, and procedures for analyzability tend to
be part of tbeir education and experience. An attraction of tbese profession-
als to R&D work, moreover, may be tbe opportunity it provides to develop
analyzable procedures for tbeir work. Hence, unanalyzability may not be a
salient variable to wbicb R&D project groups must adjust. Tbe degree of
nonroutineness, bowever, directly affects tbe amount and kind of scientific
and tecbnological information tbat a project group must obtain and process
and to wbicb tbe group must adjust to be successful.

Neitber of tbe fit variables in tbe present study enabled prediction of
budget-scbedule performance. Tbis result may bave occurred because tbe
information processing needed to improve performance on tbe budget-
scbedule dimension was administrative, and tbe scientific and tecbnological
information being processed by professionals in tbe project groups ad-
dressed tbe variable of project quality. Tbese results bigbligbt two important
points about performance in organizational researcb: Tbe first is tbat re-
searcbers need to conceptualize and measure performance in terms tbat are
germane to tbe organization being studied. Tbe second is tbat performance
is more often tban not a multidimensional construct, witb dimensions tbat
are quite often different from one anotber. Tbe use of a global performance
variable, moreover, may actually bide relationsbips between independent
variables and separate performance dimensions.

Nonroutineness-information processing fit predicted more unique vari-
ance in project quality at time 2, one year later, tban it did at time 1, altbougb
tbe standardized regression coefficients were not significantly different.
Tbese results suggest tbat a proper matcb between nonroutineness and tbe
amount of information being processed may take some time to manifest its
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full effects on performance. Professional work like R&D may be especially
likely to have a time lag between a proper fit and the resulting improvement
in project quality since it takes time to transform scientific and technological
information into innovations. Future researchers testing contingency theory
should consider using longitudinal designs to capture any lagged effects of
contingency fit on performance variables. So far, only a small portion of
prior contingency theory research has used longitudinal research designs.

Findings from the present research suggest some normative implica-
tions for the effective design of R&D project groups. When a project faces a
nonroutine technology, such as work on a radical technological innovation,
the project group should be designed to enhance information processing.
Project group designs that increase information-processing capabilities in-
clude such characteristics as cross-functional membership, permeable group
boundaries, physical proximity of members, and the opportunity for infor-
mal, face-to-face interactions among members (Allen, 1977; Katz, 1982; Tor-
natzky & Fleischer, 1990). When a project deals with a technology that is
relatively routine compared to that of the other R&D projects, such as the
modification of an existing product or process, the project group may be
designed for greater efficiency and less information processing. In a project
that engages in considerably more information processing than is needed,
members may be distracted from the project's proper focus, or frustration or
confusion may develop among them, with a possible impairment in project
quality resulting. The routineness of a project's technology can also change
over time; for example, a project may make a transition from applied re-
search to product development. This kind of change in routineness would
also be expected to affect the amount of information processing required.

In view of the results of the present study and other recent research,
future contingency theory research efforts should attempt to capture the
longitudinal effects of contingency relationships on unit performance. In
addition, a more refined measure of information processing than the one
used here would be needed to test propositions contrasting amount and
richness of information, since the present information-processing instru-
ment did not separate those elements. Because R&D project groups typically
have unstructured and sporadic communications, a more structured field
setting or perhaps a laboratory setting may be needed to test amount-versus-
richness propositions. The present study used individual R&D professionals
as the source of several independent variables that were aggregated to the
project group level. Future researchers should consider the addition of in-
dependent variables that exist at the work unit level, such as geographic or
network location.
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