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Abstract Supply chain is an important support for value creation, and product is
the carrier for realizing the value. The coordination between product architecture
design and supply chain management is the premise for enterprises to cope with
rapid changes and meet the market demands. The view that product architecture
and supply chain interact with each other has been confirmed by many scholars, but
the influence mechanism between the two is still unclear. We collected data from
221 companies and drew the following conclusions through analysis. (1) product
architecture has a significant impact on supply chain performance. The modularity
of product architecture, the degree of standardization of interface, and the reuse of
components have a significant positive impact on supply chain performance. (2)
supply chain centralization can enhance the effect of product architecture on supply
chain performance. When supply chain concentration is high, product architecture
is easier to play its advantages, thereby improving supply chain performance.

Keywords Product architecture · Supply chain performance · Supply chain
concentration

1 Introduction

With the rapid development of technology, products are in a fast cycle market, if
an enterprise wants to obtain the competitive advantage, it needs not only higher
product development capacity and production capacity, but also a fast and sensitive
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supply chain. Supply chain is an important support for value creation and value real-
ization. Integrating product architecture design and supply chain decision- making
in product development is the key to value realization. However, current research
on product design and supply chain design remains in their respective fields. The
decoupling of product architecture improves the flexibility of product architecture.
Product architecture design is the coordination mechanism for production, process
and supply chain matching. Therefore, the interaction between product architecture
and supply chain has gradually attracted the attention of scholars. Summarizing the
current research on the relationship between product architecture and supply chain,
most scholars explained the matching relationship between product architecture and
supply chain through theoretical deduction andmathematicalmodeling, and very few
empirical studies have been conducted. Therefore, based on the existing research,
this paper analyses the relationship between product architecture and supply chain
performance of manufacturing enterprises, and draws the conclusion that the product
architecture affects supply chain performance. The impact mechanism provides a
theoretical reference for product architecture design and supply chain management.

2 Conceptual Framework and Research Hypothesis

2.1 Supply Chain

Forrester first proposed the concept of supply chain [1], then scholars defined the
concept of supply chain as an enterprise network which is made of many indepen-
dently economic entities that are related to each other and work together to carry out
value-added activities and dynamically configure resources. Since then, the research
on supply chainmanagement has gradually received attention. The concept of supply
chain management was first proposed by Houliban in the 1980s [2]. With the deep-
ening of scholars’ research on supply chain management, the scope of supply chain
management has been expanded. Cooper et al. argued that supply chain management
emphasizes the transaction and cooperation among the node enterprises of supply
chain [3]. Cooperating with each other improves the efficiency of supply chain which
is an innovation management strategy among enterprises. Domestic scholars such as
Ma tend to integrate the concept of management, he said that supply chain manage-
ment implements the logistics planning and control functions in the whole process
of supply chain from the initial supplier to the final consumer [4]. From the above,
this paper arguments that supply chainmanagement is a comprehensive management
process in which enterprises plan, coordinate and integrate supply chain information
flow, logistics and capital flow scientifically in order to respond quickly to themarket.

Supply chain performance is the overall efficiency of supply chain operation,
including the internal performance of the enterprise itself and the coordination and
cooperation performance among the node enterprises [5]. In the existing literature,
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most of the research focused on the establishment of supply chain performance eval-
uation and index system. In recent years, scholars have found that many factors can
affect supply chain performance, such as upstream and downstream partnerships in
supply chains [6].Many experts have devoted themselves to the study of newmethods
for evaluating supply chain performance, such as increasing order fulfillment effi-
ciency from OFE model to SCOR model to reflect the comprehensive correlation
between input and output; others have used structural equation model to analyze the
relative weights of each evaluation index, identify the main factors affecting supply
chain performance and summarize the sustainability. Using factor analysis method
to simplify the indicators, the evaluation strategy of supply chain performance estab-
lishes a scientific and reasonable standardized evaluation index system [7]. Xiong
believed that improving the participation level of suppliers is conducive to improving
the operation performance of the supply chain, while increasing the participation
level of customers is conducive to improving the service performance of the supply
chain [8]. Liu et al. after studied the profit sharing contract in supply chain thought
that profit sharing contract has an impact on supply chain performance [9]. Taking
conflict management ability and cooperation stability as influencing factors, Zhou
studied their influences on supply chain and concluded that both of them are benefi-
cial to improve supply chain performance [10]. By analyzing relevant researches on
supply chain performance and combining the purpose of this paper, the supply chain
performance measurement scale developed by Lu and Li was adopted to measure
the supply chain performance. The scale includes three dimensions: financial perfor-
mance, production service performance and supplier operation performance, which
includes 12 items in total [11].

In order to explore the influence of supplier relationship on the relationship
between product architecture and supply chain performance, this paper chooses
supply chain concentration as the moderating variable. The concentration of supply
chain is composed of the concentration of suppliers upstream and downstream of
the supply chain and customer concentration. Zhuang also pointed out that supply
chain concentration consists of two dimensions: supplier concentration and customer
concentration [12]. This model is conducive to long-term cooperation between enter-
prises and suppliers. Customer concentration reflects the concentration of customers,
the higher the customer concentration, the fewer the number of customers [13]. Wu
regarded supply chain concentration as the integration of supply chain manage-
ment [14]. Other scholars have different definitions of supply chain concentration,
in essence, supply chain concentration reflects the idea of integration of supply
chain resources and management optimization. Therefore, this paper argues that
the essence of supply chain concentration is the strengthening of strategic partner-
ship among supply chain enterprise members and the enhancement of information
sharing and process management capabilities. On this basis, this paper defines the
concentration of supply chain as the close partnership among the enterprises, the
upstream and downstream suppliers and customers. This paper chooses three indi-
cators to measure the concentration of supply chain: the concentration of enterprises
and upstream suppliers, which is measured by the sum of procurement ratios of the



436 C. Duan et al.

top five suppliers, and the concentration of enterprises and downstream customers,
which is measured by the sum of sales ratios of the top five customers.

2.2 Research on Product Architecture

The term architecture comes from the discipline of systems management to simplify
complex system problems. The earliest application of architecture to management
was in Ulrich’ research [15], who proposed the concept of product architecture and
applied architecture-related theory to product development and design. Moreover, he
believed that product architecture is a systemic solution that is achieved by assigning
different functions of the product to different physical modules [16], embodying the
decomposition and integration of product systems. Based on product characteristics,
Fixsonbelieved that the product architecture includes the type andnumber ofmodules
and interfaces between two modules, which reflect the basic structure of the product
[17]. And modules do not exist independently, but interact and influence, and then
react and express through the interfaces [18]. Therefore, the product architecture
embodies the system integrity of the product, and the interface, module and system
are the three basic elements of the product architecture. The emergence of modular
product architecture provides a solution for complex product design, it also reduces
the difficulty of supply chain management and operation management related to
complex product design, therefore it attracts the attention of academic circles.

When Baldwin and Clark studied the role of modularity, they proposed six
operations to change product architecture, namely, splitting, substituting, adding,
removing, creating new design rules, transplanting, and briefly described the rela-
tionship between product architecture changes and organizational changes [19].
Christensen indicated that modular architecture and integrated architecture are two
extremes in spectrum.When enterprises rely on functions to gain competitive advan-
tage, they will choose integrated architecture and modular competitive advantage
when enterprises gain competitive advantage with speed [20]. Whether a product is
modular or integrated can only be judged when compared with other products, so
it is only a relative attribute of product architecture. It can be seen that the evolu-
tion of product architecture is not a simple choice between modularity or integra-
tion, but needs to be adjusted according to the context [21]. In this paper, Fujimoto
and Takahiro’s views were adopted to measure the form of the product architec-
ture through the modularity, the degree of interface standardization and the reuse of
components. The larger the value of the three dimensions, the more integrated the
form of the product architecture would be.
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2.3 Research Hypothesis and Model Construction

With the deepening of scholars’ research on supply chain and product architecture,
many scholars have studied the influence of product architecture on supply chain
management and design. Yassine et al. believed that themodular product architecture
can reduce the interaction between components and the coordination difficulty of
the R&D team, ultimately reducing the R&D cost and shortening the lead time of
delivery, which is conducive to improving the response capacity and efficiency of
the supply chain [22]. At the same time, modularized norms and uniform language
can reduce the effort of suppliers and customers, which can promote the exchange of
information between the twoparties, and help to improve the level of trust between the
two sides, thereby reducing risk of cooperation between companies and suppliers and
customers [23]. In addition, component reuse inmodular products helps to reduce the
investment risk of module or component manufacturers, and enables manufacturers
to diversify their products at the lowest cost, thus quickly meeting different market
needs. Therefore,modular product architecture enables enterprises to achieve parallel
production, thereby improving the resource utilization of enterprises and shortening
the lead time of product delivery. However, some scholars argued thatmodularization
of product architecture will increase the cost of assembly and transportation, and that
when an enterprise outsources modules, it will lose the knowledge of architecture
and technical information related to modules in the long run.

In summary, product architecture is closely related to supply chain performance,
but there is no consistent conclusion on the research of product architecture on supply
chain performance, and scholars mostly use case studies and theoretical deduction to
explain the relationship between product architecture and supply chain. Therefore,
this paper proposes the hypothesis:

H1: The product architecture formhas a significant impact on supply performance.

H1a: The modularity of product architecture has a positive impact on supply
chain performance.
H1b: Component reuse has a positive impact on supply chain performance.
H1c: The standardization of interface has a positive impact on supply chain
performance.

Based on transaction cost theory and resource-based theory, supply chain part-
ners can reduce transaction costs and save transaction time through cooperative trust,
thus improving the performance of core enterprises and even the whole supply chain.
High-quality cooperation between enterprises and suppliers can make supply chain
more competitive [24]. The high concentration of the supply chain is conducive to
the good cooperation between the company and the procession, and the long-term
cooperation has established a good trust among the industry, suppliers and customers,
and formed a transaction specification. When Nuria et al. studied the supply chain
cooperation relationship they concluded that the operational efficiency of decentral-
ized partner enterprises lacking contract mechanism in the supply chain was difficult
to improve [25]. Jiang studied the characteristics of partnership, and believed that
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relationship trust and institutional trust positively affect the operation performance
and financial performance of supply chain [26]. Long put forward that commitment
mechanism helps manufacturers to maximize benefits in multiple supplier proposals
[27]. Guo et al. constructed a coordination model of competition and cooperation
game of three-level supply chain [28]. It was found that with the increase of the
number of suppliers and sellers, the competitionbetween suppliers and sellers became
increasingly fierce, the bargaining power of suppliers and sellers would weaken, and
the bargaining position of core enterprises would rise, thus improving the supply
chain performance of core enterprises. However, Behncke and others show that the
higher the modularity of product architecture, the higher the demand for the rela-
tionship between supply chains [29]. Therefore, the role of product architecture is
affected by the cooperation among enterprises, suppliers and customers. However,
the cooperation relationship of supply chains varies greatly with the concentration
of supply chains, so the impact of product architecture on supply chain performance
is significant. It will be disturbed by supply chain concentration. Thus, the following
assumptions are put forward:

H2: Supply chain concentration has a significant impact on supply performance.

H2a: Supplier concentration has a positive impact on supply chain perfor-
mance.
H2b: Customer concentration has a positive impact on supply chain perfor-
mance.

H3: Supply chain concentration plays a moderating role in the impact of product
architecture on supply chain performance.

H3a: Supply chain concentration plays a moderating role in the relationship
between modularity and supply chain performance.
H3b: Supply chain concentration plays a moderating role in the relationship
between interface standardization and supply chain performance.
H3c: Supply chain concentration plays a moderating role in the relationship
between component reuse and supply chain performance.

The theoretical model of the article is shown in Fig. 1.
The regression equation is

Y = β0 + β1X + β2m + ε (1)

Y = β0 + β1X + β2m + β3Xm + ε (2)

The partial derivative of Y with respect to m is obtained:

∂ ŷ

∂x1
= β1 + β3x2 (3)
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Fig. 1 Hypothesis model

If β3 is significant, then the adjustment variable is significant.

3 Research Design

We adopt the method of questionnaire survey and use SPSS19.0 statistical software
to analysis the data. Before conducting the formal questionnaire survey, we first test
the reliability and validity of the scale, and collect the data on the basis of ensuring
the reliability and validity of the scale.

3.1 Data Collection

The research focused on manufacturing enterprises in North China. In August 2018,
pre-study was carried out, and 40 questionnaires were collected. According to the
survey results, the measurement of each variable has good reliability and validity.
On September 20, 2018, a formal data survey was conducted, and 260 manufac-
turers were surveyed and 221 questionnaires were returned. The validity rate of the
questionnaire was 81%.
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Table 1 The results of confirmatory factor analysis

Variable Fitting index

χ2/df CFI GFI PNFI RMSEA AGFI

PAF 1.934 0.857 0.878 0.570 0.045 0.850

SCP 2.020 0.800 0.850 0.789 0.039 0.824

SCC 2.568 0.936 0.946 0.678 0.056 0.868

3.2 Construct and Measurement

The reliability of the results is tested by the Cronbach’s coefficient.

α = κ

κ − 1
(1−

∑ s2i
s2t

) (4)

α is the reliability coefficient, κ is the number of questions tested, s2i is variance
of scores for each question, s2t is variance of total score.

The Cronbach’s coefficient of product structure form is 0.879, and the Cronbach’s
coefficient of supply chain performance is 0.912. The Cronbach’s coefficient of
supply chain concentration is 0.935. The Cronbach’s coefficient of the scale used in
this paper is greater than 0.80, so the scale has good reliability and can be further
analyzed.

To test the validity of the scale, χ2/df, RMSEA, GFI, CFI, AGFI and PNFI are
used to observe the structural validity of the scale.

x2

d f
= (N − 1)F

d f
(5)

If χ2/df < 3, then the results are valid. The results of the test are shown in the
table. All the indicators in the validity test result of the scale reach the acceptable
range, so the scale used in the study has good structural validity (Table 1).

3.3 Data Analysis and Results

The mean, standard deviation and correlation coefficient of each variable are as
follows. Table 2 shows that the correlation coefficient between variables is significant.
The correlation coefficient formula is
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Table 2 Mean, standard deviation and correlation matrix of variables

Variable 1 2 3 4 5 6 7

Business scale

Industry type −0.017

Sales 0.054 0.035

Years 0.133* −0.264 0.273

PAF −0.194 0.006 0.037 −0.123

SCP 0.029* 0.136 0.253** 0.345 0.468**

SCC 0.183** 0.022 −0.410 0.129 0.473** 0.480**

Mean value 3.580 3.770 2.970 3.400 4.117 3.834 3.947

Standard deviation 0.495 0.886 0.380 0.390 0.863 1.026 0.804

r =

n∑
i=1

(x1 − x)(y1 − y)

√
n∑

i=1
(x1 − x)2

n∑
i=1

(y1 − y)2

Z (6)

3.4 Hypothesis Test

The relationship between variables and the regulatory effect of regulatory variables
are tested, and the results are shown in the Table 3.

In the Table 3, R represents goodness of fit. It is used to measure the goodness
of fit of the estimated model to the observed values. The closer its value is to 1, the
better the model will be. Adjusted R2 represents the ratio of the sum of squares of
regression to the sum of squares of total dispersion.

Adjusted R2 = 1− n − 1

n − p − 1
(1− R2) (7)

And F is the significance test of regression equation, if

F > Fa(k, n − k − 1) (8)

Then, the explanatory variables of the model have significant effects on the
explanatory variables. n is sample size, k is the number of independent variables.

The data of model 1 is the regression result when controlling variables are intro-
duced. The data of model 2 introduces product architecture form on the basis of
model 1. The results show that product architecture form has a significant impact on
supply chain performance (β = 0.136, p < 0.001), and the degree of modularity has
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Table 3 The results of hierarchical regression

Variable Supply chains performance (SCP)

Model 1 Model 2 Model 3

Business scale 0.078** 0.078 0.096

Industry type −0.067 0.067 0.006

Sales 0.001 0.001 0.004

Years of establishment 0.028 0.028 0.065*

product architecture form (PAF) 0.136*** 0.330**

Modularity (M) 0.230** 0.176

Interface standardization (IS) 0.217** 0.220**

Component reuse (CR) 0.109* 0.140**

Supply chain concentration (SCC) 0.328***

Supplier concentration (SC) 0.279***

Customer concentration (CC) 0.213**

SCC × M 0.264**

SCC × IS 0.201

SCC × CR 0.215**

R 0.699 0.731 0.749

Adjusted R2 0.479 0.517 0.531

Value of F 6.374* 11.039*** 10.521***

a significant impact on supply chain performance (β = 0.230, p < 0.01). The degree
of standardization of interface has a significant impact on supply chain performance
(β = 0.217, p < 0.01). Component reuse has a significant impact on supply chain
performance (β = 0.109, p < 0.05). The hypotheses H1, H1a, H1b, H1c are verified.

In model 3 supply chain concentration degree is introduced on the basis of model
2. The results show that supply chain concentration degree has a significant impact
on supply chain performance (β = 0.328, p < 0.001), supplier concentration degree
has a positive impact on supply chain performance (β = 0.279, p < 0.001), customer
concentration degree has a positive impact on supply chain performance (β = 0.213,
p < 0.01), and supplier concentration degree has a positive impact on supply chain
performance (β = 0.213, p < 0.01). And the impact of supplier concentration on
supply chain performance is higher than the impact of customer concentration on
supply chain performance. The hypothesisH2,H2a,H2b are verified. The adjustment
effect of supply chain concentration is tested and the concentration of supply chain
promotes the impact of modularity on supply chain performance (0.264 > 0.230).
Supply chain concentration can not adjust the impact of interface standardization
on supply chain performance (p > 0.05), but supply chain concentration promoted
the impact of component reuse on supply chain performance (0.205 > 0.109). The
hypothesis H3, H3a, H3c are established, H3b is not established.
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The values of R in the three models are respectively 0.699, 0.731, 0.749. Adjusted
R2 are 0.479,0.517,0.531, and F > Fa (k, n − k − 1), therefore, the test results are
valid.

4 Discussion

Based on the research of product architecture form and supply chain, this papermakes
an empirical study on the relationship between product architecture and supply chain
performance, and explores the impact ofmodularity of product architecture on supply
chain performance, so as to provide theoretical basis for enterprises to choose product
architecture form and improve supply chain performance.

By analyzing the survey data, this paper concludes that the form of product archi-
tecture has a significant impact on supply chain performance, and the modularity
of architecture, the degree of standardization of interface and the reuse of compo-
nents have a positive impact on supply chain performance, among which the degree
of modularity has the largest impact on supply chain performance. Second, supply
chain concentration has a significant effect on supply chain performance, as well as
the reuse of components and play a regulatory role in the performance of supply chain
relationship. Supply chain concentration promotes the impact of product architecture
on supply chain in both paths. Therefore, product architecture with high modularity,
high standardization of interface and high reuse of components has higher flexibility
and responsiveness, which make enterprises can better respond to market changes,
meet customer needs and improve the efficiency of supply chain.

At the same time, this study expands the theory of product architecture and verifies
scholars’ conjecture about the relationship between product architecture and supply
chain. However, the research can be further improved, next, the authors will expand
the sample and measure the variables used in the study in a more scientific way and
will try to find other influencing variables to explore the relationship between product
architecture and supply chain performance ulteriorly.
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