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ABSTRACT Business Process Improvement (BPI) projects open avenues of success for organizations in this
highly competitive era. However, most of these projects are not completed due to various reasons identified
in past studies making it an area of active research. Using the Taguchi method, this paper identifies industry
relevant factors that are most critical to success of a BPI Project in the Telecom sector. Data collected from
business process managers and teams was used in evaluating the factors that significantly affect BPI project
success through Taguchi Method. The experimental results and findings enable the managers of Telecom
organizations to conduct successful BPI projects by guiding them about the factors that are determined to
be highly critical to success. Vision, skills, resources, incentives and action plan were determined as critical
factors that lead the BPI project towards success. The primary contribution of this research is the proposed
methodology and the design of experiment based on the Taguchi Method to determine levels of critical
factors in the services sector where this has limited application as compared to the manufacturing industry.
The practical implications of this research relate to providing concise directions to ensure success of BPI
Projects in the Telecom sector prior to execution of the project. A significant contribution of the research is
its practicability in implementation across different industries.

INDEX TERMS Business process improvement (BPI), critical success factors (CSFs), change accelerated
process (CAP), Taguchi, robust design, orthogonal array (OA).

I. INTRODUCTION
This era of rapid technological growth and global markets
calls for adaptable and continuously improving organizations
and their business processes. This adaptability to change
and improvement becomes more important for technology
driven industries [1], [2]. Telecom industry worldwide and
specifically in Pakistan is facing challenges in view of rapidly
changing technology, evolving customer requirements and
varying business dynamics. The competition is becoming
fierce day by day, demanding that the organizations improve
continuously to pace up with the challenges and demands.
Consequently, business process management departments in
the telecom organizations strive to meticulously plan and
undertake business process improvement (BPI) projects and
business process redesign (BPR) where radical redesign of
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the process is required. However, BPI projects are a risky
proposition owing to cost, time, resources constraints and
risks [3], [4]. The subject of BPI has been researched exten-
sively due to the fact that 60-70% of the improvement projects
fail and are not completed [4]–[6]. The key problems identi-
fied behind failure of BPI projects are the lack of acknowl-
edgement of the risks that potentially confront organizations
for successful implementation. These risks identified lie in
the people, process and product paradigm [7]. Other fac-
tors include ill-defined scope, lack of planning, management
support and engagement by resources. Specifically for the
services sector, the problem has some additional dimensions
like the quality of service, response time and performance
enhancement [8]. Generally, the main focus has been on
process design, configurations of information systems and
process enactment based on information and communication
technologies (ICT). The areas involving intangible factors
related to employees and customers have not been extensively
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explored in literature. Moreover, the impact of culture, moti-
vation, and people side of BPI needs further exploration
specifically with respect to services sector [9].

To the best of the author’s knowledge, no BPI application
for the services sector exists that is based upon the Taguchi
Method. Current implementations of Taguchi method are on
customer satisfaction [10] and quality of service [11] yet there
is lack of work done for BPI implementation using Taguchi.

The objective of this research is to apply Taguchi method
in the service sector (Telecom industry) for ascertaining lev-
els of enabling factors required for successful implementa-
tion of BPI projects. An industry relevant robust design for
BPI implementation in the telecom industry is presented.
The literature on contributing factors for the success of BPI
projects was studied. These factors were grouped together
under the five elements of change identified by GE’s Change
Acceleration Process (CAP) which is a widely implemented
CAP model that ensures the success of change management
projects [12]. BPI projects are essentially change manage-
ment projects and are uniquely critical since they impact the
domains of multiple business functions [5].

A significant feature of this research is the use of primary
data collected from business process managers (BPMs) and
team leads in the telecom industry. This data was used for
design of experiments and application of Taguchi method
to determine levels of the key factors that contribute in the
success of a BPI project.

The key contribution of this research are:
1. An application of Taguchi Method in the services

sector.
2. Industry relevant robust design for BPI implementa-

tion to support success of BPI projects in the Telecom
industry.

The paper is organized as follows. The next two sections pro-
vide the literature review and identify research gaps. Experi-
mental setting is briefly discussed in section IV. The research
methodology adopted for designing the Taguchi experiment
is explained in section V followed by the analysis and results
of experiments in section VI and discussion on the results is
presented in section VII. Finally, the paper is concluded along
with a description of its practical implications and futurework
in section VIII.

II. LITERATURE REVIEW
There is rich literature on the implementation of BPI projects
which identifies critical success factors (CSFs) or critical
failure factors (CFFs) along with implementation strategies
and approaches. Other research includes case studies, knowl-
edge management, culture, organizational BPI fit, models
and frameworks to facilitate BPI and post implementation
organizational impact [13]. This has provided grounds for
enlisting many potential CSFs that contribute towards suc-
cessful implementation of a BPI project.

We have attempted to summarize the CSFs found in the
literature over the period of last two decades. The litera-
ture on the contributing factors has matured and evolved

in presence of global competition, rapidly changing busi-
ness environment, developing technologies and tools. One
of the earliest studies [14] suggests that BPI initiatives are
successful if they are aligned with organizational strategy.
Some papers identified other CSFs like appointment of
process owners, organizational leaders and leadership and
communication [15]–[19].

Other studies have shed light on people training, empow-
erment, supporting organizational structure and performance
measurement as the CSFs [20], [21]. Resource management
was also identified in some papers [22], [23]. Focus on
customer needs was identified as a CSF [24], [25]. The
use of BPI software tools was considered critical to success
[26]–[28]. In some recent studies, environment has emerged
as a CSF [22], [29], [30].

This analysis of the literature provided an extensive list of
CSFs determined over the last couple of decades. In an effort
to finalize the most significant CSFs, the factors identified
were filtered using the frequencymethod setting the threshold
to minimum of four citations. To categorize the identified
factors and align them with an existing model, the Change
Acceleration Process Model (CAP) was selected. This model
provides a set of principles for accelerating the implementa-
tion process; ensuring success [12]. CAP mainly focuses on
the people and culture aspects of the process. Vision, skills,
incentives, resources and action plan are the five key elements
of change that contribute to accelerating the implementation.
The researchers have grouped the CSFs into these elements,
named as the ‘‘control factors’’. A group of five experienced
business process managers (BPMs) also verified the group-
ing which conformed with literature references as presented
in Table 1 below.

The design of experiment presented in this paper incorpo-
rates these control factors and their impact on BPI implemen-
tation success.

III. IDENTIFICATION OF RESEARCH GAP
There is a lack of robust approaches for BPI implemen-
tation [58], [59]. Taguchi provides a robust approach [60]
by identifying controllable factors (vision, skills, resources,
incentives and action plan) that minimize the effect of the
uncontrollable (noise) factors. During experimentation we
determine optimal control factor settings that make the pro-
cess or product robust, or resistant to variation from the noise
factors [61]. As already suggested, Taguchi based process
improvement models for the services sector have not been
extensively studied in literature and primary focus has been
on manufacturing sector only. It has been recommended to
apply Taguchi’s technique for the improvement of various
parameters in service sector also [62]. This research addresses
the identified gap. The next section discusses the parameters
for the Taguchi experimental design.

IV. PARAMETERS FOR THE DESIGN OF EXPERIMENTS
In order to develop a robust design for BPI project implemen-
tation that ensures success, the design of experiments (DOE)
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TABLE 1. The five control factors critical to success of a BPI project.

methodology was adopted which makes use of purposeful
changes to the input factors, in order to monitor the changes
in the response. DOE is proven to be cost effective since
it provides focus and deliberative directions to the activity
under study [63].

This research incorporates the Taguchi method as a static
optimization problem where the best levels of control factors
have been identified. The optimization approach adopted in
this research uses the signal-to-noise ratio to identify those
control factors that reduce variability. The signal-to-noise
ratio measures how the response varies relative to the nom-
inal or target value under different noise conditions. This
section mentions different parameters that were chosen for
conducting the experiments. For this purpose the research has
used the five elements of change finalized from the literature
as the control factors which are expected to desensitize the
impact of other (noise) factors. A systematic overview of
necessary parameters is presented below:

A. FACTORS AND LEVELS
The five factors identified as the result of the literature review
are selected as the control factors, which are vision, skills,
resources, incentives and action plan. Each of these factors
were experimented with their levels according to the data
collected on the 5 point Likert scale [64] (strongly disagree

to strongly agree). Further explanation of these factors and
levels is in the next section.

B. DEGREES OF FREEDOM
It refers to the number of ways a system can independently
vary when a constraint is imposed [65].

Degrees of Freedom = (Df = S− 1)

where S is the number of levels

Total DoF =
∑k

i=1
[Sk − 1]

In this case the there are five factors at five levels so the
degrees of freedom are 20.

C. NUMBER OF EXPERIMENTAL RUNS
The number of experimental runs are derived using the
following formula:

Texperiments = 1+
∑k

i=1
[Sk − 1]

In this case the minimum number of experimental runs is 21.

D. ORTHOGONAL ARRAYS
Taguchi method uses orthogonal arrays (OA) to enable the
study of a large number of factors with smaller number of
experimental runs. The use of OA radically reduces the num-
ber of experimental runs without compromising validity of
experiments thus reducing costs and time [63]. UsingMinitab
software (version 18), the appropriate Orthogonal Array (OA)
for our experiment was L25 which should be greater than or
equal to the number of experimental runs derived. The L25

array with 5 factors and 5 levels is presented in TABLE 2 as
follows:

TABLE 2. Orthogonal array Taguchi, P = 5, L = 5.

The advantage of using orthogonal arrays is that each
factor can be evaluated independently without influence from
other factors, i.e. the factors do not affect each other during
estimation.
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E. SIGNAL TO NOISE RATIO
Process parameter optimization in Taguchi Method uses
Signal-to-Noise (S/N) Ratio. It keeps the mean value of the
signal closer to the target by detecting control factors and
neglecting the impact of uncontrollable factors. When higher
response factor is desired for the process e.g. quality, effi-
ciency, reliability etc, ‘‘larger the better’’ as represented by
eq (1) is used. Since the research goal was to increase success
probability of BPI projects, therefore, larger the better was
used for analysis [65]. This ensured robustness, minimum
impact of noise factors and reduction of response variability.

Formula:

[S/N ]L = −10 log10[MSD] = −10 log10
∑

(1/µ2)/n

(1)

where:
MSD is mean standard deviation
µ is signal mean
n is number of trials

V. METHODOLGY
This research uses a quantitative approach involving design
of experiments using primary data collected through a self-
administered questionnaire [11], [64], [66]. Further details
about the research instrument and sample are discussed
below:

A. QUESTIONNAIRE DESIGN
The questionnaire (provided in Appendix) was adapted from
literature to assess the impact of the five control factors
mentioned above [13], [29]. The respondents were asked to
form their opinion on the basis of BPI projects they had
executed in the past when responding to the questionnaire
and rate the presence of the key elements using a five point
Likert Scale (representing the five levels for each control
factor respectively).

B. FACE VALIDITY
After careful selection of questions from the literature, face
validity of the questionnaire was checked [67].The procedure
for face validity was adopted from the guidelines derived
from the review of the literature [68]. Questionnaire items
were presented to experts who reviewed each item and
marked them in terms of their relevance to the construct
intended to be measured. The items were marked ‘‘1’’ if
they were not relevant, ‘‘2’’ if they were somewhat relevant
and ‘‘3’’ if they were totally relevant. The questions that
had 80% of responses as totally relevant were then included
in the questionnaire. The final questionnaire had 39 items
(questionnaire attached as Appendix).

C. SAMPLE AND SAMPLING COMPOSITION
The sample for the research was business process managers
(BPMs) and BPI team leads who had the experience of par-
ticipating in at-least three successful BPI projects in major

telecom organizations in Pakistan. Purposive sampling tech-
nique was used to collect data. A pilot study was conducted
first and 38 responses were collected. The reliability anal-
ysis was performed and Cronbach alpha was 0.929 which
was considered adequate indicating reliability of the research
instrument. Data collection efforts were launched after which
104 out of the 123 designated managers responded with a
response rate of 84%.

VI. ANALYSIS AND RESULTS
This section presents the results of the analysis conducted on
the collected data. The Taguchi method is performed using
Minitab 18. Experiment is performed in services related sce-
nario, where instead of a tangible and physically measureable
product, an ongoing process is to be analyzed and experi-
mented. Therefore, an improvised approach is used ensuring
all the 21 experimental runs are administered [11], [69], [65].
Thus a coding sheet given in Table 3 was developed that
ensures execution of each experimental run. The percentage
of responses based on the count of responses under each
category were calculated. This provided the score for each
variable in each category.

TABLE 3. Code sheet.

The Orthogonal array L25 provides the guidelines for each
level of control factor. The Signal to Noise ratio (eq 1) and
mean is calculated for each experimental run. The results are
shown in Table 4.

As discussed in the methodology ‘‘larger the better’’
approach has been used for calculation of the signal to noise
ratio. Experimental run # 4 provided the best result with the
signal to noise ratio of 47.33. In an attempt to find the best
levels of performance of each factor, the signal to noise ratios
were further analyzed.

The ranking of the process parameters was obtained from
S/N ratio table. This order was determined by comparison
of delta values which is equal to the difference between
maximum and minimum values for levels of each factor.
Table 5 shows the order of importance or rank of each factor
for the success of a BPI project according to S/N ratio.
It shows that vision is most important factor for the success of
a BPI project, while skills is the second most important factor
and resources being the third most important factor followed
by incentives and lastly action plan.

The response table for means given in the Table 6 shows
the rankings as vision being the most important factor.
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TABLE 4. Signal to noise ratio calculations.

TABLE 5. Response table for signal to noise ratios (larger is better).

Action planwas the second important factor followed by skill,
resources and incentive.

The Main effects plot for SN ratios (Figure I) also show
the most optimum levels of each factor for robust result. The
figure clearly depicts that vision, skill, incentive resources
and action plan are important and should be present for the
success of a BPI project.

The next step towards finalizing the findings is to perform
analysis of variance on the data in order to find the contri-
bution of each factor to BPI project success. The results thus
achieved are presented in the table 7:

Results show that the p-value for all five factors is less
than 0.05 indicating a significant relation of the factors

TABLE 6. Response table for means.

FIGURE 1. Main effects plot for s/n ratio.

with project success. The contribution of each factor can
be observed in Table 7 which shows that vision has the
maximum contribution of 29.63%, followed by action plan
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TABLE 7. Analysis of variance for transformed response.

having 22.27%, and resources, skills and incentives each
contributing 18.13%, 16.31% and 13.6% respectively.

VII. DISCUSSION
The purpose of this research was to apply Taguchi method for
determining levels and impact of the factors that significantly
impact the success of the BPI implementation. The factors
were meticulously extended from the change acceleration
process that is beingwidely use as a changemanagement tool.
Change acceleration process primarily focuses on cultural
change relying on people; performers and communication to
achieve desired results [12]. The key finding of this research
supports the initial proposition that BPI implementation with
CAP involving control factors related to people management
is more likely to result in a successful implementation. This
finding linked with CAP is a different view from the preva-
lent success factors frequently found in literature [52]. The
use of Taguchi method to determine the factors critical to
successful implementation adds to its uniqueness. The design
and execution of Taguchi method for service scenarios where
every control factor cannot be controlled at different levels
is an additional impact of the study. After wide application
in manufacturing industries, a visible research trend using
design of experiments now exists in improving the service
lifecycle in service sector. Some examples include appli-
cation in the hotel industry for improving service quality
by focusing customer satisfaction [70], optimization of user
experience in mobile applications by studying subjective and
subconscious quality characteristics of user experience [71],
identification of healthcare service quality dimensions and
their effects on patients using a Taguchi experiment [72],
proposal of an improved framework based upon quality and
reliability engineering and its application to study and evalu-
ate existing airport services and generate new service design
for ensuring customer satisfaction [73]. The common thread
in these applications is improvement is customer experience
and satisfaction regardless of the application domain. This
research identifies skills and incentives as critical factors
which relate to employee development, however, these fac-
tors indirectly contribute to customer satisfaction.

The research also implies that the contribution of all the
control factors analyzed in terms of the defined criteria is
necessary for successful implementation of BPI projects.

Vision encompasses the concepts of realizing value of the
BPI intervention throughout the organization, along with
complete understanding of the process. It also involves ample
emphasis on communication (both upward and downward),
prioritized resource allocation for BPI projects, involvement
of stakeholders and leadership to enable continuous improve-
ment. Skillful appointment of process owners and people
change management focusing on the skill set of the employ-
ees is also essential for BPI implementation. Performance
measurement when tailored to incentivize the employees
participating in the BPI project facilitates the implementa-
tion. Supporting organizational structure, people training and
empowerment are major resources that need to be considered
for BPI implementation. The action plan for BPI implemen-
tation must focus on customer needs and requirements with
active scope change management thus designating a compre-
hensive improvement road map.

Success factors were also ranked based upon S/N ratio and
means according to their impact on BPI success. The S/N
ratio ranked vision as top factor with maximum contribution
towards successful BPI implementation. The second most
important factor was skill development and resources was
the third most important factor for successful BPI imple-
mentation. The mean rankings rated vision as the top factor,
while a comprehensive action plan was the second most
important and skills being the third most important factor
for successful implementation. The contribution of each of
these factors to BPI success was determined. It was found that
contribution of vision in successful implementation is very
critical having about 30% of impact on the project. Complete
and comprehensive action plan contributes around 22% to
the successful implementation. Similarly skills have 18%
contribution in successful implementation. Thus 70% of the
implementation success is ensured if the practitioners focus
entirely on these three critical factors. This is a significant
finding as it complements the existing literature dealing with
BPI implementation as a process; placing importance on the
focus and control, rather than relying on the people centric
factors [74], [75].

Skills and incentives both are directed towards employee
development. This requires top management focus in invest-
ing in these areas to ensure implementation success and
customer satisfaction as suggested in past studies [41], [76].

The research finally suggests two factors that are most
critical to success of a BPI initiative as vision and skills.
Shared vision for improvement within the organization cre-
ates a learning culture promoting the improvement imple-
mentations. Investing in employees and improvement centric
skill development also benefits the organizations by ensuring
successful implementation of BPI projects.

VIII. CONCLUSION
The robust BPI project implementation factors determined
in this research guide the business process manager with
directions enabling BPI project implementation success
by making it insensitive to other uncontrollable factors.
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TABLE 8. Research questionnaire.
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The findings of the research have equipped the BPI project
actor with levels of the key factors that play a vital role in the
success of a BPI project. This is a fresh perspective, shedding
light on people management rather than the prevalent process
approach towards BPI implementation.

BPI project actor should ensure that the BPI initiative
is aligned with the shared vision of the organization. The
vision setting must involve the organizational stakeholders
and leadership. Complete communication plan and resource
allocation plans must be shared amongst all the stakeholders
of the BPI Project and the leadership.

The next action item to be put in place is the development
of the skillset that will further expedite and enable the BPI
project. This is achieved when a skillful BPI manager is
appointed and complete focus is on people change manage-
ment. The next step is incentivizing the BPI project members
by devising proper performance management tools. Support-
ing organizational structure, ample training and empower-
ment are powerful resources that should be allocated and
accounted for in order to ensure BPI success. Consequently,
a complete and concise action plan must be put in place that
should account for the process improvement roadmap along
with scope change management.

A. PRACTICAL IMPLICATIONS
This research identifies the pre-requisite control factors
which if taken care of before launching the BPI project
ensure BPI success. The benefit of using Taguchi approach
is to minimize the chances of losses in terms of cost and
time over-runs since these experiments have identified the
conditions for success in advance, well before launching the
initiative. The framework is designedwith the help of telecom
industry BPMs, teams and consultants making it applicable
and relevant to this industry. The telecom industry is unique
in terms of the technological advances and fierce competition
it faces due to multiple external and internal factors. These
findings provide directions to BPM teams to ensure project
success.

B. LIMITATIONS AND FUTURE WORK
The research is limited to the telecom industry of Pak-
istan which is a rapidly evolving industry facing challenges
on technological, political, financial and human resource
aspects. For a telecom organization to survive it must adapt
rapidly undergoing constant improvements by executing con-
tinuous BPI projects. The control factors thus identified can
be studied and verified for use in different industries facing
similar challenges and also for different geographical loca-
tions. This research can be extended in future to incorporate
additional factors including noise factors as well in the design
of the experiment. The application of Taguchi method in a
lesser researched service sector provides researchers a fresh
perspective for future work.

APPENDIX
See Table 8.
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