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In today’s competitive landscape, manufacturing companies face increasing
pressure to rapidly meet customer needs while simultaneously reducing
costs and shortening product life cycles. As a strategic response to this
situation, the concept of Agile Product Family Development has emerged,
enabling companies to produce various related products that share common
components, in order to capture different market segments more quickly
and ahead of competitors. However, the effectiveness of this process is often
constrained by a lack of understanding of the causal relationships among its
influencing factors. This study seeks to bridge this gap by focusing on the
automotive industry, and in particular the Iranian automaker SAIPA. The
first objective of the research was to identify the critical success factors of
the product family development process, and then to model the causal
relationships among these factors in order to develop a roadmap for
enhancing agility in product family development in the Iranian automotive
sector. The research is applied in nature and employs a descriptive—survey
method. Through a review of the literature, 29 key factors in agile product
family development were identified and classified into five main groups.
Subsequently, the fuzzy concept mapping method was used to model the
causal relationships among the identified factors, based on responses
collected from questionnaires distributed to 16 managers and expert
specialists at SAIPA. The proposed model suggests that by focusing on the
causal relationships embedded in the model, managers can respond to
customer needs while maintaining high quality, low cost, and short product
development cycles.
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1. Introduction

Manufacturing firms in highly competitive markets
must respond rapidly to heterogeneous customer
requirements while controlling costs and shortening
development cycles, which has led to widespread
interest in agile product development and, in
particular, agile product family development (APFD)
(Vinodh et al., 2012; Heimicke et al., 2021; Varl et al.,
2020). Product families allow firms to exploit
common platforms and modules to offer
differentiated variants efficiently (Jiao et al., 2007,
Raatikainen et al., 2008), but the success of APFD
depends on a complex network of organizational,
process, technological, and market-related factors
whose causal relationships are not yet fully
understood. Prior studies have examined agility in
new product development and agile product
development in various industries (Altuwaijri &
Ferrario, 2022; Heimicke et al., 2021), but they often
treat influential factors in isolation or use linear
cause—effect modeling techniques that do not
adequately capture feedback and nonlinearity (Fekri
et al., 2009). In the Iranian automotive industry, and
specifically at SAIPA Company, these challenges are
exacerbated by intense competition, demand
volatility, and pressure to upgrade product portfolios
under cost and time constraints (Kordbacheh et al.,
2022; Kordbacheh et al, 2023). This research
addresses these gaps by identifying key factors
affecting agile family product development at SAIPA
and modeling their causal relationships using Fuzzy
Cognitive Maps (FCM), thereby providing a
managerial roadmap for enhancing agility in product
family development (Rodriguez-Repiso et al., 2007).

2. Methodology

The research is applied in purpose and adopts a
descriptive—survey design to structure data
collection and model building around an industrial
case study of SAIPA Company, one of the major
Iranian automotive manufacturers. The study begins
with an extensive literature review on agile product
development, product family design, and related
organizational and technological enablers (Jiao et al.,
2007; Vinodh et al., 2012; Varl et al., 2020). On this
basis, 29 factors influencing agile family product
development are identified and grouped into five
main dimensions, which encompass strategic,
organizational, process, technological, and supply-
chain/customer-related aspects of agility in product
family development (Heimicke et al., 2021). These
factors are refined and validated through expert
consultation and then operationalized in a
structured questionnaire designed to elicit pairwise
causal  assessments among factors  from
knowledgeable informants (Fekri et al., 2009). The

sample consists of 16 experts, including senior
managers, middle managers, and experienced staff
from relevant departments within SAIPA, who
possess deep familiarity with product development
processes, platform strategies, and organizational
practices.

To model the complex network of influences among
the 29 factors, the study employs the Fuzzy Cognitive
Map approach, which is well suited for representing
systems where variables interact through weighted
causal relationships under uncertainty (Rodriguez-
Repiso et al, 2007). FCMs extend traditional
cognitive maps by allowing fuzzy weights, thereby
capturing imprecise expert judgments on the
strength and direction of causal effects, and have
been applied successfully in domains such as IT
project success and risk analysis (Schneider et al.,
1998; Rodriguez-Repiso et al., 2007). In this research,
experts evaluate the influence of each factor on other
factors using linguistic terms that are subsequently
translated into fuzzy numerical weights, forming an
initial adjacency matrix for the cognitive map.
Individual cognitive maps are aggregated into a
collective FCM representing the shared mental
model of the expert group, and the resulting network
is analyzed to derive centrality measures, cause—
effect classification, and scenario-based simulations
of factor activation levels (Schneider et al., 1998).

3. Results and Discussion

The FCM analysis reveals that not all of the 29
identified factors contribute equally to agile family
product development; several emerge as primary
drivers with high out-degree (causal) centrality,
while others appear predominantly as effect or
outcome variables with high in-degree centrality
(Fekri et al., 2009). Strategic orientation toward
agility in product family development, top
management support, and an integrated product
family platform strategy are among the most
influential drivers (Jiao et al., 2007; Raatikainen et
al., 2008), exerting strong positive effects on
downstream factors such as cross-functional
collaboration, modular product architecture, and
responsiveness to customer needs (Humpert et al.,
2022). Organizational flexibility, including adaptive
structures and agile decision-making processes, also
demonstrates significant causal power (Heimicke et
al., 2021).

The model additionally highlights critical dependent
factors that encapsulate the overall performance of
agile product family development at SAIPA,
including reduction in product development lead
time, improvement in quality and reliability across
the family, cost efficiency through reuse of common
modules, and enhanced responsiveness to diverse
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customer requirements (Vinodh et al., 2012; Varl et
al., 2020).

4. Conclusions

Simulation of the FCM indicates that activating key
drivers produces substantial positive changes in
these outcome variables at equilibrium. The
resulting causal model offers managers a prioritized
roadmap while respecting the constraints and
realities of the Iranian automotive configuration.
This model can help production managers
understand how, by concentrating on the causal
factors, they can achieve a high degree of efficiency
and effectiveness in production outputs.
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Table 1. Factors affecting the agilization of the product family development process
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Figure 2. The concept of agility in the product development process (Fekri et al., 2009).
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Figure 3. Procedure for constructing an FCM (Schneider et al., 1998).
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Table 4. Fuzzified success matrix
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Table 7. Continued.
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Figure 4. Fuzzy cognitive mapping model of the agile product family process.
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