410

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING,

VOL. 31, NO. 5,

MAY 2005

An Empirical Investigation of the Key Factors for
Success in Software Process Improvement
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Abstract—Understanding how to implement software process improvement (SPI) successfully is arguably the most challenging issue
facing the SPI field today. The SPI literature contains many case studies of successful companies and descriptions of their SPI
programs. However, the research efforts to date are limited and inconclusive and without adequate theoretical and psychometric
justification. This paper extends and integrates models from prior research by performing an empirical investigation of the key factors
for success in SPI. A quantitative survey of 120 software organizations was designed to test the conceptual model and hypotheses of
the study. The results indicate that success depends critically on six organizational factors, which explained more than 50 percent of
the variance in the outcome variable. The main contribution of the paper is to increase the understanding of the influence of
organizational issues by empirically showing that they are at least as important as technology for succeeding with SPI and, thus, to
provide researchers and practitioners with important new insights regarding the critical factors of success in SPI.
Index Terms—Empirical software engineering, software process improvement, critical success factors, organizational issues, survey
research.
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INTRODUCTION

D

the last decade, the software industry has been
more and more concerned about software process
improvement (SPI). Consequently, we have witnessed a
proliferation of models and initiatives all claiming to
increase the likelihood of succeeding with SPI initiatives,
e.g., the Quality Improvement Paradigm (QIP) [7], the
IDEAL model [70], the ami method [78], and SPICE [42]. The
SPI literature is full of case studies and anecdotal evidence
of successful companies and descriptions of their SPI
programs, e.g., Alcatel [30], Hewlett-Packard [48], Hughes
[57], Motorola [27], NASA [9], Philips [81], Raytheon [34],
and Siemens [71]. Several authors repeatedly discuss the
importance of certain success factors (e.g., [31], [43], [44],
[47], [48], [79], [86], [87]. However, the research efforts to
date are limited and inconclusive and without adequate
theoretical and psychometric justification [35]. Even for
commonly recognized factors such as management commitment and employee participation, no operational measures
are available [2].
SPI has its roots in quality management and is closely
related to “second generation” [46] organizational development approaches, specifically to organizational learning.
Understanding the “quality revolution” is, therefore, an
important prerequisite for understanding SPI.
The current state-of-the-art in quality management has
more than anything else been shaped by quality gurus such
as Deming [33], Juran [58], Crosby [25], and their quality
frameworks. These and other authors (e.g., [3], [15], [77],
URING

. The author is with the Software Engineering Department, SINTEF ICT,
NO-7465 Trondheim, Norway. E-mail: tore.dyba@sintef.no.
Manuscript received 27 Aug. 2004; revised 15 Feb. 2005; accepted 22 Apr.
2005; published online 26 May 2005.
Recommended for acceptance by P. Jalote.
For information on obtaining reprints of this article, please send e-mail to:
tse@computer.org, and reference IEEECS Log Number TSE-0179-0804.
0098-5589/05/$20.00 ß 2005 IEEE

[82], [97]) repeatedly discuss the importance of critical
factors such as leadership involvement, employee participation, measurement, and process management to improve
the quality performance in organizations.
Similarly, the current state-of-the-art in organizational
learning has more than anything else been shaped by the
works of Argyris and Schön, who made an important
distinction between the concepts of single-loop and doubleloop learning [5], Senge, who proposed five disciplines for
creating a learning organization [84], and Nonaka, who
discussed the conditions required of the “knowledge
creating company” [74].
Humphrey [55], [56] and Basili [7], [8] have been the
pioneers and leaders in the field of SPI, identifying the basic
principles of software process change and improvement,
goal-oriented measurement, and the reuse of organizational
experience and learning. For a more detailed review of
these and other studies of the facilitating factors of quality
management, organizational learning, and SPI, see [35].
This paper extends and integrates models from prior
research by performing an empirical investigation of the
key factors for success in SPI. In the next section, we present
our proposed model, which comprises six independent, one
dependent, and two contextual variables, and the corresponding research hypotheses. In Section 3, we provide an
overview of the population and sample, the variables and
measures, the data collection procedure, the reliability and
validity of the measurement scales, and the data analysis
techniques. Section 4 presents the results of testing the
hypothesis and exploring the relationships. Section 5
provides a discussion of the results, their implications, the
limitations of the study, and suggests some directions for
further research. Section 6 provides some concluding
comments.
Published by the IEEE Computer Society
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Fig. 1. Conceptual research model.

2

CONCEPTUAL MODEL

AND

HYPOTHESES

The research model to be empirically tested in this study is
depicted in Fig. 1. The model derives its theoretical
foundations by combining prior research in quality management, organizational learning, and SPI with an explorative
study of 54 managers, developers, and customer representatives in four software companies along with a detailed
review by eleven SPI experts from academia and industry
(see [35] and [37]).
The model includes six facilitating factors: business
orientation, involved leadership, employee participation,
concern for measurement, exploitation of existing knowledge, and exploration of new knowledge, two moderating
factors (organizational size and environmental conditions),
and the dependent variable, SPI success. These are
described next.

2.1 Business Orientation
Attaining business objectives is the ultimate target for any
change program [10], and the role of process orientation
and process improvement has long been recognized as
essential factors to achieve business excellence and competitive advantage [46]. Consequently, a clearly defined SPI
program driven by strategic business needs, have been
suggested as a key factor for success in SPI (e.g., [13], [17],
[48], [55], [78], [98]). Therefore, we would expect that a
successful SPI program is one, in which SPI goals and
policies have been clearly aligned with business goals,
identifying the nature and direction of any SPI actions.
Furthermore, learning theorists [18], [63], [96] have
rejected context-free transfer models that isolate knowledge
from practice and developed a view of learning as social
construction, putting knowledge back into the contexts in
which it has meaning. In other words, we expect that
successful SPI align improvement activities to the real needs
of the individual business rather than the abstract expectations of context-free models of SPI.
Thus, we define business orientation as the extent to which
SPI goals and actions are aligned with explicit and implicit
business goals and strategies. Hence, we argue that business
orientation is a key factor to facilitate a successful SPI
program. Ceteris paribus,

Hypothesis 1. SPI success is positively associated with business
orientation.

2.2 Involved Leadership
Major change requires leadership. Thus, a predominant
theme in the quality management [3], [15], [77], [82], [97]
and SPI literature [44], [47], [55], [86], [98] is the
importance of leadership commitment and involvement
in the implementation of improvement actions. Such
involvement is of paramount importance to SPI since top
executives often are committed to the status quo [50], and
also because they ultimately determine the priority of the
organization’s SPI program.
Creating a vision is considered a key element in most
leadership frameworks [56], and those leading the organization must take an active role in describing a desired
future and energize commitment to moving toward it.
However, traditional views on leaders as “heroes” who set
the direction, make key decisions, and energize the troops
are changing [75], [84]. Creating vision is not enough; for
assimilated learning to occur, leadership at any organizational level must engage in hands-on implementation of the
vision. Thus, for building software organizations with
learning capabilities, we need involved leadership at all
levels that are committed to learning and SPI, and that take
responsibility for enrolling others.
Accordingly, we define involved leadership as the extent to
which leaders at all levels in the organization are genuinely
committed to and actively participate in SPI. Hence, we argue
that involved leadership is a key factor to facilitate a
successful SPI program. Ceteris paribus,
Hypothesis 2. SPI success is positively associated with involved
leadership.

2.3 Employee Participation
Employee participation and the way people are treated has
been noted as a crucial factor in organizational management
and development ever since Mayo’s [68], [69] famous
productivity studies at Western Electric’s Hawthorne plant.
The results of these studies started a revolution in management thinking, showing that even routine jobs can be
improved if the workers are treated with respect. Besides,
the Tavistock studies [92] reframed the view of organizational systems, proposing the sociotechnical system (STS) in
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which the best match would be sought between the
requirements of the interdependent social and technical
system. Together, these studies showed that there were
powerful alternatives to the pervasive views of Taylor’s
concept of scientific management [90] and Weber’s description of bureaucracy [95]. STS also has a particularly strong
position in Scandinavia and the UK, which have a long
tradition for work-place democracy and participation. In
fact, many of the early experiments of STS were pioneered
in Norway [91].
Since then, participation and involvement has been one
of the most important foundations of organization development and change. Participation is also one of the
fundamental ideas of TQM, and has always been a central
goal and one of the pillars of organizational learning.
With SPI becoming increasingly important, and people
increasingly recognized as the principal source of competitive advantage, software organizations need to encourage
and support collaboration in work groups and project
teams, and engage in organizational learning [22], [31], [43],
[47], [86]. Participation is also fundamental for creativity
and innovation and for showing respect for the opinions of
others and for the belief that learning and competitive
advantage can result from an organizational climate that
cultivates a diversity of ideas and opinions [67], [83].
Therefore, participation should be offered and managed
in such a way as to allow all employees to improve their
work and to feel a sense of contribution to the organization
and its mission. In our view, then, SPI is neither top-down
nor bottom-up—rather, it is participative at all levels.
Hence, we define employee participation as the extent to which
employees use their knowledge and experience to decide, act, and
take responsibility for SPI. Consequently, we argue that
employee participation is a key factor to facilitate a
successful SPI program. Ceteris paribus,
Hypothesis 3. SPI success is positively associated with employee
participation.

2.4 Concern for Measurement
Software measurement is widely recognized as an essential
part of understanding, controlling, monitoring, predicting,
and evaluating software development and maintenance
projects [32], [45], [49], [93] and as a necessary part of any
SPI or change program [7], [48], [55], [61].
This position is by no means unique to the software
community. Measurement and, in particular, measurement
of customer satisfaction, is at the heart of quality management and is also a major concern for related disciplines such
as organization development [26], organizational learning
[5], strategic planning [60], and business process reengineering [28], [52].
Measurement and analysis is not only an efficient means
for identifying, recommending, and evaluating process
change; it can also be of crucial importance for assisting
and guiding ongoing change [73]. A major concern for a
measurement program, therefore, is to provide opportunities for developers to participate in analyzing, interpreting, and learning from the results of measurements and to
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identify concrete areas for improvement. There is, thus,
reason to believe that providing a constant flow of quality
data from a variety of sources may lead to improved
performance.
Hence, we define concern for measurement as the extent to
which the software organization collects and utilizes quality data
to guide and assess the effects of SPI activities, and argue that
concern for measurement is a key factor to facilitate a
successful SPI program. Ceteris paribus,
Hypothesis 4. SPI success is positively associated with concern
for measurement.

2.5 Learning Strategy
A critical challenge facing software organizations is the
dilemma of maintaining the capabilities of both efficiency
and flexibility. This situation, which requires the management of both stability and change, has led researchers and
practitioners to distinguish between the more modest, or
evolutionary, efforts toward change and those that are more
fundamental and, in a sense, revolutionary (e.g., [5], [64]).
In other words, software organizations can engage in
two broad kinds of learning strategies. They can engage in
exploitation—the adoption and use of existing knowledge
and experience, and they can engage in exploration—the
search for new knowledge, either through imitation or
innovation [36]. Exploitation involves improving existing
capabilities by refining, standardizing, routinizing, and
elaborating established ideas, paradigms, technologies,
strategies, and knowledge.
In contrast, exploration involves learning through discovery and experimenting with ideas, paradigms, technologies, strategies, and knowledge in hope of finding new
alternatives and untapped opportunities that are superior to
current practice.
Finding a good balance between exploration and exploitation is a recurrent problem of theories of adaptation
[65], which talk about balancing search and action, variation
and selection, change and stability, and diversity and unity.
A basic problem is thus to engage in enough exploitation to
ensure short-term results and, concurrently, to engage in
exploration to ensure long-term survival.
Based on the preceding discussion, we contend that
exploitation and exploration are linked in an enduring
symbiosis, and that each form requires the other in order to
contribute effectively to a software organization’s survival
and prosperity. Consequently, we define learning strategy as
the extent to which a software organization is engaged in the
exploitation of existing knowledge and in the exploration of new
knowledge. Hence, we argue that balancing the refinement of
the existing skill base with the experimentation of new
ideas is important in order to find alternatives that improve
on old ones. Ceteris paribus,
Hypothesis 5. SPI success is positively associated with
exploitation of existing knowledge.
Hypothesis 6. SPI success is positively associated with
exploration of new knowledge.
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2.6 Joint Contribution of Facilitating Factors
So far, we have discussed the possible independent
contributions of business orientation, involved leadership,
employee participation, concern for measurement, exploitation of existing knowledge, and exploration of new knowledge to SPI success. However, dependent variables such as
organizational performance or other success measures, like
the one used in this study, are rarely determined by one
single independent variable. In addition to examining the
independent contributions, therefore, we also want to
examine the joint contribution of the independent variables
to SPI success. Ceteris paribus,
Hypothesis 7. The six independent variables of business
orientation, involved leadership, employee participation, concern for measurement, exploitation of existing knowledge, and
exploration of new knowledge will explain a large amount of
the variance in SPI success.

3

RESEARCH METHOD

3.1 Population and Sample
Software intensive organizations are considered as the
target population for this study. This population includes
companies of different sizes, developing either software or
combined software and hardware products for a wide
variety of markets.
A random sample of 154 software and quality managers
in the Norwegian IT industry with corporate membership
in the Association of the Norwegian Software Industry or
the Norwegian IT Technology Forum were contacted by
telephone to request participation in the study prior to
mailing the questionnaires. Since the unit of analysis in this
study was the software organization defined as a whole
organization or an independent business unit within a
larger company, the managers were asked to answer on
behalf of their respective organizations.
We provided the respondents with self-addressed,
stamped return envelopes. Also, by keeping the questionnaire
as short as possible (a pilot study of the survey questionnaire
showed that respondents needed about 10 minutes to
complete it), we combined several well-proven techniques
for improving the response rate of mailed questionnaires.
A total of 120 software and quality managers representing whole organizations or independent business units
within 55 companies completed and returned the questionnaire. This is within the limits for both adequate
statistical power and generalizability of the results in this
study. Furthermore, this represents an effective response
rate of 77.9 percent, which is well above the minimum norm
of 40 percent for representatives of organizations and midlevel managers suggested for academic studies by Baruch
[6]. Given the high response rate in this study, no further
analysis was done on the differences between respondents
and nonrespondents. Table 1 shows the characteristics of
the survey sample.
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3.2 Variables and Measures
Based on the definitions of the factors identified in the
conceptual model (see Fig. 1), one dependent, six independent, and two moderating variables were operationalized
and used to collect the data in this study.
Independent variables. To measure the extent to which
each of the six independent variables were practiced, we
used multi-item, five-point, bipolar Likert scales that
ranged from “strongly disagree” (1) to “strongly agree”
(5) for all indicators. The item ratings were summarized to
form a summated rating scale for each independent
variable. Furthermore, since this is the first study of its
kind within SPI, all items were written specifically for this
study.
Dependent variable. We operationalized and measured SPI
success based on two multi-item measures. Each manager
was asked to rate, on 5-point bipolar Likert scales, 1) the
level of perceived SPI success and 2) the performance of
their organization for the past three years with respect to
cost reduction, cycle time reduction, and customer satisfaction. Two items were used to measure the level of perceived
SPI success, while three items were used to measure
organizational performance. As for the independent variables, all items were written specifically for this study. The
ratings for the two performance dimensions were averaged
to form a single measure of overall SPI success.
Moderating variables. Two moderating variables—environmental conditions and organizational size—were operationalized and included in the study to capture the most
influential sources of variation in software organizations
[36], [38]. Environmental conditions were measured using
two semantic differential items, which were rated on a
seven-point, bipolar, adjectival, graphic scale. The two
items were stable versus unstable environment and predictable versus unpredictable environment. Organizational
size was defined as the number of software developers in
the organization.
The Appendix shows the summated rating scale items
for the independent and dependent variables and the
moderating variable environmental conditions along with
the corresponding reliability measures (Cronbach’s ).
3.3 Data Collection Procedure
The questionnaire consisted of two parts: The first part
asked for managers’ ratings of their software organizations
with respect to factors of SPI success and organizational
performance, and the second part asked for general background information and an assessment of the environment.
In the first part, 36 separate items were used to measure
the six factors of SPI success, while five items were used to
measure the performance construct. Thus, each manager
generated seven scores; one for each of the critical factors,
and one for the success measure.
In the second part of the questionnaire, each manager
assessed their organization’s environment in addition
to providing general background and demographic
information.
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TABLE 1
Characteristics of the Survey Sample

3.4 Assessment of Reliability and Validity
Reliability refers to the consistency and stability of a score
from a measurement scale. The reliability of the multipleitem measurement scales was evaluated by internal
consistency analysis, using coefficient alpha [23] and
detailed item analysis based on Nunnally’s method [76].
We analyzed the correlation of items within each scale
(item-item), the corrected item-to-total (item-scale) correlations, the effects of reliability if the item was deleted, and

the item standard deviation scores to determine which
items were candidates for deletion from the scale.
This analysis revealed that to obtain satisfactory values
for coefficient alpha while retaining the domain coverage
only required one item to be eliminated from the exploitation scale (marked with an asterisk in the Appendix). Table 2
reports the original sets of measurement items associated
with the key factors, the items dropped from the original
sets to increase alpha, and the reliability coefficients for the
resulting scales. Furthermore, Table 2 shows that the

TABLE 2
Reliability Analysis
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TABLE 3
Summary of Factor Matrices for Each Construct

reliability coefficients ranged from 0.78 to 0.87. Since
reliability coefficients of 0.7 or higher are considered
satisfactory [76], all scales developed for this study were
judged to be reliable. This is good for an instrument that is
composed entirely of new scales, particularly since the
scales do not contain large numbers of items.
Three kinds of validity are of special concern for this
study; content validity, construct validity, and criterionrelated validity. Content validity has to do with the degree to
which the scale items represent the domain of the concept
under study. Our procedure for ensuring content validity
followed the general recommendations of Cronbach [24]
and Straub [89], and included:
an exhaustive search of the literature for all possible
items to be included in the scales,
2. an exploratory study in representative companies to
find possible items and scales,
3. review of the proposed scales by experts of both
psychological testing and SPI, and
4. pilot test of the scales on a set of respondents similar
to the target population.
Hence, we argue that our six measurement scales representing the facilitating factors of SPI success developed in
this study have content validity since selection of measurement items was based on generally accepted procedures to
obtain content validation [4].
Construct validity is an operational concept that examines
whether the measurement scales represent and act like the
attributes being measured. Assuming that the total score of
a scale is valid, the extent to which an individual item
measures the same thing as the total score is an indicator of
the validity of that item. Hence, construct validity of the
measurement scales was evaluated by confirmatory factor
analysis.
The construct validity of the six measurement scales was
evaluated by analyzing the items of each scale using
principal components analysis with VARIMAX rotation. We
used a combination of eigenvalues [59], cut-off points of the
scree plots [19], and factor loadings [21] as a guide for
interpreting the dimensionality of the scales. Table 3 shows
the eigenvalues and item loading ranges for each scale.
Analysis of the eigenvalues showed that five of the six
scales formed a single factor. In the case of the exploration
1.

scale, two components seemed to emerge with eigenvalues
greater than 1.0. However, the eigenvalue of the second
factor was only slightly above this threshold (1.02).
Furthermore, the scree plot showed a clear break after the
first component. In addition, all item loadings for this
component were greater than 0.6. This is in accordance with
Stevens [88] who suggested that a reliable factor must have
four or more loadings of at least 0.6 when the number of
cases is below 150. These results indicate that all scales
achieved a high degree of unidimensionality and, hence,
construct validity.
Criterion-related validity is concerned with the degree to
which the scales under study are related to an independent
measure of the relevant criterion.
The criterion-related validity of the measurement instrument was evaluated by computing the multiple correlation
(R) between the measures of the six independent variables
and SPI success. The multiple correlation coefficient was
0.76. Cohen [20] suggested that a multiple correlation
coefficient of 0.14 corresponds to a small effect size, that
coefficients of 0.36 correspond to a medium effect size, and
that coefficients above 0.51 correspond to a large effect size.
Thus, we conclude that the independent variables have a
high degree of criterion-related validity.
All in all, then, the results of reliability and validity
analyses showed that the instrument has desirable psychometric properties. A more detailed analysis and discussion
of the validity and reliability of these variables is presented
in [35].

3.5 Data Analysis Techniques
We used parametric statistics such as the Pearson productmoment correlation coefficient, the t-test, the F statistic, and
multiple regression analysis to analyze the data in this
study. Using such parametric tests for summated rating
scales, which are not strictly interval, does not lead, except
in extreme cases, to wrong statistical decisions [16], [76],
[94]. An important prerequisite, therefore, is that the
assumptions of these analyses be met.
The results of testing these assumptions showed that
kurtosis, skewness, and the one-sample KolmogorovSmirnov tests for all variables were within the acceptable
range for the normal distribution assumption. Also, the
assumptions of homoscedasticity, linearity, and independence of the error terms were supported, and no influential
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TABLE 4
Item Means, Standard Deviations, and Correlations among the Independent Variables

observations were identified. Furthermore, investigations of
collinearity and multicollinearity indicated no problems.
In other words, there were no extreme violations to the basic
assumptions underlying the chosen data analysis techniques that
could justify the use of less powerful nonparametric
statistics. All quantitative analyses were conducted using
SPSS.

4

RESULTS

Table 4 shows the means, standard deviations, and
correlations among the independent variables. Out of
15 correlations between the independent variables, two
have a correlation coefficient larger than 0.5. The highest
correlation (0.63) is between involved leadership and
business orientation.

4.1 Testing Individual Relationships
Hypotheses 1 through 6 consider the individual relationships between SPI success and each of the six independent
variables. The testing of these hypotheses calls for the use of

bivariate correlations. In addition, to examine each independent variable’s correlation with overall SPI success, we
also examined the correlations with each of the two
underlying success measures: perceived level of success
and organizational performance. However, appropriate
tests of the bivariate correlations require that the two
contextual factors, environment and organizational size, be
partialled from the analysis. Table 5 shows both the zeroorder correlations and the partial correlations when the
effects of the contextual variables have been removed
between the independent variables and each of the SPI
success measures.
The zero-order Pearson correlation results between
exploration of new knowledge and overall SPI success
showed a positive and significant correlation coefficient of
0.21 (p < 0:05). The zero-order correlations with perceived
level of success (r ¼ 0:15; p < 0:05) and organizational
performance (r ¼ 0:20; p < 0:05) were also positive and
significant. Furthermore, all partial correlations were
positive and significant, ranging from pr ¼ 0:18ðp < 0:05Þ
to pr ¼ 0:25ðp < 0:005Þ.

TABLE 5
Tests of Hypotheses H1-H6
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TABLE 6
Regression Analysis of Overall SPI Success

Similarly, all zero-order correlation results between the
remaining five independent variables and overall SPI success
showed large positive and highly significant correlations,
ranging from r ¼ 0:50ðp < 0:0005Þ to r ¼ 0:62ðp < 0:0005Þ.
In addition, all zero-order correlations with perceived level
of success and organizational performance were positive and
highly significant, ranging from r ¼ 0:34ðp < 0:0005Þ to r ¼
0:59ðp < 0:0005Þ. Furthermore, all partial correlations with
overall SPI success were positive and highly significant,
ranging from pr ¼ 0:48ðp < 0:0005Þ to pr ¼ 0:61ðp < 0:0005Þ.
Finally, all partial correlations with perceived level of success
and organizational performance were positive and highly
significant, ranging from pr ¼ 0:34ðp < 0:0005Þ to pr ¼ 0:59
ðp < 0:0005Þ.
Taken together, all zero-order and partial correlations
involved in testing Hypotheses 1 through 6 were significant
and in the hypothesized directions. This indicates support
for the validity of all major measures used in this research.
Thus, the findings in Table 5 support Hypotheses 1 through
6, along with the underlying assumption that SPI provides
increased levels of performance to the organization.

4.2 Testing Overall Relationships
We examined the joint contribution of the independent
variables to the explanation of SPI success as well as their
contribution to the variate and its predictions in order to
identify the critical factors for SPI success.
A “large” amount of the variance in SPI success was
defined as a large effect size, f 2  0:35, according to
Cohen’s (1988) categorization, where:
f2 ¼

R2
:
1  R2

ð1Þ

Given this relationship between effect size (f 2 ) and the
squared multiple correlation (R2 ), a large effect size of
f 2  0:35 corresponds to a squared multiple correlation of
R2  0:26 and a multiple correlation coefficient of R  0:51.
In order to make inferences about the multiple correlation, we used Konishi’s [62] extension of the Fisher r-to-Z
transformation to test the exact hypothesis that the
population value of R is large. That is, we tested the
modified null hypothesis

H70 :  < 0:51; against the alternative
H7A :   0:51:
The test statistic, CR , is referred to the normal distribution,
and given by:



 pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
K  1 þ 2
N 1
ð2Þ
CR ¼ ZR   
2ðN  1Þ
in which, ZR is the Fisher Z value corresponding to the
sample R value,  is the Fisher Z value corresponding to
the population  value stated in the null hypothesis, K is
the number of predictor variables, and N is the sample size.
The test statistic for the modified null hypothesis with
K ¼ 6 predictor variables, a sample size of N ¼ 120, and a
sample multiple correlation of R ¼ 0:76 was CR ¼ 4:26. In a
standard normal distribution, a value of 4.26 is highly
significant and, thus, falls outside the acceptance region for
the  ¼ 0:05 level. Hence, in light of the sample evidence,
we rejected the null hypothesis that the true value of the
multiple correlation is less than 0.51, and accepted the
alternate hypothesis that the six predictor variables significantly (p < 0:00005) explain a large amount (  0:51) of the
variance in SPI success.
The contributions of each independent variable to the
variate, however, differ substantially. As can be seen in
Table 6, two of the independent variables—involved leadership
and exploration of new knowledge—did not contribute significantly to the explanation of SPI success. Of the remaining four
significant variables, employee participation seems to be
associated with the highest explanatory power, since it
achieved the highest standardized regression coefficient
( ¼ 0:297; t ¼ 3:80; p < 0:0005). Next came business orientation ( ¼ 0:245; t ¼ 2:78; p < 0:01), followed by concern for
measurement ( ¼ 0:200; t ¼ 2:83; p < 0:01) and, finally, exploitation of existing knowledge ( ¼ 0:177; t ¼ 2:20; p < 0:05).
It is important to note, however, that the weights the
independent variables carry in the multiple regression
equation are always relative to the entire set of predictors
employed. That is, the predictive strength that some
independent variable seems to show for the dependent
variable may differ if the set of remaining variables is
altered.
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The two contextual factors were added to the model to
test the sensitivity of the variate to organizational size and
environmental turbulence. The estimated coefficients of the
independent variables of the original model were not
significantly changed by the introduction of the contextual
factors. The results hold for small, as well as large, software
organizations, and for organizations operating in stable as well as
in turbulent environments.
These results support the robustness of the original
regression model results. Furthermore, the model with the
two contextual factors added (R-square ¼ 0:59, adjusted
R-square ¼ 0:56; F ¼ 19:60; p < 0:0005) did not explain
significantly more variance as compared with the original
model (R-square ¼ 0:58, adjusted R-square ¼ 0:56; F ¼ 25:95;
p < 0:0005Þ.
In conclusion, the multiple regression analysis did not
support Hypotheses 2 and 6, provided that all hypotheses
are considered as one set. In other words, considering both
bivariate correlation analyses and the multiple regression
analysis, we find strong support for hypotheses 1, 3, 4, 5,
and 7, and partial support for hypotheses 2 and 6.

5

DISCUSSION

A quantitative survey was performed to investigate the key
factors of success in SPI. The results of the bivariate
correlational and multiple regression analyses showed that
SPI success depends critically on six organizational factors.
In the following, we discuss the insights that can be gained
for practitioners and researcher from these findings, the
limitations of the study, and some suggestions for further
research.

5.1 Practitioner and Researcher Insights
Organizational knowledge is created by ongoing experience
and experimentation of organizational members. Without
individuals who learn, there can be no improvement. The
fundamental role of managers and leaders is, thus, to shape
and create organizational contexts that are supportive of
and conducive to organizational learning and SPI.
First of all, business orientation, that is, the extent to which
SPI goals and actions are aligned with explicit and implicit
business goals and strategies, was identified as one of the
factors with the strongest influence on SPI success. This
supports the hypothesis that SPI success is positively
associated with business orientation.
This finding is important, and suggests that both
practitioners and researchers should direct significant effort
toward understanding shared domain knowledge between software and business executives. However, there are two basic
conditions for establishing such connections and making
communications between these groups effective. First, each
group must respect the expertise of the other, and must
acknowledge the relevance of that expertise to their own
problems. Second, each group must have sufficient knowledge and understanding of the other groups’ problems to be
able to communicate effectively about them.
It is important to remember that experience has shown
that such shared understandings are unlikely to occur
unless a sufficient number of members of each group have
had actual experience with the activities and responsibilities
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of the other group [85]. This suggests that the software
organization should be active in creating the possibilities for
such connections to be formed, for example, through
personnel rotation programs, and promotion and recruitment strategies.
The critical importance of a business orientation in SPI
suggests that software organizations should focus on both
short-term and long-term alignment of SPI goals with
business goals. They should focus attention on how to
achieve a high degree of mutual understanding of current
objectives as well as on how to achieve congruence of longterm SPI goals with business strategies.
Thus, the importance of aligning SPI goals with business
goals implies that if the SPI strategy is not kept in line with
changes in the business strategy, there is a risk that the
organization’s software processes may end up as a burden
rather than advance the business. Therefore, our results also
suggest that understanding the business and organizational
context is critical for achieving alignment between SPI
activities and business strategy, which in turn is of
paramount importance for the success of the SPI program.
Similarly, by viewing the organization as a living organism,
Zahran compared the introduction of a new process with
transplanting a new organ [98]; if the new process is not
aligned with the business strategy or does not match the
organization’s culture, it will be rejected by the “organizational” body.
Involved leadership—the extent to which leaders at all
levels in the organization are genuinely committed to and
actively participate in SPI—had a strong and highly
significant correlation with overall SPI success, which
supports the hypothesis that SPI success is positively
associated with involved leadership.
A surprising result, however, was the insignificant importance
of involved leadership in predicting SPI success. All the main
studies on which this investigation is based share a strong
belief in the importance of management commitment for
the successful implementation of SPI. Furthermore, the
quality management literature and the organizational
learning literature also seem to share a strong belief in the
importance of management commitment for improving
organizational performance. With this background, it is
surprising, both from a theoretical and practical perspective, that involved leadership, defined as the extent to
which leaders at all levels in the organization are genuinely
committed to and actively participate in SPI, is a nonsignificant predictor of SPI success. On the other hand, the
results are in agreement with Abrahamsson’s findings that
many SPI initiatives do not require management commitment beyond obtaining the resources needed [1]. There
could be several explanations for this seemingly surprising
result.
First, there is no common understanding of the role of
involved leadership or management commitment in SPI in
terms of conceptual definitions and operationalized measures [2], [35]. Therefore, we cannot know what is actually
meant by, e.g., management commitment in a particular
study and it will be difficult (if not impossible) to compare
the results of one study with those of another. So, until SPI
researchers can agree upon the conceptual definitions used
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to describe the phenomenon under study, we cannot go
beyond a face validity perspective and truly tell whether
findings are comparable or not.
Second, we found that multicollinearity should not have
a substantial impact on the estimated regression variate in
this investigation. However, the results of the multiple
regression analysis show that multicollinearity, nevertheless, does have an impact on the composition of the variate,
and that correlations among the independent variables may
make some variables redundant in the predictive effort.
This is the case for involved leadership and also for
exploration of new knowledge. However, this does not
reflect their individual relationships with the dependent
variable. Instead, it indicates that in a multivariate context,
they are not needed together with the remaining set of four
independent variables to explain the variance in SPI
success. Therefore, we cannot determine the importance of
involved leadership based solely on the derived variate,
since relationships with the other independent variables
may “mask” relationships that are not needed for predictive
purposes, but represent substantive explanatory findings
nonetheless.
Third, the role of management is often to ensure that SPI
goals and actions are closely aligned with business goals
and strategies, which is indicated by the highly significant
correlation coefficient of 0.63 in Table 4 between business
orientation and involved leadership. This suggests that
involved leadership is important through business orientation. This is also in agreement with Grady’s findings from
his longitudinal studies in Hewlett-Packard that business
aspects in the organization’s SPI efforts had a strong
influence on management commitment [48]. Furthermore,
Debou and Kuntzmann-Combelles argued that management commitment implies business orientation and vice
versa [29].
Finally, a large part of the published, and thus reviewed,
studies on quality management, organizational learning,
and SPI are from the US. There are, however, important
cultural differences between the US and Europe in general
[72] and between the US and Scandinavia in particular [41].
The Norwegian Work Environment Act, for example,
stipulates that the employer has to negotiate with the
employees before making “major changes” in production.
Also, in terms of Hofstede’s model (see [14]), the relatively
high degree of workplace democracy and sociotechnical
tradition in Scandinavian countries indicate that they might
have a smaller power distance and a more collectivist
culture than the US. This suggests a higher importance of
employee participation and a correspondingly minor
importance of involved leadership in predicting SPI success
in these countries. This is also indicated by the results of the
multiple regression analysis that showed that together with
business orientation, employee participation was the most
important factor in predicting SPI success.
Thus, together with business orientation, employee participation, i.e., the extent to which employees use their
knowledge and experience to decide, act, and take responsibility for SPI, was identified as the factor with the
strongest influence on SPI success. This supports the
hypothesis that SPI success is positively associated with
employee participation. This is not surprising and it
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supports previous research on the role of employee
participation in organizational management and development [26], [46].
Also, a multiple case study by Conradi and Dybå to
explore the diffusion of knowledge and experience in
software organizations [22], strongly support the importance of participation as a key factor for SPI success.
Similarly, a multiple case study of tailor made assessments
to focus software process improvement activities, showed
that a structured process emphasizing participation in each
and every step was a key factor for success [39].
This suggests that people tend to support what they have
participated in creating, or to use Berger and Luckmann’s
words [11]: “It is more likely that one will deviate from
programmes set up for one by others than from programmes that one has helped establish oneself.” Thus, we
learn a great deal more from our own experience than we
do from those who are experienced.
Concern for measurement—the extent to which the software organization collects and utilizes quality data to guide
and assess the effects of SPI activities—had a strong and
highly significant correlation with overall SPI success. This
supports the hypothesis that SPI success is positively
associated with concern for measurement and suggests that
significant progress in software development depends on an
ability to measure aspects of the process and the resulting
artifacts, and to make analytical judgments based on the results of
these measurements. Thus, a lack of measurement leads to a
lack of empirical validation of software techniques and
ultimately to an inability of the organization to evaluate
new (or old) ideas and to separate sound and useful
practices from current fads.
Traditionally, measurement systems are used to provide
upper management with data for decision making, and to
assess the effects of organizational actions. Although this is
still important, our concept of measurement not only
includes these traditional uses; it also includes availability
and feedback of data, and the use of data to guide SPI
actions. So, while measurement in itself can have a
significant effect on organizational behavior [73], our results
suggest that the most effective use of data for organizational
learning and SPI is to feed the data back in some form to the
organization’s members. Such feedback regarding actual
performance not only motivates change in the behavior of
individuals, groups, and organizations; it can also guide
change in a specific direction. However, in order for
feedback to change behavior through these mechanisms,
the data must be perceived as valid and accurate. Also, the
conditions surrounding the feedback process must support
the nonthreatening use of data for identifying and solving
problems.
This suggests that without clear and consistent feedback to
help monitor software teams’ progress toward their goals and
the effects of their actions, it is difficult to learn. Besides, our
results demonstrate that measurement is meaningless without interpretation and judgment by those who will make
decisions and take actions based on them. Within the context
of SPI, therefore, it is important that measurement systems are
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designed by software developers for learning, rather than by
management for control. Also, an important observation is that
a few measures that are directly related to the software
process are better than a multitude of measures that produce
a lack of focus and confusion about what is important and
what is not [40], [80].
Our findings thus suggest that data-based methods in
general and feedback, in particular, are effective tools for
the successful application of SPI, and that knowledge about
how things are can be a potential force that moves software
organizations toward how things should be.
Two fundamentally different learning strategies were
identified as part of our investigation: exploitation of existing
knowledge and exploration of new knowledge. Consequently, we defined learning strategy as the extent to
which a software organization is engaged in the exploitation of existing knowledge and in the exploration of new
knowledge. Both learning strategies had a significant
correlation with overall SPI success, which supports the
hypotheses that SPI success is positively associated with the
exploitation of existing knowledge as well as with the
exploration of new knowledge.
However, as in the case of involved leadership, exploration of new knowledge had an insignificant importance in
predicting SPI success. We see two plausible explanations for
this. First, as we explained with respect to involved
leadership, relationships with the other independent variables may “mask” relationships that are not needed for
predictive purposes, but represent substantive explanatory
findings nonetheless. Therefore, we cannot determine the
importance of exploration of new knowledge based solely
on the derived variate.
Second, our concept of exploration includes issues such
as innovation and creativity, questioning of “established”
truths, flexibility, minimum critical specification, and
diversity, which, within a sociotechnical perspective, can
be seen as closely related to conceptions of participation.
This is also indicated by the highly significant correlation
coefficient of 0.46 in Table 4 between employee participation and exploration of new knowledge, which suggests
that exploration of new knowledge is important through
employee participation.
With respect to the two contextual factors, we found that
the general results hold for small, as well as large, software
organizations, and for organizations operating in stable as
well as in turbulent environments. Still, a closer examination of organizational size showed that large successful and
small successful organizations differed fundamentally in
their respective approach to SPI, specifically with respect to
participation and their preferred mode of learning. Small
successful organizations reported higher levels of employee
participation and exploration of new knowledge than the
larger organizations (see [38]). This suggests that both
modes of learning are important for successful SPI. Moreover, it suggests that software organizations should balance
their learning efforts between exploitation and exploration.
It is also interesting to note that there was no difference
in the level of exploitation between small and large
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organizations regardless of the environment, while there
was a marked difference in the level of exploration. The
results showed that small software organizations engaged
in significantly more exploration in turbulent environments
than large software organization (see [36]), which suggests
that the main difference between small and large software
organizations is the ways in which they react to unstable and
changing stimulus situations.

5.2 Limitations
Although we have discussed several implications of our
results, the research reported here is not without its
limitations. First, the results have been discussed as though
the facilitating factors caused SPI success. However, the
investigation was cross-sectional and these assumptions of
causality are not technically justified. It is possible, for
example, that there are complex feedback mechanisms by
which performance in one time period is affected by
performance in previous periods [66]. Both success and
lack of success might very well be self-reinforcing. On the
other hand, there could also be negative feedback mechanisms by which SPI success or failure creates countervailing
tendencies. It is possible therefore that performance below
target levels increases organizational efforts and, thus, the
likelihood of subsequent success. Accordingly, success can
also be seen as a trigger for adjustments in the opposite
direction through decreased innovation or increased slack.
Therefore, many of the facilitating factors that seem likely to
influence SPI success can themselves be influenced by prior
success or lack of success. Finding the “true” causal
structure of SPI success based on incomplete information
generated by prior experience is, therefore, problematic.
Second, although generally accepted psychometric principles were used to develop the measurement instrument,
the variables were still measured on the basis of subjective
performance definitions. Performance measures such as the
return on investment, net present value, and payback
periods are often regarded as objective measures. However,
attempts to provide objective definitions of such measures
may be as open to criticism as subjective definitions [12],
[35], which points to a general problem of defining and
measuring success in studies of SPI. The question, therefore,
is not whether such measures are subjective or not, but
what purpose they serve.
Finally, a further complication is that the independent
variables were assessed using retrospective recall. This
involves a risk for the introduction of retrospective bias. It is
possible, therefore, that performance information itself
colors subjective memories and perceptions of possible
causes of SPI success or failure. Software organizations are
constantly worried about their performance, and “common
wisdom” has many explanations for good and poor
performance. As a result, retrospective reports of independent variables may be less influenced by memory than by a
reconstruction that connects common wisdom with the
awareness of performance results [66].
Despite these limitations, this study contributes to the
growing literature on empirical software engineering
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research and provides empirical support for the importance
of organizational issues in SPI.

5.3 Future Work
SPI success measurement is a controversial issue and more
research is needed to study it. Several levels of analysis are
possible—e.g., individual, group, process, and organization
—each with complex interactions with the others. Also,
several, and possibly conflicting, dimensions (e.g. faster,
better, and cheaper) and viewpoints (e.g., economic,
engineering, organizational, and sociotechnical) are relevant. Further research should be related to the study of new
and improved measures of SPI success, comparison of
measurement instruments, and validation of SPI success
measures.
In addition, context variables, such as organizational size
and environmental turbulence, did not play an important
role in predicting SPI success in this study. However, under
other circumstances, the independent variables of the
present study could act as moderating or mediating
variables in other studies. Further research is therefore
needed to investigate the importance of such variables to
several types of SPI problems and to validate the
approaches proposed for solving them. Such studies should
combine factor research with process research in order to
provide satisfactory levels of external validity. This way, we
can tailor software engineering methods and improvement
strategies to better help software organizations succeed
with their unique business of software.
There are certainly other directions for further research.
However, the value of any such future work depends on the
specific goals of each particular investigation.

6

CONCLUSION

The study focused on identifying the key factors for success
in SPI by a quantitative survey. The results indicate support
for all of the hypotheses in the proposed model and
demonstrate the existence of important factors for SPI
success. From a theoretical perspective, these findings add
an important new dimension to empirical software engineering research in that they verify the importance of
organizational factors for SPI success. From a practical
perspective, this suggests that, rather than trying to imitate
technical procedures, software organizations should focus
their SPI efforts on creating an organizational culture within
which these procedures can thrive. This differs substantially
from that found in most of the existing SPI literature, which
focuses almost entirely on software engineering tools and
techniques. Overall, from both theoretical and practical
perspectives, an important new insight from this research is
that organizational issues are at least as important in SPI as
technology, if not more so.

APPENDIX
Measurement Instrument
A more detailed analysis and discussion of the validity and
reliability of the operationalized measures for the variables
in this study can be found in [35]. Cronbach’s alpha is
shown in the parenthesis for each measure.
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Business Orientation ( ¼ 0:81)
1. We have established unambiguous goals for the
organization’s SPI activities.
2. There is a broad understanding of SPI goals and policy
within our organization.
3. Our SPI activities are closely integrated with software
development activities.
4. Our SPI goals are closely aligned with the organization’s
business goals.
5. We have a fine balance between short-term and
long-term SPI goals.
Leadership Involvement ( ¼ 0:87)
6. Management is actively supporting SPI activities.
7. Management accepts responsibility for SPI.
8. Management considers SPI as a way to increase
competitive advantage.
9. Management is actively participating in SPI activities.
10. SPI issues are often discussed in top management
meetings.
Employee Participation ( ¼ 0:80)
11. Software developers are involved to a great extent in
decisions about the implementation of their own work.
12. Software developers are actively contributing with SPI
proposals.
13. Software developers are actively involved in creating
routines and procedures for software development.
14. We have an ongoing dialogue and discussion about
software development.
15. Software developers have responsibility related to the
organization’s SPI activities.
16. Software developers are actively involved in setting
goals for our SPI activities.
17. We have an ongoing dialogue and discussion about
SPI.
Concern for Measurement ( ¼ 0:81)
18. We consider it as important to measure organizational
performance.
19. We regularly collect quality data (e.g. defects,
timeliness) from our projects.
20. Information on quality data is readily available to
software developers.
21. Information on quality data is readily available to
management.
22. We use quality data as a basis for SPI.
23. Our software projects get regular feedback on their
performance.
Exploitation of Existing Knowledge ( ¼ 0:78)
24. We exploit the existing organizational knowledge to
the utmost extent.
25. We are systematically learning from the experience of
prior projects.
26. Our routines for software development are based on
experience from prior projects.
27. We collect and classify experience from prior projects.
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28. We put great emphasis on internal transfer of positive
and negative experience.
29. To the extent we can avoid it, we do not take risks by
experimenting with new ways of working.*

[5]

Exploration of New Knowledge ( ¼ 0:85)
30. We are very capable at managing uncertainty in the
organization’s environment.
31. In our organization, we encourage innovation and
creativity.
32. We often carry out trials with new software
engineering methods and tools.
33. We often conduct experiments with new ways of
working with software development.
34. We have the ability to question “established” truths.
35. We are very flexible in the way we carry out our work.
36. We do not specify work processes more than what are
absolutely necessary.
37. We make the most of the diversity in the developer’s
skills and interests to manage the variety and
complexity of the organization’s environment.

[8]

Organizational Performance ( ¼ 0:76)
1. Our SPI work has substantially increased our software
engineering competence.
2. Our SPI work has substantially improved our overall
performance.
3. Over the past three years, we have greatly reduced the
cost of software development.
4. Over the past three years, we have greatly reduced the
cycle time of software development.
5. Over the past three years, we have greatly increased our
customers’ satisfaction.
Environmental Conditions ( ¼ 0:80)
1. Stable
t1u
u
t2u
t3u
t4u
t5u
t6t
u 7 Unstable
2. Predictable u
t1u
t2u
t3u
t4u
t5u
t6u
t 7 Unpredictable

[6]
[7]

[9]

[10]
[11]
[12]
[13]

[14]

[15]
[16]
[17]
[18]

[19]
[20]
[21]
[22]

*Starred items were removed from the final instrument and
should not be used.
[23]
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