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To characterize the process of lead-time reduction in EPC project-based organizations, including the engineering, procurement,
and construction activities, various elements such as organizational issues, firm resources, used methods and techniques, and
performance measuring tools are important. In this study, the four mentioned elements are evaluated through a survey in different
EPC project-based organizations. *e survey is sent to only experts and managers who are involved in EPC projects, and the
obtained data is used to test the relationship between the mentioned variables and the lead time of developing new products. *is
evaluation is followed by a set of generalized lessons learned and courses of action to improve the development process.
Additionally, the attributes of performance measurement in such projects are scrutinized.*erefore, to analyze the impacts of the
mentioned variables and their variations on the performance measurement, a mathematical model based on the fuzzy approach is
developed.*e results show that all of the four considered variables are correlated to the lead time and affect the quality perceived
by the main client and the cost of the project. Moreover, data obtained from the proposed mathematical formulations illustrated
that the fuzzymodeling approach is an effective method to predict the performancemeasurement level when the levels of the input
variables are given.

1. Introduction

In today’s economic world, most organizations are looking
to find the factors that create competitive advantages re-
garding the new product development (NPD) [1]. *e de-
velopment of new products helps organizations to maintain
their competitive and monopoly position in the market.
Introducing the development of new products’ strategies,
models, and processes plays a crucial role for all types of
organizations and their long-term survival [2–4].

Competitive markets force small- and medium-sized en-
terprises (SMEs) to move and improve themselves from the
designing process to the engineering one. *erefore, SMEs
that can fulfill the customer needs regarding features and
quality of products can successfully enter the global market.
*e phrase “Customer is the king” indicates how much
customer needs are important and how much their needs
change over the time. *is shows that only companies that
offer the right products, at the right time and with the right
price, can expect success in the market. Naturally, any
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product that does not meet the needs of customers, or since
it is expensive or is produced and delivered after the deadline
and so forth, cannot be successful [5–7]. *e only way to
reduce production’s lead time is to coordinate all stages of
development. By analyzing the stages of the NPD process,
the volume and content of product development activities
may be controlled, considering the quantity and production
objectives. Consequently, such considerations make signif-
icant differences between NPD activities on the scale of
individual or mass production [8–10].

Competitions for faster launching new products in the
market have forced companies to discover effective ways to
minimize the lead time of new products. Several methods
have already been suggested in the literature to decrease the
lead time of NPDs [11–13]. One of the strategic approaches
which are used to boost the variety of products and to speed
up the NPD process is product modularity. *is approach
standardizes product components that can be shared and
reused in a range of products and is launched frequently and
easily by modifying and combining different qualified
modules from the existing designs. *erefore, different
teams can design and test modules and reduce the time of
product design simultaneously. Despite convincing evidence
of potential benefits in reducing NPD lead time, very few
empirical studies confirm its effect on NPD performance.
Studies show that there is a positive relationship between the
modularity of products and their strategic flexibility [14–16].
Product modularity affects several dimensions of competi-
tive performance, such as product costs, quality, flexibility,
and manufacturing cycle time [17–21].

*e motivation for rapid product development is dif-
ferent according to the aims of companies. It is important to
identify why a company wants to accelerate the process, as
the reason verifies which rules and tools should be used and
how they should be implemented. *is research focuses on
the elements that may have the biggest effect in attaining
speed and flexibility in NPD. Moreover, the four main
perspectives, which we believe could lead to a reduction in
NPD time, are discussed in detail. Given the framework
defined above, there are two major objectives [22–24]. *e
first one is to characterize the process of reducing the lead
time in NPD, and the second one is to identify and evaluate
the issues that facilitate the process for performance mea-
surement in EPC organizations [25].

*e current study, by considering four main indicators
in new product development, organizational issues, firm
resources, used methods and techniques, and performance
measuring tools and their main subfactors, aims to find the
correlation among each of the factors and the time reduc-
tion. Moreover, a mathematical model based on fuzzy logic
modeling is introduced to predict the performance mea-
surement level, based on its subfactor impacts.

*is study is continued by revising the related literature
in the next chapter. Chapter 3 contains the research
methodology including data collection and the proposed
mathematical model. *e results of both data analysis and
fuzzy logic results are provided in Chapter 4. Chapter 5
contains the discussions, and, finally, the study is concluded
in Chapter 6.

2. Literature Review

Success in launching a new product is an important issue for
business owners and managers. Additionally, this issue has a
special complexity, as determining the factors affecting the
successful development of a new product in different studies
has different results. One of the reasons is related to char-
acteristics of the company such as technology, structure, and
size [3, 26].

From a broader perspective, a new product development
strategy is an important factor in a country’s economic
wealth. Unfortunately, the importance level of new product
development is not commensurate with the level of success,
while the risk of failure in the new product development
strategy is very high [27, 28]. Although the failure rate of new
product developments is known in various studies, scientists
have warned that the percentage of failure of new products is
still worrying. *erefore, researchers try to provide a pre-
scriptive theory to guide the best practical context of a new
product development strategy to achieve success. *e suc-
cesses are categorized as empirical and theoretical per-
spectives, which ultimately lead to the identification and
study of various factors of success in the new product de-
velopment strategy [29, 30]. Hence, the following concepts
should be considered in new product development
strategies.

2.1. Nonstop Need for New Products. Intense global com-
petition, rapid shifting of customers’ needs, and increasing
the rate of their sophistication, besides the technological
improvements, force firms to develop new products end-
lessly. *e business press constantly addresses the failure of
NPD processes within the firms in responding to market
changes, while it seems that their new products have the
potential to be successful [31]. So, what are the problems that
look common in many well-established firms?

2.2. New Product Strategy. Product development faces big
challenges and intense competition in today’s fast envi-
ronmental changes. In other words, attention has turned
toward rapid NPD, in which cost and quality are among the
main prerequisites. So far, taking all the arguments into
account, there is no doubt that speed and flexibility in
product developments are the main indicators that deter-
mine which companies could meet this sustainable com-
petitive advantage [32].

2.3. Cycle Time Reduction. *e lead-time reduction can be
another goal, besides the profit and market share. However,
the lead-time reduction cannot be attained without orga-
nizational change. According to Goldt [33], there are some
managerial issues related to the lead-time reduction debate:

(1) Concentration on the process rather than personal
level: *is detachment of the personal level permits
individuals to look for the root cause of the problems
within the process.
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(2) Evaluation of tasks based on the created value for
external customers: this means that when the staff of
a company is expected to meet the needs of internal
customers, such as top managers, they tend to focus
on partial optimization of a department instead of
creating value for the whole system. *is causes a
general lack of quality, which contradicts the phi-
losophy of reducing lead time.

(3) Integration and management of required informa-
tion: a particular group keeps information within the
organization and it causes a delay in the decision-
making process. Organizations should provide an
open integrated information flow while considering
recently raised values of knowledge management
and security issues. In other words, the required
information should be received at the right time, in
right place, and in the right format [34].

(4) To create a shared goal and a common sense within
the different functional areas: according to the initial
principles of concurrent engineering, individuals
within a team view the same problem from different
perspectives. *erefore, the trade-offs must be re-
solved based on the merits of the ideas, not the
individuals. Consequently, few spaces within dif-
ferent functions remain unviewed by the personnel
[35].

(5) Knowledge and nonmanufacturing resources should
be added: to improve the process, besides design,
tools, and techniques, the knowledge, information,
and other nonmanufacturing resources should be
considered, which need continuous attention and
commitment of the individuals [36, 37].

(6) Cost of delay should be included in trade-off analysis:
to have more sophisticated decision-making, the cost
of delay should be considered as well. Every par-
ticular product has an ending point considering its
market demand. *e later introduction of products
is, the less market share could be achieved by the firm
and vice versa [38].

(7) Bottleneck management should be applied for NPD:
Surplus capabilities and facilities in terms of human
resources, engineering techniques, and so forth
should be presented to avoid bottlenecks in NPDs.
Especially in a learning organization, dependency on
bottlenecks should be reduced in favor of process
improvement and lead-time reduction. Moreover,
such tools should provide a transparent image of the
bottleneck, which provides better utilization of
nonconstrained resources [39]. To have high effi-
ciency in this field, it is required to make a balance
between resource utilization and bottlenecks. Al-
though various factors help to achieve this harmony,
planning tools as well as MES is needed for achieving
the goal.

(8) Sometimes a common misunderstanding according
to the lead-time reduction is realized by concerns
about working faster and harder in longer hours.

Likewise, utilizing the latest technologies and au-
tomation systems is not the principal objective of
lead-time reduction [40]. *e lead-time reduction is
a nonstop journey with the objective of continuous
learning and commitment, dedicated to the im-
provement of the process and knowledge of the
workers.

(9) A conflicting set of management demands on the
NPD lead-time reduction should be met: time, cost,
and quality are internally interconnected, and just
optimizing all of them can create a market value. *e
NPD should fulfill three distinctive inputs: right
quality product, right time, and acceptable cost
[14, 41].

*e lead-time reduction may be considered as an um-
brella that is integrated with cost and quality. In other terms,
the lead-time reduction acts as a cover, where cost and
quality could be progressed underneath. Regarding the main
indicators of time reduction in EPC organizations, after
conducting interviews with some directing managers of the
companies in this study, the four levels are investigated as
organizational issues, process attributes for design methods
and techniques, company resources issues, and performance
measuring tools. Each of the mentioned levels is explained in
the following.

2.3.1. Organizational Issues. According to the literature,
many researchers have studied organizational issues in NPD
and considered various attributes in this area [42–44].
Considering the studies in the literature and the interviews
with the managers, thirteen attributes and their related
measurements are considered in this study to deal with the
organizational issues. *ese attributes are projectization,
team empowerment, cross-functionality, rewards and in-
centives, top management support, hierarchical levels, in-
dividuals experience, rapid decision-making, team common
sense, number of parallel projects, number of projects per
person, project objectives definitions, and change flexibility.

2.3.2. Process Attributes for Design and Manufacturing
Methods and Techniques. Similar to the organizational is-
sues, there are various studies related to the process attri-
butes for design andmanufacturing methods and techniques
in NPD [45–47]. Based on the literature and interviews with
the managers, the following attributes and their measure-
ments are considered for this purpose:

(i) CAD/CAM: Computer-aided design (CAD), com-
puter-aided manufacturing (CAM), and computer-
aided engineering (CAE).

(ii) DFM/DFA: reducing time for entering market while
maintaining product quality and functionality re-
sults in the introduction of design for
manufacturing (DFM), which is the concurrent
development of process and product design. Design
for assembly (DFA) also plays a major role in the
design for manufacturing and assembly (DFMA). It
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is said that DFM and DFA are two sides of the same
coin in practice.

(iii) Robust design: according to *ornton et al. [48],
robust design is a set of engineering design methods
used to create robust products and processes.
Likewise, a robust design (or process) performs
properly in the presence of noise effects. Noises are
due to many kinds of uncontrolled variables that
can influence final performance such as temperature
and humidity.

(iv) QFD: Quality Function Deployment (QFD) is a
procedure-based approach for identifying and
formulating the customer needs and converting
them into exact criteria and plans to meet the needs.
*is is called the customer input or the voice of the
customer, which is attempted to be captured in
various ways such as deep interviews, focus groups,
participant observation, field reports, and
questionnaires.

2.3.3. Company Resources Issues. For examining the com-
pany recourses issues, various elements such as key sup-
pliers, reliance on suppliers, access to reliable suppliers,
integration among suppliers, outsourcing, and lead user
involvement should be considered.

2.3.4. Performance Measuring Tools. Regarding the perfor-
mance measuring tools in the NPD, six attributes and their
measurements are considered, based on the outcomes of the
interviews. *ese attributes are PERT/CPM, rework, cred-
ible schedule, time as a measurement tool, visibility of delay
factors, and communication; the latter is related to the
management information system (MIS). Note that the
critical path method (CPM) and program evaluation and
review techniques (PERT) are the two powerful tools that
help to schedule and manage complex projects.

3. Research Methodology

To find the starting and ending points of the development
time and the characteristics of the activities in this research,
some Iranian EPC organizations that are involved in na-
tional strategic projects are requested to participate. As it has
been clarified that the influencing variables, stages, and
factors are interconnected to form a development process,
considering the four main mentioned perspectives and their
related elements, a survey in the form of a questionnaire is
designed. *e considered respondents must have degrees/
diplomas in engineering, management, or business field and
be aged from 30 to 55 years, with at least 5 years of work
experience in the EPC organizations. *e managers are
asked if their organizations evaluate their organizational
performance, new product design, development strategies,
supplier assessment practices, methods and techniques used
in NPD, and performance monitoring and measurement
tools.*ey are asked to reply to the questions using a 6-point
Likert scale, where the importance of the various attributes is

1 for extremely low up to 6 for extremely high. A couple of
experts and managers are considered for a pretest of the
survey to examine the validity of the questionnaire. *en, in
case of any clarification, the questions are reworded to
improve validity and precision. For those who are en-
lightened and familiar with the survey structure, just the
questionnaire is sent. It is assumed that the repliers are
familiar with their organizations’ new product design and
development practices. An incentive for sending the survey
results is provided to encourage them to participate in filling
out the surveys precisely. Managers are also asked about the
company’s abilities related to competitors to minimize the
time of the NPD.

3.1. Data Collection. Among the 14 considered companies,
10 could be able to answer the questions free of inaccuracy.
An average of four EPC projects per company, during the
past three years, have been considered to comply with the
survey’s objectives, which includes a total number of 40
projects.*emean number of employees in these companies
was 46, including both part-time and full-time staff. *e
development programs during the past three years have been
carried out within the companies. For each attribute that is
mentioned in Tables 1, 2, 3, and 4, an appropriate measure is
defined to study the level of importance of the attributes in
the company and subsequently their effects on the lead time
of the development programs. Table 1 shows the attributes
and measurements of the organizational issues. Followingly,
Tables 2 to 4 contain the attributes and measurements of the
process, techniques, and methods, company resources is-
sues, and performance measuring tools, respectively.

3.2. Fuzzy Modeling. In this study, to model the perfor-
mance measuring (PM), a fuzzy logic model is proposed
considering the parameters, that is, PERT/CPM (PE), re-
work (RE), credible schedule (CS), time as a measuring tool
(TM), delay factors visibility (DV), doing things right first
(DR), and management information (MI) system. Fuzzy
logic which was proposed by Zadeh is used to model un-
certain or linguistic variables [49]. Figure 1 shows the de-
veloped fuzzy model.

To show a degree for the variables, fuzzy membership
functions are used. One of the most important fuzzy
membership functions is the triangular, which in this study
is used to model the performance measuring parameter.
Equation (1) shows the general format of the triangular fuzzy
membership function, where l, m, and u denote the lowest,
the most promising, and largest possible values, respectively.

μA(x) �

(x − l)

(m − l)
, l≤x<m,

(u − x)

(u − m)
, m< x≤ u,

0, otherwise.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)
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A six-degree function is considered for all the mentioned
inputs and the output as shown in Table 5.

For providing the fuzzy model, a fuzzy inference system
is used, which is capable of inferring the performance of

complex systems from data, without the need for any pre-
ceding description of a functional structure. Equation (2)
contains the membership functions of all the inputs and the
output variables.

Table 1: Organizational issues.

Attribute Measure (importance of the attribute based on a 6-point Likert scale)
Projectization 1� pure functional, 6� pure projectization
Team empowerment 1� extremely low, 6� extremely high
Cross-functionality 1� extremely low, 6� extremely high
Rewards and incentives 1� extremely low, 6� extremely high
Top management support 1� extremely low, 6� extremely high
Hierarchical level 1� extremely high hierarchical, 6� low hierarchical
Individuals experience 1� extremely low, 6� extremely high
Rapid decision-making 1� extremely low, 6� extremely high
Team common sense 1� extremely low, 6� extremely high
Number of parallel projects 1� too many projects, 6� just one project
Number of projects per person 1� too many projects, 6� just one project
Project objectives definition 1� extremely low, 6� extremely high
Change flexibility 1� extremely low, 6� extremely high

Table 2: Process attributes, techniques, and methods.

Attribute Measure (importance of the attribute based on a 6-point Likert scale)
Simplicity and number of documents 1� extremely low, 6� extremely high
Standardization 1� extremely low, 6� extremely high
Project complexity 1� extremely low, 6� extremely high
Project newness 1� extremely low, 6� extremely high
Concurrent development 1� extremely low, 6� extremely high
Easy testability 1� extremely low, 6� extremely high
CAD/CAM 1� extremely low, 6� extremely high
DFM/DFA 1� extremely low, 6� extremely high
Robust design 1� extremely low, 6� extremely high
QFD 1� extremely low, 6� extremely high

Table 3: Company resources issues.

Attribute Measure (importance of the attribute based on a 6-point Likert scale)
Number of key suppliers 1� too many, 6� low number
Reliance on suppliers 1� extremely low, 6� extremely high
Access to reliable suppliers 1� extremely low, 6� extremely high
Integration among suppliers 1� extremely low, 6� extremely high
Outsourcing 1� extremely low, 6� extremely high
Lead user involvement 1� extremely low, 6� extremely high

Table 4: Performance measuring tools.

Attribute Measure (importance of the attribute based on a 6-point Likert scale)
PERT/CPM 1� extremely low, 6� extremely high
Rework 1� extremely low, 6� extremely high
Credible schedule 1� extremely low, 6� extremely high
Time as a measurement tool 1� extremely low, 6� extremely high
Visibility of delay factors 1� extremely low, 6� extremely high
Communication (MIS) 1� extremely low, 6� extremely high
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μEL(x) �

1, x≤ 1

(2 − x)

(2 − 1)
, 1< x≤ 2,

0, otherwise

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

μVL(x) �

(2 − x)

(2 − 1)
, 1<x≤ 2

(3 − x)

(3 − 2)
, 2<x≤ 3

0, otherwise

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

,

μSL(x) �

(3 − x)

(3 − 2)
, 2<x≤ 3

(4 − x)

(4 − 3)
, 3<x≤ 4

0, otherwise

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

,

μVH(x) �

(5 − x)

(5 − 4)
, 4<x≤ 5

(6 − x)

(6 − 5)
, 5<x≤ 6

0, otherwise

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

,

μEH(x) �

(6 − x)

(6 − 5)
, 5< x≤ 6

1, x≥ 6.

0, otherwise

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(2)

*e variations of the inputs and the output parameters
and the linguistic values of the experimental design matrix
are listed in Tables 6 and 7, respectively.

*e considered If-*en rules based on the outcomes
from the companies are shown in Table 8.

4. Results

4.1. Data Analysis. After collecting the data from the 10
companies that answered the questionnaires without any
error, appropriate analysis was performed on the obtained
data. Figure 2 shows the correlation between the time and
lead user content among the 10 considered firms. Moreover,
the regression analysis is illustrated in this figure.

As shown in Figure 2, the more companies tend to
develop products on time, the more lead user’s content is
achieved. Figure 3 illustrates the correlation between the
time and cost among the 10 firms. Additionally, the re-
gression analysis is visible in this figure.

As illustrated in Figure 3, the more companies tend to
develop the products on time, the more projects will be on a
budget. On the other hand, it should be mentioned that
emphasizing on only being on a budget could not lead the
companies to be on time as well. Figure 4 depicts the cor-
relation and the regression analysis between the time and
organizational issues among the companies.

From Figure 4, it is concluded that organizational issues
have their effects on shortening development lead time. In
other words, the more companies involve elements of the
organizational issue in development programs effectively,
the more projects tend to be finished sooner or on time.
Figure 5 contains the correlation and the regression analysis
between the time and progress measure among the
companies.

As shown in Figure 5, the progress measuring tools have
a direct effect on shortening development lead time. In other
words, the more companies make use of measuring tools
effectively, the more projects could be developed on time.
*e correlation and the regression analysis between the time
and supplier assessment among the companies are shown in
Figure 6.

Performance 
Measuring

PERT/CPM

Inputs Fuzzy Logic Output

Knowledge Base

Inference Engine

DefuzzificationFuzzification

Rework

Credible Schedule

Time as a measurment

Delay Factors visibility

Doing things right first

Information System

Figure 1: Input and output variables of the fuzzy model.
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From Figure 6, it is concluded that the supplier as-
sessment affects the lead time of the development programs.
In other terms, the more companies emphasize suppliers’
evaluation, the more projects could have the chance to be
finished on time. Similarly, Figure 7 illustrates the corre-
lation and the regression analysis between the time and used
techniques.

As may be concluded from Figure 7, the used techniques
on the development programs have a direct effect on
shortening the lead time of the projects. In other words, the
more companies exploit the tools and rules that match their
system, the more they can achieve lead-time reduction in
their projects.

4.2. Fuzzy Logic Results. *e model whose rules are men-
tioned in Table 8 was solved by MATLAB application
according to Figure 8.

Equation (3) is used for defuzzification of the fuzzy
number obtained by the proposed model. In this equation,
the output, x∗ is a fixed and real number, xi gives the central

value of every zone, µ(xi) is the ith level, and n is the number
of rules [50].

x
∗

�
􏽐

n
i�1 xi.μ xi( 􏼁

􏽐
n
i�1 μ xi( 􏼁

. (3)

*e experimental results and the predicted values ob-
tained by the fuzzy model are reported in Table 9.

In Table 9, it is seen that all the fuzzy predicted values are
exactly equal to the obtained data except for company 8
which is found as 1.32 instead of 1. *e results show that
fuzzy modeling is an appropriate method to anticipate the
data that are not given previously. Figures 9(a) to 9(h) il-
lustrate the effects of every two mentioned variables on the
output which is performance measuring.

Figure 9(a) shows the impact of PERT/CPM (PE) and
doing things right first (DR) variables on the performance
measuring (PM). It is seen that when the PE variable gets the
values in the range of 3 to 5 and DR gets its high values in the
range of 4 to 6, the output variable get the value of 4, and for
other values of these mentioned inputs, the output gets 3.5,
which is an average grade. Figure 9(b) illustrates the impact
of delay factors visibility (DV) and rework (RE) variables on
the performance measuring. *e figure shows that when
both mentioned inputs are in their lower values, the output
variable gets the value of 3 which is less than the average. For
the other values of the mentioned inputs, the output value is
an average of 3.5.

Figure 9(c) is related to the impact of rework (RE) and
doing things right first (DR) variables on the output variable,
which is performance measuring (PE). When the DR is in its
high values in the range of 4 to 6 and RE is between 2 and 4,
the output will be more than average (4). On the other hand,
as shown in Figure 9(d), when both input variables of RE and
management information (MI) system get high values, the
output, PM, is higher than the average. Figure 9(e) shows the
impact of the DR and credible schedule (CS) on the PM.*is

Table 6: *e input and output parameter levels and their values.

Company no.
Inputs Output

PE RE CS TM DV DR MI PM
1 4 3 4 4 4 5 4 4
2 3 2 3 3 2 3 4 3
3 2 3 2 2 1 1 2 2
4 4 3 2 3 3 5 4 3
5 2 3 2 4 2 3 2 3
6 3 2 4 3 2 1 2 2
7 4 5 4 4 4 3 5 4
8 2 2 1 3 1 1 1 1
9 3 2 1 2 2 1 1 2
10 5 6 4 5 4 5 3 5

Table 7: Experimental design matrix.

Company no.
Inputs Output

PE RE CS TM DV DR MI PM
1 SH SL SH SH SH VH SH SH
2 SL VL SL SL VL SL SH SL
3 VL SL VL VL EL EL VL VL
4 SH SL VL SL SL VH SH SL
5 VL SL VL SH VL SL VL SL
6 SL VL SH SL VL EL VL VL
7 SH VH SH SH SH SL VH SH
8 VL VL EL SL EL EL EL EL
9 SL VL EL VL VL EL EL VL
10 VH EH SH VH SH VH SL VH

Table 5: Likert scales of the answers to the questionnaires.

Extremely low Very low Somewhat low Somewhat high Very high Extremely high
EL VL SL SH VH EH
1 2 3 4 5 6

Mathematical Problems in Engineering 7



Table 8: Rules of the proposed fuzzy model.

Rules Rule definition
1 If PE is SH and RE is SL and CS is SH and TM is SH and DV is SH and DR is VH and MI is SH then PM is SH.
2 If PE is SL and RE is VL and CS is SL and TM is SL and DV is VL and DR is SL and MI is SH then PM is SL.
3 If PE is VL and RE is SL and CS is VL and TM is VL and DV is EL and DR is EL and MI is VL then PM is VL.
4 If PE is SH and RE is SL and CS is VL and TM is SL and DV is SL and DR is VH and MI is SH then PM is SL.
5 If PE is VL and RE is SL and CS is VL and TM is SH and DV is VL and DR is SL and MI is VL then PM is SL.
6 If PE is SL and RE is VL and CS is SH and TM is SL and DV is VL and DR is EL and MI is VL then PM is VL.
7 If PE is SH and RE is VH and CS is SH and TM is SH and DV is SH and DR is SL and MI is VH then PM is SH.
8 If PE is VL and RE is VL and CS is EL and TM is SL and DV is EL and DR is EL and MI is EL then PM is EL.
9 If PE is SL and RE is VL and CS is EL and TM is VL and DV is VL and DR is EL and MI is EL then PM is VL.
10 If PE is VH and RE is EH and CS is SH and TM is VH and DV is SH and DR is VH and MI is SL then PM is VH.
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Figure 2: Correlation between the time and lead user content among the firms.
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Figure 3: Correlation between the time and cost among the firms.
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figure illustrates that the output variable has the highest
sensitivity on the CS when DR has a high value from 4 to 6.
When CS has a low value, in the range of 1 to 3, PM has a low
value and when CS gets a high value, in the range of 3 to 5,
PM gets a high value; otherwise, the output parameter has an
average value.

*e same impact as that in Figure 9(a) can be seen in
Figure 9(f) just by changing the input variable of perfor-
mance measuring (PE) to time as a measuring tool (TM).
Such an impact can be seen in Figure 9(g) just after
substituting TM by delay factors visibility (DV). Finally,
Figure 9(h) illustrates the impact of management

information (MI) system and doing things right first (DR)
on performance measuring (PM). It is displayed that, for the
values in the range of 3 to 5 for MI and a high-level value for
DR in the range of 4 tp 6, PM gets a high value of 4.

5. Discussion

Many companies tend to be on budget rather than being on
time. *ey believe that being on a budget is the goal and the
other characteristics should be under control. *is research
shows that although projects tend to be on a budget, lead
users’ involvement plays a greater role, and, consequently,
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Figure 4: Correlation between the time and organizational issues among the firms.
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Figure 5: Correlation between the time and progress measure among the firms.
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the timing of the project should be as important as being on
budget. Perhaps the development programs are carried out
on budget nominally, but analyzing the time value of the
project reveals the actual cost of the total plan. Moreover, the
results illustrated that the extent of lead user content is a
good sign of creating real value for the companies. From a
strategic point of view, not only is the short-term success of
firms declined, but also firms are the victim of their tem-
porary achievements. Creating value is a long-term mission
for firms seeking to maximize their wealth. To find where a
firm value could be created is the key success of the

organization to survive in today’s rapid environmental
changes. For instance, many successful firms are providing
ways for customers to participate as an integral part of
development programs.

Companies struggle to define clear objectives and es-
tablish common sense, credible schedules, and visibility of
delay factors, as all of them are needed for making rich
preplanning before the development program begins. A
reliable planning and scheduling process could contribute to
the timing of a project. In project-based organizations, it is
found that although the companies establish the work
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Figure 6: Correlation between the time and supplier assessment among the firms.
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Figure 7: Correlation between the time and used techniques among the firms.

10 Mathematical Problems in Engineering



breakdown structure (WBS), they suffer from a rich project
planning wherein the definition of the activities is not
identified. In other words, the link between activities and the
expected duration to accomplishment is artificial. Each
activity needs to be designed in detail, where its inputs and
outputs should be defined based on the nature of the activity.
*is shortcoming results in decreasing the creditability of
the schedule and, consequently, the project delay. Although
the supplier assessment strategy could not have a straight
impact on the product design and development timing, it
influences projects through the quality perceived by the lead
users. *erefore, product development teams cannot ignore
the capability of their suppliers. For instance, the product
design team must consider whether their suppliers can
provide the required new parts within a reasonable time, at
the expected cost, and with the required quality level. On the
other hand, when reliable suppliers are involved in the
development programs, the project risk is shared. It appears
that firms should rate their suppliers based upon their
specific needs.

*e evaluation of project progress is important in
monitoring the achievement of interconnected activities,
warning the potential delay problems, the performance of

the activities, and the timing of the program. *is causes a
recovery or improvement action to be proactively taken. On
the other hand, poor progress measure results in misleading
the evaluation of the project in terms of time, quality, and
cost. Likewise, when rework occurs, its potential of short-
comings is added to this imprecision. Project-based orga-
nizations pay little attention to the power of communication
in their entire systems, where this results in a significant
amount of delay in the timing of the development programs.

Various types of information are exchanged in product
development including design requirements, decisions, test
results, manufacturing issues, and knowledge shared. Per-
haps one could say that, in a product development program,
information is the main chain that interconnects the
mentioned components to each other. With this definition,
the significance of correct and updated information is
revealed more. Preparing the information at the right time,
right place, and right format is the key to enhancing
communication. In addition, poor communication cannot
discover the potential of rework and delays and allows the
proceeding activities to continue their work based on poorly
defined or old transferred information from preceding ac-
tivities. *is causes a greater impact on the timing of the
project, while the activities are interdependent rather than
dependent or sequential.

Other important matters to be considered are the
techniques used for shaping a database for storing infor-
mation at the right place, right time, and right format. *ere
is no doubt that, in each development program, based on its
nature, special facets are going to emerge, while the proper
accumulation of them constantly improves the knowledge
and experience of the involved players. Weak design and
poor manufacturing techniques are the other factors that
contribute to delay in the projects. *e poor design creates
changes especially when the detailed design has been carried
out. However, sometimes changes are unavoidable, while the
customers’ needs are changed. In this situation, the impact of
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Figure 8: Rules set for the given data.

Table 9: *e experimental and fuzzy predicted results.

Run Obtained data Fuzzy predicted results
1 4 4
2 3 3
3 2 2
4 3 3
5 3 3
6 2 2
7 4 4
8 1 1.32
9 2 2
10 5 5
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Figure 9: Illustration of the effects of input variable on the output variable.
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change on different parts of the design should be identified
and a trade-off analysis should be made.

6. Conclusion

In this study, four main parameters to characterize the
process of lead-time reduction, organizational issues, firm
resources, used methods and techniques, and performance
measuring, in different EPC project-based organizations
were considered. Using surveys and questionnaires, by
getting help from the experts and managers in project-based
organizations and companies, the correlations among them
and the lead-time reduction were calculated.*e finding was
also discussed in the format of lesson-learned and courses of
action to improve the development process. Moreover, a
mathematical model based on the fuzzy approach to deal
with performance measurement parameters is developed.
*e results of the analysis of the survey show that all the four
considered factors are correlated to the lead time and affect
the quality perceived by the main client and the cost of the
project. Moreover, the results of the proposed fuzzy model
illustrated that it may be an effective approach to predict the
impact level of the performance measurement by having the
levels of its attributes.

As fuzzy models work with predefined rules obtained
from experts and managers, having more samples, having
more filled surveys, and using more companies active in
project-based activities may give better results to analyze the
model. *erefore, having wider samples may be considered
as a guideline for future studies. Moreover, the proposed
mathematical model can be applied to study different pa-
rameters such as organizational issues, firm resources, and
used methods and techniques based on their subfactors.
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