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he burden of organizational learning surrounding software process innovations (SPIs)-—

and complex organizational technologies in general-—creates a “knowledge barrier”” that
inhibits diffusion. Attewell (1992) has suggested that many organizations will defer adoption
until knowledge barriers have been sufficiently lowered; however, this leaves open the question
of which organizations should be more likely to innovate, even in face of high knowledge bar-
riers. It is proposed here that organizations will innovate in the presence of knowledge barriers
when the burden of organizational learning is effectively lower, either because much of the
required know-how already exists within the organization, or because such knowledge can be
acquired more easily or more economically. Specifically, it is hypothesized that organizations
will have a greater propensity to initiate and sustain the assimilation of SPls when they have a
greater scale of activities over which learning costs can be spread (learning-related scale), more
extensive existing knowledge related to the focal innovation (related knowledge), and a greater
diversity of technical knowledge and activities {diversity}. An empirical study using data on the
assimilation of object-oriented programming languages (OOPLs) by 608 information technology
organizations strongly confirmed the importance of the three hypothesized factors in explaining
the assimilation of OOPLs.
(Software Process Innovation; Adoption; Diffusion; Assimilation; Organizational Learning; Object-

Oriented Programming; Object Orientation; Disk-Based Survey)

1. Introduction

This research seeks to explain differences in the propen-
sity of firms to initiate and sustain the assimilation of
complex process technologies. This work starts from At-
tewell’'s assertion that technology assimilation is best
characterized as a process of organizational Jearning,
wherein individuals and the organization as a whole
acquire the knowledge and skills necessary to effec-
tively apply the technology (Attewell 1992}. According
ta Attewell’s model, the burden of organizational learn-
ing surrounding complex technologies creates a

“knowledge barrier” that inhibits diffusion. As a result,

supply-side and mediating institations must work to ac-
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tively encourage diffusion by developing mechanisms
that lower knowledge barriers over time. However,
while this model suggests that many organizations will
defer adoption until knowledge barriers have been suf-
ficiently lowered, it says little about which organizations
should be among the early adopters even in face of high
knowledge barriers. It is proposed here that organiza-
tions will have a greater propensity to innovate with
complex technologies when the burden of organiza-
tional fearning is effectively lower, either because the
organizations already possess much of the know-how
and technical knowledge necessary to innovate, or be-
cause they can acquire such knowledge more easily or
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more economically. Specifically, it is hypothesized that
information technology (IT) departments will be more
likely to initiate and sustain the assimilation of software
process innovations (SPIs) when they have a greater
scale of activities over which learning costs can be
spread {learning-related scale}, more extensive existing
knowledge in areas related to the focal innovation {re-
lated knowledge), and a greater diversity of technical
knowledge and activities in general (diversity}.

An empirical study is presented using data on the
assimilation of object-oriented programming languages
(OOPLs} by the IT departments of 608 medium to large
U.S. enterprises. Following Meyer and Goes (1988), as-
similation is defined as the process spanning from an
organization’s first awareness of an innovation to, po-
tentially, acquisition and widespread deployment.
OOPLs are a recent and prominent instance of an SPI,
a broad class of technologies that includes CASE,
fourth-generation languages, relational database sys-
tems, and structured methods (Fichman and Kemerer
1993a). From the perspective of IT departments, these
technologies are process innovations because their de-
ployment results in a change to the organizational pro-
cess used to develop software applications. As will be
argued shortly, SPIs in general, and OOPLs in particu-
lar, appear to be exemplars of technologies subject to
knowledge barriers, and therefore constitute an ideal
setting for testing the proposed organizational learning-
based model of technology assimilation.

For researchers, this work supports and extends At-
tewell’s reconceptualization of diffusion theory for the
case of complex organizational technologies. The ulti-
mate goal is to help both potential adopters and sup-
pliers become more effective innovators by identifying
the profile of an early and sustained SPI assimilator. For
vendors, this profile provides a basis for more targeted
marketing and promotion. For potential adopters, it
supports a critical self-evaluation: Organizations that fit
the profile are better positioned to be more aggressive
adopters of new technelogy, and should consider adop-
tion strategies enabled by their distinctive characteris-
tics. However, those who do not fit the profile may wish
to consider delaying adoption, or choosing a simpler
technology variant.

The remainder of this article is organized as follows.
Section 2 develops the theoretical basis for this work
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using research in organizaticnal learning. Section 3 pro-
vides a brief overview of SPIs in general and OOFLs in
particular. Section 4 describes the theoretical model and
related measures. Sections 5 and 6 present the study
design and empirical results, respectively. Section 7 pro-
vides a general discussion of study results, and finally,
§8 summarizes major conclusions.

2. Organizational Learning and

Innovation Diffusion Theory

The theoretical starting point for this research is Atte-
well’s (1992) work linking organizational learning and
innovation diffusion. Attewell provides a reconceptual-
ization of diffusion theory for what he calls “complex
organizational technologies,” ie., technologies that,
when first introduced, impose a substantial burden on
would-be adopters in terms of the knowledge needed
to use them effectively. Such technologies typically have
an abstract and demanding scientific base; tend to be
“fragile’” in the sense that they do not always operate
as expected; are difficult to trial in a meaningful way;
and are “unpackaged’ in the sense that adopters cannot
treat the technology as a “black box” (Tornatzky and
Fleischer 1994, p. 127). SPIs have been argued to be ex-
emplars of such technologies (Fichman and Kemerer
1993b).

While any theory of innovation incorporates com-
munication of new information about innovations, and
hence learning by potential adopters, Attewell’s ap-
proach is distinguished by his explication of the kinds
of learning involved, and the mechanisms by which in-
formation is acquired and propagated. Attewell draws
a central distinction between the communication of
“signalling” information about the existence and poten-
tial gains from using the innovation, versus know-how
and technical knowledge. Classical diffusion theories
implicitly focus on signalling information, and assume
that a prominent factor explaining differences in inno-
vativeness is differences in the time it takes this infor-
mation to reach potential adopters. Attewell argues,
however, that acquiring technical knowledge and
know-how places far greater demands on potential
adopters, and as a result “. . . it plays a more important
role in patterning the diffusion process of complex tech-
nologies than does signalling . . . [and] should move
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to center stage in any theory of complex technology dif-
fusion” {1992, p. 5).

Attewell places organizational learning at the center
of his theory by focusing on institutional mechanisms
that lower the burden of organizational learning sur-
rounding adoption.! His theory also suggests that many
organizations will defer adeption until knowledge bar-
riers are sufficiently lowered. However, this leaves open
the important question of which end-user organizations
can be expected to be among the early adopters, even
in face of high knowledge barriers. The answer pro-
posed here is that they will be those organizations that
are less subject to the adverse effects of knowledge bar-
riers, for one or more of three general reasons: (1} they
are better positioned than others to amortize the costs
of learning, and therefore find organizational learning
more affordable; (2) they have the ability to acquire any
given amount of new knowledge with less effort, and
therefore face a less arduous assimilation process; (3)
they have less to learn about an innovation to begin
with, and therefore face a less formidable learning com-
ponent. These ideas are more fully developed below.

Organizations may be viewed, at any given moment,
as possessing some bundle of knowledge and skills re-
lated to their current operational and managerial pro-
cesses {Nelson and Winter 1982). In order to success-
fully assimilate a new process technology, an organi-
zation must somehow reach a state where its bundle of
knowledge and skills encompasses those needed to use
to the new technology effectively. Thus, an organization
may be seen as having to travel some metaphorical dis-
tance to get from the current bundle to the needed bun-
dle (Pennings and Harianto 1992). When complex tech-
nologies are first infroduced, this distance is likely to be

! These mechanisms include: mediating institiutions that specialize in
acquiring and propagating knowledge (such as consulting and service
firms); special buyer-supplier relationships structured around learn-
ing (such as user groups); adoption by end-users as a service; and
technology simplification. Although Attewell most directly articulates
the specific link between learning and innovation di.ffusipn, concepts
from organizational learning are increasingly being used as a lens for
examining questions related to the management of technology and
innovation in general (Argote et al. 1990, Cohen and Levinthal 1990,
Chew et al. 1991). For a general review of the literature, see Huber
(1991).
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considerable for most organizations. In the case of SPIs,
for example, successful assimilation requires learning
on a number of fronts, inciuding grasping the abstract
principles on which the technology is based; under-
standing the nature of the benefits attributable to the
technology; grasping specific technical features of dif-
ferent commercially available instances of the technol-
ogy; discerning the kinds of problems to which the tech-
nology is best applied; acquiring individual skills and
knowledge needed to produce a sound technical prod-
uct on particular development projects; and designing
appropriate organizational changes in terms of the team
structure, hiring, training, and incentives.?

What kinds of organizations should be better able to
accommodate the cost and effort of organizational
learning surrounding new technologies? Attewell’s de-
scription of consulting and service firms provides a
clue. He notes that these organizations, by applying
what they learn about new technologies in multiple cli-
ent settings, are able to capture “economies of scale in
learning.” This suggests a closely related idea, that of
learning-related scale, defined here as the scale of activi-
ties over which learning costs can be spread. Organi-
zations with greater learning-related scale have a
greater opportunity to capture economies of scale in
learning, although this opportunity may or may not be
exercised in any given instance. Learning-related scale
should have a more pronounced effect on the assimi-
lation of technologies that have high knowledge barri-
ers because learning costs—including evaluations, tri-
als, pilot projects, training, learning-by-doing, devel-
oping infrastructure-—are likely to swamp the out-of-
pocket casts of purchased products in most cases.

Organizations should be more likely to innovate
when they can better afford any given level of costs
associated with the journey from their current bundle

2]t is hard to overstate how difficult and expensive this learning pro-
cess can be, Huff (1992} estimated that the five-year cost of computer-
aided software engineering (CASE) tool adoption to be $35,000 per
user, with the majority of this cost attributable to such learning-related
activities as technology evaluation, consultants, installing a methads
support group, and training. And, these estimates do not include the
potentially substantial costs required to reach the point on the learning
curve where performance is comparable to preexisting technologies
{Kemerer 1992).
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to the needed bundle of skills. They should also be more
prone to innovate when they can cover the distance be-
tween their current bundle to the needed bundle with
less effort and lower risk of failure. Cohen and Levinthal
(1990) develop the idea that a firm's ability to appreciate
an innovation, to assimilate it, and apply it to new
ends—what they term its “absorptive capacity”’—is
largely a result of the firm’s preexisting knowledge in
areas related to the focal innovation. This prior relgted
knowledge makes it easier for individuals to acquire and
retain new knowledge because it gives individuals rich,
well-organized mental schemas into which new knowl-
edge can be placed, and allows the associative connec-
tions needed for insights related to the new knowledge.
Ease of organizational learning follows from ease of in-
dividual learning, because while it has been argued that
individual learning is not always sufficient for organi-
zational learning,® it is certainly necessary. In addition
to promoting absorptive capacity, which makes it easier
and less risky to cover any given distance, related
knowledge also effectively diminishes the distance a
firm must travel to get from its current bundle of skills
to the needed bundle, because some of the burden of
knowledge acquisition is eliminated. In other words, re-
lated knowledge can be viewed as giving organizations
a head start on organizational learning.

Diversity of technical knowledge and activities should
also facilitate organizational learning. Cohen and Lev-
inthal (1990) argue that diversity of knowledge contrib-
utes to absorptive capacity because it enables individ-
uals to make novel associations and linkages involving
the focal innovation; this is especially important be-
cause process technologies typically require “reinven-
tion” {Rice and Rogers 1980} as part of the assimilation
process. They also argue that when there is uncertainty
about the domains from which potentially useful infor-
mation may emerge, a diverse knowledge base in-
creases the likelihood that new information will be re-
lated to what is already known. Moving to the organi-
zational level, diversity should facilitate innovation
because it increases the likelihood that an organization

? Attewell {1992} argues, for example, that individual learning be-
comes organizational learning only insofar as it becomes embodied in
organizational routines and practices.
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will have at least one domain that is sufficiently “in-
novation ready”’-—due to resources of the receiving
area, or compatibility of the innovation with the receiv-
ing area-—for the innovation to be introduced (Swanson
1994). In addition, in the presence of learning-by-using
or other forms of increasing returns to adoption, diver-
sity contributes to an environment where innovation
can more easily be sustained, essentially because the or-
ganization can bootstrap from areas with a high fit to
those with lower ones (Markus 1987, Gurbaxani 1990).

To summarize:

(1) Learning-related scale allows better amortization
of learning related costs;

(2) related knowledge and diversity work together to
make it easier for organizations to learn, i.e., they face
less effort and risk for any given amount of knowledge
to be acquired;

(3} related knowledge has an additional benefit of
lowering the total quantity of required learning.

It is therefore proposed that organizations with
greater learning-related scale, related knowledge, and
diversity are mare likely to initiate and sustain the as-
similation of complex technologies.

3. Object-Oriented Programming: A

Software Process Innovation

Over the past two decades, an impressive array of soft-
ware process technologies have been invented. Rela-
tional databases, fourth-generation languages, CASE
tools, and object technologies are just a few of the major
innovations in software process technology to be com-
mercialized since 1980. These technologies are termed
software process innovations (SPIs) because, when ac-
quired and deployed, they change an IT group’s process
for developing software applications.

While OOPLs have been developing in the academic
community and R&D laboratories for over 25 years,
commercially viable products have been available only
since the mid to late 1980s. Most prominent among
these is the C++ language, first developed in the early
1980s by Bjarne Stroustrup of AT&T Bell Laboratories,
and Smalltalk, first developed in the 1970s at Xerox
Parc. On a conceptual fevel, object-oriented principles—
most notably encapsulation and inheritance-—have
been argued to promote such long-standing software
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engineering goals as abstraction, modularity, reuse,
maintainability, extensibility, and interoperability
(Booch 1994). In a more extreme view, it has been sug-
gested that object technology has the potential to bring
about an “industrial revolution’” in the way software is
constructed, by transforming the current custom devel-
opment process into one characterized by assembly of
previously developed components (Cox 1990).

As with most SPIs, OOPLs impose a substantial bur-
den of organizational learning on would be adopters
(Fichman and Kemerer 1993b). To ensure success,
adopters must have knowledge of fundamental OO
principles (e.g., encapsulation, inheritance) and how to
apply them; the nature of potential benefits resulting
from QO (e.g., modularity, reuse, productivity) and the
circumstances under which these benefits are most
likely to be obtained; how to use commercial imple-
mentations of OOPL and technologies likely to be used
in conjunction with OOPLs; and how to redesign team
staffing, structure, procedures, and incentives in light of
the radical differences between OOPLs and conven-
tional development (Fichman and Kemerer 1992, Booch
1994). A set of four case studies of early adopters of
OOPLs conducted by the authors provides a rich illus-
tration of the knowledge burden imposed by these tech-
nologies (Fichman and Kemerer 1997).

4, Model and Measures

One of the more persistent criticisms of prior research
examining the determinants of organizational innova-
tion has been the absence of strong and consistent find-
ings (Downs and Mohr 1976, Rogers 1983, Meyer and
Goes 1988, Prescott and Conger 1995). Although a re-
cent meta-analysis suggests that some these criticisms
may have been overstated (Damanpour 1991), it is nev-
ertheless true that studies with strong results have been
comparatively rare, especially when the focal innova-
tion has been information technology (Fichman 1992).
One plausible explanation for this is that researchers, in
pursuing the worthy goal of establishing a more general
theory of innovation diffusion, may have been working
at a theoretical level too far abstracted from particular
innovations and contexts (Downs and Mohr 1976). An
alternative approach—the one advocated here—is to
develop theories focusing on the distinctive qualities of

MANAGEMENT SCIENCE/ Val. 43, No. 10, October 1997
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particular kinds of technologies. Specifically, it is pro-
posed that a greater propensity to initiate and sustain
the assimilation of SPIs will be exhibited by organiza-
tions with higher learning-related scale, related knowl-
edge, and diversity (see Figure 1). The dependent vari-
able for this research is assimilation stage achieved by a
given date (Meyer and Goes 1988).

41. Assimilation Stage

Assimilation stage may be viewed as a combined mea-
sure of earliness of initiation of assimilation activities,
speed of assimilation activities, and an absence of rejec-
tion, stalling, or discontinuance (Meyer and Goes 1988).
This measure provides a strong combination of both
generality and richness compared with other measures
(e.g., time of adoption), and is especially appropriate
when studying emerging technologies such as QOPLs,
because it alone among commonly used measures cap-
tures gradations of innovativeness among those yet to
adopt (Fichman 1995b).

A six-stage model of SPI assimilation was employed:
{1) awareness, (2) interest, (3) evaluation/ trial, (4) com-
mitment, (5) limited deployment, (6) general deployment.
The model is similar to the one employed by Ettlie (1980)
in his analysis of the adequacy of stage models.* Table 1
describes the Guttman scale used to operationalize

Two changes were made. First, Ettlie’s “trial” and “evaluation’
stages were combined into one {evaluation /trial) because of his find-
ing that frequently anly ane of these stages occurs, or they occur si-
multaneously. Secand, Ettlie's “implementation” stage was divided
into tweo (limited deployment and general deployment) because in
many cases an SPI may be deployed an a few projects but never make
the transition to a regularly used technology.
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Table 1

Guttman Scale for Assimilation Stage

Stage

Criteria to Enter Stage

Survey ltems Used to Classify

1. Awareness
2. Interest

3. Evaluation/trial

4. Commitment

5. Lirnited deployment

6. General deployment

Key decision makers are aware of the SPI

The organization is committed to actively learning
mare about the 5P|

The organization has acquired specific innovation-
related products and has initiated evaluation or
trial

The organization has committed to use a specific SPI
product in 2 significant way for ong or more
praduction projects

The organization has established a pragram of
reqular but still limited use of the SPI product

The organization has reached a state where the SPl is
used on a substantial fraction of new development,

Is informant familiar with QOPL concepts or products, or aware priar
OOPL-related activities at site?

Is infarmant aware of plans to investigate any O0PL for passitle
production use within next 12 months?

Has site acquired any particular QOPL?

Is the site evaluating or trialing any 00PL?

Are any spetific production projects planned, in progress,
implemented or canceled that use an OOPL as the primary
language?

Have at least three production projects been initiated?

Has at least one production project been completed?

Have at least three production projects been completed?

Has site implemented at least one large OOPL. project requiring at

including at Jeast one large and one mission
critical system

least a 12 person month effort?

Has one ar more core or mission critical applications heen
completed?

Has there gvery been a year where at least 25% of new application
development projects used an QOPL?

assimilation stage for the case of OOPLs. Organizations
were classified according to the highest stage achieved
as of the time the survey was administered. The lan-
guages qualifying as OOPLs were identified at the
beginning of the questionnaire, and all subsequent
questions were asked in relation to specific languages.
The review provided by Booch was used to identify the
most prominent, commercially available, fully object-
oriented languages (1994, Appendix). In total, six lan-
puages were selected: (1) C++, (2) Smalltalk, (3) Object
ascal, (4) Objective C, (5) Eiffel, and (8) CLOS. As of
1994, these languages accounted for over 99% of the
market for OOPLs.”

Following Ettlie, this model proposes a linear pro-
gression through assimilation stages. Organizations
may diverge from this progression by evaluating and
rejecting OOPLs (rejectors), or by adopting but later dis-
continuing the use of OOPLs (discontinuers). Addi-
tional items were included in the survey to identify re-

% International Data Carporation Repart #10782: 1994 Warldwide Ob-
ject Oriented Pragramming Revenues Split by Language.”
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jectors and discontinuers to allow for an analysis of any
potentially distinctive properties (see Table 2).°

4.2. Learning-Related Scale

As discussed above, learning-related scale is the scale
of activities over which learning costs can be spread.
Organizations that possess greater learning-related
scale should be more likely, others things being equal,
to initiate and sustain innovative activities because of
the opportunity for quicker and more assured payback
of the substantial required investments in learning. This
leads to the following hypothesis:

HYPOTHESIS 1. Learning-Related Scale is positively re-
lated to OOPL Assimilation Stage.

To operationalize the learning-related scale concept,
two indicators were used. The first measured the num-
ber of full-time equivalent staff members developing
completely new applications, while the second mea-

In point of fact, no organizations in this study had discontinued use
of OOPLs; however, several had rejected, and an analysis of the prop-
erties of these organjzations is provided in §8.

MANAGEMENT SCIENCE/Val. 43, No. 10, Octaber 1957
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Table 2 Rejection and Discontinuance

Category Criteria Survey Items Used to Classify
Aejection The organization has evaluated and rejected the SPI for current use. Has the site previousiy evaluated and rejested OOPLs?
Discontinuance  The organization cammitted to using the SPi at some point in the past, but  Has the site ever approved an QOPL for production use?

is not now using it, and does not foresee using it in the future.

Are ng projects currently pending?
Has the site discontinued use?

sured the number of full-time equivalent staff members
devoted to new applications together with significant
enhancements to existing systems (see Appendix A).
All other things being equal, more staff devoted to new
development corresponds to a larger scale of new de-
velopment.

While, in principle, many organizations could even-
tually amortize SPI-related learning costs, those with a
greater volume of new applications development can
amortize costs more quickly. This is particularly impor-
tant because: (1) faster amortization improves return on
investment; (2) managers often have little patience with
investments that do not show a rapid payback; (3) in-
tensity of effort is crucial to effective learning, yet little
cumnulative learning will occur if application of the new
technology is infrequent (Argote et al. 1990); and (4) if
a firm does not move along the internal learning curve
quickly enough, then its process will be surpassed by
the external learning curve (i.e., the firm could have es-
tablished an efficient process faster by waiting for more
mature technology vintages to become available). Fur-
thermore, it might be argued that simply having more
developers may facilitate learning more directly, by cre-
ating redundant mechanisms for communication of
knowledge and innovation (Cohen and Levinthal
1990).7

4.3. Related Knowledge

As described above, related knowledge is the extent of
abstract knowledge, know-how, and skills possessed by
the organization in areas related to the focal innovation.
Related knowledge facilitates assimilation by making it
easier for organizations to acquire new knowledge (Co-

“Wa thank an anonymous reviewer for bringing this insight to our
attention.
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hen and Levinthal 1890), and by decreasing the total
quantity of knowledge that must be acquired (Pennings
and Harianto 1992). This suggests the second hypoth-
esis:

HyrOTHESIS 2. Related Knowledge is positively related
to Assimilation Stage.

Successful assimilation of an SPI requires that an or-
ganization possess an associated bundle of knowledge
and skills, including three major components: (1) ab-
stract principles on which the innovation is based and
the skills necessary to successfully apply those princi-
ples, (2) expertise with particular specific technology
products embodying the focal innovation, and (3) ex-
pertise with technologies that typically form a “cluster”
around the focal innovation (Deyo et al. 1992, Scholtz
et al. 1993, Fichman and Kemerer 1993h, Goldberg and
Rubin 1995), For OOPLs, relevant abstract principles in-
clude encapsulation, inheritance, and message passing;
particular products embodying the innovation include
C++, Smalltalk, and Object Pascal (Booch 1994).

The approach to measurement employed here focuses
directly on the last category of related knowledge
(knowledge of technologies forming OOPLs technology
cluster) and indirectly on the first category (abstract
principles). Specifically, this study operationalized re-
lated knowledge as the extent of development staff ex-
perience in four areas: (1) C language programming,
(2) client-server application development, (3) PC/
workstation-based applications development, and (4)
development of graphical user interfaces (GUIs) (see
Appendix A). These four areas were identified based on
discussions with QQOD experts, observations made dur-
ing the previously mentioned case studies of OOPL
adopters, and a review of the trade press {e.g., Wallace
1993). Unlike the other variables in this study, measures
for related knowledge will always be SPI-specific.
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The C language is a central part of the cluster of tech-
nologies surrounding commercially available OOPLs.
An organization with more extensive prior experience
with C that adopts C+ + (the dominant OO language)
is already proficient in the sizable subset of the language
that is common to C, and already possesses expertise in
common supporting technologies, such as operating
systems and utilities (Ambler 1993}. A study conducted
by IBM provides strong empirical confirmation of the
link between C programming experience and profi-
ciency in learning object-oriented programming (Liu et
al. 1992). The link between OOPLs and client-server
arises from the fact that the most common architecture
for an QOPL-based multi-user application is client-
server, with the OOPL resident on the PC or
workstation-based client (Graham 1995). At the time of
this study, few mature OOPL implementations existed
on larger computers (mini or mainframes), and no other
commonly used architecture supports both the use of
an OOPL and multi-user access to data. Individuals and
organizations with prior experience in client-server are
spared the burden of acquiring this expertise during the
course of adopting an OOPL. Another advantage of
client-server expertise is that the message-passing par-
adigm for intermodule communication in client-server
applications is also used in object-oriented applications,
thus providing potential adopters with experience re-
lated to this important object-oriented principle. The re-
lationship from OOPLs to expertise with PCs and work-
stations reflects the fact that when this study when
done, commercially available OOPLs had been imple-
mented almost exclusively on PC and workstation plat-
forms (Slitz and Mintz 1993). Would-be adopters who
have expertise in PC or workstation-based development
already possess skills in the use of the operating sys-
tems, windowing shells, utilities, and so forth, and so
are spared the burden of acquiring this knowledge in
order to adopt an OOPL. The linkage between QOP and
development of graphical user interfaces (GUI}
stretches back to the 1970s, where Xerox PARC pio-
neered the GUI concept in applications built using
Smalltalk. From the time OOPLs were commercialy in-
troduced, OO applications have typically included a
GUI (Taylor 1992). (This was true for all four case stud-
ies of OOPL adopters conducted by the authors.} There
is also at least some overlap in terms of abstract prin-
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ciples and associated skills, because like OOPL appli-
cations, GUIs are event-driven and involve manipula-
tion of objects {e.g., screen icons) {Leinfuss 1993). To
summarize, the C language, client-server, PC/
workstation-based development, and GUIs are all part
of the OOPL technology “cluster,” and additionally,
overlap in terms of some specific OOP concepts and
skills.

4.4. Diversity of Knowledge and Activities

As described above, diversity is the degree of hetero-
geneity of organizational knowledge and activities in
areas related to applications development. Diversity of
knowledge is a primary contributor to “absorptive ca-
pacity,” which in turn facilitates organizational learning
and innovation. Diversity also increases the likelihood
that an organization will have at least “innovation-
ready” domain around which organizational learning
can begin (Swanson 1994). This suggests the third hy-
pothesis:

HyroTHEsIs 3.  Diwversity is positively related to Assim-
ilation Stage.

To capture diversity of technical knowledge and ac-
tivities related to applications development, this re-
search employed three indicators: (1) diversity of pro-
gramming languages, (2) diversity of runtime plat-
forms, (3) diversity of application architectures (see
Appendix A). The five programming language catego-
ries (assembly language, Cobol, etc.) and seven runtime
platforms (centralized mainframe, centralized mid-
range, etc.} were selected to provide a parsimonious set
of the most prominent languages and runtime platforms
currently in use in IT departments. Six application ar-
chitectures (batch MIS/transaction processing, online
MIS/transaction processing, etc.) were defined based
on a framework previously developed by Rumbaugh et
al. (1991} to describe different computing styles. Diver-
sity of programming languages was calculated by
counting the number of different languages used on at
least 5% of new applications development. Analogous
methods were used to compute the measures for run-
time platforms and application architectures.

4.5. Control Variables
Several variables commonly employed in prior studies
of innovation diffusion were also captured to provide
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for greater quasi-experimental control. These include:
host organization size (Rogers 1983), size of the IT func-
tion (Swanson 1994), specialization (Damanpour 1991),
IT staff educational level (Brancheau and Wetherbe
1990), environmental complexity (Zmud 1984), and sec-
tor (Bretschneider and Wittmer 1993). All of these vari-
ables are expected to have positive relationships to as-
similation, with one exception: Government organiza-
tions are expected to be less innovative with regard to
SPIs, because of the finding by Bretschneider and Witt-
mer that government organizations were less innova-
tive with respect to another information technology
(i.e., microcomputers). (See Appendix A for a descrip-
tion of measures.)

The primary potential confound to be controlled is
related to size: Since both learning-related scale and di-
versity can be expected to covary with more general
measures of organizational size, such as total employ-
ment, organizational size is of special concern. Tor-
natzky and Fleischer (1990, p. 162) have argued that
organizational size per se has no compelling rationale
linking it to innovation, and more likely serves as a
proxy for other variables, such as slack resources, edu-
cation and professionalism, specialization, and scale. In-
cluded variables provide both direct (IT size, host size)
and indirect (education, specialization) control for this
potential confound.

Scale differs from size in that scale is defined in re-
lation to some particular activity. While large size is
usually necessary for large scale, it is not sufficient. A
large machine tool manufacturer, for example, may
have a large scale manufacturing operation, but a small
scale marketing operation. Conversely, a large movie
distribution company might have a large scale market-
ing operation, but a small scale manufacturing opera-
tion. For this study, learning-related scale is defined in
relation to new applications development, while IT size
is more broadly defined to encompass all the activities
related to the IT department (development, mainte-
nance, operations, etc.).

5. Methods

5.1. Data Collection
A mailed cross-sectional survey of IT departments in
medium to large U.5.-based enterprises was used to col-
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lect the bulk of study data. The survey was disk-based,
i.e, respondents were sent a computer disk containing
the questionnaire items (Horton 1990, Saltzman 1993).
The disk-based survey (DBS) approach is especially
well suited to the target informants—IT managers—the
vast majority of whom have IBM-compatible PCs on
their desks at work. DBSs are outwardly similar to their
paper-based counterparts, except that informants re-
ceive a computer disk instead of a hard copy question-
naire. A program automatically leads informants
through the questionnaire items.® Although little rigor-
ous research has been done to compare disk-based and
paper-based modes, current evidence suggests that the
disk-based mode does not introduce a significant bias
regarding who responds, or how (Mitchell 1993, Smith
1993).

To qualify for the sampling frame, the site had to meet
four criteria: (1) It had to be part of a larger enterprise
with at least 500 employees; (2) it had to have reported
tools for software development installed at the site; (3)
it had to have an informant with an IT management-
related title; and (4) it had to have Microsoft DOS or
Windows-based computers on site. (The Computerworld
database from which the sample was drawn contained
the data necessary to apply these criteria, as described
below.} The first two criteria increase the likelihood that
custom applications development is performed at the
site; the responding cases not meeting this criterion
were dropped from the analysis. The third criterion
helps to ensure a well-informed respondent. The last
criterion was used to increase the likelihood that re-
spondents would have readily available the means to
take the survey {(a DOS-based computer). This require-
ment only excluded an incremental 5% of the sample.

The survey instrument was developed and refined
over a four-month period, following the procedures rec-
ommended by Dillman (1983). The refinement process
culminated with in-person pretests at five firms. The

® The Ci3 authoring systemn, marketed by Sawtaoth Software, was ised
to develop the DBS {(Sawtooth 1992). Advantages of the DBS approach
include programmable item validation; context sensitive help; sophis-
ticated list processing capabilities; randomization; transparent branch-
ing; elimination of most kinds of informant cading errars; elimination
of transcription errors and delay; and possibly, higher response rates
than comparable paper-based surveys {(Horton 1990, Saltzman 1993).
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resulting instrument was quite lengthy and complex,
with a total of 104 questions, 106 computer screens, and
35 branch points. It is felt that a questionnaire of this
length and complexity simply could not have been ad-
ministered using a paper-based approach. Numerous
strategies were employed in an effort ta boost response
rates and reduce bias (Fichman 1995a).

In January 1994, a survey packet was sent to 1,500
informants that had been selected from a database (via
probability sampling) maintained by International Data
Corporation of 40,000 U.S. sites with computers in-
stalled.” A total of 679 sites returned disks, for a raw
response rate of 45%. A total of 71 disks were excluded
from analysis: 20 arrived after the cutoff date, 39 were
from unqualified sites (i.e., no applications develop-
ment) or unqualified informants (i.e., not a manager or
poor self-reported knowledge of applications develop-
ment), and 12 were incomplete or otherwise unusable.
This left a sample size of 608 responses.

5.2. Analysis of Potential Response Bias

With a 45% raw response rate, the potential exposure of
this research to a response bias is less than with many
large scale surveys; nevertheless, two kinds of response
bias analyses were performed. The first used the vari-
ables in the original IDC database that mapped most
directly to the variables included in the theoretical
model: OO adoption (a binary measure of whether any
object-oriented tools were reported to be in use), IT size
(the number of IS employees in the organization as a
whole), host size (the number of employees in the host
organization), and government (a dummy variable in-
dicating that the sector is governmental). A logistic re-

? The goal of this database js to provide advertisers in Computerworld
magazine—the flagship trade publication for the IT industry—with
good prospects for their sales efforts. The target informants are IT
professionals with buying authority for hardware, software, or tele-
communications products. The selection was random, except that sites
that had previously reported “Object DBMS/tools” in place {in the
survey used o construct the IDXC database) were two times oversam-
pled. This was done to ensure a large enough N for planned analyses
involving OOPL deployers only. To correct for this oversampling, case
weighting was used in all statistical analyses. Specifically, cases were
weighted so that the incidence of cases reporting “‘Object DBMS/
tools' in place in the set of usable responses was the same as the
incidence in the original sampling frame.
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gression analysis was performed using OO adoption as
the dependent variable and host size, IT size, and gov-
ernment as the independent variables. The equation
was estimated first for the sample as a whole, and then
just for respondents. Individual parameter estimates
were quite similar, and therefore, a significant bias af-
fecting inferences about associations seems unlikely.
The second analysis was based on the responses to a 14-
item telephone questionnaire developed and adminis-
tered to a set of 42 randomly selected nonresponding
sites. An analysis of the primary reason for nonresponse
showed that neither questionnaire design itself or the
disk-based method of administration was likely to have
introduced much bias into who chose to respond.

6.3. Analysis of Potential Method Bias

A method bias is most likely to be a problem in studies
that, like this study, use a single instrument adminis-
tered to a single informant to contemporaneously mea-
sure both independent and dependent variables (Ven-
katraman and Ramanujarn 1987). The specific concern
is that respondents will infer the “expected” relation-
ships between variables and then shade their answers
to be more consistent with the expected relationships.
One test of whether a method bias might exist is to
gather data on just the dependent variable, at a later
time, from the same informant. The idea is that at this
later time the expected relationships would not be as
salient to the informant, and hence, less, if any, shading
would occur. The model is then estimated using the de-
pendent variable at Time 2, and an analysis is per-
formed to determine whether the expected theoretical
relationships still hold.

A paper-based follow-up survey was used to support
an analysis of method bias. A one-page survey was con-
structed to measure assimilation stage.'” A comparison
of stage at Time 1 (Stage T1) and Time 2 (Stage T2}
revealed a high degree of consistency between the two

" Eight weeks after the original disks were mailed, the follow-up sur-
veys were mailed to the 608 informants who had provided usable
responses. A total of 411 surveys were returned within six weeks, for
a raw response rate of 68%. Of the 411, 19 responses were not usable
because of incomplete or inconsistent responses, and 9 were classified
as rejectors. This left a net of 383 cases for which assimilation stage at
Time 2 could be determined.
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(r = 0.72). In 89% of the cases, Stage T2 was either the
same as Stage T1 or differed by only one position. Sub-
stituting Stage T2 into the analyses used to test the hy-
pothesized model had no effect on inferences about ex-
planatory factors. Therefore, the data provide no sup-
port for a potential methods bias.

6. Results

The vast majority of responding sites were typical IT
organizations, with mainframes or midrange computers
as their primary host environment (§1% of respon-
dents), and at least some MIS/transaction processing
type applications (92% of respondents). The median
host organization had 1,200 employees, with a maxi-
mum of 200,000. A wide range of industrial sectors were
represented, including not-for-profit sectors. The largest
representation was in manufacturing with 39%. The re-
ported size of the total on-site IT staff ranged from 1 to
3,000, with a median of 16. Smaller departments were
included (16% reported fewer than 5 total staff mem-
bers) as well as very large (13% reported over 100 staff
members). The dominant language acquired was C++.
QOf locations that acquired any OOPL, 94% acquired
C++, 88% considered it their primary OOPL, and 67%
acquired nothing but C++. For Smalltalk, these per-
centages were 15%, 5%, and 1%, respectively.

Table 3 confirms the particular value of assimilation
stage as an innovativeness measure for recently
emerged SPls. The inclusion of the first three categories
(not aware, aware, interest) captures significant vari-
ance in innovativeness that would be excluded from

Tahle 3 (OPL Assimilation Stage
Category Count Percentage

0. Not aware 46 76
1. Aware 259 42.6
2. Interest 86 141
3. Evaluation/Trial 128 21.2
4. Commitment 29 43
5. Limited deployment 28 4.6
6. General deployment 6 1.0
Rejectars 25 41
Total 608 100
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consideration in any of the other measures commonly
used to measure innovativeness (i.e., time of adoption,
dichotomous adoption, aggregated adoption, internal
diffusion, infusion) (Fichman 1995b).

The primary method for data analysis was partial
least squares (PLS), a second-generation multivarjate
technique for the estimation and assessment of struc-
tural models (Fornell and Bookstein 1982, Wold 1982,
Lihmoller 1984). The PLS algorithm works iteratively
to establish indicator weights and loadings while trying
to fit an overall model including both measurement and
structural relations (Gopal et al. 1993). After establish-
ing indicators weights, composite scores are created as
combinations of indicators times their weights. Struc-
tural paths are then fit using OLS regression based on
the composite scores.

The PLS analysis was conducted in two phases. In the
first phase, the measurement model was evaluated. The
inward-directed indicator mode was employed in spec-
ifying the model because the constructs are viewed as
formative rather than reflective. The indicators of the
diversity construct, for example, are not seen as alter-
native reflections of diversity, but rather, as causing or
comprising it (Fornell and Bookstein 1982, Johansson
and Yip 1994). Aninspection of the estimated indicator
weights suggested that two indicators should be elimi-
nated, one because of an unexpected negative weight
(the third indicator of related knowledge), and one be-
cause of a weight of essentially zero (the third indicator
of diversity} (Table 4)."" The reduced model was rees-
timated, and no further problems were found.

For the five multiindicator constructs—learning-
related scale, related knowledge, diversity, IT size, and
education level —the average indicator variances ex-
plained were 0.96,0.59, 0.70, 0.80, and .66, respectively.
The average variance explained for the multiindicator
constructs was 0.74, well exceeding the established cri-
teria of 0.50 for acceptable convergent validity {(Johans-
son and Yip 1994). In addition, there were no instances

! PLS imposes a fairly strict standard for inclusion of indicators in this
instance. In a separate principal components analysis, all indicators
loaded properly on their respective constructs. In a separate analysis
of eriterion validity, it was found that related knowledge and diversity
were strangly associated with QOPL assimilation stage regardless of
whether the original or reduced measures were used.
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Table 4 Indicator Weights and Loadings
Two Indicators
Al Indicatars Eliminated
Construct Indicatar Weight Loading Weight Loading
Learning-Related Scale L1 (.63 049 (.63 0.99
L2 0.38 .97 0.39 4.97
Related Knowledge K1 0.69 .81 0.62 .87
K2 0.3 0.60 0.27 (.65
K3 ~{1.45 0.21 — —
K4 0.50 0.71 0.38 0.76
Divarsity D1 0.67 0.87 0.66 0.87
D2 .53 079 053 0.79
D3 -0.01 0.38 C—_ —
IT Size b 0.37 0.43 0.37 0.83
12 0.73 (.96 0.73 (.96
Host Size H1 1.00 1.00 1.00 1.00
Specialization S 1.00 1.00 1.00 1.00
Fducation E1 0.64 0.83 0.64 0.83
E2 0.59 (.80 0.59 0.80
Env. Complexity ;i 1.00 1.00 1.00 1.00
Government Gi 1.00 1.00 1.00 1.00
Assimilation Stage A 100 1.00 1.00 1.00

where a construct correlated more highly with another
construct than it did with its own indicators (on aver-
age), thus assuring adequate discriminant validity (Ig-
baria and Greenhaus 1992}, The correlations for all of
the constructs expected to be associated with assimila-
tion stage are significant {at p = 0.1) and have the ex-

In the second phase, the structural model was eval-
uated. Table 6 provides the results for three estimated
models. Model 1 is the full model, while Model 2 is a
controls-only model that provides a benchmark for as-
sessing the additional impact of the three theoretical
variables. Model 3 includes only the three theoretical

pected signs (Table 5).

variables as predictors. The cells contain the path coef-

Table 5 Canstruct Correlations
Assim
Stage 1 2 3 4 5 8 7 8
1. Learning-Related Scale 038"
2. Related Knowledge 034" —0.04
3. Diversity 035" 049+ 041+
4, 17 Size 039 0.63** 0.01 0.38*
5. Hast Size 015" 0.39"* —0.02 0.20** a4
6. Specialization 028* 0.38" {15 0.34* (.36 0247
7. Educatian 0.49** 0.20* 025" 017 " gt 011 0N
8. Env. Complexity 0.08* 0.02 044>~ 0.02 (.02 -0.01 a.10" 0.02
9. Government —0143** -0.03 —0.14** -0.03 -{.08* 0.02 —0.06 040" -0.03
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Table 6 Evaluation aof Structural Madel

Madel 1 Full Madsl

Madel 3 Theoratical
Variables Only

‘Madel 2 Cantrol
Variables Only

(N = 583) (N = 583) (N = 583)
1. Learning-Related Scale 0217 0.32% "
(4.5) (8.4)
2. Related Knowledge 0.3+ 0.33% >
{8.6) {9.5)
3. Diversity 018" * 0.1g%***
(3.9) (5.0
4. T Size 03g»s** 032~
{4.1) {7.3)
5. Host Size —0.015 —0.03
(-1.2) (—0.7)
6. Specialization 0.05 015>
(1.3) (3.8)
7. Education 0.00 01
{0.1) 2.8
8. Environmental Complexity 0.02 0.06
{0.6) {1.6}
9. Government —{.05 0.08*
{-1.5) {-2.1}
Adjusted A2 .32 0.19 .30
F 1.2xw- 23.2%x* 433 -

*p=005*p=001 """ p =003 " p = 0.0001

ficients produced by PLS; these are identical to the stan-
dardized beta coefficients produced by OLS regression.
OLS regression was used to compute the f statistics for
the parameters, shown in parentheses.'? An examina-
tion of the results for the full model (Model 1) reveals
that the path coefficients from learning-related scale, re-
lated knowledge, and diversity to assimilation stage are

12 PLS makes no distributional assuumptions about the data, and hence,
f statistics are not available. Ordinarily, the preferred approach ta as-
sessing the significance of path coefficlents when using PLS is to rely
on jackknife statistics (Fornell and Bookstein 1982, Wildt et al. 1982},
which can be produced by the blindfolding algorithm provided by
LVPLS 1.8 (Léhmoller 1984). However, LVPLS 1.5 does not suppart
case weighting in the blindfelding algarithm. As a result, conventicnal
t statistics produced by case-weighted OLS were viewed as more ap-
propriate for this study. It is worth noting that the critical ratios pro-
duced by blindfolding (without case weighting} were greater than
those produced by OLS (with or without case weighting). Therefore,
in this instance, the OLS ¢ statistics represeént a mare eonservative ap-
proach to theory testing,
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all highly significant, with ¢ statistics of 4.5, 8.6, and 3.9,
respectively.’? IT size is the only other significant pre-
dictor (¢ = 4.1) in this model. The overall model, which
explains 32% of the adjusted variance, is highly signif-
icant, with an F statistic of 31.2 {¢ = 0.0001). A com-
parison of Models 1 and 2 shows that the full model

¥ The histogram and narmal probability plot for standardized resid-
uals bath showed that residuals were close te narmally distributed. A
scatter plat of standardized residuals versus standardized predicted
values shows no significant patterns, thus confirming the ahsence of
heteroscedasticity. The largest condition index was CI = 2.7, well he-
low the rule-of-thumb af CI = 10 used to identify even mild potential
collinearity prablems (Belsley et al. 1980). A multilevel logistic regres-
ston was also run for this model. The same predictor variables were
significant, with nearly identical levels of significance. The decision to
include a contral variable, IT size, that covaries with a theoretical vari-
able, learning-related scale, represents a conservative approach to test-
ing the thegretical model, because including this control could serve
to hide a genuine effect of the theoretical variable. As it happened,
both variables were strongly significant when jointly included.
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explains an incremental variance of 13% (32%-19%),
a significant increase in variance explained (F ratio
= 39.9, p = 0.0001). Including the control variables on
top of the independent variables, by contrast, only ex-
plains an additional 2% (32%—30%) of the variance, as
shown by a comparison of Models 1 and 3.

To further explore the relationship between predictor
variables and assimilation stage, the mean values for the
four variables with the strongest direct correlation with
stage—learning-related scale, related knowledge, diver-
sity, and IT size—were computed for each level of as-
similation stage and for rejectors. Table 7 shows the
ranking of the mean values from 0 (the category with
the lowest mean value) to 6 {the category with the high-
est). The results for stage 6 must be interpreted cau-
tiously, because of the small number of cases (six).

The data related to rejectors suggest an interesting
result. The reasonable assumption that rejectors, having
already evaluated an OOPL, should have predictor val-
ues at least as high other organizations still engaged in
evaluation (assimilation stage 3) is not supported. In
fact, the average of the predictor values is much lower
for rejectors than for evaluators for all variables except
related knowledge, which is consistent with the notion
that organizations with comparatively low values of
predictor variables are in a worse position to sustain
assimilation of OOPLs.

As a final task, the plausibility of three possible
threats to the validity of the base model are examined.
The first threat is related to common method bias (pre-
viously discussed in §5.3). A separate analysis showed
that the independent variables remain highly significant

Table 7 Rank Order of Mean Values af Predictars by Stage
Learning-
Related Related IT

Scale Knowledge Diversity Size
0. Not aware ¢ a a a
1. Aware i i 1 1
2. Interest 2 2 3 2
3. Evaluation/Trial 1 3 5 4
4. Commitment 4 4 4 3
5. Limited Deplayment & 5 8 H]
6. General Deployment 5 6 2 6
Rejectors 0.5 35 1.5 0.5
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when assimilation stage measured at Time 2 is substi-
tuted into the base model, thus providing no support
for the hypothesis that the results of the base model are
due to the fact that the data on both predictor and out-
come variables were collected at the same time with the
same instrument.

The second potential validity threat is reverse causa-
tion. The specific concern is that sites may have acquired
related knowledge as a result of using OOPLs. To assess
this threat, a model was estimated that excluded organ-
izations already using OOPLs {(stages 4 through 6). The
coefficient for related knowledge was still highly sig-
nificant (¢t = 4.9; p =< 0.0001), so the hypothesis that
reverse causation accounts for the significant relation-
ship in the full model is not supported by the data.

A third potential validity threat also concerns related
knowledge. It might be argued that some of the indi-
cators of this construct, particularly client-server and
GUI experience, could themselves be viewed as indirect
indicators of software process innovativeness. If true,
this would mean the observed relationship between re-
lated knowledge and assimilation stage could result
from some (unmeasured) common cause(s) of software
process innovativeness. However, related knowledge is
only weakly correlated with other predictor variables
(Table 5). If related knowledge were, in fact, a reason-
able indicator of innovativeness, then it should be
strongly predicted by the same variables as assimilation
stage. The fact that it is not is evidence against this al-
ternative hypothesis.

7. Discussion

This research has strongly confirmed the expected role
of organizational learning-related factors in the inno-
vation process. Specifically, it was shown that learning-
related scale, related knowledge, and diversity are all
positively related to OOPL assimilation stage, and to-
gether explain 30% of the variance of this variable. The
main message from these results is that organizations
that are best positioned, from a structural standpoint, to
accommodate the burden of organizational learning
surrounding complex process technologies are more
likely to initiate and sustain the assimilation of these
technologies. This message holds important implica-
tions far research and practice, as described later in this
section.
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In terms of secandary results, it was found that while
four of six control variables—IT size, specialization, ed-
ucation, and government—were significant predictors in
the controls-only model, only one of these, IT size, sig-
nificantly predicts assimilation stage in the full model.
The first result supports the validity of the control vari-
ables, while the second demanstrates the potential for
inappropriate inferences in the absence of the hypothe-
sized organizational learning-related factors. Other no-
table results include the finding that the profile of rejec-
tors more nearly resembles the profiles of those organi-
zations in eatly stages (awareness and interest) than
those in later stages (evaluation/trial, commitment, and
deployment). It appears that these organizations may
have taken a “quick look” at the innovation and con-
cluded it was not for them—an outcome consistent with
their comparatively adverse assimilator profile.

This study has implications for theory, methods, and
practice. With regard to theory, this research supports
the reconceptualization of diffusion for complex organ-
izational technologies initiated by Attewell (1992). It
maps the implications of Attewell’s macrolevel model
to the organizational level, identifies three organiza-
tional learning-related factors that should be of partic-
ular importance for organizational assimilation of com-
plex organizational technologies, develops measures for
these factors tailored to the SPI context, and provides
statistical confirmation of their expected influence on
innovation. The strong influence of related knowledge—
combined with the fact that this construct does not
strongly covary with “generic” innovation predictors—
demonstrates the value of examining particular tech-
nologies with models that incorporate innovation-
specific predictors.

The strong influence of learning-related scale and
diversity—combined with the fact that these con-
structs do covary with other common innovativeness
predictors—suggests that future research on SPI assim-
ilation should seriously consider incorporating these
factors to control for possible confounds. Host argani-
zation size, for example, has a significant, positive zero-
order correlation with assimilation stage, but is insig-
nificant in regressions that include these other variables.
This result is consistent with Tornatzky and Fleischer’s
(1990) contention that the well-established empirical
link between innovation and organizational size is more
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likely a result of other variables that covary with size—
such as scale, professionalism, education, and speciali-
Zation.

More generally, this research has demonstrated that
it is possible to construct strongly predictive variance
models, even when the focal innovation is a complex
organizational technology. One of the long-standing
criticisms of diffusion research has been the general
weakness and instability of findings in studies predict-
ing innovation (Downs and Mohr 1976, Rogers 1983,
Meyer and Geoes 1988, Fichman 1992, Prescott and Con-
ger 1995). This research has shown that strong results
can be achieved, at least when researchers confine their
focus to more specific innovations and contexts, and
employ theory more closely tailored to those innova-
tions and contexts.

With regard to methods, this research confirms the
value of assimilation stage as an innovativeness mea-
sure, especially when the focal technology has not yet
been widely adopted. If the traditional approach of us-
ing time of adoption or dichotomous adoption for the
outcame measure had been used instead, no gradations
in innovativeness would have been captured for as
much as 90% of the responding population, depending
on the definition used for “adoption.”” One of the limi-
tations of innovation research has been its typical
backward-looking focus on technologies for which dif-
fusion has already run its course. While that approach
certainly has advantages, it does limit the opportunity
to draw imimediate, practical implications for potential
users and vendors of the emerging technologies under
study. In contrast, this research has identified factors
affecting the assimilation of OOPLs early enough in the
diffusion process for this information to be of direct
practical benefit to these groups. Another contribution
to research methods is confirmation of the value of the
disk-based survey (DBS) mode. A survey as lengthy
and complex as the one used in this research is un-
likely to have been successfully administered using
telephone- or paper-based survey modes. Add to this
the other advantages of DBS (minimization of item non-
response and inadvertent coding errors; elimination of
transcription costs, delay, and errors) and the apparent
positive effect on response rate, and one is left with a
compelling case for the use of the DB5 mode where fea-
sible.

1359



FICHMAN AND KEMERER
Assimilation of Software Process Innovations

This research also has practical implications for tech-
nology vendors and mediating institutions, as well as
end-users. For technology vendors and mediating insti-
tutions, this research has identified the profile of organ-
izations more likely to initiate and sustain SPI
assimilation, and in particular, OOPLs. Such organiza-
tions do more new applications development (new sys-
tems and substantial enhancements), have more exten-
sive knowledge related to OOPLs (more experience
with GUIs, the C language, etc.}, and greater technical
diversity in their applications development area (more
programming languages, more runtime platforms).
This profile provides the basis for more targeted mar-
keting and promotion, e.g., by directing more promo-
tion effort to appropriate specialty journals, trade
shows, and technical seminars, and/or by screening
prospects based on how well they fit the profile of an
early assimilator. Targeted marketing is likely to be of
particular value for complex organizational technolo-
gles such as SPls, because, as Attewell has argued,
broad brush ““signalling’’ of the existence and potential
benefits of such technologies is likely to be of lesser im-
portance in promoting adoption.'" In addition, when
broadly based marketing does succeed in encouraging
adoption by organizations that do not fit the assimilator
profile, this could well be a pyrrhic victory, as such or-
ganizations should be less likely to sustain innovation,
and may well become influential “negative”” opinion
leaders (Leonard-Barton 1985). Vendors and mediating
institutions should rather be more focused on identify-
ing appropriate adoption candidates, learning about the
particular challenges these organizations face, and tak-
ing a more proactive role to promote successful assim-
ilation among these sorts of organizations. Examples of
such activities in the case of OOPLs abound. Many OOP
language vendors have created technology consultation
divisions that supply long term, on-site assistance with
OOPL-based systems development. A new breed of
technology consultants—referred to as “mentors’—are
now available to organizations that, rather than just do-
ing development themselves, work side-by-side with

" Bolstering this argument is the finding in this study that 92% of
respondents reported some knowledge of OOP'Ls, and therefore had
presumably already been reached by “signalling.”
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end-users with an explicit charter to teach organizations
how to be successful with object technology. Vendor-
sponsored user groups are another common tactic em-
ployed to facilitate successful assimilation.

The main implication of this research for end-user or-
ganizations is that they would be well advised to view
SPI assimilation as a multiyear process of organiza-
tional learning, and to carefully assess the extent to
which they fit the profile of an early and sustained as-
similator. Do they have the opportunity to amortize
learning costs afforded by a greater scale of new appli-
cations development? Do they have the greater capacity
to assimilate new knowledge that results from existing
knowledge in related domains, and diversity of tech-
nical knowledge in general? Do they have a head start
on innovation because crucial knowledge and skills re-
lated to the innovation already exist within the organi-
zation? Successful assimilation requires sizable invest-
ments in organizational learning and process change.
Considering the expense and risk involved, those that
do not fit the profile should seriously consider delaying
adoption, or adopting a less complex variant of the tech-
nology. If such organizations do go forward with early
adoption, it should be with the understanding that risks
are even higher, and so expectation management will
be especially crucial.

Organizations that more closely fit the assimilator
profile, by contrast, are well positioned to be compara-
tively vigorous in assessing emerging technologies in
general, and when a decision to adopt is made, should
consider undertaking assimilation strategies that exploit
their inherent opportunity for more cost-effective and
successful assimilation. Learning-related scale opens
the option of more expensive assimilation strategies that
may well be essential to success, such as hiring of ex-
perts, development of a redesigned process (and the in-
frastructure to support it), and allowing extended pe-
riods of “practice” on nonproduction systems. How-
ever, managers must have the wisdom and will to
employ these options if they are to be of benefit in in-
creasing the chances of successful assimilation. Related
knowledge can also be extremely advantageous, but
only if it is taken into account in such activities as tech-
nology selection, project selection, and the assignment
of personnel to projects. Diversity increases the likeli-
hood of an organization possessing a “’safe haven”—an
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area where an SPI is a particularly good fit, and the
conditions for learning are more ideal—and also affords
the opportunity to “bootstrap’” learning from areas
where the technology is a higher fit, and fewer demands
are made on organizational competence, to lower fit
areas where successful application requires greater or-
ganizational competence. Once again, however, diver-
sity is only an advantage for organizations that exploit
it wisely.

8. Conclusions

Technological innovation is considered the primary
driver of improvements in industrial productivity. Yet,
if promising inventions cannot be widely deployed,
then clearly the benefits resulting from their invention
will be curtailed. Many have comumented on the disap-
pointingly slow rate of progress of software practice in
the United States. While much of the so-called software
crisis is likely attributable to undisciplined application
of existing technologies and inattention to measurement
and continuous improvement, incremental improve-
ment can go only so far; at some point, more radical
changes are needed to provide the base upon which fur-
ther incremental improvements can be built.

Appendix A: Measures

Software process innovations—and complex organi-
zational technologies more generally —impose a sub-
stantial burden on would-be adopters in terms of the
know-how and technical knowledge needed to use
them effectively. When knowledge barriers are high, the
ability to innovate becomes at least as important as the
desire or opportunity. This research has addressed the
question of what kinds of organizations should be ex-
pected to innovate, even in face of high knowledge bar-
riers. It was hypothesized that organizations with
higher learning-related scale, greater related knowl-
edge, and greater diversity of knowledge and activities
would be more prone to innovate, because such organ-
izations can better amortize learning costs, can more
easily acquire the knowledge needed to innovate, and
have less they have to learn to begin with. All hypoth-
eses were strongly supported, thus validating the im-
portance of organizational learning-related factors in
explaining the assimilation of complex technologies
such as software process innovations."

15 The authars gratefully acknowledge the financial support provided for
this research by the MIT Center for Information Systems Research and
International Data Corporation. We also thank Sue Conger, three anony-
mous reviewers, and the associate editor for their insightful comments.

Construct Ing Indicator Descriptions Mean 50
Learning-Related L1 Log {number of application developers at site * percentage of applications-related effort 2,39 0.77
Scale aftributable to new systems)
L2 Log (number of application developers at site * percentage of applications-related effort 2.71 070
attributable to new systems and enhancements)
Related Knowledge K1 Percentage of development staff with experience programming in C 206 26.2
K2 Percentage of development staff with experience developing client-server applications 16.9 258
K3 Percentage of development staff with experience developing PG or warkstation 387 33.2
applications
K4 Percentage of development staff with experience developing graphical user interfaces 16.5 24.6
Diversity D1 The number of different pragramming languages used by =5% of the development 227 1.20
staff in 1993 (assembly language, Cobol, C, ather non-00 third-generation language,
non-00 fourth-generatian language)
b2 The number of different runtime platforms accounting for =5% of new development 2.77 1.26

over last 3 years (centralized mainframe, centralized midrange, client-server (GS)
with mainframe host, 3 with midrange host, CS with desktop host, networked
workstations/PCs, standalone workstations/PCs)
03 The number of different application architectures accounting for =5% of new 363 1.09
development aver last 3 years (batch MIS/transaction processing, online MIS/
transaction processing, infarmation retrieval/reporting/query, scientific/engineering/
madeling/simulation, real-time/pracess contral, office automation/persanal

praductivity/qroupsware)
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Appendix A: Continued

Construct Ind Indicator Descriptions Mean 5D
IT Size I An ardinal variable capturing level of external IT spending within respondent’s span of $500-999k 1.35
influence (nine categaoties)
12 An ordinal variable capturing number of IT employees within respondents span of in- 10 to 24 1.61
fluence (nine categaries)
Host Size H1 Log {total number of emplayees in the hast organization) 315 0.61
Sum of the number of six specialties for which the site has at least one full time staff
member {technology evaluation, quality assurance, data administration, methods &
Specialization 51 toals, metrics and measurement, systém testing) 1.88 1.78
Education E1 The percentage of |T staff at the site halding bachelor's degree a5.6 18
E2 The percentage of IT staff at the site holding master's degree 1.0 16.1
Mean importance of seven typical objectives for development {rapidity, cast effective-
Environmental ness, schedule and budget compliance, high performance systems, high reliability sys-
Complexity C1 tems, ease af use, ease af change) (7-point scales) 5.49 1.05
Gavernrment G1 Binary variable coded to ane for gavernment 0.14 0.356
Assimilation Stage Al Stage achieved as of the time the survey was administered (ranges from 0-not aware 2.00 1.38
to G-general deployment)
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