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a system, the development team often finds it difficult to un-
derstand and capture knowledge about these needs as they tend
to be somewhat “sticky” (i.e., not easily transferable through
formal requirements) [62]. Prior work suggests that higher
levels of customer involvement lowers the level of perceived
risk associated with developing products that are highly intan-
gible [46]. Interpreted in the ISD context, the accuracy with
which user requirements are understood by the development
team determines how precisely they can be translated into re-
quirements specifications which are ultimately reflected in the
software code that is produced. In the ISD literature, lack of ad-
equate customer involvement and misunderstanding customer
requirements have been identified as key factors affecting the
success of software projects [11], [33], [38], [39], [43], [57].
Similarly, extensive customer involvement has been shown to
enhance project outcomes [31], [36]. User involvement through
mechanisms such as customer walkthroughs, prototypes, use
cases, pilot implementations, and user reviews ensures consis-
tency between the designers’ view and the customers’ view of
the system and provides an active mechanism for feedback on
the evolving design. Such feedback serves to validate the devel-
opers’ interpretations of customer needs and their translation
into specifications and subsequent implementation in software
code. Therefore, high levels of expected customer involvement
reduce the risk that the delivered system will be incongruent
with their needs, lowering the level of perceived risk associated
with pursuing a project. This leads to our second hypothesis.

Hypothesis 2: The higher the level of customer involvement
in a project, the lower is the managerial perception of overall
project risk.

C. Requirements Volatility

Requirements volatility is defined as the extent to which the
initial requirements change over the trajectory of a project.
While no prior studies have explicitly examined the link
between requirements volatility and risk, prior research has
suggested that requirements volatility is an important software
project risk factor [39], [57]. Changing user or business re-
quirements makes it more challenging to accurately capture
customer needs during the development process and can lead
to errors in the design decisions and scope assessments of
software projects [1]. The importance of changing or volatile
requirements in formulating project risk assessments is also
recognized in various classic software project management
frameworks [53], [55], as well as subsequent activities such as
software maintenance [4]. Requirements volatility might also
arise from the project team’s failure to elicit the true require-
ments from the system’s users. Therefore, higher requirements
volatility hinders requirements knowledge transformation,
heightening the risk that the delivered system will not provide
the functionality required by the end-users. While it is difficult
to accurately assess whether requirements will be volatile at
the outset of a project, it is the expectation of volatility that
influences perceived risk at the outset of a project. This leads to
the third hypothesis.

Hypothesis 3: The higher the level of requirements volatility,
the higher is the managerial perception of overall project risk.

D. Development Methodology Fit

A common thread that runs across all ISD methodologies is
that they formally encapsulate some approach for embodying
customer needs in the functionality provided by a system.4 Al-
though the merits of different methodologies are fiercely de-
bated by practitioners [35], it is not our intention to contribute to
that debate. The issue of methodology fit has however been al-
luded to in some classic works on software project risk [10], [19]
as well as another recent large-scale international field study
[59]. The larger body of work on software project risk man-
agement also recognizes the holistic notion of fit [6], although
it does not directly explore on fit as alignment between the
development method and characteristics of ISD projects. De-
velopment methodology fit is defined as the degree to which
the ISD methodology is appropriate for the characteristics of
the given project [13], [26], [41]. Lack of fit exists when the
chosen methodology is inappropriate for the characteristics of
the project such as schedule, innovativeness, and complexity.

Universal, project-independent methodologies are character-
ized as being weak approaches to development and make the
assumption that one development methodology can serve the
same purpose in a variety of project types and problem domains
[7], [26]. Hickey and Davis [34] caution that one methodology
or technique cannot possibly be sufficient or appropriate for
all conditions and that a methodology should be chosen based
on the specific situation. For example, structured programming
approaches, object-oriented methodologies, and agile develop-
ment methods all can serve the same purpose but to different
degrees of effectiveness in a given project. Agile methodolo-
gies for example, work best in projects that involve two to eight
member teams that are collocated, have milestones no further
than one month apart, use experienced developers, and depend
on fully automated testing procedures [16]. Similarly, “black-
box” structured development methodologies work best in non-
novel projects but under-perform in conceptually novel projects
[63]. Therefore, the methodology that is used in a given project
must fit the characteristics of the project.

There is growing consensus in the software development
community that it is not the technique per se that matters, but
the fit between the technique and the specific project context in
which it is used [35]. Prior research has also suggested that the
risk exposure faced by a project is influenced by the fit between
the nature of the project and the methodology that is selected to
execute it [6]. We, therefore, posit that the higher the degree of
fit between the chosen methodology and the characteristics of
a project, the lower the level of perceived risk associated with
pursuing it. This leads to our fourth hypothesis.

Hypothesis 4: The higher the level of development method-
ology fit, the lower is the managerial perception of overall
project risk.

E. Formal Project Management Practices

Formal project management is defined as reliance on formal
plans, schedules, and budgets to ensure the efficient and timely
execution of a project [6], [53]. The importance of formal

4For example, agile or lightweight methodologies encourage extensive
user involvement, others such as object-orientation suggest decomposition
of projects into subprojects, others such as incremental implementation and
waterfall methods recommend phased development , yet others recommend
parallel development of subsystems.
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project management practices as a mechanism for enhancing
software development performance is well recognized in the
ISD literature [24], [25], [30]. Formal project management
practices introduce behavioral directives and well-defined
patterns for interaction among project team members and
thereby reduce the need for extensive communication among
the project constituents to coordinate the joint application of
their knowledge [28]. A clear structure for sequencing project
activities also provides mechanisms to monitor progress and
to spot discrepancies [14], [42], [53], [71]. Therefore, use
of formal project management practices should increase the
likelihood that the delivered system will meet its intended
functionality needs, thereby lowering perceived functionality
risk. This leads to our fifth hypothesis.

Hypothesis 5: The higher the use of formal project manage-
ment practices in the development process, the lower is the man-
agerial perception of overall project risk.

F. Project Complexity

Complexity refers to the interdependent organizational and
technical elements that constitute a system [45]. Project com-
plexity in this conceptualization involves both technical and
organizational elements. For example, the number of other
systems with which an application interacts, the number of
interfaces to other applications, the complexity of its opera-
tions [27], [72], and the amount of data that it must process
[4] drive technical complexity. Organizational complexity
is driven by such factors as the number of user departments
affected by the application as well as the number of outside
contractors involved in the project. As the complexity from
both organizational and technical sources increases, so does
the number of communication paths among subsystems and
various stakeholders, thereby raising interdependencies and
coordination challenges [12], [34]. When a project is faced
with such challenges, it is more difficult to develop system
functionality that fully satisfies the users’ needs. Therefore,
we expect that managers will perceive higher risk in pursuing
projects with greater perceived complexity. This leads to our
final hypothesis.

Hypothesis 6: The higher the overall complexity of the
project, the higher is the managerial perception of overall
project risk.

III. RESEARCH DESIGN AND DATA COLLECTION

An empirical investigation in which IT managers were re-
cruited to respond to a series of hypothetical scenarios was used
to collect the data for this study and to test the proposed model.
A conjoint research design was used, which we first describe.

A. Research Design

1) An Overview of the Conjoint Research Approach: Con-
joint analysis is a multi-attribute judgment analysis technique
based on Information Integration Theory [2] that involves pos-
teriori decomposition of the respondent’s decision process [47].
The decision process examined in this study is managerial as-
sessment of overall project risk. There are three central elements

in a conjoint research design: attributes, part-worth and overall
utilities, and conjoint profiles. An attribute refers to a decision
criterion that respondents might use to evaluate the dependent
variable (a project’s overall risk). The overall value assigned
to the dependent variable is referred to as its overall utility.
The contribution of each attribute towards the formation of the
overall utility of a project is called its part-worth utility. Dif-
ferent combinations of attribute levels are called treatments or
conjoint profiles.

The technique requires respondents to make a series of judg-
ments about a dependent variable based on a set of attributes
from which the underlying structure of their cognitive system
can be analyzed and decomposed. A series of conjoint profiles
with different combinations of attribute levels are presented to
each respondent, and the respondent provides an assessment of
the dependent variable for each project profile. The six risk fac-
tors in the model were the attributes in the study and manage-
rial perceptions of overall project risk was the dependent vari-
able. Thus assessing the dependent variable for each project pro-
file involves integration of information about various project at-
tributes by the respondents. The underlying structure of the re-
spondents’ cognitive models regarding the influence of various
functionality risk factors on overall perceptions of project risk
(i.e., the value that the respondents place on each attribute in
formulating a holistic assessment) can be statistically inferred
from these judgments by analyzing the responses at the indi-
vidual and aggregate levels [47].

Multiple regression is used to decompose the assessments
into its underlying structure and the corresponding beta coef-
ficients. To identify attributes that are statistically significant at
the aggregate level, the regression coefficient for each attribute
is averaged across individuals and the sign of this coefficient
indicates the direction of the relationship between the attribute
and the dependent variable [69]. A Z-statistic aggregates the
T-statistics derived from the individual-level analysis for each
attribute to assess the statistical significance of the attribute in
predicting the dependent variable. Such analysis at both the in-
dividual respondent level and aggregate level increases the pre-
dictive ability of the model [54]. These significance tests are
supplemented with Hays’ [32] Omega Squared that reflects the
variance explained by each attribute and is used to assess the rel-
ative importance of each attribute [47, p. 67]. In sum, beta values
indicate the directionality and indicates the relative impor-
tance of each attribute. This approach allows assessments of the
contributions of each of the six functionality risk factors to per-
ceptions of overall project risk. The conjoint approach, thus, al-
lows both individual and aggregate-level analyses while explic-
itly accounting for the non-independence between the assess-
ments of multiple profiles by a single individual. In that sense,
it is comparable to repeated measures experimental design.

2) Factors Guiding the Choice of the Conjoint Research De-
sign: In order to assess the simultaneous effects of the six func-
tionality risk factors in our model, our research design had to
satisfy four criteria. These criteria were best satisfied by the
conjoint research design that was used for the study. First, the
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Fig. 2. An overview of the research methodology.

empirical design had to allow the respondents to assess project
risk by simultaneously considering all six functionality risk fac-
tors. Here, our use of the conjoint approach is a unique contri-
bution in itself because prior studies on software risk have not
assessed the effects of multiple risk factors that might simulta-
neously be present. Second, the approach had to provide high
levels of external validity (which comes from relying on highly
experienced IT professionals) while allowing high levels of con-
trol over factors extraneous to the model. It is important to note
that although the project profiles themselves were hypothet-
ical, the assessments of these project profiles were performed
by practitioners with extensive field experience. The conjoint
project profile evaluations used in this study mirror actual de-
cision making activities in the respondent pool: MIS Directors
frequently choose among multiple possible projects that their
organization can pursue. The conjoint approach, thus, provides
the control of a laboratory experiment with the external validity
of surveys by drawing on the experience of real-world subjects.
Third, different organizations can use different risk mitigation
strategies. The study’s design had to separate these confounding
interventions by capturing the risk assessments for a comparable
pool of projects at the same point in the development lifecycle
across all participating organizations. Fourth, the research de-
sign had to be immune to two key types of bias associated with
traditional field-based studies: 1) retrospection bias that comes
from recalling completed projects; 2) bias towards giving so-
cially desirable responses such as not admitting project failures.
By using hypothetical project profiles on which IT managers
pass judgments, the conjoint approach overcomes both these bi-
ases by estimating inferred importance rather than relying on
stated importance [29]. Fig. 2 provides an overview of the key

phases of the study, each of which is discussed in detail in the
following sections.

B. Measures and Conjoint Profile Development (Phase 1)

The first phase of the study involved development of the base
conjoint project profile for the empirical investigation in Phase
2. A fractional factorial design was used for the study. The pri-
mary benefit of using a fractional factorial design is that it pro-
tects against sources of variation that are not estimated (e.g.,
other factors that might be important but excluded from the
model), are confounded with what is estimated, and are likely to
produce the most bias in the parameters that are estimated [47].
The number of treatments for each respondent increases greatly
as the number of attributes considered increases; the most fea-
sible conjoint designs, therefore, rely on a fractional factorial
design [47], [56]. Since our objective was to assess the relative
importance of the risk factors, a fractional factorial design was
informationally more efficient than other types of conjoint de-
signs [47] because it reduced the number of attribute combina-
tions into a manageable set of profiles that had to be assessed
by each participant [29]. The CONJOINT algorithm implemented
in SPSS 11.5 was used to generate the appropriate number of
project profiles (i.e., a number that most efficiently generated
the maximum information) to be presented to each respondent
[44]. This algorithm produced 12 project profiles that had to be
evaluated by each participant (see Table II).

A pretest with eight IT executives and three academic domain
experts confirmed the face validity of the attributes, the clarity
with which they were defined, their levels, and whether the com-
binations presented in the profiles were realistic. Feedback from
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TABLE II
MEANS AND STANDARD DEVIATIONS FOR EVALUATIONS OF EACH PROJECT PROFILE

this panel was also used to ensure that the attribute definitions
were presented succinctly and unambiguously.

Each respondent was presented a series of 12 hypothetical
software projects (conjoint profiles) described in terms of six
attributes, each with two levels (high/low): 1) related technical
knowledge; 2) customer involvement; 3) volatility of require-
ments; 4) project complexity; 5) fit between development
methodology and type of project; 6) use of formal project
management practices. Overall project risk perception was
assessed for each project using a measure previously developed
by Keil et al. [40]. A nine-point scale with bipolar anchors “I
think this project will succeed” and “I think this project will
fail” was used. Use of such semantic differential anchors is
recommended in the conjoint methodological literature [47].
To control for individual level factors, we measured the respon-
dents’ confidence in their project risk assessments (an 11-point
semantic differential scale), prior risk assessment experience
(measured as number of prior projects for which the respondent
had participated in risk assessment) and number of years of IT
experience [67].

C. Data Collection (Phase 2)

A mail survey, which is appropriate when the objective of
a conjoint study is hypothesis testing [47], was used for data
collection. The Dun and Bradstreet executive directory was
used to identify a random sample of senior IT managers with
the job title of MIS director in U.S. organizations. We contacted
the potential respondents via a mailed cover letter in which we
explained the purpose of the study, provided a URL for the
on-line instrument, and offered two movie tickets and a copy
of the findings as a token incentive.5 On the survey site, the re-
spondents were provided with instructions, the conjoint project
profiles, and a postevaluation questionnaire. After reading the

5Of the 569 executives initially contacted, 35 requests were returned as unde-
liverable because of incorrect addresses or the contacted executive having left
the job. Four other respondents declined to participate citing reasons such as
company policy and lack of time.

instructions, the respondents were sequentially presented 12
project profiles—each with different combinations of attribute
levels—which they evaluated by rating the dependent variable,
overall perceived project risk, on a 9-point scale. Only the
levels of the six functionality risk factors were manipulated
across the 12 project profiles (the Appendix shows a sample
project profile along with the attribute definitions provided to
the respondents at the outset of the process). These profiles
are shown in Table II and a sample profile is shown in the
Appendix . Following Louviere’s [47, p. 62] recommendation,
the conjoint profile data were coded as for low and 1 for
high. Following the project evaluations, the respondents com-
pleted a postevaluation questionnaire in which they answered
demographic questions (IT experience and prior project risk
assessment experience) and provided an assessment of their
confidence about the evaluations they had just completed. We
received 61 responses from MIS directors in 61 organiza-
tions and discarded one set of responses because of substantial
missing data. This represents a response rate of 11.5% (61/531),
which is favorable considering the length of the instrument
(13 screens). These responses provided data on overall project
risk assessments for 12 conjoint project profiles each from 60
managers (720 total observations) in 60 organizations.6 The
sample size at the individual level is, therefore, 60, for which
there are 720 observations.

IV. RESULTS AND DISCUSSION

A. Descriptive Statistics and Respondent Demographics

The participants in the study were MIS Directors with ex-
tensive IT experience, who were also actively involved in deci-
sion-making related to pursuing new software projects. On av-
erage, the participants in our study had 15.1 years of IT expe-
rience and had previously been directly involved in a decision

6No statistically significant differences were found between the early and late
respondents, which suggest that our findings are not threatened by non-response
bias.
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TABLE III
RESULTS

making role in 49 software projects. On average, the organiza-
tions in our sample had 372 employees and $58.3 million in an-
nual revenues. A wide variety of industries such as construction,
manufacturing, chemicals, IT services, financial and insurance
services, medical services, and publishing were represented in
our sample. The means and standard deviations for each con-
joint profile are summarized in Table II.

B. Analyses

Hypothesis Tests: Multiple regression analyses were con-
ducted using SPSS 11.5 to analyze the data. Following the
recommended procedures native to conjoint analysis [29], [47],
both individual and aggregate level analyses were conducted
as described in Section III-A1. To recap, beta coefficients
indicate the directionality, Z-statistics indicate the statistical
significance, and indicates the relative importance of each
attribute. Table III summarizes the aggregated regression co-
efficient for each risk factor, the corresponding Z-statistic, its

explained variance value, and the significance of the change
in explained variance from adding the factor to the model
(beyond the variance explained by the control variables). The
variables are listed in the order of their relative importance, as
suggested by our analysis. At the aggregate level of analysis,
the Z-statistics are statistically significant for each of the six
predictors and the signs (indicated by the coefficients) are
in the hypothesized directions. The effects of related technical
knowledge (Hypothesis 1), customer involvement (Hypothesis
2), fit between methodology and type of project (Hypothesis 4),
and use of formal project management practices (Hypothesis
5) on perceptions of overall project risk were negative and
statistically significant. As expected, requirements volatility
(Hypothesis 3) and project complexity (Hypothesis 6) had
positive and statistically significant relationships with overall
project risk. Thus, Hypotheses 1 through 6 are supported.

Relative Importance of Functionality Risk Factors: The mag-
nitude of the values for each risk factor indicates its rel-
ative importance in shaping managerial perceptions of overall
project risk. The results indicate that on average, the fit be-
tween the type of project and the chosen methodology is the

most important predictor of software project risk ( ).
The second most important factor is the level of customer in-
volvement ( ). The third most important predictor of
risk perception is the use of formal project management prac-
tices ( ). Related technical knowledge ( ),
project complexity ( ), and requirements volatility
( ) are next, in that order. The model explained 21.2%
of the variance in project risk perception, of which the control
variables explained 1.9%.7 As indicated by the significance tests
in the last column ( ), the change in variance explained
by the addition of each risk factor to the model was significant,
although roughly half of the explained variance arises from a
single variable: Fit between the methodology and the project.

C. Discussion

The predictors of software project risk in their order of
importance were (see Table III) methodological fit, customer
involvement, use of formal project management practices,
related technical knowledge, project complexity, and require-
ments volatility as discussed next.

7For control variables, we assessed the variance explained by individual level
factors such as IT experience of the respondent, prior project risk assessment ex-
perience, and confidence in their risk assessments. The postevaluation self-as-
sessment of respondents’ confidence in their own evaluations was negatively
and significantly related to risk perception (� = �0:130, T-value = �3:93,
p < 0:0001), but only explained 1.6% additional variance above and beyond
the 21.7% variance that the six factors explained. These values suggest that
managers who are more confident about their own judgments of project risk
are likely to perceive less functionality risk in a project than managers who are
less confident about their ability to assess risk. One explanation for this may be
that some managers are more susceptible to cognitive biases such as “overcon-
fidence” and “illusion of control” and that these biases affect their perceptions
of the risk associated with a project [52]. Further analyses of individual-level
control variables revealed the individual’s IT experience (measured in years)
was negatively associated but statistically non-significant (� = �0:059, NS),
as was the respondent’s prior risk assessment experience (measured as number
of prior projects for which s/he actively participated in risk assessments) (� =

�0:023, NS). Further, the degree of confidence that subjects expressed was
independent of their years of experience or the number of project initiation de-
cisions in which they had previously participated. These results suggest that
certain software project managers may develop a level of confidence that is un-
warranted and which may affect their perceptions of project risk. These obser-
vations are consistent with Keil et al.’s [39] suggestion that software project
failure follows from unrealistically downward-biased risk perceptions among
software project managers.
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Methodological Fit: The results of this study shed new light
on the debate among the proponents of various ISD method-
ologies. The “one perfect methodology” debate assumes that
one method is superior to others. Our results indicate that es-
tablishing the right fit between the characteristics of a project
and the chosen methodology is the single most important pre-
dictor of overall project risk. Devoid of the project context, the
debate over which methodology is correct or incorrect is mean-
ingless. A large and highly significant path coefficient of over

and a value of 0.092 suggests that software projects
that attempt to utilize ill-fitting methodologies are perceived as
being significantly riskier. Recent research has called for “ad-
vice on how and when to use methodologies [26].” The results
obtained here underscores the importance of answering these
“how” and “when” questions, as methodology fit is an important
predictor of perceived project risk. In terms of future research,
this finding raises the question of whether such perceptions are
warranted and, if they are, how software project managers can
do a better job of achieving good fit to reduce this source of risk.
The issue of fit between project type and development method-
ology has not received a great deal of attention in the ISD liter-
ature and our findings point to the need for additional research.
This finding confirms the importance is fit that is holistically
recognized in the broader software project risk management lit-
erature [6], [7], and refines that conceptualization with a focus
on fit as alignment between the development method and project
characteristics. It is important to note that we did not examine
how fit can be assessed but whether a manager perceived that
a methodology fit the project at its outset. A taxonomy of ex-
isting methodologies and the characteristics of projects where
they work best would be a useful first step in developing the
idea of fit further. In developing more detailed models to assess
fit, three considerations appear pertinent: 1) characteristics of
the problem domain; 2) characteristics of the solution domain;
3) characteristics of the project [34].

Customer Involvement: Next, our results emphasize the im-
portance of customer involvement, the second most important
predictor of managerial risk perception. Higher levels of cus-
tomer involvement can reduce a project’s exposure to risk—a
finding that is consistent with prior work on IS project manage-
ment [11], [31], [36].

Formal Project Management Practices: The third most im-
portant predictor of risk was use of formal project management
practices. This finding suggests that traditional project manage-
ment practices could go a long way toward reducing the risk
associated with IT projects, which are frequently managed in a
more informal way. It also supports the assertion that formal
project management practices enhance software development
performance that has previously been reported in the larger body
of work in software development [24], [25], [30], [53], [71].

Related Technical Knowledge: The results also show that the
more dissimilar a new project is from those previously under-
taken in an organization, the higher the managerial perception
of overall project risk. Projects that draw on existing technical
knowledge gained from similar undertakings in the past are con-
sidered less risky. This result is consistent with prior work in IS
[23], [53], [63] and reference discipline literature such as that in
marketing [46].

TABLE IV
DIFFERENCES IN OVERALL PROJECT RISK PERCEPTIONS ACROSS HIGH AND

LOW METHODOLOGY FIT SUBGROUPS

Project Complexity: Complexity was also a significant pre-
dictor of perceived risk but its path coefficient of about 0.11 and
a of 0.011 suggests that it carries lesser weight that the afore-
mentioned factors. While demonstrating the importance of com-
plexity in predicting risk, these data suggest that IT managers
tend to weigh it lower than the other risk factors in their assess-
ments. This result is consistent with prior work [4], [27], [34].

Requirements Volatility: Surprisingly, requirements
volatility was the least important of the six predictors of
risk examined in this study. Although requirements volatility
is frequently an implicit or latent factor in studies of software
development, we believe that this is the first study to explicitly
examine its relationship to functionality risk. A significant
and positive path coefficient of about 0.08 suggests that, al-
though it significantly figures into their assessments of risk,
its relative importance is low (as indicated by an value of
0.007). Although the significance of this factor is in agreement
with the emphasis on requirements volatility in prior work on
software project management and software maintenance [4],
[53], [55], the relatively low weight ascribed by managers to
this factor is somewhat surprising. It is possible that managers
view complexity and requirements volatility as a given in
most projects. If this is the case, they may not have viewed
a project with low complexity or low requirements volatility
to be within the realm of their control and this might explain
why these variables explain comparatively less variance than
the other variables in the model. On the other hand, it is also
possible that other conditions such as good project management
practices will compensate for such factors as complexity and
requirements volatility.

D. Post-Hoc Analyses of Methodological Fit

Since development methodology fit emerged as the most sig-
nificant functionality risk factor, we conducted additional post
hoc analysis to gain further insights into this result. We created
two subgroups in the dataset for low and high fit and compared
the mean risk overall risk perception in a one-way ANOVA
(Table IV).

The results show that the difference in overall project risk
across the subgroups is statistically significant.

Next, we performed a subgroup analysis by running separate
regressions for high and low fit projects. The results of the sub-
group analyses are shown in Table V.

All risk factors are significant in the low fit subgroup. How-
ever, the last column shows that three of the five risk factors
that were significant in the low fit subgroup are not significant
in the high fit subgroup. This suggests that a good fit between
the project and the development methodology can compensate
for other functionality risk factors. Specifically, it appears when
methodological fit is high, managers do not need to worry as
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TABLE V
SUBGROUP ANALYSES FOR LOW AND HIGH DEVELOPMENT METHODOLOGY FIT

much about the risks associated with customer involvement, re-
lated technical knowledge, and requirements volatility. For ex-
ample, it is plausible that customer involvement by itself be-
comes less important because use of an appropriate develop-
ment methodology might already provide an appropriate level
of interaction with customers in the requirements and develop-
ment process (e.g., prototyping and agile development).

It is also interesting to note that two other functionality risk
factors remain significant when development methodology fit
is high: 1) formal project management practices; 2) project
complexity. This result suggests that even when methodology
fit is high, managers need to ensure that formal project manage-
ment practices are followed and that project complexity is kept
to a manageable level. Fig. 3 illustrates how the relationship
between overall risk perception with the use of formal project
management approaches [Fig. 3(a)] and project complexity
[Fig. 3(b)] changes across projects where methodology fit is
low versus high.

E. Limitations

Before moving on to implications of the research, we dis-
cuss a number of limitations associated with the study. First,
this study was based on six of the risk factors that have been
consistently identified in the software project risk literature
and focused principally on functionality risk. This was a delib-
erate choice driven by the pragmatics of keeping the number
of project profiles to a manageable number (including more
factors would have greatly increased the number of project
profiles presented to each respondent). Limiting our focus
to functionality risk factors may explain why we were able
to explain only 21% of the variance in overall project risk
perceptions. Consideration of other types of risk factors (such
as political risk and financial risk) remain as open avenues
for future research and their inclusion would likely improve
the amount of variance in overall project risk perception that
can be explained by such a model. The influence of the risk
factors is also likely to evolve over the course of the project
(e.g., customer involvement might lower risk at the outset but
customer requests for new features and functionality in the late
stages might increase risk); future research should explore such
dynamics of functionality risk. Still, the fact that functionality
risk factors explain 21% of the variance in overall project risk
perception indicates that this type of risk is quite significant
and cannot be ignored.

Second, the profiles evaluated by the respondents represented
hypothetical scenarios rather than actual projects. While this ap-
proach provides excellent control and reduces the threats of so-
cial response and retrospection bias, it does not allow for the
testing of relationships between functionality risk and project
outcomes. Future research should compare these findings with
those from post-hoc evaluations of completed projects in order
to examine the influence of these risk factors on project out-
comes. The findings offered in the present study lay a rigorous
foundation for such future research.

Third, the assessments in the study were made at the outset
of a project. Clearly, risk is dynamic because project managers
can employ risk mitigation strategies to control the risks that
are identified at the outset of a project. Future research should
examine how the levels of the six risk factors change over the
course of development and the risk mitigation strategies that
facilitate such changes. In this respect, the present study lays the
foundation for future longitudinal research on software project
risk management.

Fourth, the dependent variable was assessed using a
single-item semantic differential scale, as is established
practice in conjoint studies [47], [61], [68]. However, this must
be viewed as a limitation, as single item measures cannot be
assessed for reliability. Finally, the study focused on in-house
application development projects and relied solely on MIS
Directors’ risk perceptions. Future research should examine
different types of projects (e.g., outsourced projects) and the
perceptions of other project stakeholders, including customers.
Such comparisons will be particularly insightful since many
organizations are moving towards customizing commercial
off-the-shelf (COTS) software instead of developing similar
systems in-house. The extent to which the functionality risk
factors investigated here would apply to COTS-based projects
is an open question, but one that can be tested empirically.
Since implementing COTS software often requires extensive
customization, this would suggest that such projects are ex-
posed to functionality risks that are similar to those associated
with in-house software development [71]. Related technical
knowledge is necessary for accomplishing successful integra-
tion with other interdependent systems that might already be in
place in the organization. Customer involvement is necessary
to ensure that the appropriate package is chosen. Requirements
volatility can still be an issue as business needs may change
during the software acquisition process. Project complexity
can still be quite high if the COTS software is complex with
a multitude of settings that must be customized for the or-
ganization at hand, or if the project involves many different
functional units or departments within the organization. Formal
project management practices still apply to COTS software,
as these implementations can still be quite tricky. Of the six
functionality risks investigated here, the only one that vanishes
from the client’s perspective in a pure COTS-based project is
development methodology fit (and even this risk factor may
come into play if a significant amount of customization is re-
quired). This is not to say that development methodology fit is
no longer important, but merely that in a COTS-based project,



422 IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT, VOL. 53, NO. 3, AUGUST 2006

Fig. 3. A comparison of the relationship between overall risk perception and (a) use of formal project management practices and (b) project complexity across
projects with high and low methodology fit. The solid lines represent low fit and the dotted lines represent high fit.

this functionality risk is largely (if not entirely) shifted to the
vendor. Given the importance of development methodology fit
on overall project risk perception, this suggests that acquiring

COTS software might be one way to reduce an organization’s
exposure to functionality risk, provided that the COTS software
does not require significant customization.
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V. IMPLICATIONS FOR RESEARCH AND PRACTICE

Software development involves five types of risks: 1) finan-
cial risk; 2) technical risk; 3) project risk; 4) functionality risk;
5) political risk [15]. In this paper, we focused on functionality
risk. This focus was motivated by the growing business neces-
sity for developing systems that provide the desired function-
ality in innovative application problem domains. This requires
that organizations be able to get a better handle on functionality
risk in ISD projects. Drawing on the knowledge transformation
logic in the requirements elicitation literature, we focused on
six functionality risk factors that are frequently identified in the
ISD literature.

The key research implications of this study are: 1) function-
ality risk factors can explain a significant fraction of overall
project risk; 2) different functionality risk factors exert different
levels of influence in terms of shaping overall project risk per-
ception. These findings have research implications for how man-
agers arrive at an overall assessment of project risk and the rel-
ative weights that each functionality risk driver carries in such
evaluations. Our results suggest that managers ascribe different
levels of importance to different functionality risk factors.

An intriguing finding is the high importance ascribed by re-
spondents to development methodology fit. Unlike other factors
in the model that have consistently emerged as being important
in prior software risk studies, this factor, while mentioned in the
literature [59], had not been examined empirically. The results
of this study underscore just how important methodological fit
can be. Our subgroup analysis showed that when methodolog-
ical fit is high, risks that might otherwise be significant, such
as customer involvement, related technical knowledge, and re-
quirements volatility cease to explain variance in perceptions
of overall risk. This suggests that choosing the appropriate de-
velopment methodology can play an important role in reducing
the exposure that a project may face from these other functional
risk factors. Therefore, as the use of new ISD methodologies be-
comes more accepted, the issue of methodological fit and frame-
works for assessing it represents an important area for future re-
search.

It is also illustrative to consider where MIS Directors believe
functionality risks are concentrated and how controllable this
risks are. The top three predictors of risk—methodological fit,
customer involvement, and formal PM practices—are factors
over which project managers have some degree of control. This
is consistent with Keil et al.’s [39] observations that managers
will clearly distinguish between risk factors that are perceived
as being within their control versus those outside their control.
These findings are also consistent with March and Shapira’s
[51] distinction between risk taking (where skill or information
can reduce uncertainty) versus gambling behavior (where the
odds are exogenously determined and perceived as being uncon-
trollable) among managers. Together, these results suggest that
in assessing project risk managers put the heaviest weight on the
factors that they perceive as being controllable most heavily.

Our results also suggest that MIS Directors assess software
project risk holistically, i.e., they use their assessments of var-
ious functionality risk factors to arrive at an aggregate project
risk assessment. While prior studies on software project risk

have measured the importance of specific risk factors across
projects, this study has introduced a new way of measuring the
effects of the simultaneous presence of various risk factors in a
single project.

Finally, from a methodological perspective, this study is novel
in that it illustrates how the conjoint methodology, which has
been so successfully employed in marketing research, can be
employed to study ISD phenomena. A major advantage of this
approach is that it affords the precision and control of an exper-
iment but taps into the experience base of seasoned MIS profes-
sionals. The conjoint research methodology, which has rarely
ever been used to date in IS research, is promising for studying
ISD phenomena because it allows delineation of the phenom-
enon of interest while avoiding social desirability and retrospec-
tion biases that plague traditional retrospective project reviews
and surveys.

In terms of implications for practice, this research suggests
that formal project risk assessments, even if they focus only on
the six functionality risk factors in our model, would go a long
way toward helping managers to get a better handle on software
project risk [64].

VI. CONCLUSION

This study sought to assess the relatively importance of six
prominent functionality risk factors for ISD by simultaneously
considering them in a single model. Although a large body
of work exists on ISD risk, no prior study has focused on the
relative importance of functionality risk factors in shaping
overall project risk perception. We tested the model using data
collected from IT managers in 60 organizations. The results
showed that—in the order of their relative influence—the key
drivers of project risk were: choice of an appropriate devel-
opment methodology, customer involvement, use of formal
project management practices, similarity to previous projects,
project complexity, and requirements volatility. The study
used the conjoint methodology that combines the realism of
field-based practitioner surveys with the high level of control
normally associated with an experimental design, which has not
been used in prior MIS research. While this study represents a
significant step in our understanding about ISD functionality
risk, ample work remains to be done to develop pragmatic
tools to help managers reduce the frequency and severity of
functionally handicapped information systems. We hope that
the conjoint research approach illustrated in this paper can be
used as a complement to the more prevalent qualitative and
survey methods.

APPENDIX

CONJOINT INSTRUMENT, SAMPLE PROJECT PROFILE,
ATTRIBUTE DESCRIPTIONS, AND LEVELS

The respondents were sequentially presented 12 conjoint pro-
files and asked to provide a risk assessment on a 9-point se-
mantic differential scale following each profile based on the in-
formation provided and their experience and knowledge. Data
on the individual-level control variables were collected after the
conjoint profile assessments. The definitions were provided at
the outset for each project attribute (see Table VI).

1) Sample Conjoint Profile (1 of 12): (see Table VII).
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TABLE VI

TABLE VII
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