Personal Soflware Process................................

The Successful
Diffusion of Innovations:

Using the Personal
Software Process
as an example

of an innovative
information
technology, the
authors performed
a field study of
developers using
the PSP approach
on software
development
projects in
industry. Their
analysis of the
results offers
practical guidance
on how software
development
organizations
should support the
diffusion of
innovations into
successful practice.
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ow can we improve the probability of successfully introducing
innovative software development techniques in software devel-
opment organizations? This question has intrigued and con-
founded researchers in the software engineering field for many

years. Several promising new tools and techniques have improved software

development, but most are either not widely adopted or are often quickly

abandoned. Researchers have noted this is-
sue’s importance in studies on Computer
Aided Software Engineering tools' and on
object-oriented,* user-centered,® and formal
development techniques.® Here, we focus
on why this happens—and how we can
prevent it.

Our motivation is to better understand
the phenomenon of innovative information
technology diffusion so that we can better
inform software development managers on
how to ensure the successful use and diffu-
sion of beneficial software development
techniques in their organizations. Solutions
to the problems of software development
must include the human (peopleware and
good management practices) as well as
technical dimensions. Thus, a basic premise
is that an effective strategy for IT diffusion
must integrate technical research in soft-
ware engineering with relevant behavioral
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research in the information systems field.

A large body of research on the diffusion
and use of IT in organizations exists. Here,
we expand the concept of IT to include soft-
ware development techniques that can be
innovations to the community of software
developers. Thus, we can study software
development practices under the guidance
of well-established organizational theory.
We hope to integrate behavioral IS research
on IT diffusion with software engineering
research on it by developing a comprehen-
sive research model.

A Research Model of IT Diffusion

Our model (and the research study based
on it) shows that two key factors influence
software development IT diffusion success:
developer involvement in the implementa-
tion process and characteristics of the envi-
ronment into which the techniques are in-
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troduced (see Figure 1). Furthermore, the
importance of these two factors is due in
part to their influences on software devel-
opers’ perceptions of control. (The Software
Engineering Institute Special Report on this
research includes a full discussion of the
model and the background research litera-
ture supporting it.”)

Diffusion Success

A key measure of the successful diffusion
of IT in an organization is its use.® How-
ever, when you mandate the use of IT,
which often occurs when you introduce
new software development technologies,
satisfaction is sometimes a more appropri-
ate measure of success.

Patrick Chau observed that in many soft-
ware development innovation scenarios, the
decision to adopt the innovation was made
at an organizational level, and software de-
velopers were usually required to implement
the decision.2 However, he notes that the is-
sue of whether or not the software devel-
oper enjoyed using the innovation—that is,
the developer’s satisfaction with the innova-
tion—was of critical importance to produc-
tivity. Thus, satisfaction with the IT is a sec-
ond diffusion success variable in the model.

Perceived Control

The construct of perceived control comes
from social psychology research. Individuals
are said to seek control because they need to
know the causes and consequences of their
and others’ behaviors.” Perceived control is
usually defined in terms of three dimensions:
choice, process, and predictability.

The decisional or choice dimension refers
to an individual who can choose among
various possible actions. Early research on
control equated more choice with more
control. Subsequent research, however,
found that too many choices could over-
whelm the individual and hence reduce
perceived control.!? Still, increased control
through choice can enhance performance on
learning tasks and reduce stress. We exam-
ine perceived choice as the degree to which
software developers feel they have control
over deciding when it is beneficial or appro-
priate to use an IT innovation.

The process or behavioral view of con-
trol refers to an individual’s ability to take
direct action on the environment to influ-

Developer involvement

© Adoption
Perceived control
 Choice
IT diffusion environment * Process

o Champion support o Predictability

Diffusion sucess
. *Use
o Satisfaction

e Voluntary use
* Training
¢ Degree of novelty

Figure 1. Our research model for IT diffusion.

ence an event. It represents the ability to
change or escape an unpleasant situation or
to determine the sequencing of events.
However, external factors—such as avail-
ability of resources, managerial constraints,
constraints imposed by the IT, and so
forth—could inhibit this ability. Studies
have found that greater managerial behav-
ior control results in higher performance on
IS development teams. In their survey of 79
software designers representing 41 develop-
ment teams, John Henderson and Soonchul
Lee found that teams with greater levels of
managerial behavioral control had higher
levels of performance.!’ We examine per-
ceived process control as the degree to
which software developers feel that their
ability to perform software development
tasks when using the IT is free from organi-
zational or IT-related constraints.

The predictability dimension of control
refers to knowing what events will occur and
when—not necessarily to controlling the
event itself. Enhancing an individual’s level of
predictability can decrease stress and increase
satisfaction.!” We examine predictability as
the degree to which software developers are
able to predict software development out-
comes when using the IT innovation.

We thus suggest the following hypotheses:

H1: As software developers’ perceptions
of choice in when to use a new IT in-
crease, their level of satisfaction with the
new IT will increase.

H2: As software developers’ perceptions
of choice in when to use a new IT in-
crease, their level of use of the new IT
will increase.

H3: As software developers’ perceptions
of process control in how to use a new IT
increase, their level of satisfaction with
the new IT will increase.

H4: As software developers’ perceptions
of process control in how to use a new IT
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increase, their level of use of the new IT
will increase.

HS: As software developers’ perceptions

of predictability when using a new IT in-
crease, their level of satisfaction with the
new IT will increase.

H6: As software developers’ perceptions of
predictability when using a new IT increase,
their level of use of the new IT will increase.

Developer Involvement

Most research in user involvement fo-
cuses on IT end users as the population of
interest. However, we focus on software de-
veloper involvement in the adoption of the
software development technique in the de-
veloper’s organization. The more involved a
software developer is in this decision
process, the more likely the developer is to
perceive greater levels of choice in when to
apply the IT. Thus, we propose the follow-
ing hypothesis:

H7: As software developers are more in-
volved in the new IT adoption process,
their perceived choice in when to use the

new IT will increase.

IT Diffusion Environment

The IT diffusion environment construct
includes various individual, organizational,
and environmental characteristics sur-
rounding the use of the software develop-
ment technique. Our research model identi-
fies four characteristics of particular impor-
tance when diffusing innovations: the
degree of champion support, the degree of
voluntary use, the effectiveness of training,
and the degree of novelty.

Champion support

An IT champion is a “manager who ac-
tively and vigorously promotes [his or her]
personal vision for using IT, pushing [a] proj-
ect over or around approval and implementa-
tion hurdles.”!? Champion support consists
of two aspects: controlling resources needed
for system development and use, and signal-
ing clues to encourage certain behaviors. In
his field study, Juhani livari found such sup-
port to be significantly and positively associ-
ated with CASE usage.’ The degree to which
a champion can influence decisions can influ-
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ence the degree to which developers feel free
to make their own decisions. Thus,

HS: As software developers’ perceptions
of degree of champion support for a new
IT increase, their perceived choice in

when to use the new IT will decrease.

Support for the relationship in H8 is not
an argument against champion support. On
the contrary, several studies have found
champion support to be beneficial in in-
creasing IT use.>? However, developers
might see it as limiting their choices.

Voluntary use

Voluntary use is “the degree to which use
of the innovation is perceived as being vol-
untary, or of free will.”!3 Gary Moore and
Izak Benbasat emphasize the importance of
this variable in their study of innovation dif-
fusion, because organizational policy can
mandate or discourage using innovations
within organizations. We examine perceived
voluntary use as the degree to which soft-
ware developers feel that they have control
over whether or not to adopt an IT innova-
tion in their organization. Because mandated
adoption or use of an IT takes away the free-
dom of choice from IT users, we propose the
following hypothesis:

HY9: As software developers’ perceptions
of voluntary use for a new IT increase,
their perceived choice in when to use the

new IT will increase.

Furthermore, we expect higher levels of
perceptions of voluntariness will lead to
higher perceptions of software developer
process control over how the new IT is used
in software development tasks. Thus

H10: As software developers’ perceptions
of voluntary use for a new IT increase,
their perceived process control over how

to use the new IT will increase.

Training

The availability and effectiveness of
training represent crucial factors in the suc-
cessful diffusion of software development
innovations. Training on the IT is an essen-
tial prerequisite to putting the IT to use.
However, a key consideration is the context



in which training is conducted. Connie Ger-
sick and J. Richard Hackman in their re-
search on habit-forming note that the most
effective time to introduce an intervention
(or a change in the way of doing things) is
when the individual or group is at a “break-
point” in work."* When groups must
change their norms and routines while si-
multaneously performing the routine, the
effect is, at best, distracting and unhelpful.
Gersick and Hackman argue that develop-
ers must give their full concentration to ac-
quiring the new habits and learning the new
techniques. We expect more effective train-
ing will lead to greater familiarity with the
IT, thus enhancing the software developers’
ability to predict their performance on soft-
ware development tasks when using the IT:

H11: As software developers’ perceptions
of training effectiveness on a new IT in-
crease, their perceived predictability when

using a new IT will increase.

Novelty

Degree of novelty refers to the extent to
which learning and using the IT innovation
represent new experiences to the user. Chau
refers to this as the implementation gap,’
where the gap is the difference between cur-
rent skills and knowledge and the skills and
knowledge the new IT requires. In a field
survey, he found a significant, negative rela-
tionship between the degree of novelty and
IT acceptance. Put in the context of the
adoption of software development tech-
niques, a technique (or suite of techniques)
that represents a radical change to software
developers can lead to a work environment
that is uncertain, unclear, and thus less pre-
dictable than an environment in which more
familiar techniques are used. This reasoning
leads to the following hypothesis:

H12: As software developers’ perceptions
of the degree of novelty of the new IT
increases, their perceived predictability

when using a new I'T will decrease.

Research Field Study

To evaluate our research model, we per-
formed an extensive field study of industrial
software developers. We used a field survey
because using data from practicing software

developers in multiple organizations increases
the external validity of the study’s results.
Thus, we can more confidently apply the re-
sults across a wider population of software
developers and software development organi-
zations. (A copy of the full survey we used in
this study is in the SEI Special Report.”)

The innovative IT we studied is the Per-
sonal Software Process approach. The PSP
approach is a “self-improvement process to
control, manage, and improve the way [soft-
ware engineers] work.”!S It is not a software
tool in the traditional sense of an IT. Rather,
it is a disciplined approach to support soft-
ware developers in the measurement and
analysis of their work to improve their effec-
tiveness as software engineers. Software de-
velopers who use the PSP approach apply
quality principles such as defect elimination
and incremental development to improve the
quality of the software products they deliver.
Individual programmers apply these princi-
ples; thus, the degree to which organizations
benefit from the PSP approach directly de-
pends on the individual software developers’
adoption and use of the PSP.

Through a cooperative research and de-
velopment agreement between the SEI, the
University of South Florida, and Baylor Uni-
versity, we were able to identify software
development organizations that had indi-
viduals trained in the PSP by SEI trainers.
We designed and validated a research survey
questionnaire through pretesting and a
thorough pilot study.

The population of interest was software
developers who have adopted a new soft-
ware development technique (the PSP)
within the timeframe of three months to
two years. We specified a three-month min-
imum timeframe to ensure that the subjects
had adequate time to work with the PSP
and form a stable judgment. The two-year
maximum timeframe ensured that the soft-
ware development technique qualified as an
innovation. The sampling frame consisted
of US and international software develop-
ment organizations with employees trained
in or using the PSP within the last two years.

We distributed a total of 174 surveys be-
tween November 1997 and January 1999.
Of these, we received 81 completed surveys,
resulting in a response rate of 47%. Of the
81 completed surveys, eight respondents in-
dicated that their use of the PSP was less than
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Summary of Demographic Statistics

Variable Value Variable Value
T Number of PSP projects Mean = 2.4
Male 79% - Range =010 18
Female 21% How PSP s used
Critical projects only 36%
Age Mean = 33.2 Noncritical projects only 25%
Range = 21 to 60 Mixture of critical and noncritical projects 39%
Position Percentage of projects using the PSP
Analyst 10% None 10%
Designer 20% 110 25% 26%
Manager 6% 26 to 50% 13%
Programmer 51% 5110 75% 14%
Project manager 13% Less than 75% 37%
Highest degree held Types of projects using the PSP
High school 39 Proof of concept only 31%
Bachelors 51% Srpall projects only . 10%
R 43% hﬂ;ftzrerzf.elstrgizrd small projects 2&;‘(’;
PhD - 5% All gro?ec‘:s ' 24%
Years of IS experience Mean = 8.1 Project phases where PSP used
Range = 110 25 Requirements specification 32%
Months of PSP experience Mean = 12.2 Analysis 40%
Range = 3 to 24 Design 80%
Origin of respondent (organization) Implementation 92%
us 78% Testing 65%
International 22% Maintenance 24%
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three months; one indicated that his use of
the PSP was longer than two years. The re-
sulting usable sample size was therefore 72.

Our research model is grounded in es-
tablished theory in IS, social psychology,
diffusion of innovations, and software en-
gineering. The framework is a causal model,
which shows relationships between theoret-
ical constructs that affect the successful dif-
fusion of software development techniques.
Although data-analysis techniques cannot
prove the theory depicted in the causal
model, proof or support for the theory is ar-
gued on the basis of the theories upon
which we constructed the model. However,
the data analysis can shed light on whether
the causal model is consistent with the data
collected in the study.

By applying path analysis on the causal
model, we can examine the direct effects of
one variable on another, as well as indirect ef-
fects of one variable on another through one
or more intervening (mediating) variables.
Path analysis uses a series of multiple regres-
sions, where path coefficients assess the
strength of the relationships depicted in the
causal model. Thus, we can use the magni-
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tude, direction, and significance of the path
coefficients to test the research hypotheses.
Table 1 summarizes the demographic in-
formation on survey respondents, and Table
2 presents descriptive data on PSP use. (The
SEI Special Report contains a complete
presentation of the data analyses.”) Table 3
summarizes the results of the hypotheses.
One of the key findings is software develop-
ers’ perceptions of control over their work
when using an innovative software develop-
ment technique significantly relates to that
developer’s satisfaction with the technique.
Support of H1 and HS5, as well as the sig-
nificance of the relationship in H3, promote
this finding. Thus, perceived control is es-
tablished as an important factor in deter-
mining a software developer’s satisfaction
with a software development innovation.
Another significant finding is that there are
manager-controlled factors that can enhance
software developers’ perceptions of control,
thereby increasing the chances that the inno-
vation will be diffused into software develop-
ment practice. These factors include the soft-
ware developers’ involvement in the adoption
process (H7 support), the degree of champion
support for the IT (H8 support), and the de-
gree to which use of the development tech-



nique is voluntary (H9 and H10 support).

Developer Perceived Control and IT Diffusion
Success

One of the central constructs explored in
this research is the software developers’ per-
ceptions of personal control over their work
when using an IT innovation. Results of data
analyses show that there is a direct relation-
ship between software developers’ percep-
tions of control and their satisfaction with
using the software development technique.
Specifically, this research has demonstrated
that developers are more satisfied with using
software development innovations if

m they have increased choice in when to
use that innovation (H1),

m they have decreased process control in
how to use that innovation (H3), and

m the innovation increases the predictabil-
ity of their work (HS5).

The second observation is quite interest-
ing. The data suggest that the more personal
control developers have over how they use
PSP, the less satisfied they are using it. The
more the organization emphasizes organiza-
tional standards and structure in its use of
PSP, the more satisfied the developers are in
using it. This result contradicts H3 and sug-
gests there might be differences between IS
personnel or tasks and the personnel or tasks
studied in previous research that found a
positive relationship between personal
process control and satisfaction. IS tasks are
complex and unstructured. By enforcing
standards and structure, a software develop-
ment technique can bring structure to a pre-
viously unstructured task environment,
thereby reducing overall task complexity.
Thus, contrary to current social psychology
literature on perceived process and behav-
ioral control, our research suggests that in a
complex task environment such as software
development, decreases in personal control
as a result of the use of a disciplined soft-
ware development technique can result in
greater satisfaction.

This research also demonstrates that de-
velopers tend to subsequently use a software
development technique when that technique
provides more predictability in their soft-
ware development work (H6). Thus,

Summary of Hypothesis Support

Hypothesis Dependent Independent Supported?
variahle variable
H1 Satisfaction Choice Yes
H3 Satisfaction Process No'
H5 Satisfaction Predictability Yes
H2 Use Choice No
H4 Use Process No
H6 Use Predictability Yes
H7 Choice Involvement Yes
H8 Choice Champion Yes
H9 Choice Voluntariness Yes
H10 Process Voluntariness Yes
H11 Predictability Training No
H12 Predictability Novelty No

1. The relationship is significant but in the opposite direction of the hypothesis.

H1 suggests that managers should pro-
vide as much freedom as possible—within
organizational limits—to individual devel-
opers to decide when to apply innovative
software development techniques.

H3, HS, and H6 provide support for us-
ing more disciplined engineering practices
as a way to provide more organizational
controls and predictability in the complex
task of software development.

Developer Involvement and Perceived Control

Results show that greater levels of devel-
oper involvement in the process of adopting
a software development innovation are as-
sociated with enhanced feelings of perceived
control (H7). Thus,

H7 encourages software development
managers to involve software developers
in IT adoption tasks such as identifying
areas for improvement in software devel-
opment, identifying tools and techniques
on the market that may improve these
software development areas, determining
objectives of using the new innovations
and assessing costs and benefits.

Diffusion Environment Factors and Perceived
Control

Data analysis of H8 reveals that greater de-
grees of champion support for IT are associ-
ated with lowered levels of perceived control.
Although traditional IS research has strongly
advocated champion support for IT in organ-
izations, this finding suggests that too much
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impact software developers’ perceived con-
trol, potentially decreasing the chance for suc-
cessfully diffusing the IT in the organization.
This statement is not meant to discourage
champion support for IT innovations. Al-
though we didn’t find a significant, direct re-
lationship between champion support and IT
diffusion success, previous IS studies have
found that increases in champion support are
directly associated with increases in IT use:?

The significance of HS is that while po-
tentially effective in increasing innovation
use, increases in champion support should
be augmented with other control rein-
forcement mechanisms, such as adequate
training and increased levels of developer
involvement, so that developers maintain
a sense of personal control in their work.

The degree to which adopting the soft-
ware development innovation is voluntary
increases both software developers’ control
over choice in deciding when to apply the
PSP and their control over the process of
how to adapt the PSP to development tasks.
Support for H9 reinforces Moore and Ben-
basat’s assertion that mandating the use of
an IT takes away freedom of choice from IT
users.'3 Support for H10 shows that the free-
dom to decide whether to adopt or use an IT
can positively influence developers’ percep-
tion of the freedom that they have over how
best to accomplish their work. Thus,

Support for H9 and H10 suggest that where
possible, 1S managers should encourage
rather than mandate adoption and use of a
software development innovation, thereby

creating a situation of voluntary use.

There was a lack of support for H11 and
H12, which relate training and degree of
novelty to perceived control through their
effects on the ability to predict software de-
velopment work when using the software de-
velopment technique innovation. Neither
variable had a significant effect on pre-
dictability. The lack of support for these hy-
potheses suggests that there could be other
factors not included in this study that better
explain the ability to predict software devel-
opment outcomes when using innovative
techniques.
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Diffusion Success: Satisfaction and Use

We found strong support (H1, H3, and
HS5) that perceived control by developers
greatly influences their satisfaction with the
innovation. However, the lack of support for
H2 and H4 relating choice and process con-
trol to innovation use might raise questions
as to whether increased perceived control
also leads to increased use of an innovation.
Thus, we ran an additional analysis to deter-
mine if the data demonstrates that increased
PSP satisfaction leads to increased levels of
PSP use. The analysis clearly finds a signifi-
cant relationship between innovation satis-
faction and use—as intuition would suggest.
This result provides our final guideline:

Managerial efforts to increase software
developers’ satisfaction with an innovative
IT will result in increased use of the IT.

he model of innovative IT diffusion

developed in this research identifies

behavioral indicators of IT diffu-
sion success. Our field study clearly demon-
strates significant relationships between de-
veloper involvement, diffusion environ-
ment, and the mediating variables of
perceived developer control with IT diffu-
sion success. While traditional software en-
gineering literature focuses more on objec-
tive indicators of IT success, such as error
reduction and productivity improvements,
these improvements in software develop-
ment will not be realized without the incor-
poration and sustained use of the software
development technique in practice.

In the future, we hope to further explore
perceived control constructs. Using the PSP
and other innovations implies increased per-
sonal responsibility for continuous quality
and productivity improvements. Under-
standing and influencing the degree of per-
sonal control perceived by software devel-
opers is important when asking developers
to take on more personal responsibility. Al-
though our research is a step in this direc-
tion, additional analyses reported in the SEI



Special Report” suggest that there might be
more relationships between variables that
we have not fully examined.” We are cur-
rently exploring relationships among per-
ceived control variables using more power-
ful structural equation modeling techniques.

In addition, the proposed model is not
limited to the PSP innovation. Because the
research model is grounded in well-estab-
lished theory, we expect the model to hold
true for a wide range of software develop-
ment innovations. Future research should
validate this by studying other IT innova-
tions. We also need further research to de-
velop more reliable measures of the ade-
quacy of training on IT and the degree of
newness of IT to the developer. Once such
measures are developed, we’ll retest H11
and H12 to see if there is, in fact, support
for the relationships between training, nov-
elty and predictability.

In practice, software developers might
also be motivated to use an IT innovation
because the IT can measurably improve
their effectiveness. You measure effective-
ness in terms of software quality (for ex-
ample, the number of system defects) or
productivity (for example, lines of code de-
livered per person-month). We plan to de-
velop a set of hypotheses on the relation-
ships between the IT diffusion environment
and the developers’ perceived IT quality and
productivity impacts and the relationships
between the developers’ perceived IT im-
pacts and IT diffusion success. @
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