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AsstracT: Efficiently delivering expected performance from information technol-
ogy projects remains a critical challenge for many organizations. Improving our
understanding of how various factors influence project performance is therefore an
important research objective. This study proposes and tests a temporal model of in-
formation technology project performance (TMPP). It shows that performance can be
better understood by separating risk factors into earlier (a priori) risk factors and later
(emergent) risk factors, and modeling the influence of the former on the latter. Project
performance, the dependent variable, is measured by considering both process (budget
and schedule) and product (outcome) components. The model includes interactions
between risk factors, project management practices, and project performance compo-
nents. The model is tested using partial least squares analysis with data from a survey
of 194 project managers. Our results indicate that the TMPP increases explanatory
power when compared with models that link risk factors directly to project perfor-
mance. The results show the importance for active risk management of recognizing,
planning for, and managing a priori and emergent risk factors. The finding of a strong
relationship between structural risk factors and subsequent volatility shows the need
for risk management practice to recognize the interaction of a priori and emergent risk
factors. The results confirm the importance of knowledge resources, organizational
support, and project management practices, and demonstrate the ways in which they
reinforce each other.

KEY WORDS AND PHRASES: information technology project management, knowledge
management, project performance, software project risk.

EFFICIENTLY DELIVERING EXPECTED BENEFITS from information technology (IT) projects
remains a challenge for many organizations [22]. Industry studies [29] and govern-
ment reports [14, 33] continue to call for improved performance in IT projects. The
combination of increasing dependency on information systems and the increasing
costs of delivering such projects suggests that IT project performance is a critical
organizational issue. Indeed, the ability to conceive of strategic systems may be of
less importance to organizations today than the ability to execute and deliver planned
project benefits.

Projects are complex, multidimensional phenomena. Many factors interact in their
execution. Understanding project performance therefore requires complex, interactive,
multivariate modeling. Prior research has drawn attention to the multivariate nature of
project risk [2, 19, 36]; it has modeled the role of specific project management inter-
ventions [12, 25, 26]; and it has developed prescriptions for managing specific risks
[2, 5, 6, 19, 35]. Relatively few studies have systematically modeled performance as
a function of the complex interaction of a wide range of risk and project management
factors [11, 37]. Understanding the impact of project management practice in project
execution requires this more integrated modeling.
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This paper suggests that there is value in further considering the factors influencing
IT project performance. The difference between this model and previous research is that
it models (1) temporal differences in risks, (2) the influence of initial (a priori) risks on
later (emergent) risks, (3) the interaction between project management practices and
different risk categories, and (4) the direct effects of emergent risks on performance.
The proposed temporal model of IT project performance (TMPP) is tested using data
from a survey of 194 project managers using a partial least squares (PLS) approach.
Results indicate that the TMPP offers encouraging gains in explanatory power and
provides support for the separation of initial risk from emergent actions and events.

Prior Research in IT Project Performance

PRACTITIONERS AND RESEARCHERS CONTINUE TO BE CONCERNED with how to properly identify
risk and manage projects for success. Some researchers have focused on identifying
risk [19, 31, 34]; others have focused on theory development to understand risk man-
agement [3, 25]; still others have focused on the relationship between risk exposure
and performance [12, 28, 35, 36, 37]. This section surveys previous work to develop
a model relating risk, project management, and project performance.

In developing this discussion, we take a broad temporal view of risks and IT projects.
Projects are often separated from operational work because projects have a defined
beginning and end. While we recognize that the beginning and end of projects can
be difficult to establish, it is useful to consider that projects begin, people engage in
project activities, and at some time the project ends. Although simple, the concept
of a start, middle (i.e., what happens during a project), and end (i.e., the outcomes)
provides a useful way of organizing our discussion of project risk and performance.
We start by reviewing established approaches to defining, identifying, and categoriz-
ing IT risks. We then apply our temporal perspective.

Defining, Identifying, and Categorizing IT Risks

The “risk” construct has been modeled in a variety of ways in IT research. Broadly
speaking, it is either modeled as a single construct (e.g., overall risk or risk exposure)
or as separate risk factors. When modeled as a single construct, risk is often developed
by creating quantitative estimates of event probabilities and expected effects arising
from a number of risk factors. Such a construct is challenging to estimate as event
probabilities are often difficult to ascertain and the subjective assessments of effects
often vary widely. Boehm [5] suggested the use of approximation techniques and
prioritized checklists designed to address some of these estimation challenges.

Barki et al.’s [2] alternative definition suggested that development risk should be
estimated using the uncertainty surrounding the entire project and the potential loss
associated with project failure. Software development risk was defined as the project
uncertainty multiplied by the potential loss due to project failure. This narrowed the
estimate of effects to a single item—project failure.

Nidumolu [25] extended the definition of software development risk in two ways. He
suggested that project performance was multidimensional and that performance risk
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changes over time. For example, performance risk decreases near the closing of the
project as actual performance becomes more evident. The definition of risk exposure,
later defined by Barki et al. [3], largely captures these extensions.

In this study, our focus is placed on the risk factors associated with projects. Risk
exposure and overall project risk will not be considered. The objective of this research
is to better understand how risk factors are associated with project performance.

Previous research has provided an extensive list of risk factors affecting I'T projects.
Zmud [38] suggested that technological complexity, the degree of novelty or techno-
logical change, and project size were important risk considerations. McFarlan [24]
added experience with the technology and project structure. Boehm [5] provided a
top-ten checklist associated with projects that was later used by Ropponen and Lyytinen
[28] to develop six risk components. These risk components included (1) scheduling
and timing risks, (2) system functionality risks, (3) subcontracting risks, (4) require-
ment management risks, (5) resource usage and performance risks, and (6) personnel
management risks. In a similar fashion, Barki et al. [2] identified five risk categories,
including (1) novelty, (2) application size, (3) lack of expertise, (4) application com-
plexity, and (5) organizational environment (lack of resources and support).

Keil etal. [19] and Schmidt et al. [31] used results from a Delphi procedure to further
detail IT risk factors. These analyses resulted in the development of two dimensions of
risk—relative importance and controllability. These dimensions create a 2 x 2 matrix
that establishes four risk categories, including (1) customer mandate (uncontrollable
and of high importance), (2) scope and requirements (controllable with high impor-
tance), (3) execution risk (controllable with moderate importance), and (4) environment
risks (uncontrollable with moderate importance). Specific elements of these risks are
detailed in the 53 project risks provided in Wallace and Keil [35, p. 72].

The various categorizations of risk factors have provided insights (e.g., [35]) and
have helped to improve our understanding of the nature of the risks associated with
IT projects. Below, we propose an alternative categorization based on a temporal
perspective.

The Start: A Priori Risk Categories

The temporal nature of projects (conceived as the transition from the starting conditions
to what happens during the project to its outcomes) can be used to suggest a differ-
ent categorization of IT project risk factors. Previous studies have not acknowledged
the difference between risk factors that are present when a project is defined and risk
factors that either emerge or are revealed as the project is executed.

A Priori Risks: Structural and Knowledge Factors

In general, we argue that some characteristics of the project, such as the budget, dura-
tion, technical complexity, requirements certainty, inexperience of the team, and lack
of project sponsor knowledge, can be estimated before a project begins. We refer to
these as a priori risk factors.
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Two categories of a priori risk factors can be identified:

1. risk factors associated with structural elements of the project (e.g., duration,
budget, effort, technical complexity) and

2. risk factors inherent in the knowledge available to the team (e.g., competence
of project manager, sponsor, team members).

Structural elements, such as project size and technical complexity, have been recog-
nized as important risk factors [24, 38]. Our assumption is that these are known or at
least potentially knowable at the start of a project. Managing them requires the use of
traditional “hard” project management techniques such as work breakdown, estima-
tion, scheduling, and budgeting.

The lack of knowledge resources (e.g., inexperienced project manager or team) has
also been recognized as an important category of risk factors in IT projects [2, 24].
These risk factors require management techniques that are often referred to as “soft
skills,” such as communication, team building, learning, and expertise coordination.
The difference in hard and soft skill approaches suggests that separating knowledge
resources from structural risk factors should provide useful insights.

Before the project begins, the project manager will have formed expectations about
the level of top management support and user participation he or she will receive. One
might suggest that these expectations are a priori risk factors. However, we argue that
expected levels of support or participation do not directly affect performance. Instead,
it is the actual levels of support that are revealed through behaviors of top managers
and users that most directly affect performance. For example, while a project manager
may believe that he or she will receive a high level of user participation, the actual
level of participation is revealed only through behaviors of users during the project.
An executive might promise a high level of support, but actually deliver something
less. We therefore refer to these risk factors that are revealed during the project as
emergent risk factors. These emergent risk factors are discussed below.

During the Project: Emergent Risks and
Project Management Practices

During the course of a project, not only do new risks emerge but also the project man-
ager takes action to deal with the risk and progress of the project (we refer to these
actions as project management practices). In this section, we examine how previous
research has conceptualized this period of time.

Emergent Risks

Two categories of emergent risk factors can be identified:

1. risk factors associated with deficiencies in organizational support (e.g., lack of
sponsor, client, or user support) and

2. risk factors relating to changes that occur (e.g., changes to targets, team mem-
bers, and the wider environment).
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The first of these categories we call organizational support risk. Previous research
suggests there are three important areas of organizational support—executive sponsor
support, client manager involvement, and user participation. Organizational support
risk can be loosely connected to the “customer mandate” risk category identified
in Keil et al. [19]. Organizational support is actively sought after and managed by
members of the project team and is often considered essential for project success [32,
37]. When the degree of organizational support demonstrated is below an expected
level, it is often referred to as a risk factor (e.g., lack of management support). When
the organizational support meets or exceeds expectations, it is often referred to as an
important resource for project managers.

The second category of emergent risk factors comprises the changes that affect
projects including changes in project targets, key personnel, and external conditions
experienced by the project. We refer to these as project volatility risk [30]. Elements
of this risk category are similar to the “environment” risk category identified in Keil
et al. [19], the environmental contingencies proposed by Ropponen and Lyytinen
[27, 28], and the instability factor in Yetton et al. [37]. This volatility is often outside
the control of members of the project team but can have significant effects on project
performance. The two categories of emergent risk factors—organizational support risk
and volatility risk—are considered separately in our model of project performance.

The separation of risk categories and their relation to previous research is summa-
rized in Table 1. The utility of our proposed categorization is an empirical question
that is tested and discussed later in the paper.

Project Management Practices

Some IT project risk literature assumes a direct link between identified risk factors
and project performance. The majority of research, however, suggests that risk factors
are managed and modified through project management practices.

Several studies have provided suggestions for managers of risk factors in software
development projects [3, 11, 12, 19, 25, 28, 34]. Nidumolu [25] suggested vertical and
horizontal coordination for effective management of risk factors. Vertical coordination
is similar to administrative controls defined earlier in Barki et al. [2] and includes
formalized, hierarchical communication between the development team and project
stakeholders. Horizontal coordination recognizes the importance of integrating users
into the discussion and describes communication undertaken through mutual and
lateral means at both personal and group levels.

Faraj and Sproull [12] extended this discussion of coordination by suggesting the
inclusion of expertise coordination in managing risk factors associated with knowledge.
Expertise coordination includes three elements: (1) expertise identification (knowing
what knowledge is required), (2) expertise location (knowing where the experts are),
and (3) expertise application (bringing the expertise to bear on important problems).
Faraj and Sproull [12] showed that expertise coordination is a significant contributor
to performance above and beyond the management methods identified by Barki [2,
3] and Nidumolu [25].
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This literature has established that involving users through the use of standard
development methods, applying administrative controls, and coordinating expertise
are important risk management practices. Yet few, if any, of these practices are solely
targeted at risk factors. In addition to dealing with things that might get in the way of
completing the task (risk management), they also help to plan, organize, and complete
the task itself (project management). Ropponen and Lyytinen [27] found that specific
risk management techniques were not instrumental in attacking specific risks and that
risks were better managed with more general techniques such as traditional project
management practices. We therefore use the term project management practices to
describe the activities identified above because of their effect not only on risk but
also on task completion.

Project Outcomes: IT Project Performance

Researchers have largely converged on the importance of considering at least two
elements of IT project performance—process performance and product performance
[3, 12, 25, 28].

Process performance refers to the efficiency of the project and is often measured
by considering how the project adhered to costs and time estimates [25, 35]. Product
performance refers to the quality of the developed system—that is, the outcome of the
project that includes considerations of product quality and realized benefits [3, 25].
In some instances, process performance may be traded against product performance
(for example, higher quality may be achieved at the expense of schedule overrun). It
is therefore necessary to conceptualize and measure product and process performance
separately.

Models of IT Project Performance

A TRADITIONAL MODEL OF RISK, RISK MANAGEMENT, and project performance would as-
sume that projects have an overall risk exposure that is created from combining a large
number of risk factors into a single estimate of risk. Management practices are adjusted,
based on the risk exposure, with higher-risk projects receiving additional attention [11].
These management actions help to mediate the effects of risks and influence project
performance. This type of model, summarized in Figure 1, incorporates the approach
suggested in the project management body of knowledge (PMBOK).
There are several weaknesses with this traditional model. It does not consider:

1. the temporal nature of risks—that is, that some risks may exist ahead of oth-
ers,

2. the influence of earlier (a priori) risks on later (emergent) risks,

3. the differential impact of project management practices on different risk cat-
egories,

4. the direct effects between emergent risks and performance.
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Project
Process
Performance

Risk Factors

Lack of Team Knowledge
Lack of Project Management Knowledge
Lack of Sponsor Knowledge
Requirements Uncertainty
Lack of Management Support
Lack of User Participation
Lack of Client Manager Participation
Project Budget
Project Duration
Project Effort
Technical Complexity
Changes in Environment
Changes in Personnel
Changes in Project Targets

Project
Management
Practices

Project
Product
Performance

Figure 1. A Traditional Model of Risk Factors and Performance

We are able to address these shortcomings by dividing risks temporally into a priori
and emergent. A priori risks are then divided into knowledge resource risks and
structural risks (project size/technical complexity). Emergent risks are grouped into
organizational support risks and volatility risks (Figure 2).

Separating these constructs allows us to posit temporal relationships between risk
categories, project management practices, and project performance [11, 37]. In gen-
eral, a priori risks are expected to influence emergent risks and project management
practices. Emergent risks and project management practices are expected to be related
to each other and to influence project and product performance. Figure 3 shows these
relationships in a fully specified TMPP.

The direction of causality between emergent risk constructs (for example, organiza-
tional support risks and volatility) cannot be established in the absence of theory. For
this reason, they are shown as bidirectional arcs connecting the constructs in Figure
3, suggesting that these factors likely interact and influence each other.

The models presented in Figures 1 and 3 present alternative descriptions for the
relationships between factors important to I'T project performance. Because arguments
for both approaches can be constructed, the question of which model provides more
explanatory power with respect to IT project performance can only be addressed em-
pirically. We address this question by comparing the two models using a single set of
data. The following section describes the instrument designed to collect the data with
which to perform this comparison.

Empirical Methods

AN ONLINE SURVEY INSTRUMENT WAS CREATED using SurveyMonkey.com to collect data
for the model comparison. The survey underwent both a pretest and pilot phase.
Members of the study team were used to test the online questionnaire in the pretest
phase. In the pilot phase, seven project mangers were asked to fill in the survey and
provide feedback through interviews. The pilot test provided additional information
on usability, language ambiguity, and expected completion time. Final adjustments
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Figure 2. Proposed Categories of Risk Factors
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Project
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Complexity) Risk

Figure 3. Temporal Model of IT Project Performance (TMPP)

were made to the online instrument as a result of the pilot phase. E-mail invitations
and follow-up requests to participate were sent to project managers across three
Project Management Institute (PMI) chapters in Ohio. The exact number of potential
participants is difficult to estimate due to e-mail bounce back and the fact that PMI
includes IT and non-IT project managers. The invitation requested that only IT project
managers answer the survey. A total of 523 first-time visitors clicked onto the survey
Web site through the invitation. From these, 223 responses were collected providing
an effective response rate of 42.6 percent.

Our unit of analysis is the individual project. Respondents were asked to provide
information about the most recent project they had completed (either implemented or
cancelled). The most recently completed project was chosen to ensure that respondents
were considering projects for which there was a defined outcome while maintaining
reasonable recall of project details.
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Of the 223 respondents, 204 participants provided complete information regarding
project performance indicators. A #-test comparison of the incomplete responses showed
no significant difference in project manager experience, project budget, or project
duration. A subsequent review of respondents identified an additional 10 projects that
were eliminated because of inconsistencies regarding project size and performance,
giving a final sample size of 194. Considerations for these outliers included, for ex-
ample, a large number of person months but a very small budget (for example, 350
person months for $150,000) or extremely large budgets with short project times (for
example, $1.7 billion in less than eight months).

The respondents were experienced and knowledgeable project managers with an
average age of 43, including an average of 15 years of industry experience and ap-
proximately 34 days of formal project management training. A profile of the 194
projects on various size characteristics is provided in Table 2. The average reported
project budget was just under $5 million with an average effort of 150 person months
and an average duration of 15 months. Respondents indicated that 93 percent of the
completed projects were implemented and 7 percent cancelled. The ratio of cancelled
projects is similar to industry reports [29, 30], suggesting the responses have some
external validity.

Measures

Measures were developed in a two-step process. We first identified measures used
previously in the literature to model IT project performance. Then, new measures were
developed when none were available. For variables measured through scales, previ-
ously developed scale items were used wherever possible. Averages for these scale
variables, incorporating all scale items, were used as subconstructs in the model. The
Appendix provides a summary of the measures used in the study, including the source,
item text, number of items, and reliability score (Cronbach’s alpha) associated with
the measures. Scale items were measured using seven-point Likert scales.

Outcome Measures: Project Performance

Four outcome measures were collected. Two measures related to process outcomes
(schedule variance and budget variance). These variables were measured as a per-
centage of targets as originally planned [30]. Variables were then transformed into
a positive direction. For example, a percentage of original schedule of 140 percent
would indicate the project was 40 percent later than originally planned, whereas a
percentage of original schedule of 90 percent would indicate the project was completed
10 percent earlier than expected. In this case, 90 percent is better performance than
140 percent. To transform into the positive direction, we subtracted 100 percent from
each number and then multiplied the result by —1.

The two outcome measures relating to product outcomes were measured as a per-
centage of expected quality delivered or percentage of expected benefits delivered.
Because these variables are already in the positive direction (where 140 percent would
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Table 2. Profile of Projects in the Sample

Standard

Attribute Mean Median deviation Minimum Maximum
Budget (thousands

of USD) 4,859 975 12,270 10 250,000
Duration (calendar

days) 449 360 354 61 2,131
Effort (person

months) 150 24 450 1.5 3,400

be better performance than 90 percent), no transformation of these product outcomes
was necessary.

Input and Process Measures

Five input and process constructs were included—knowledge resources risk, size and
complexity, project management practices, volatility, and organizational support risk.
Because measures did not exist for these five primary constructs, each of the constructs
was measured by considering subconstructs. For instance, because no single measure
of project size is available, project size was measured by considering its subconstructs
(duration, budget, effort, and relative size).

Each of the five constructs is multidimensional and the subconstructs (and related
measures) for each construct were not a priori interchangeable. Jarvis et al. [16] suggest
that under these conditions the constructs should be modeled as formative. Model-
ing constructs as formative allows for the combination of different measures within
the same construct without requiring that the measures share significant covariance.
Formative constructs can be estimated in the partial least squares (PLS) approach
to structural equation modeling [8, 13]. The measures for each of the five input and
process constructs are discussed below.

Knowledge resources risk takes two forms—individuals’ knowledge limitations and
uncertainty. The former reflects the lack of knowledge and experience available to
the project. While every individual contributes to the available knowledge resource,
there are three primary sources of knowledge exposure—executive sponsor, project
manager, and team members. Lack of project sponsor knowledge, team knowledge,
and project manager knowledge have been identified as important considerations in
overall project risk [12, 15, 35, 37].

A four-item scale was developed by taking elements of expertise identified by Barki
et al. [2, 3] and Basselier et al. [4]—knowledge of application technology, business
environment, project role, and project management practices. The items were coded
so that lower levels of knowledge were represented with higher numbers. The four
items were then averaged for each case, creating a single measure of knowledge risk
for each of the executive sponsor, project manager, and overall team members.
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Requirements uncertainty has also been identified as an important knowledge re-
source risk [19, 25, 28]. The level of requirements uncertainty was measured with a
three-item scale adapted from Nidumolu [26]. These items were coded so that increased
uncertainty was represented with higher numbers. The items were averaged for each
case to create a single measure of requirements uncertainty. These four subconstructs
(requirements uncertainty, executive sponsor knowledge, project manager knowledge,
and team knowledge) were then used formatively to create the knowledge resources
risk construct.

Structural risk (project size and technical complexity) has long been recognized as
an important factor in project performance [24, 38]. Project size is multidimensional,
and effects of duration, for example, have been shown to be different from those of
budget [30].

Four elements of project size were included as subconstructs—relative size, budget,
duration, and effort as measured in person months. Each was assessed with a single
item. Project duration was the difference between start and end dates. Project budget
and person months associated with the project were also collected as measures.

Technical complexity [3] of the project was also measured. Because technical
complexity is a measure of the project and not the knowledge of people working on
the project, technical complexity is included in this category of initial conditions.
Technical complexity was measured with two items from Barki et al.’s [3] measure
related to application complexity. These items were then averaged to create the
technical complexity subconstruct. The four subconstructs for project size and the
measure of technical complexity were then used formatively to create the structural
risk construct.

Organizational support risk is an aggregate measure of the lack of support that the
project and the project manager were given by the base organization. There are three
subconstructs to organizational support:

1. lack of participation of the users [3, 37],
2. lack of participation by the client manager [3, 37], and
3. lack of support from executive sponsor [32, 37].

Three items used for user participation and client support were adapted from Barki et
al. [3]. A similar three-item measure, adapted from Schmidt et al. [31], was created to
measure actions taken by executive sponsors in support of the project. The items were
coded so that lower perceived support or participation was represented with higher
numbers. The items were then averaged for each case creating three subconstructs
(client manager support, top management support, and user participation) that formed
the organizational support risk construct.

Volatility risk refers to events that occur during the project that create significant
changes. Volatilities include events such as changes in key project personnel or
changes in targets such as budget or schedule [30]. Ropponen and Lyytinen [28] and
Wallace and Keil [35] also suggest changes to the external environment as another
form of volatility.
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Following Sauer et al. [30], a three-item measure of target volatility was created
from questions asking for the number of changes in budget, schedule, and scope. These
items were summed to create a single measure of target volatility on a ratio scale.
Governance volatility was measured using three items asking for number of changes
in project sponsor, project manager, or client manager. These items were summed to
create a ratio-scaled measure of governance volatility. These two ratio scale items
were standardized before estimating the model.

External volatility was assessed with four items measured on a seven-point scale
requesting participants to rate the impact of changes in the external environment,
business strategy, suppliers/vendors, and government on project performance. These
four items were then averaged across each case to create the external volatility sub-
construct. The three volatility subconstructs were then used to reflectively form the
volatility risk construct.

Project management practices include the actions taken to overcome risk in proj-
ects and meet overall project goals. Three practices have been identified as important
management practices in IT projects including:

1. integration of users [3], which is related to horizontal coordination [25];

2. administrative coordination [12], which is related to vertical coordination [25]
and formal planning [3]; and

3. expertise coordination [12].

A three-item scale adapted from Nidumolu [25] was used to collect data regarding
the integration of users. A two-item scale for administrative coordination was adapted
from the formal planning measure provided in Barki et al. [3] and the notion in Faraj
and Sproull [12] of the use of formal project management techniques. A five-item
scale was adapted from Faraj and Sproull [12] to measure expertise coordination. The
items in each scale were then averaged for each case creating three subconstructs that
were used to create the project management practices construct.

Measurement Validation

No standard to measure the content validity of formative constructs has been devel-
oped [16]. We have attempted to establish content validity for the measures reported
in this study through an extensive literature review, the combined experience of the
research team, the use of previously developed scales, and pretesting and piloting of
the research instrument.

The construct validity related to formative constructs is also difficult to establish
empirically. Because the subconstructs are assumed to jointly form the constructs, it is
not clear that the correlations between subconstructs must be higher than correlation
among other subconstructs [7]. This is in contrast to the use of reflective constructs
where interitem correlations are expected to be higher in comparison with items
outside the scale [13].

While no standard rules apply for establishing convergent and discriminant validity
of formative constructs, it can be argued that subconstructs associated with a particu-
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lar construct should, in general, be more highly correlated with each other than with
subconstructs that measure other distinct latent variables. We therefore provide a
correlation matrix of subconstructs used in this analysis. Of the 113 cross-correlations
measured between subconstructs forming different constructs, only nine are larger than
the highest correlations of subconstructs within constructs. These are highlighted in
Table 3. These results show that subconstructs related to the same construct gener-
ally have higher correlations than subconstructs measuring different constructs. This
provides some evidence for both convergent and divergent construct validity.

Results

Analytical Methods

DATA FROM THE SURVEY WERE USED TO TEST two models using PLS. PLS is a structural
equation modeling technique utilizing a principal component-based approach to es-
timation. PLS was chosen because it is preferred over covariance based techniques
for theory development and the use of formative constructs [13]. Seven multi-item
constructs were estimated.

A third-order factor model with primarily reflective measures as first-order factors
and formative measures as second- and third-order factors was tested. Reflective
measures were used in the first order when the items were strongly correlated with
each other. Formative measures were used in the higher-order factors because items
were expected, in sum, to form the factor. Testing of higher-order factor models is
supported in PLS [21] and has been used in previous research [4]. Nested models were
used to explore the effect of separating the elements of emergent actions from initial
risk conditions as presented in Figure 2. A model M1 is nested within another model,
M2, if M2 contains exactly the same constructs as M1 and if M2’s freely estimated
parameters are a subset of those estimated in M 1. Nested model comparison is possible
in PLS [1]. The significance of a nested model is examined by comparing the R? of the
revised model with that of the original model using an f?-statistic [13, appendix C].

Test of Measurement Model

Formative models can only address the error of measurement at the construct level
[10,23]. Because all constructs are formative in both models, the standard of reporting
average variance extracted and establishing appropriate loadings is not appropriate
[9]. The Appendix provides Cronbach’s alpha scores for first-order factors used in
the model. Only one of the alphas (project management knowledge) is below the
suggested value of 0.70. Since it is arguably an important portion of the formative
construct of “knowledge resources,” the project management knowledge scale was
retained in the model.
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Project
Management
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Figure 4. Pooled Risk Model—Path Coefficients and R*
** Significant at the 0.01 level.

Evaluating the Structural Models

Problems of identification present in covariance-based approaches to structural equation
modeling are not present in the PLS approach [9]. The overall approach to evaluating
the structural model is the same as evaluating reflective models, except that emphasis
is placed on the weights, rather than the loadings, of the formative subconstructs. The
R?is similar to regression analysis and significance tests are performed similar to those
for reflective models as described in Gefen et al. [13]. The bootstrapping procedure
in PLS was used to generate z-statistics and standard errors [9].

Figure 4 presents the path coefficients and R? from the PLS results for the pooled
risk model. The individual measures of risk were combined to form the performance
risk exposure construct. The model, tested with data from 194 projects, explains 16
percent of the variance in process performance, 21 percent of the variance in product
performance, and 33 percent of variance in project management practices. The path
coefficients for this model are all significant at the 0.01 level. This pooled risk model
provides a baseline for our discussion.

Figure 5 presents the path coefficients and R? for a variation of the pooled risk
model, in which the single construct of risk factors has been replaced with the four
categories of risk posited earlier. The model again explains 16 percent of the variance
in process performance and 21 percent of the variance in product performance. The
model explains 31 percent of variance in project management practices, which is a 2
percent decrease from the model provided in Figure 4. The path coefficients for proj-
ect size/technical complexity and volatility to project management practices are not
significant. The path coefficients from knowledge resource risks and organizational
support risks are significant at the 0.05 and 0.01 levels, respectively.

The results suggest that the model presented in Figure 5, denoted the traditional risk
model (TRM), where risks are divided into four categories, provides broadly similar
results to the pooled model in Figure 4. The model in Figure 5 has been estimated
because it contains exactly the same constructs as the proposed TMPP. This base will
allow for a direct comparison of results in Model 6 with the proposed TMPP and
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Figure 5. Traditional Risk Model—Path Coefficients and R?
* Significant at the 0.05 level; ** significant at the 0.01 level.
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Figure 6. Path Coefficients and R*> for TMPP
* Significant at the 0.05 level; ** significant at the 0.01 level.

provides the best opportunity to contrast the traditional single-stage view of risk and
the model of IT project performance provided by the TMPP.

Figure 6 presents the path coefficients and R? for the TMPP, in which the interaction
between a priori and emergent risks and the interaction between emergent risks and
project outcomes are modeled. This model explains 38.5 percent of the variance in
process performance, 22 percent of the variance in product performance, and 27 percent
of the variance in project management practices. In addition, the TMPP explains 36
percent of the variance in volatility risk and 8 percent of the variance in organizational
support risk. The level of significance is highlighted in Figure 6.
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Comparing Nested Models

We argued that the separation of initial conditions from emergent actions and events
may provide an improved model for IT project performance. This hypothesis can
be tested using nested models, a technique that has been applied previously to test
to the technology acceptance model (TAM) [18]. Using nested models allows us to
see where the model can be improved [13]. Because the models in Figures 5 and 6
utilize the same constructs and many of the same paths, the use of nested comparison
is appropriate.

We are interested in exploring the traditional model that is nested within the TMPP.
When nested models are compared using PLS [1], the differences are examined by
comparing the R* of the revised model with that of the original model using an f?
statistic [13, appendix C]. The additional paths can be considered to have a small,
medium, or large effect if f? is above 0.02, 0.15, or 0.35, respectively [9]. The equa-
tion for f? in this comparison is calculated as follows:

P = R*TMPP — R*TRM

1-R*TRM
Note that we can compare the nested models across three constructs—process perfor-
mance, product performance, and project management practices. The results of the
nested comparison are provided in Table 4.

The results suggest that temporally modeling the risk factors provides a significant
increase in the explained variance of process performance, a small decrease in the
explained variance of project management practices, and no significant change in the
explained variance of product performance.

There are additional benefits from this model. The most obvious are the variances
explained in both volatility and organizational support, which are 0.361, and 0.076,
respectively. Beyond the benefit of its improved explanatory power, the TMPP also
yields interesting insights through discussion of the path coefficients relating the
various constructs in the model.

Discussion

OUR PRINCIPAL CONCERN IN THIS PAPER WAS TO DEVELOP a better approach to modeling the
relationships between risk factors, project management practices, and performance.
This discussion aims to (1) examine the improvements offered by the TMPP and their
implications for future research, (2) focus on the significant findings and frame them
as story lines, and (3) discuss the contributions and limitations of the research.

Modeling Risk, Management, and Performance

Our research developed a more comprehensive temporal model of project performance
than previously available in the literature. The empirical test of the TMPP shows that
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it offers improved explanatory power for project process performance and no worse
for product performance (Table 4). It therefore unambiguously improves upon the
TRM ability to explain performance (Figure 5). The R? of 0.385 is higher than has
previously been achieved for process performance. The potential of our modeling
approach is therefore confirmed.

We examine, in turn, the four individual improvements we proposed:

1. risk factors should be summarized into risk categories based on time,

2. the influence of earlier (a priori) risks on later (emergent) risks should be mod-
eled,

3. the differential impact from different risk categories to project management
practices should be considered, and

4. the direct effects between emergent risks and performance should be mod-
eled.

Risk Categories Based on Time

We categorized risk factors consistent with the assumption that some (a priori) risk
factors are created in project formulation and should be treated separately from other
(emergent) risk factors that occur during the project. This categorization alone offers
no explanatory benefits (Figure 5 is no better than Figure 4).

Influence of A Priori Risks on Emergent Risks

Modeling benefits arise when the influence of a priori risks on emergent risks is
introduced, based on the proposition that emergent risk factors may be influenced
by a priori risk factors and may influence and be influenced by other emergent risk
factors. These temporal relationships have not been explored in previous research,
with one exception: the existence of a relationship between project size and volatil-
ity was established in Sauer et al. [30]. The TMPP (Figure 6) supports this finding
and demonstrates other statistically significant relationships between a priori risk
factors and emergent risk factors. First, a substantial amount of variance in the level
of emergent risk (volatility) is explained by its relationship to a priori structural risk
(size and technical complexity).

Second, a significant relationship between volatility risk and organizational sup-
port risk is shown in Figure 6. This relationship has not been reported previously.
The direction for causality cannot be established, so it is not clear whether lack of
organizational support contributes to increased volatility or increased volatility leads
to low levels of organizational support or both.

What is clear is that one type of emergent risk can significantly affect other emergent
risks. Future research should therefore include temporal considerations in models of
performance. This may require further refinement of our risk categories and greater care
in defining emergent risks. For example, we have defined lack of executive sponsor
support as an emergent risk but some deficiency in support may be apparent at the outset
and thus may also be considered an a priori risk [3, 19]. To cope with this, we may need
two distinct risks comprising lack of initial support and lack of revealed support.
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Relationships Between Risk Categories and Project Management Practices

The TMPP implies that we expect different relationships between the different
categories of risk and project management practices. We confirmed this conjecture
to the extent that we found significant relationships between project management
practices and two risk categories—one a priori and one emergent—and no significant
relationship with the other two (Figure 6). Thus, future research should explore such
relationships.

Relationships Between Emergent Risks and Performance

The TMPP includes direct effects between emergent risk factors and performance
as well as the indirect paths through project management practices. The influence
of project management practices on project management performance has been es-
tablished previously [3, 12, 25]. Our results show significant relationships between
process performance and both project volatility and organizational support risk (Figure
6). To the best of our knowledge, these finding have not been reported previously.
The implication of these relationships is that, in contrast with the traditional model
(Figure 5), emergent risk factors cannot be, or are not currently, completely mitigated
by project management practice. This implies that future researchers should consider
these relationships in their models.

Our argument has been that the TMPP proposed is more explanatory as a whole than
its predecessors and that the individual innovations we have introduced are justified.
Although we conclude that the model structure holds promise, we are conscious that
there is much room for improvement. In particular, our model has generated only
insignificant improvement in the explanation of product performance. As we talk to
project managers, they tell us that this is the increasingly critical area of their perfor-
mance. We suspect that the reason our model is not more helpful is that in drawing
upon the established literature for our constructs and measures, we have tapped into
its prior emphasis on process performance. Our measures and data sources for product
performance are relatively crude at present. This presents both a challenge and an
opportunity for researchers. Our model offers a starting point.

Findings, Story Lines, and Insights

The second task for this discussion is to explore the empirical findings for insights.
To support the discussion, we created Figure 7 by simplifying and redrawing Figure
6. Simplification entails showing only the significant relationships. We also find it a
simplification to reverse the conceptualization of knowledge resource risk and orga-
nizational support risk into project resources by recoding the levels (to reverse the
direction of the construct) and changing their labels. We noted earlier that low levels
of organizational support and knowledge are often referred to as “risks” and that high
levels are viewed as resources for projects. In redrawing the model, we are therefore
conceptualizing knowledge and organizational support as resources that a project
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Figure 7. TMPP Showing Significant Relationships
* Significant at the 0.05 level; ** significant at the 0.01 level.

manager can use to productively advance the project. We found this conceptualiza-
tion supported a more natural discussion of the relationship between risks, resources,
practices, and performance. Structural risk factors (size/technical complexity) and
volatility risk factors remain coded as “risks” to the project.

An important caveat should be noted before discussing insights from the model.
The model described in Figure 7 has temporal elements, but it is a descriptive model
and should not be viewed as a causal model of performance. When searching for in-
sights, it is important not to draw causal relationships between the risk and resource
categories and performance indicators.

Six Key Findings

Six findings emerge from Figure 7. The first is that structural a priori risk (project size
and technical complexity) is significantly directly related to volatility risk. In addition,
volatility risk is significantly inversely related to project process performance. This
suggests that projects that are large and complex will tend to have a larger number of
changes to targets and personnel. Projects with a larger number of changes to people
and targets are more likely to perform poorly on process indicators (i.e., budget and
schedule). This confirms and begins to explain the link between larger projects and
poor performance proposed previously [24, 38].

The second finding is that knowledge resources are significantly directly related
to both organizational support and project management practices. This confirms
the importance of the knowledge of the team, the sponsor, and the project manager
[3, 35], and suggests that these knowledge resources act as an enabler for project
management practices and organizational support. This result explains the emphasis
that many project managers place on developing a strong team at the beginning of
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a project and ensuring that the sponsors and clients have a solid understanding of
project management.

A third finding is that project management practices are significantly directly related
to process and product performance. This suggests that projects that have higher lev-
els of project management practices (i.e., horizontal integration, vertical integration,
and expertise coordination) are associated with higher levels of performance. This
relationship confirms previous work [12, 25] and underlines the contribution of the
project manager to project success.

A fourth finding is the significant direct relationship between organizational sup-
port and project process performance. This relationship confirms the emphasis on top
management support in previous research [2, 19, 35] and suggests that organizational
support enables process performance.

A fifth finding is the two significant inverse relationships between (1) volatility risk
and organizational support and (2) project management practices and volatility risk
(influenced by organizational support). First, in the case of organizational support,
the results suggest that when organizational support is low, project volatility tends
to be high (and vice versa). This can plausibly be interpreted in either direction. For
example, without organizational support, a project manager may be more inclined to
leave the project. Conversely, when volatility is low, it may be easier to garner high
levels of organizational support. The direction of the causality cannot be determined
in this study. Second, the positive relationship between organizational support and
project management practices means that project management practices are also
indirectly and inversely related to volatility. While we cannot determine the direc-
tion of causality in relation to volatility risk, this does suggest some form of double
jeopardy.

A sixth somewhat surprising finding is the lack of a significant relationship between
organizational support and project product performance. We expected high levels of
organizational support (i.e., executive support, client manager support, and user par-
ticipation) would help to keep the project focused on value delivery and eventually
lead to an increased realization of the benefits from the project. This finding warrants
further research into these constructs and relationships.

Story Lines and Insights

These findings can be combined into two concurrent but distinct “story lines.” The first
begins with knowledge resources, the second with structural risk. These story lines
suggest reframing our thinking about the explanation of project performance.

We can interpret the top part of Figure 7 as saying that a project starts with an a
priori endowment of knowledge resources. Higher levels of this resource positively
influence both emergent organizational support and project management practices.
Project management practices and organizational support influence each other posi-
tively. Although we are unable to confidently assert unidirectional causality, mutual
reinforcement seems plausible on the grounds that with higher levels of organizational
support, the easier it is to execute project management processes; and, conversely, the
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more it is apparent that the project is being proactively managed, the more support
may be forthcoming.

Project management practice is then seen as affecting product performance directly
and process performance both directly and indirectly, through organizational support.
We could interpret these data as a story about the project manager who uses knowledge
resources to manage the project and to positively influence organizational support and,
through these mechanisms, to make substantive progress in achieving the project’s
goals. A variant of this story is that highly competent knowledge resources enable
high levels of organizational support and project management practices, and that in
this environment, organizational support can make its full impact on project success.
It remains for future research to test these variants and provide us with more insight
into these virtuous circles.

The second story line begins with structural risk that directly influences the risk
of project volatility. In turn, project volatility negatively and significantly influences
process performance. We realize that this story is a new one in that project volatility
has not received much attention before this research. In due course, elaboration of this
part of the TMPP is likely to result in more complex relationships.

We argue, though, that these two story lines suggest a distinction between project
management and risk management. The first story is about proactive project man-
agement and organizational support whose focus is the constructive work of getting
the project done. By contrast, the second is a more traditional story about the impact
of risk. Prior research has not typically distinguished proactive project management
from risk mitigation. Except for project management practices, most constructs have
been viewed and modeled as risks—for example, the literature talks about lack of top
management support, a negative, rather than its presence, a positive.

Future research therefore needs to do to the construct of project management prac-
tices what we have done to risk factors: to divide practices into categories that relate
to the tasks of constructive project management and risk management. Then we can
posit and test a set of relationships that are likely to be explanatory of both process
and product performance. We would expect then to see one or more categories of risk
management entering into relationships with the size and complexity and volatility
constructs.

Finally, we would like to draw attention to two clear lessons for practice. Our find-
ings suggest that some risk factors interact and appear to propagate. Emergent risks
are, at least to some degree, a function of a priori risk. This indicates that project setup
is critical to the lifetime risk profile of the project. It also suggests that risk assess-
ment should be an ongoing activity. This should reinforce for practitioners the point
that not only is it important to establish a risk register at the outset but that it should
be actively updated and managed on a continuing basis throughout the project’s life.
Another clear lesson from these data is that our historic concern with project size and
complexity is warranted and that one consequence of larger projects is increased project
volatility. Therefore, projects that are unavoidably long should take proactive steps
to minimize volatility, which, according to our analysis, principally implies ensuring
continuity of key personnel.
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Contributions

This paper’s chief contribution is a more explanatory temporal model of IT project
performance. It achieves this by introducing several innovations to the structure of
the model. It shows that a separation and categorization of risk factors into a priori
and emergent risks reveals previously unrecognized interactions. It shows that the a
priori risks affect the emergent risks. It shows that project management has a differ-
ential effect on risk categories. It also shows that emergent risks have direct effects
on performance—that is, not all risk is mitigated—so the effects of risk cannot be
completely modeled through the mediation of project management.

At the level of individual risk categories, the TMPP demonstrates empirically that
researcher and practitioner concerns about size and complexity are well founded. These
structural risks strongly influence project volatility, which, in turn, impairs attainment
of project targets. It introduces a comprehensive project volatility construct, which
will benefit from future elaboration.

The paper also makes three methodological contributions. First, it shows that PLS
is an effective tool for working constructively with formative constructs within a tem-
poral model of project performance. Second, the technique shows that in the complex,
multivariate world of project performance, modeling the construction of higher-level
variables formed by contributory or complementary components is a helpful device.
The explanatory success of the model justifies this strategy. Third, in the absence of
accepted theory, it demonstrates nested modeling as a useful method to assess alterna-
tive models of project performance.

Limitations

We draw attention to three limitations of our current study. The first is that our sample
was drawn from the membership of several chapters of the PMI in one state of the
United States. It is possible that local idiosyncrasies could have biased the data. How-
ever, comparison, where possible, with data from a study of UK project managers
suggests that the probability of geographical bias is low [30]. A more probable bias
derives from the high level of experience and professional standing of the respondents.
Compared with Standish Group data [17], our sample’s performance is unusually
high—their variance against target is low. If anything, this suggests that the TMPP
modeling approach has great potential to generate even more explanatory analyses for
a sample more representative of the total project manager population.

Second, the survey asked the project manager to respond to questions about product
performance (i.e., attainment of organizational benefits from the project). We need to
resolve who is the best source of this data and when the data should be collected. We
expect some difference in responses between project managers, executive sponsors,
and end users. We also expect that difference to vary according to when the question
is asked. These limitations may partly explain the lack of improvement in our ability
to explain product performance with the TMPP.

Third, our model provided a simple temporal model of project performance. In reality,
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we expect that the point in time at which a project management intervention occurs or
arisk factor is realized will have differential effects. For example, turnover of a project
manager may have less effect the closer the project is to completion. Executive sponsor
support may have the most effect early and late in a project and be less important in
the middle [20]. Future research will need to develop a more sophisticated approach
to modeling the temporal element.

Conclusions

PRIOR RESEARCH HAS HIGHLIGHTED A LARGE NUMBER of factors that can affect project
performance, suggested that project management practices can mitigate risks, and
indicated that performance is a complex phenomenon. This presents a challenge for
modeling project performance. This study demonstrated a useful distinction between a
priori and emergent risk factors. In doing so, it improved upon prior levels of explana-
tion of project performance. Future research should identify further distinctions and
interactions to help us better understand the relationship between risk and performance
as a more complex function than the simple summation of component risks.

Our study reinforced work started by others [2, 11, 12,25, 26, 37] that shows the role
of project management practices in mitigating risk factors. All future work that attempts
to relate performance to risk must factor in the role of these practices. This is probably
the area in which the TMPP can be most effectively improved because research has
so far paid relatively little attention to the operationalization of project management
practice. A more developed project management practice construct will permit the
formulation of more plausible guidance for practice—which actions under which
circumstances have the most substantial effects on which kind of performance.

We argue that future research should distinguish between those project management
practices that are aimed at delivering the project’s outcome and those that are aimed
at mitigating the risks that could impede success. Some practices, such as expertise
coordination, are focused on delivery. Others, such as risk identification and contin-
gency planning, are intended to mitigate risk. A third category, such as developing
executive sponsor support, probably serves both purposes. This separation will increase
the granularity of models and hopefully will increase our understanding of how project
management delivers value and what are the most appropriate and effective project
management practices. We see this as a critical conceptual development in the next
challenge—opening up the black box of IT project management.
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