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Abstract

Purpose – Much of the practitioner literature touts the universal benefits of process management
and its impact on operational performance. However, in academic literature, empirical evidence is
mixed. The purpose of this study is to investigate the role of the competitive intensity on the
effectiveness of process management.

Design/methodology/approach – Survey data from manufacturing plants were collected from
through a global research project. Regression analysis was used to test hypotheses.

Findings – The influence of process design on efficiency and innovation performance is not
dependent on competitive intensity; however, the impact of process improvement and process control
on efficiency and innovation performance is in some instances moderated by competitive intensity.

Research limitations/implications – The inclusion of competitive intensity as a contingency
variable helps to explain the contextual impact of process management on efficiency and innovation.

Practical implications – Process management can be an effective tool if the levels of process
design, control, and improvement are customized to fit with the competitive environment.

Originality/value – This is one of the few studies to empirically examine process management as
three core elements. Previous studies utilized a single construct of process management or multiple
manufacturing practices such as customer/supplier involvement, statistical quality control, process
focus, and cross-functional teams to measure process management. Using this measurement approach
demonstrates how process management can influence both efficiency and innovation.

Keywords Innovation, Efficiency, Process management, Manufacturing, Competitive intensity

Paper type Research paper

Introduction
Due to today’s competitive pressures, organizations must engage in activities that will
generate high performance and a competitive advantage. However, in order to
effectively compete over time, organizations have to perform well in both efficiency
and innovation. The changing nature of a dynamic environment requires organizations
to compete through innovation and adaptability but also maintain productivity (Brown
and Eisenhardt, 1997; Tushman and Anderson, 1986). Many organizations have turned
to process management initiatives like Lean and Six Sigma as a means to help achieve
and sustain this type of competitive advantage with mixed success. Trying to achieve
these dual dimensions of performance often poses a potential issue for plants
implementing process management (Sitkin et al., 1994; Sutcliffe et al., 2000).
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Process management is described as the design, control, and improvement of
processes (Evans and Lindsay, 2005). Quality gurus such as Deming and Juran charge
that process management is universally beneficial to any organization. However,
research results on the impact of process management on efficiency related performance
measures are mixed. Ahire and Dreyfus (2000), for example, reported that process
management positively impacted performance, while others have showed that process
management has no real impact on operational performance (Samson and Terziovski,
1999; Nair, 2006).

Existing literature also suggests that process management requires a tradeoff between
innovation and efficiency outcomes. Process management is positioned as a management
practice that places too much attention on improving efficiency, thereby hindering a firm’s
ability to focus on innovation through exploration (Benner and Tushman, 2002). Benner
and Tushman (2003) argued that process management practices stabilize organizational
processes and create an environment focused on searching for easy opportunities to gain
efficiency. A study by Singh and Smith (2004) found no significant relationship between
process management and innovation. However, Kim et al. (2012) and Prajogo and Hong
(2008) did find that process management had a significant positive relationship with
innovation performance in their studies.

Whereas previous research has focused on the direct effects of process management
on operational performance, the resulting paradoxical outcomes may actually be
resolved by including environmental contextual variables (Nair, 2006) and decoupling
performance into more specific measures (Wong et al., 2011). A tenet of contingency
theory is that organizational outcomes are influenced by the fit between the
environmental context and the organization’s processes and structures (Donaldson,
2001). A growing body of operations management literature is using environmental
contingency perspective to examine the moderating impact of environmental variables.
Chavez et al. (2013) examined the moderating effect of industry clock speed on the
relationship between internal lean practices and operational performance. This study
found that lean practices had a positive relationship with quality, flexibility, and
delivery in environments with low clock speed, yet a universally positive relationship
with cost. Santos-Vijande and Álvarez-González (2007) found that market turbulence
moderated the relationship between TQM and technology innovation. Environmental
uncertainty was used as moderator variable in Wong et al. (2011). The study
discovered that some links between supply chain integration and operations
performance measures was influenced by environmental uncertainty.

Similar to these studies, some researchers have suggested that the effectiveness of
process management is dependent on the task environment which is representative of
the competitive market environment (Sutcliffe et al., 2000; Sitkin et al., 1994). Empirical
research has yet to examine how the competitive environment dynamics faced by an
organization moderate the effectiveness of process management, thus we seek to fill
this gap in the literature and add to the operations literature stream investigate the
effects of environmental contingencies. The objective of this study is to examine the
moderating role of the competitive environment on the relationship between process
management and performance. Specifically, this research study seeks to address the
following two research questions:

RQ1. How does process management relate to innovation and efficiency
performance?
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RQ2. How does competitive intensity influence the impact of process management
on efficiency and innovation performance?

Apart from previous studies, an alternate view of process management is used in this
analysis. Process management is analyzed through its three components of process
design, process improvement, and process control. The potential impact of the fit of
process management with the competitive environment is explained using contingency
theory. Regression is used to test for moderation by examining the interactions of
process management and competitive intensity. The next section will provide the
theory and hypotheses development. This is followed by a description of the data,
analysis, and results. The article concludes with a discussion of the findings,
contributions, and future research ideas.

Theory and hypotheses
Theoretical foundation
Process management, as positioned by Evans and Lindsay (2005) and Juran and Godfrey
(1999), consists of three distinct dimensions: process design, process improvement, and
process control. Process control is defined as monitoring existing process conditions to
ensure stability and consistent performance (Juran and Godfrey, 1999). Process
improvement is the changing of existing processes to enhance performance. Process
design is the development and implementation of new processes and may be associated
with new product innovation (Deming, 1986; Ahire and Dreyfus, 2000). The traditional
view of process management hinges on the concepts of process control and process
improvement, but all three components are critical aspects of process management
(Silver, 2004).

Theory relating process management and performance draws upon the
organizational routines and contingency theory literature. Routines are patterns of
interactions that occur repeatedly, therefore, a process is an organizational routine
(Becker, 2004). Nelson and Winter (1982) describe organizational routines as a repeated
pattern of behavior subject to change based on conditions. These routines can be viewed
as a source of stability or flexibility (Feldman and Pentland, 2003) and are developed,
maintained, and revised as needed. Routines that modify routines are described as
meta-routines (Adler et al., 1999). Consequently, process management can be considered
a meta-routine. Process control is a mechanism to maintain organizational processes
and ensure stability. Process design and improvement change routines by either
enhancing existing processes or creating new ones.

Some researchers consider process management to be a management initiative that is
universally beneficially to organizations (Deming, 1986; Juran and Godfrey, 1999). This
best practice philosophy and institutionalization of practices are exemplary of the
institutional theory mimicry argument (Scott, 2001). As organizations become more
effective and successful with the use of various management initiatives, other
organizations begin to adopt these same actions as best practices. Omitted from this
theoretical perspective is consideration of various environmental situations and their
influence on the effectiveness of these practices (Benson et al., 1991; Sitkin et al., 1994;
Sousa and Voss, 2001; Ketokivi and Schroeder, 2004b).

Competitive intensity can be defined as the strength of competitors’ ability to influence
a focal firm’s action and is an organization level phenomenon driven by perceptions of the
external market environment (Barnett, 1997). As the intensity of competition increases,
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organizations are forced to become more innovative with products and processes in order
to remain competitive. Auh and Menguc (2005) noted that:

[. . .] when the competition is less intense, firms can operate with their existing systems to
fully capitalize on the transparent predictability of their own behavior. However, when
competition is intense, firms will have to adapt accordingly.

Thus, the level of competitive intensity of an organization’s external environment may
play a pivotal role in the effectiveness of that organization’s process management
efforts. Process management is proposed to have a significant relationship with
efficiency and innovation performance contingent on the level of competitive intensity.
Figure 1 illustrates the conceptual model.

Process management and efficiency
To be efficient, plants must quickly and effectively produce product with little waste.
Gains in efficiency occur by producing a consistent product that conforms to product
specifications. Process control focuses on identifying and removing defects and
reducing process variation (Juran, 1992). Employees increase their ability to identify
defects because of the learning that occurs from actively performing the same
recurring tasks (Repenning and Sterman, 2002; Upton and Kim, 1998). Process control
can reduce the need for rework, thereby favorably impacting process cycle time and
efficiency (Hackman and Wageman, 1995; Klassen and Menor, 2007).

Process improvement ideas also come through incremental learning. As employees
become more proficient in their tasks, ideas are generated on how to change the
existing process to be more efficient. This knowledge is often created through the use
of cross-functional teams and other knowledge creation and sharing practices
associated with process improvement (Choo et al., 2007; Mukherjee et al., 1998).
Increased productivity is a product of continuous process improvements that reduce
errors, reduce variance, lower cost, and improve cycle time ( Juran and Godfrey, 1999).
Hence, process improvement can also result in gains in efficiency.

Figure 1.
Conceptual model

Process Control

Process Improvement

Process Design

Competitive
Intensity

Efficiency

Innovation

Plant PerformanceProcess Management

Control variables
Country
Industry
Size
Process type
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Efficiency can also be a result of the development and implementation of new processes
associated with process design techniques. Capabilities can be significantly enhanced
by adopting changes in new technology, processes, and people (Adler and Clark, 1991;
Repenning and Sterman, 2002). However, disruption due to the introduction of new
processes may not lead to more efficient operations until organizations have adapted
to the new technology (Leonard-Barton, 1988). Yet, over time, it is assumed that the
new processes will lead to better operating performance (Tyre and Hauptman, 1992).
Thus, it is expected that:

H1. Process control positively influences efficiency performance.

H2. Process improvement positively influences efficiency performance.

H3. Process design positively influences efficiency performance.

Process management and innovation
High technical innovation performance requires flexibility and is a result of an
organization successfully adapting its processes and products to changes in the
environment (Donaldson, 2001; Abu Baker and Ahmad, 2010). Innovation is the
process that connects new ideas to new processes and products (Aboelmaged, 2012)
and requires organizations to go beyond learning from repetition, defect correction, and
a desire for reducing process variation. The development of new technologies and
products requires that organizations engage in practices that foster creativity,
flexibility, and experimentation (Das and Joshi, 2011). Experimentation leads to a
better understanding of causation that is not apparent through repetition (Fiol and
Lyles, 1985). Experimentation and flexible routines are keys to learning that can lead to
better innovation performance (Benner and Tushman, 2003).

Process control is centered on minimizing variation and considered a hindrance to
the variability that is associated with the launch of a new process (Benner and
Tushman, 2003). However, other management research on innovation argues that
control is critical for flexible adaptation. Some variance reduction efforts may help
innovation by reducing some uncertainty associated with the development of a new
product or process (Eisenhardt and Tabrizi, 1995), however, according to Benner and
Tushman (2002), they also constrain an organization from engaging in the higher order
learning activities that are needed for process innovation. Organizations often get
trapped in a learning cycle focused on making incremental process adjustments,
minimizing their ability to engage in knowledge creation activities which lead to
product and process innovation (Argyris, 1976; March, 1999). Focusing on process
control may detract from those organizational efforts that can foster a competitive
advantage in the area of innovation, therefore, negatively impacting innovation
performance.

Alternately, innovation performance can be positively impacted by process
improvement and process design. Some new products are built off of existing
platforms that do not require a radical redesign or a new process (Tushman and
Anderson, 1986), but need improvements to existing processes. However, the competitive
landscape for innovative firms is always changing and the assumptions that the existing
processes are built on may no longer be correct, thus requiring the development of new
processes (Hammer and Champy, 1993). Process design is necessary for radical
technology changes which support innovation (Benner and Tushman, 2003)
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and is essential for innovative plants to remain competitive (Evans and Lindsay, 2005).
Even for products that require new technology or processes, process improvement may
still be necessary (Tyre and Hauptman, 1992). Incremental process improvements can be
beneficial during the transfer or scale up of a newly designed process into a
manufacturing setting. Process improvement and design practices support the flexibility
and experimentation that is needed to foster innovation:

H4. Process control negatively influences innovation performance.

H5. Process improvement positively influences innovation performance.

H6. Process design positively influences innovation performance.

Impact of competitive intensity
The seminal work of Katz and Kahn (1978) and Lawrence and Lorsch (1967) brought to
the forefront the important role of the environment and its effect on the design and work
of organizations. Katz and Kahn (1978) highlighted organizations as open systems
impacted by and responsive to environmental factors. Thus, it is essential that the
environment is reflected in organizational processes. Lawrence and Lorsch (1967)
extended systems theory and proposed that organizational effectiveness is influenced
by the degree of fit between an organization’s structure and processes and its
environment. The basic tenet of this contingency theory is that the processes of an
organization must match its environmental context in order to be effective (Drazin and
Van de ven, 1985). In a dynamic environment, the existing structures and processes may
no longer be suitable and organizational performance may suffer. In order to remain
competitive, organizations are forced to change to achieve the necessary level of fit to
enhance their performance (Donaldson, 2001). Dynamic competitive environments exist
in organizations that compete on either low cost or differentiation (Porter, 1980).
Competitive pressures reside in different strategic settings requiring organizations to
understand their competitive environment and choose processes that are most effective
within that context.

Each element of process management can help to achieve gains in efficiency, but the
magnitude of these gains is contingent on the environment. In highly competitive
environments, it is more difficult to achieve competitive priorities of cost, quality,
delivery, flexibility, innovation, and service (Ward and Duray, 2000). When operating
in a highly competitive environment, organizations have to implement management
initiatives that are going to result in greater productivity. Gains in efficiency can occur
by producing a consistent product and continually improving existing processes.
But as competition increases, these aspects of process management become even more
necessary. In failing to adopt these practices, a plant is unlikely to keep pace with
productivity gains achieved by competitors who are implementing better processes
and utilizing superior equipment and technologically advanced tools.

In a competitive environment, plants may also be forced to create new or redesigned
processes more frequently as they try to thrive in a rapidly changing environment
(Donaldson, 2001). However, plants in a less competitive environment will not have to
create new processes as often. Plants in a fiercely competitive environment should
experience a greater operational benefit from process management than plants in a less
competitive environment:
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H7. Competitive intensity will positively moderate the relationship between
process control and efficiency performance.

H8. Competitive intensity will positively moderate the relationship between
process improvement and efficiency performance.

H9. Competitive intensity will positively moderate the relationship between
process design and efficiency performance.

Process management has been criticized as a management system that focuses too
heavily on reducing variation and errors in a process. Process control is focused on
maintaining stability in an organization through carefully monitoring existing
processes. Organizations have limited resources and capabilities, and when firms focus
on efficiency-supportive activities, it leaves less room for innovation-supportive
activities. Process control restricts an organization’s ability to be flexible to changes and
can negatively influence innovation performance. This negative relationship will be
exaggerated in a highly competitive environment where change is essential to survival.

Changing processes and creating new processes are essential to adapting to
technological change and competitive pressures. This is heightened in a dynamic
competitive environment where the level of adaptation needed is higher than in a static
environment. So, process improvement and design should have an even stronger effect
on innovation performance as the intensity of competition increases:

H10. Competitive intensity will negatively moderate the relationship between
process control and innovation performance.

H11. Competitive intensity will positively moderate the relationship between
process improvement and innovation performance.

H12. Competitive intensity will positively moderate the relationship between
process design and innovation performance.

Methods
Data collection
Data were collected from 238 manufacturing plants as part of the high performance
manufacturing (HPM) global research project. This is an international study that
contains data from eight countries across the machinery, electronics, and transportation
parts supplier industries. These three industries cover a range of market and product
characteristics, which increases the opportunity to generalize results. In addition,
manufacturing plants serve as a more mature setting for studying process management.
Plants are randomly selected from a number lists such as Industry Week Best Plant
Award winners, Shingo Prize winners, and industry lists. The countries were chosen
because they represent much of the industrialized manufacturing in the world. Sample
summary is listed in Table I. A collection of surveys is sent to each facility in order to
gather data at multiple levels of the plant to increase reliability of responses.

The response rate across countries is about 65 percent. This is due to obtaining
consent to participate in the study was obtained from plants prior to mailing
questionnaires. Non-response bias was examined by comparing early respondents to
late respondents (Armstrong and Overton, 1977). A two-sample t-test was conducted
on sample characteristics of total number of employees, total sales value of production,
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market share, and the independent and dependent variables in this study. There were
no significant differences ( p . 0.05) between early and late respondents. In addition,
the issue of common respondent bias between the independent and dependent
measures is minimized since the measures have multiple and different respondents and
are measured on different Likert scales (Maruyama, 1998).

Independent variables
The scales for process design, process control, and process improvement were developed
based on a similar two step approach used by Menor and Roth (2007). An extensive
literature search on measuring process management was conducted to generate a list of
scale items. Subject matter experts in business process management used a Q-sort
procedure to narrow down measurement items and provide content validity. A validation
sample was used to confirm the scale items for the three factors. The psychometric
properties for process design, process control, and process improvement are also listed in
Appendix 1. Three factors emerged using principal components analysis with varimax
rotation (Hair et al., 2006). Measurement items loaded on the anticipated factor with no
significant cross-loadings and all loadings were greater than 0.40. The reliability measure
of Cronbach’s a for process design, process control, and process improvement are
acceptable at 0.73, 0.86, and 0.76, respectively, (Cronbach, 1951).

The items, measured on 1-7 Likert scale of strongly disagree to strongly agree, can be
found in Appendix 1. There were multiple respondents for each measurement item.
The respondents included direct laborers, supervisors, a quality manager, a process
engineer, a plant superintendent, and a plant manager. The respondents work closely
with the manufacturing process and would have adequate knowledge of the plant’s
process management activities. There was an average of eight respondents per plant for
each process management measurement item. Inter-rater agreement was examined to
determine whether responses should be aggregated (Boyer and Verma, 2000). All scales
were above the criteria of 0.70 for the within-group agreement metric ( James et al., 1984),
therefore responses were aggregated to the plant level for each scale.

Competitive intensity scale is measured on a 1-7 Likert scale of strongly disagree to
strongly agree. Boyd et al. (1993) noted that subjective measures of the environment can
possibly introduce a large degree of error because the measure relies on the ability of the
respondent to accurately assess the environment. To reduce the perceptual bias, multiple
respondents (plant manager, plant superintendent, and process engineer) answered the
measurement items. Inter-rater agreement is above 0.70, and Cronbach’s a is 0.69.

Dependent variables
The measurement item responses for innovation and efficiency were obtained from
the plant manager and are listed in Appendix 2. Innovation is measured by items

Austria Finland Germany Italy Japan Korea Sweden USA Total

Electronics 10 14 9 10 10 10 7 9 79
Machinery 7 6 13 10 12 10 10 11 79
Transportation parts
suppliers 4 10 19 7 13 11 7 9 80
Total 21 30 41 27 35 31 24 29 238

Table I.
Sample summary
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related to new product introduction and product innovation similar to Devaraj et al.
(2001). Efficiency is measured by common operations measurement items related to
speed, cost, and quality (Ahmad and Schroeder, 2011; Flynn et al., 1995). All items are
measured on a 1-5 Likert scale of low to superior relative to global, industry
competition. Principal component analysis with varimax rotation revealed two
dimensions. The resulting factor structure can be found in Appendix 2 with all factor
loadings greater than 0.40. Cronbach’s a for innovation performance is 0.77 and
0.72 for efficiency performance.

Control variables
Country and industry are included in the analyses as control variables to take
into consideration differences in performance that may be due to location or industry
characteristics. Additionally, plant size, measured as the natural logarithm of total
number of employees, is included as a control variable. Process type is also included as
a control variable. It is based on the approach of Devaraj et al. (2001), which creates a
process index (1-5) based on the percentages of various process types (one of a kind,
small batch, large batch, line flow, or continuous flow) operating in the facility.

Descriptive statistics and correlations are shown in Table II.

Analyses
Hierarchical regression analysis using ordinary least squares (OLS) was used to assess
the impact of process design, control, and improvement on innovation and efficiency
performance and the moderating effect of competitive intensity. This analysis
technique will test whether the moderating variable additional explains variation in the
dependent variable after accounting for direct effects. Several regression models were
tested for each dependent variable. The base model includes control variables. The
second model includes the control variables plus main effects of process design,
process improvement, process control, and competitive intensity. The third full model
includes all of the previous variables plus the interactions of competitive intensity with
each element of process management. At each regression step, the significance in the
change in R 2 was tested to determine overall significance of the added variables.

Correlation
Variables Mean SD 1 2 3 4 5 6 7 8

1. Innovation
performance 3.43 0.760 0.78a

2. Efficiency
performance 3.55 0.570 0.498 * * 0.72

3. Design 4.98 0.680 0.308 * * 0.392 * * 0.73
4. Improve 5.47 0.480 0.197 * * 0.302 * * 0.512 * * 0.76
5. Control 4.64 0.930 0.175 * 0.263 * * 0.605 * * 0.539 * * 0.86
6. Competitive

intensity 5.64 0.639 0.081 * 0.144 * * 0.327 * * 0.196 * * 0.196 * * 0.69
7. Size 6.00 1.029 0.161 * 0.117 0.238 * * 0.091 0.197 * * 0.255 * * –
8. Process type 3.06 1.402 0.054 0.176 * 0.101 0.006 0.281 * * 0.103 0.337 * * –

Notes: Significant correlations at: *p , 0.05 and * *p , 0.01; aCronbach’s a is displayed along the
diagonal for measurement scales; it does not apply to size and process type

Table II.
Descriptive statistics,

correlations, and scale
reliabilities
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A significant change in R 2 means that moderation may exist. In that case, the
significance and direction of the b-coefficients were examined to test the hypotheses.
Significant interactions were further studied using two interaction-probing
techniques of conditional effect plots (Kutner et al., 2005) and simple slope analysis
(Jaccard et al., 1990).

Homoscedasticity, normality, presence of outliers, and multicollinearity were
examined prior to performing the regression analyses (Hair et al., 2006). Analyses of
the residuals plotted against the predicted values exhibited no violation of
homoscedasticity, and a plot of the standardized residuals supported the normality
assumption. An examination of the independent and dependent variables shows that
there were no observations with a standard score ^2.5, indicating that there were
no outliers present (Kutner et al., 2005). The data were mean-centered prior to creating
the interaction terms to reduce the effect of multicollinearity (Kutner et al., 2005).
Additionally, the variance inflation factor was found to be less than 3.0 indicating no
multicollinearity issues (Cohen et al., 1983).

Results
Efficiency performance
The regression results for the relationship between process design, improvement, and
control and efficiency performance can be found in Table III. For full model 3,

Model 1 Model 2 Model 3
b a SE b SE b SE

Constant 3.041 0.330 3.408 0.334 3.455 0.334
Electronic 20.040 0.111 20.138 0.108 20.121 0.108
Auto suppliers 0.083 0.109 0.000 0.106 0.006 0.104
Finland 20.075 0.190 20.206 0.182 20.235 0.182
Germany 0.289 0.179 0.070 0.185 0.051 0.184
Japan 0.145 0.192 0.104 0.198 0.166 0.202
Sweden 20.109 0.199 20.156 0.193 20.185 0.193
Italy 0.070 0.189 20.014 0.181 20.044 0.181
Korea 0.329 0.226 0.139 0.231 0.149 0.228
Austria 0.193 0.219 20.121 0.227 20.131 0.226
Plant size 0.031 0.051 0.005 0.050 20.006 0.050
Process type 0.044 0.038 0.036 0.037 0.033 0.037
Process control (PC) 20.010 0.059 20.017 0.058
Process improvement (PI) 0.137 * 0.056 0.130 * 0.056
Process design (PD) 0.165 * 0.068 0.171 * * 0.067
Competitive intensity (CI) 20.065 0.056 20.069 0.057
PC £ CI 0.060 0.063
PI £ CI 0.093 * * * * 0.058
PD £ CI 20.001 0.061
R 2 0.100 0.223 0.254
Change in R 2 0.123 * * * 0.031 * * * *

Adj. R 2 0.042 0.153 0.170
F 1.731 3.195 * * * 3.105 * * *

Notes: Significant at: *p # 0.05, * *p # 0.01, * * *p # 0.005 and * * * *p # 0.1; aunstandardized
b-coefficient reported

Table III.
Regression results for
efficiency performance
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the addition of the interaction terms of competitive intensity and each element of
process management yielded an overall significant regression model and change in R 2

with an adjusted R 2 of 17 percent. Results show that that neither the interaction terms
of competitive intensity with process control nor process design is significant. The
interaction term of competitive intensity with improvement (H8) and the main effect
of process improvement (H2) are both significant at the p # 0.05 level. The main
effect of process control is not significantly related to efficiency performance; however,
process design is significantly positively related to efficiency performance ( p # 0.01)
and supportive of H3.

Innovation performance
The results for the overall significance and change in R 2 for the hierarchical regression
models with innovation performance as the dependent variable are listed in Table IV.
The change inR 2 is statistically significant as main effects and interactions are added to
the model. The full model, model 6, is significant with an adjusted R 2 of 10.2 percent.
Both the interaction terms for competitive intensity with control and with improvement
are statistically significant in their respective predicted directions, providing support
for H10 and H11. The interaction of competitive intensity with process design is not
significant; however, the main effect of process design is highly significant at the
p # 0.005 level, supporting H6.

Model 4 Model 5 Model 6
b a SE b SE b SE

Constant 2.7576 0.4191 3.0797 0.4355 2.9279 0.4353
Electronic 0.065 0.141 0.001 0.141 20.038 0.141
Auto suppliers 20.038 0.138 20.109 0.137 20.109 0.136
Finland 20.146 0.242 20.259 0.237 20.156 0.238
Germany 0.250 0.227 20.071 0.240 20.017 0.239
Japan 0.029 0.243 20.153 0.257 20.051 0.263
Sweden 20.100 0.252 20.181 0.251 20.144 0.251
Italy 20.163 0.240 20.264 0.236 20.175 0.231
Korea 20.270 0.286 20.565 * * * * 0.300 20.580 * * * * 0.297
Austria 20.095 0.278 20.497 * * * * 0.295 20.436 0.293
Plant size 0.102 0.065 0.084 0.066 0.098 0.066
Process type 0.025 0.049 0.030 0.049 0.041 0.047
Process control (PC) 20.065 0.076 20.069 0.078
Process improve (PI) 0.048 0.074 0.062 0.073
Process design (PD) 0.285 * * * 0.088 0.270 * * * 0.088
Competitive intensity (CI) 20.095 0.073 20.111 0.074
PC £ CI 20.170 * 0.082
PI £ CI 0.129 * * * * 0.069
PD £ CI 0.025 0.072
R 2 0.074 0.158 0.191
Change in R 2 0.085 * * * 0.033 * * * *

Adj. R 2 0.014 0.082 0.102
F 1.227 2.081 * 2.144 * *

Notes: Significant at: *p # 0.05, * *p # 0.01, * * *p # 0.005 and * * * *p # 0.1; aunstandardized
b-coefficient reported

Table IV.
Regression results for

innovation performance
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Analysis of interaction effects
Significant interaction effects in multiple regressions should be further explored to
better understand the meaning of the interaction (Jaccard et al., 1990; Aiken and West,
1991). The previous analysis provides statistical evidence of the existence of
interactions, but additional analytic techniques are needed to address the strength and
nature of the effect ( Jaccard et al., 1990).

There are several probing procedures for interactions, but the simple slope analysis is
most widely used (Bauer and Curran, 2005). In this procedure, the slope and intercept are
calculated for specific intervals of the moderator variable. Moderator variable values at
the first, 50th, and 99th percentile of the observed data are used to represent low,
medium, and high values, allowing examination of the statistical significance of the
interaction at the complete range of scale values. A computational tool developed by
Preacher et al. (2006) is used to compute and test the significance of the slopes using a
t-statistic.

The results of the post hoc analyses of the significant interactions are listed in
Table V and graphically displayed using conditional effects plots in Figures 2-4.
Conditional effects plots are often used to visually show the relationship between the
independent and dependent variables conditioned on different levels of the moderator
variable (Kutner et al., 2005).

Probing the impact of competitive intensity on the relationship between process
improvement and efficiency shows that at each level (low, medium, and high), the
increasing regression coefficient shown in Table V is statistically significant at p # 0.05,
supporting H8. Figure 2 illustrates this relationship which shows that as competitive
intensity increases, the relationship between process improvement and efficiency
becomes stronger. Likewise in Table V, the results show that the interaction of
competitive intensity with process control is statistically significant ( p # 0.05) at all
three levels of competitive intensity. In Figure 3, as the moderator variable of
competitive intensity moves from low to high, the slope becomes more negative.

Y ¼ efficiency,
X ¼ process improvement

Y ¼ innovation,
X ¼ process control

Y ¼ innovation,
X ¼ process improvement

Simple
slope SE t p

Simple
slope SE t p

Simple
slope SE t p

Low
competitive
intensity
(first
percentile) 0.490 0.221 2.217 0.027 20.730 0.327 22.235 0.027 0.561 0.282 1.991 0.048
Medium
competitive
intensity
(50th
percentile) 0.665 0.322 2.065 0.040 21.050 0.479 22.193 0.030 0.804 0.409 1.965 0.051
High
competitive
intensity
(99th
percentile) 0.760 0.377 2.016 0.045 21.223 0.562 22.176 0.031 0.935 0.479 1.952 0.053

Table V.
Results of simple
slope analysis
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This supports the earlier finding for H10 that process control has a greater
negative impact on innovation as competitive intensity increases.

Interestingly, in Table V, the correlation between process improvement and
innovation moves from significant ( p # 0.05) to marginally significant ( p . 0.05) as
competitive intensity increases. At low levels of competitive intensity, there is a
significant positive relationship between process improvement and innovation.
However, at the medium and high levels of competitive intensity, the relationship is

Figure 2.
Impact of competitive

intensity moderating the
relationship between

process improvement
and efficiency
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still positive as shown in Figure 4, but is less statistical significant. In this situation,
another method called the “regions of significance” can provide additional information
as to “over what range of the moderator the effect of the focal predictor is significantly
positive” (Bauer and Curran, 2005). First developed by Johnson and Newman (1936),
a region of significance procedure identifies the moderator values at a selected statistical
criteria level of a. Choosing a of 0.05 and using Preacher et al. (2006), it is determined
that inside the region where competitive intensity is between 1.65 and 5.1 on a scale
from 1 to 7, there is a statistically significant positive relationship between process
improvement and innovation. Outside of this range, competitive intensity does not
significantly moderate the relationship between process improvement and innovation at
the 0.05 significance level. This means at higher levels of competitive intensity, process
improvement does not have statistically significant positive relationship with
innovation. Table VI provides a summary of the outcomes of the tested hypotheses.

Discussion
The objective of this study was to examine the impact competitive intensity has on the
relationship between the elements of process management and plant level efficiency
and innovation performance. The results indicate that process control is not related to
competitive efficiency performance. These findings are similar to prior studies that
also found no significant relationship between process control practices and
operational performance (Nair, 2006; Samson and Terziovski, 1999; Powell, 1995).
This does not provide any indication that process control is not critical to operational
performance; it is more likely that process control is a necessary condition for
operations. Evans and Lindsay (2005) noted that process control is an essential element
to have in place prior to improving and re-designing processes. Process control is the

Figure 4.
Impact of competitive
intensity moderating the
relationship between
process improvement and
innovation
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foundational piece to overall process management making it a necessary for
organizations, yet it is not enough to provide a competitive advantage.

Process design is positively related to efficiency performance. Oftentimes, plants
decide to design new processes with the aim of become more efficient. This can be
triggered by competition, advances in technology, or problems with the current process.
Newer processes may include increased automation or other productivity saving
mechanisms (Hill, 2000). Additionally, when new products are introduced, “design for
manufacturing requirements in terms of labor-cost reduction through increase
automation and other labor-saving opportunities” are investigated during the process
design phase (Hill, 2000). The intensity of competition does not significantly alter the
relationship between process design and efficiency performance, giving support for the
notion that this element of process management is universally beneficial, regardless of
competitive environment.

Process improvement is also related to efficiency performance. When competitive
intensity increases, process improvement has a greater impact on efficiency performance.
This is aligned with previous research studies. In competitive environments, organizations
are forced to compete on the dimensions of cost, quality, and delivery (Ward and
Duray, 2000). To be competitive, they must be able to manage their cost, improve their
quality, and/or deliver product to the market quickly and on-time. Continuous
improvement of processes is vital to beating the competition on these performance
dimensions (Flynn et al., 1995). Incremental changes can keep an organization competitive
(Benson et al., 1991).

With regard to innovation performance, process design efforts are positively related
to innovation performance, in spite of the level of competitive intensity. The success of
new products can be affected by the design of the manufacturing process. Over time,
more organizations are moving to concurrent engineering, where new products and
processes are designed simultaneously (Koufteros et al., 2001). Process design draws on
higher levels of learning that require exploration to create the new processes that may go
along with the new products. Effective process design aids in getting higher quality
products to the market faster, resulting in an advantage over the competition (Hill, 2000).

Process control was found to have a more negative impact on innovation performance
as the level of competition increases. Trying to maintain existing processes in a highly
competitive environment can result in decreased innovation performance.

Hypothesis Result

H1 Process control is positively related to efficiency Not supported
H2 Process improvement is positively related to efficiency Supported
H3 Process design is positively related to efficiency Supported
H4 Process control is negatively related to innovation Not supported
H5 Process improvement is positively related to innovation Not supported
H6 Process design is positively related to innovation Supported
H7 Competitive intensity positively moderates control and efficiency Not supported
H8 Competitive intensity positively moderates improvement and efficiency Supported
H9 Competitive intensity positively moderates design and efficiency Not supported
H10 Competitive intensity negatively moderates control and innovation Supported
H11 Competitive intensity positively moderates improvement and innovation Partially supported
H12 Competitive intensity positively moderates design and innovation Not supported

Table VI.
Summary of tested

hypotheses
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In rapidly changing environments, time spent maintaining processes may not be
advantageous. Organizations that spend a lot of time on process control are weakened
because they are maintaining processes that will soon be outdated, instead of developing
new processes that will keep them competitive.

Under low to moderate levels of competitive intensity, process improvement has a
positive effect on innovation performance. This is interesting because it suggests that
process improvement can improve innovation performance in environments in which
competitive pressures are present but not at extremely high levels of competitive
intensity. This result supports similar findings from Kim et al. (2012) which found that
innovation performance can be enhanced by process improvement capabilities.
However, additional we found that in a fierce competitive environment, process
improvement does not significantly influence innovation performance. This finding
partially supports prior management literature that suggests that process improvement
hinders a firm’s ability to focus on innovation through exploration (Benner and
Tushman, 2003). These results aid in further understanding the complex relationship
between process improvement and innovation. One explanation for this finding may be
that, at lower levels of competitive intensity, more incremental innovation occurs. This
type of innovation can benefit from process improvement, since it places more attention
on exploiting the existing processes. However, at high levels of competitive intensity,
organizations are often forced to compete with more radical innovation because of the
new products and processes introduced by others in the industry. In this context, as the
dynamics of the market rapidly change, organizations may need to implement newer
processes. Plants in an intensively competitive environment should focus more on
process design, which will impact innovation performance.

Conclusion
Research contribution
The main contribution of this essay is the examination of process management as a
multidimensional phenomenon that can have a varied effect on performance, depending
on the level of competitive intensity. Scholars have discussed process management as
consisting of distinct elements (Juran and Godfrey, 1999; Silver, 2004; Hammer, 2002), but
this is one of the few studies to empirically examine process management as three core
elements. Previous studies utilized a single construct of process management or multiple
manufacturing practices such as customer/supplier involvement, statistical quality
control, process focus, and cross-functional teams to measure process management. Using
this measurement approach demonstrates how process management can influence both
efficiency and innovation. In addition, this study provides further insight into the
paradoxical outcomes of previous studies. The inclusion of competitive intensity as a
contingency variable helps to explain the contextual situation of when the elements of
process management can significantly impact efficiency and innovation.

Even though there may appear to be a conflict between innovation and efficiency,
organizations can pursue both performance goals (Kotha and Swamidass, 2000;
Rosenzweig and Easton, 2010). The findings support the perspective that process
management can be tailored to achieve a certain type of performance (Sutcliffe et al.,
2000). When process management is broken down into the components of design,
control, and improvement, organizations do not have to sacrifice innovation
performance. Instead, they should shift their emphasis among the three dimensions
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of process management depending on the level of competitive intensity. This study
provides evidence that environmental context matters when investigating the impact
of process management and should be considered in future studies. In addition, this
work provides empirical support for the notion that process management is beneficial
for organizations that encounter the more flexible situations often associated with
innovative organizations. Although process control can hinder innovation, it is the
design of new processes and the improvement of existing processes that give the plant
the ability to be effective at efficiency and innovation. Organizations like Motorola
have demonstrated that process management and innovation can co-exist in the same
organization (Crockett, 2006).

Practical implications
In addition to the research contributions, this study has practical implications. Process
design is becoming increasingly important for plants that focus on new product
development and innovation. As firms engage in activities like concurrent engineering,
a process management program that focuses on process design, such as design for
Six Sigma, can support these efforts. But the key insight from this study is that process
management can be an effective tool if the levels of process design, control, and
improvement are a fit with the competitive environment. In terms of today’s process
management programs like Six Sigma (which focuses on process improvement and
process control) and design for Six Sigma (which focuses on process design), the two
programs can coexist in a healthy fashion in a plant. With process management,
organizations do not have to sacrifice innovation performance. Levels of process
design, control, and improvement can be customized to enhance innovation and/or
efficiency performance, which is an important aspect of managerial decision-making.

Limitations and future research
There are several limitations associated with this study that can generate exciting
future research opportunities. First, our analysis uses only perceptual measures of
performance. Ketokivi and Schroeder (2004a) showed that perceptual measures were
valid proxies for objective measures, but objective measures are relatively free from
measurement error (Devaraj et al., 2001). Subsequent studies could include objective
measures for innovation and efficiency performance.

Second, this study uses cross-sectional data. It is probable that the introduction of a
new process or process improvement does not immediately result in better efficiency
(Repenning and Sterman, 2002). The delay due to learning or noise from process
disruption may not diminish for some time (Adler and Clark, 1991). A longitudinal
study would be able to monitor the effects of process management on efficiency over a
period of time.

Additionally, the environment was proposed as a moderating variable using
contingency theory. Contingency theory is based on the concept of fit, and there are
many types of fit that can be tested (Venkatraman, 1989). Although the model tested in
this study is warranted, alternate models of moderation and mediation should be
explored. For example, environmental characteristics may not only moderate the
relationship between practices and performances, but also drive practices. Strategic
and structural variables may have a similar relationship (Ketokivi and Schroeder,
2004b).
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Finally, this study does not distinguish the type of competitive environment.
For example, using Porter’s (1980) conceptualization of strategic focus, one could
position Wal-Mart and UPS in low-cost competitive environments, where Motorola and
3M are in differentiation-focused competitive environments. These may impact the level
of process design, process control, and process improvement. Future research should
consider exploring the mediating and/or moderating role of organizational structure,
plant level strategy, and other aspects of environmental dynamism. Through these
additional studies, researchers can provide managers with more information on the
appropriate management initiatives to advance under various organizational contexts.

In spite of these limitations, this research study has established that elements of
process management have a diverse impact on efficiency and innovation performance.
More importantly, it shows that organizational context does play a role in the
effectiveness of process management. Using process design, control, and improvement
as a means to study process management is a significant contribution to the literature.
With this approach, additional research can be performed that may provide more
valuable insights on process management and its relationship to other operations
management concepts.
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Appendix 1
Please indicate the extent to which you agree or disagree with each of the following statements
about this plant and organization: 1 – strongly disagree, 2 – disagree, 3 – slightly disagree,
4 – neutral, 5 – slightly agree, 6 – agree, 7 – strongly agree.

Appendix 2
Indicate how your plant compares to its competition in your industry, on a global basis: 1 – poor, low
end of industry, 2 – equivalent to competition, 3 – average, 4 – better than average, 5 – superior.

Factor
loadings

Process design
Our processes are effectively developed and implemented 0.717
We pay close attention to the organization and skill changes needed for new processes 0.840
We strive to be highly responsive to our customers needs 0.504
Processes in our plant are designed to be “foolproof” 0.498
Process control
A large percent of the processes on the shop floor are currently under statistical quality
control 0.881
We use charts to determine whether our manufacturing processes are in control 0.816
We monitor our processes using statistical process control 0.870
Charts plotting the frequency of machine breakdowns are posted on the shop floor 0.612
Information on quality performance is readily available to employees 0.650
Process improvement
We strive to continually improve all aspects of products and processes, rather than taking a
static approach 0.696
We believe that improvement of a process is never complete; there is always room for more
incremental improvement 0.559
Problem solving teams have helped improve manufacturing processes at this plant 0.687
Management takes all product and process improvement suggestions seriously 0.445
Competitive intensity
We are in a highly competitive industry 0.827
Our competitive pressures are extremely high 0.773
We do not pay much attention to our competitors (reverse) 0.608
Competitive moves in our market are slow and deliberate, with long time gaps between
companies’ reactions (reverse) 0.695

Table AI.
Independent measures

Factor loadings

Efficiency performance
Unit cost of manufacturing 0.623
Conformance to product specificationsa

On time delivery performance 0.589
Inventory turnover 0.838
Cycle time (from raw materials to delivery) 0.794
Innovation performance
Speed of new product introduction into the plant 0.843
On time new product launch 0.749
Product innovativeness 0.826

Note: aItem was delete
Table AII.

Dependent measures
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