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G R W N e

Abstract: Supply chain learning (SCL), which is reflected in organizational learning, referring to
the learning between organizations in the supply chain, carries the promise to enable sustainable
competitive advantages. Many large multinational companies, such as IKEA, Nestle, and Microsoft,
have therefore integrated supply chain knowledge management and continuous learning into their
corporate strategies. While there is evidence in extant research about a positive correlation between
both the subjective attitude and learning ability of supply chain members and their performance
improvement, areas where insight is still missing pertain to the relationship between supply chain
members’ subjective psychological factors, and their relationship network structures. This is a serious
omission, since these dimensions likely play a key role in the dynamics underlying SCL. In order to
alleviate this void, we consider a multi-tier SCL network and develop a model in which a supply chain
member’s attraction is weighted based on its previous learning experience. The game mechanism
underlying SCL captured in this experience-weighted attraction (EWA) model is then tested using a
simulation study of IKEA China’s multi-tier supply chain network for its sustainable cotton initiative.
The results suggest that learning costs can be reduced and learning spillover befits can be increased by
the provision of rewards to network member companies and better communication. In addition, the
perception of and preference for SCL by suppliers can be influenced by initiating sustainable advocacy
and providing knowledge and technology training, as well as fostering a range of subjective factors
we investigate in our study, such as the strategic attractiveness the decline ratio due to forgetting,
the attractiveness improvement ratio due to preferences, and the response sensitivity to strategies.
The findings offer insight into the influence mechanisms of the supply chain network structure and
subjective attitude about SCL, which are especially applicable to large, multinational enterprises.

Keywords: experience-weighted attraction model (EWA); multi-tier; supply chain learning; supply
chain network

1. Introduction

The 21st century brought supply chain management (SCM) to the forefront of both
industry and academia. Benefits of SCM are reflected in lower costs and higher efficiencies,
making it a competitive priority for multinational companies. However, the COVID-19
pandemic and frequent geopolitical tensions have wreaked havoc with the smooth flow,
operation and predictability of global supply networks. These rapid changes necessitate
to learn about their supply networks and to acquire new knowledge resources, with the
ultimate goal to enhance their innovation capabilities and market positions.

Within this context, supply chain learning (SCL) carries the promise as an effective
approach for organizations to enable sustainable competitiveness advantage [1-4]. As such,
many large multinational companies, such as IKEA China, Nestle, and Microsoft, have

Sustainability 2024, 16, 4085. https:/ /doi.org/10.3390/su16104085

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su16104085
https://doi.org/10.3390/su16104085
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-5411-376X
https://orcid.org/0000-0002-2831-0823
https://orcid.org/0000-0003-4958-189X
https://doi.org/10.3390/su16104085
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16104085?type=check_update&version=1

Sustainability 2024, 16, 4085

2 of 25

integrated supply chain knowledge management and SCL into their corporate strategies.
SCL is reflected in organizational learning, and refers to the learning between organizations
in the supply chain. The ability of organizational learning’ to leverage a firm’s supply chain
partners’ knowledge has been noted as being more efficient compared to other types of
organizational learning approaches [5]. As such, SCL is an important way for enterprises
to acquire knowledge and technology quickly, and thus improve competitiveness. The
importance of SCL is reflected in 60 to 70% of large enterprises in the European and
American markets having introduced formal knowledge management systems in their
supply chains [6], highlighting the practical relevance and importance of SCL.

Literature is rich in studies investigating the positive impact of SCL. For example,
Hernandez-Espallardo et al. (2010) tested the effectiveness of SCL for 219 Colombian
apparel manufacturers [7], demonstrating that knowledge sharing and learning can signifi-
cantly improve the overall performance of the supply chain, with an adequate governance
of inter-firm relationships being a critical enabler for SCL. This has also been verified by
the comparative advantages derived from Toyota’s production network [8]. Organizational
learning and knowledge sharing in the supply chain promotes innovation, thereby enabling
performance improvements and the attainment of a supply chain’s sustainable competi-
tiveness [9-12]; this is especially the case when knowledge synergy across the supply chain
is achieved [13-16]. The results are similar across industry supply chains.

Current research on the learning mechanism of multinational companies mainly
focuses on the study of knowledge sharing mechanisms, which include objective factors
such as the characteristics of knowledge, knowledge senders, knowledge recipients, and
organizational contexts, as well as the methods of knowledge transfer [17]. It has not
yet been determined how subjective psychological factors such as supply chain members’
cognition and learning abilities influence supply chain learning and, in turn, supply chain
performance, which is a serious omission in previous work. At the same time, while
factors such as the openness of communication between networks, communication density,
different corporate cultures, and the depth and breadth of network relationships can
affect the flow, transfer, and development of knowledge [18], here research on supply
chain learning from the perspective of the overall supply chain relationship network of
multinational companies is lacking, This state of research leads us to the following research
questions, which we aim to investigate in this study:

Q1: How will the subjective factors of supply chain members affect learning about the
supply chain relationship network?
Q2: How can the effect of SCL be improved?

In aiming to answer these questions, we build on the four SCL types (captive, consor-
tium, selective, and distributed) and the associated two fundamental dimensions of the
SCL (SCL driver and SCL network) recently proposed by Silvestre et al. [19] for studying
the network structure of SCL in this paper.

Most current articles on SCL focus on conceptual definitions and corporate perfor-
mance improvement impact. We build on this work in this article and further explore
the SCL mechanisms from the perspective of the cognitive level, the learning ability, and
the learning network structure of supply chain member companies. At the same time, as
sustainable supply chain management has become the focus of SCM research, we use a
network game methodology in the form of the Experience-Weighted Attraction (EWA)
model to study SCL mechanisms of multinational companies and propose targeted sugges-
tions to improve the SCL of these multinational companies to maintain their sustainable
competitive advantages. As part of our study, we improve the research method, which can
be used to generally explain the mechanisms of SCL more comprehensively, serving as a
ready tool to guide and help multinational companies to foster SCL, leveraging resources
such as knowledge and technology to fully play their role among various supply chain
member companies, to create value, and to maintain supply chain competitiveness.

After literature review, we then proceed with the presentation of the IKEA China
case study, which serves as the context, within which we investigate SCL. This is then
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followed by a section constructing the complex supply network of IKEA China’s SCL,
establishing a network game model based on the Experience-Weighted Attraction (EWA)
model considering realistic case conditions. The fifth section of this paper then presents
the simulation method and details how it is used to simulate the network game model
of IKEA China. The conclusions of the simulation are discussed in Section 6. A final
section discusses the derived implications that can guide the implementation of SCL
in multinational companies from a theoretical and practical perspective, serving as an
important reference for academic research and business management.

2. Literature Review
2.1. Supply Chain Learning

Supply chain learning (SCL) is founded in organizational learning [20]. In this vein,
Spekman et al. (2001) positioned learning as a key ingredient for the development of
supply chain capabilities, with the supply chain being considered as “a tool for gathering
knowledge and learning” [21]. Similarly, Bessant (2003) explored how SCL happens and
identified three stages of SCL, consisting of a set-up phase, an operating phase, and a
sustaining phase. The set-up phase is usually driven by the core company or a third-party
and triggered by clear benefits and/or challenges that necessitate the intervention; the
operating phase includes creating the network, defining the learning rules, maintaining
the members, and decision-making; in the sustaining phase, a mechanism to maintain the
long-term learning is identified [1].

Hernandez-Espallardo et al. (2010) developed a structural equation model to test
data collected from 219 Colombian apparel manufacturers, with the results showing that
knowledge sharing and learning have a positive impact on the performance of supply
chain management, and that the competitiveness of the supply chain hinging on whether
the relationships between enterprises are adequately managed [7]. The case of Toyota also
illustrates that suppliers can learn faster after participating in a knowledge sharing network,
which partially explains the relative productivity advantage enjoyed by Toyota and its
suppliers [8]. In addition, a thematic analysis of blockchain-related agri-food business news
and expert opinions from the Ovid database’s Agricola section found that organizational
adoption strategies determine the effectiveness of the implementation of technologies such
as blockchain in agri-food supply chains [22]. A nuclear power incident in Sweden in
2006 also demonstrated the importance of organizational learning. Through interviews,
seminars, and feedback from preliminary analysis, the specifics of organizational learning
in this case were revealed, suggesting that there are other ways to enhance learning, thus
further stressing the importance of the risk analysis and the impact of risk regulation [23].
Overall, it can be said that SCL can improve the collective performance of the system,
which however is dependent on the learning ability of individual supply chain members,
who are also responsible for their focal firm’s performance [15].

Generally, the focal company, as the initiator of SCL, considers sustainability and
stability of supply as a management strategy, with the focal company thus using its eco-
nomic position to incentivize supply chain members to participate. These dynamics make
SCL so diverse and complex [24]. For example, Gong et al. (2018) validated Bessant’s
three-stage model through multiple case studies and pointed out that focal companies need
to orchestrate both internal and external supply chain resources, altering the supply chain
network structure to effectively drive the development of SCL [2]. Jia et al. (2019) further
proposed that focal companies or third-party organizations should play a leadership role in
facilitating this learning process [25]. Furthermore, Gong et al. (2023) explored the complex-
ity of multi-layered sustainable supply chain management (SSCM) from the perspective of
social systems theory. Through case study analysis, the authors suggest that in order to
cope with environmental complexity associated with multi-tier sustainable initiatives, focal
companies tend to create both internal complexity and collaborative complexity through
a variety of governance mechanisms, and that the increased environmental overlap and
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available collaborative complexity during the process can be fed back into the system to
facilitate further creation of the requisite variety [26].

At the same time, the knowledge held by firms close to end markets often accurately
describes the current needs of end customers, and through SCL, they can help the focal
enterprise to more accurately position its products in the market and improve its ability to
effectively perform its responsibilities. In turn, the knowledge that suppliers gain from the
supply chain allows them to further understand specific needs and preferences [27]. While
the roles of focal companies and suppliers in SCL are different, they both can benefit from
participating in SCL. However, current research in SCL within the context of multinational
corporations primarily focuses on the study of knowledge sharing mechanisms. In these
studies, scholars have mainly explored the impact of factors such as the characteristics
of knowledge, knowledge senders, knowledge recipients, and organizational contexts,
as well as the methods of knowledge transfer and so on [17]. From the perspective of
network structure, the learning mechanisms of multinational companies works through
social networks among managers. An important foundation in promoting knowledge
sharing is to establish a network of mutual trust, representing the basis for open and honest
communication (cf., [18]). At the same time, as noted earlier, factors, such as the openness
of communication between networks, communication density, different corporate cultures,
and the depth and breadth of network relationships have the potential to affect the flow,
transfer, and development of knowledge [18].

Overall, extant research has defined the concept of SCL, provided evidence that
inter-organizational learning can significantly promote the performance of supply chain
management, and studied the knowledge sharing mechanisms between enterprises. Our
review of the literature revealed that the roles of focal companies and suppliers in the
supply chain network are different, necessitating a SCM perspective when analyzing.
Focusing on SCL mechanisms is important to incentivize enterprises to participate in SCL,
thereby enhancing the overall supply chain competitive advantage.

2.2. Complex Networks

A complex network is a system model that can be used to describe interconnected systems
in the natural sciences, the social sciences, and engineering technology. Yang et al. [28] defines
it as a network with some or all of the properties of self-organization, self-similarity, being
an attractor, small world, and scale-free. The widespread existence of complex networks
has led a large number of scientists to engage in research on the topological properties
and dynamic properties of complex networks [28]. Well-known complex network models
include the Erdos—Renyi (ER) random network model [29], the Strogatz—Watts (SW) small-
world network model [30], and the Barabasi—Albert (BA) scale-free network model [31].
Since these network models were proposed, complex network research has developed
vigorously and has been applied in many fields.

Game theory is used to study how a single individual seeks to maximize interests in
the process of interacting with others. Due to factors such as information barriers, cognitive
levels and structural deviations, and policy time lags, game individuals do not fully comply
with the rational economic man assumption usually considered in traditional game theory
during the decision-making process of the game, but make irrational choices. As such, the
bounded rationality assumption in evolutionary game theory [32] can provide a more realistic
explanation because its characteristics are more consistent with many real networks. Therefore,
using game evolution on complex networks to study real problems has attracted the attention of
scholars. For example, Nowak and May (1992) identified the positive effect of spatial structure
on the cooperation, which provided a research method model for subsequent research [33,34].
Further, Tomassini et al. (2006) analyzed the hawk-dove game on small-world networks and
found that cooperative behavior in small-world networks is related to the evolutionary rules,
benefit assumption ratios, and network characteristics set in the game [35].

Through the above literature analysis, we suggest that it is feasible to study real-
world networks by combining complex networks and evolutionary games. When doing so,
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different real networks can be studied according to their characteristics to construct different
complex networks. In view of this, taking into account the close connection between various
stakeholders in the supply chain network of multinational corporations, this paper also builds
an SCL network based on the SCL structure proposed by Silvestre et al. [19] and designs an
SCL model based on the case situation, followed by simulation analysis.

3. Method and Model Analysis

Different companies are associated with different learning network structures at
different stages of their SCL, however, after SCL gradually stabilizes, a final closed network
structure can be derived. Since that the supply chain network involves many nodes and the
connections between the networks are complex and large-scale, individuals can always be
connected with each other through the relationship of the supply chain, with enterprises at
different levels having different roles and importance levels for SCL, this further increases
the complexity of the network.

Tachizawa and Wong (2014) noted that in a sustainable multi-tier supply chain, focal
companies adopt multiple governance mechanisms, which can include direct cooperation,
indirect cooperation (through first-tier suppliers), and cooperation with third-parties (such
as non-governmental organizations and industry associations), so as to manage the sustain-
ability performance of supply chain members [36]. The adoption of multiple governance
mechanisms was evidenced in the studies by Gong et al. (2018) and Jia et al. (2019), who
conducted in-depth interviews with members of IKEA China’s supply chain network, in-
cluding senior managers from both IKEA China and its suppliers across multiple tiers [2,25].
Both studies found that a mix of the three supplier governance mechanisms was applied to
implement the sustainable cotton initiative.

Specifically, in GONG et al.’s [2] study, an exploratory multiple case study approach
was adopted and three MNCs’ sustainable initiatives in China were examined. The data
were primarily collected through 43 semi-structured interviews with managers of focal
companies and their multi-tier suppliers. They extended their internally focused resource
orchestration perspective (ROP) to the supply chain level and answered the theoretical
question of how multinational corporations orchestrate internal and external resources to
help their supply chains learn sustainability.

The study by Jia et al. [25] is also based on multiple case studies of these three multi-
national companies. In their research, they paid more attention to the leadership of focal
companies in the supply chain. They proposed a framework based on the constructs of sup-
ply chain leadership, multi-tier supply chain governance, multi-tier supply chain structure
and SCL and found that the combined effect of supply chain leadership and governance
mechanisms affects both supply chain structure and SCL and MNCs change their supply
chain structure to facilitate supply chain learning.

This article pays more attention to the perspective of supply chain network, and
carries out an analysis of the SCL mechanism based on their multiple case studies on
multi-layer SCL of multinational companies [2,25]. IKEA China, a Western multinational
company operating in China, was chosen as the research object as Western multinational
companies are much more mature than Chinese companies in terms of SCM and corporate
social responsibility [37]. At the same time, multinational companies that adopt localized
manufacturing and supply chain operation strategies are better able to maximize SCL [2].
IKEA China has a complete set of strict organizational systems and it determines the domes-
tic sales and exports of products through scientific management, which provides the basis
for its SCL. In addition, compared with Tetra Pak and Nestlé, which were also studied by
Gong et al. [2], IKEA China’s sustainable development plan—the cotton plan—has achieved a
100% sustainable procurement and has a higher degree of SCL, making the case analysis more
insightful. According to IKEA China website, it is guided by the IKEA group, which hopes
to integrate sustainable development into life through more than 4000 sustainable products.
Sustainable development is an important strategic cornerstone of IKEA, which runs through
IKEA’s value chain, company operations, and cooperation and communication with various



Sustainability 2024, 16, 4085

6 of 25

stakeholders. The group is not only interested in growing business, but also in how its business
impacts the world. This way of balancing commercial interests and social responsibility is
imperative for today’s enterprises, which can win the trust and support of consumers and is
the key to forming a competitive advantage in the supply chain.

The present research applies an EWA model to the SCL network of IKEA China with
the objective to simulate the SCL game mechanism [2,25]. The simulation method is first
used to test the game model, followed by an assessment of the influence mechanisms
associated with the multi-tier supply chain network and related subjective psychological
SCL factors.

Specifically, we utilize a statistical learning model to study the effect of subjective
psychological factors on SCL and to then predict changes in SCL behavior of large com-
panies. The model is tested using a simulation study of IKEA China’s multi-tier supply
chain network for its sustainable cotton initiative. While various learning models exist,
including reinforcement learning models and belief learning models [38—41], we leverage
the EWA model [42], which combines the reinforcement learning models and the belief
learning models, taking into account the effects of experience reinforcement and strategic
attraction, representing a more general learning model.

IKEA China’s cotton-textile supply chain consists of six processes: cotton farming,
ginning, spinning, weaving, dyeing, and cutting and stitching. These six processes are
carried out at five levels in IKEA China’s SCL network (as in Figure 1): the first level
(L1) consists of the focal firm in the supply chain network, i.e., IKEA China, where the
branding is implemented here.; the second level (L2) is comprised of the cutting and
stitching supplier (a T1 supplier), which is a tier-one supplier that receives training directly
from IKEA China; the third level (L3) consists of the dyeing supplier, which is contacted by
the tier-one supplier (L3 is thus a T2 supplier); the fourth level (L4) includes the weaving
and spinning suppliers (T3 and T4 suppliers) that interact with T1 and T2 suppliers; the
fifth and last level (L5) is comprised of ginners and cotton farmers (T5 and T6 suppliers,
respectively), with which IKEA China has direct contact and/or collaborates with in the
form of third-party knowledge providers, such as the Better Cotton Initiative (BCI), which
is a third-party non-governmental organization (NGO). Depending on the specialization of
suppliers, the various activities in the supply chain (ginning, spinning, weaving, dyeing,
cutting and stitching) may be covered in different combinations by suppliers.

Cotton L L . . Cutting and .

g —> Ginning —% Spinning [—» Weaving —» Dyeing [—> v 3 —> Branding
farming © © stitching ©
T T T T T T
1 1 1 ! 1 1 1
1 1 1 U 1 1 1
"""" [ I | 1 1
1 | |

v v

EN

Figure 1. IKEA China’s supply chain learning network.

=

As is evident from this structure, the cotton-textile supply chain is long and complex,
encompassing vertically integrated suppliers at different levels. For example, while some
suppliers cover all the processes from spinning to cutting and stitching, others only cover
one or two processes. In an instance of very limited integration, Gong et al. (2018) for
instance found that IKEA China directly provided training to T1 suppliers [2]. At the same
time, T2 and some T3 suppliers were also indirectly involved through first-tier suppliers,
for instance in the form of joint workshops. For T3 and T4 suppliers, IKEA China mainly
adopted indirect or third-party cooperation methods through T1 or T2 suppliers to gain
influence; for T5 and T6 suppliers, IKEA China adopted a direct approach in the early
stages of network development, and a third-party cooperation approach in the later stages,
so as to provide hands-on training. The implication is that in addition to directly managing
raw material suppliers (T5 ginning and T6 cotton farming), IKEA China tends to fully
delegate sustainable cotton purchases to T1 suppliers and third-party agencies. While
cooperation with third-party organizations was one of the governance methods chosen by
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IKEA China, the associated costs for cooperation and communication were mainly covered
by IKEA China. We therefore consider third-party organizations as learning resources
provided by IKEA China, the focal company, to maintain the SCL network.

Members on the same level of IKEA China’s cotton supply chain can leverage industry
communication platforms to learn and communicate with each other. For example, ITCS
(Inter Testing & Consulting Services) is IKEA’s own laboratory, which integrates product
testing and supplier training to provide comprehensive and high-quality technical support
services for IKEA suppliers. At the same time, IKEA China continuously coordinates
with its suppliers to enable knowledge sharing and learning when it comes to sustainable
management standards. There is a mutual understanding for collaborative learning among
members at the same level, thereby forming a connected learning network. For simulation
purpose, based on Gong et al. (2018) and Jia et al. (2019) [2,25], and further confirmation by
IKEA China’s sustainable cotton managers, the number of suppliers to IKEA China at the
various levels described above were 1, 5, 5, 5, and 6 for L1 through L5, respectively.

In order to determine whether there is a learning relationship between two suppliers,
we consider whether the suppliers are on the same level or on adjacent ones; if the suppliers
are on the same level or adjacent ones, a learning relationship exists; otherwise, a learning
relationship does not exist. Utilizing the UCINET 6 software yields the SCL network as
depicted in Figure 2.

Figure 2. Complex network diagram of IKEA’s SCL network.

The relationship matrix corresponding to Figure 2 is shown in Figure 3. The letters A,
B, C, D, and E represent the IKEA supply chain levels from L1 to L5, respectively. There
are 5 suppliers each at thelL2, L3, and L4 links, and 6 atL5. We plotted their learning
relationships in Figure 3 and determine the degree of the corresponding node enterprise in
the supply chain as K; = [11, 10, 10, 10, 10, 10, 14, 14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 11, 11,
11,11, 11, 11, 11].
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Figure 3. Relationship matrix of network nodes.

4. Game Model of IKEA China’s Supply Chain Learning Network
4.1. EWA Model

The EWA model is able to capture both reinforcement learning and belief learning. On
the one hand, reinforcement learning theory suggests that game participants will adjust
their behavior based on the experience formed by the reward of past actions, which means
high-yield action strategies are selected and strengthened, while low-yield strategies are
discarded—and since they are not applied any more, they cannot be strengthened. On the
other hand, belief learning theory suggests that by observing the game history, participants
discover the probability that other participants choose action strategies, form beliefs about
other participants” action choices, and then choose their own optimal action strategy based
on their beliefs. Belief learning conforms to statistical laws, which are governed by internal
psychological laws. The EWA model, which combines these two learning theories and blends
the reinforcement of experience with the beliefs of players, is a more general learning model.

In reality, when determining the SCL strategy, the member enterprises of the supply
chain will make the selection of the current period based on the experience of the previous
period. In order to reflect the actual situation more comprehensively and objectively, this
paper constructs an SCL strategy selection model for supply chain member enterprises
based on the basic idea of the EWA learning model, and the equation can be expressed by
Equation (1):

PN(t—=1) x Al(t = 1)+ [6+ (1= 6) x I(s],5:(1)) | x TTi(s],54(1))
N (1)

Al(t) = (1)

where t is the period of the game. s{ is the j-th strategy of player i in period ¢, the strategy
set of other players is denoted as s_;(t). I1;(s},s_;(t)) is the income of node i. Al(t) is the

attractiveness of strategy j to node i. N(t) is the experience weight, which indicates the influence

of a participant’s game history on the attractiveness of the current strategy. A{: (t) and N(t))
are updated after each experience period. The parameter ¢ represents the weight that the
learner subjectively gives to the benefits of the unselected strategy, 6 € [0, 1]. It is affected
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(64 (1= 6) x I(s],si(t))] X TWi(s]54(1)) =

by the perceived reliability of the abandoned strategy’s benefits, which is a psychological
estimation variable.

The parameter ¢ represents the coefficient indicating the decline of strategic attractive-
ness. In the process of the SCL game, enterprises partially abandon their experience due
to forgetting or the competitive environment changing, resulting in the attenuation of the
attraction in the previous period and a decrease in the effectiveness of the strategy. The
parameter ¢ measures the extent of the decrease.

The initial value of the experience weight is N(0), and is updated according to
N(t) = ¢(1 — k)N(t — 1) + 1. Its limitation is N (¢) < bdﬁ' so N(t) is weakly increasing.
The initial value of attraction is Af (0), which is updated according to Equation (2):

PN(t—1) x Al(t—1) + [5+ (1-6) x z(s{f,si(t))] x Ti(s],s_;(t))
p(1—x)N(t—-1)+1

Aj(t) = @)
where k is the learning growth rate of strategic attractiveness, indicating the learning ability
to learn from past gaming experiences. Due to the cumulative increase in the strategy’s
attractiveness in the reinforcement learning model, and the slow growth of attractiveness in
the belief learning model, this model uses « to represent the impact of different models on
the increase in strategy attractiveness in the game learning process. The lower the attraction
growth rate, the closer k is to 0, and the higher the growth rate of the attraction, the closer

kistol. I (sf:, s;(t)) is an indicator function, which is equal to 1 when s{: is the same as s;(t),
and 0 in other cases, as shown in Equation (3):

; 1 if s =s;(t
IG%ﬁnz{o ﬁ3¢18 ©)

The weighted payment term {6 +(1-9) x I(s]%, si(t))] X Hi(sji,s_i(t)) in Equation (2)
can be expressed as

I (sﬂ, s,i(t)) if strategy j is adopted

(4)

OIT; (S;, s,i(t)) if strategy j is not adopted
The attractiveness of the strategy A?(t) determines the probability of the strategy

being selected. The greater the attractiveness of the strategy, the more likely it is to be

selected. Since the learning process conforms to the law of measurement statistics, an index

model can be used to express the strategy’s attractiveness. The selection probability can be

expressed by Equation (5):

ML)

Pl(t+1) = (5)

ZZE ; e?\A?(t)
where m; represents the strategy set of i, and A represents the sensitivity of the supply chain
member companies to strategic attraction, which is affected by the member companies’
motivation, psychological perception, and other factors.

4.2. Payment of the Supply Chain Learning Network Game Model

Member companies in the multi-tier supply chain network share knowledge and
information through learning. The sharing of knowledge and information is conducive to
improving the work and innovation capabilities of supply chain employees; these capabili-
ties are reflected in the supply chain’s production efficiency and operating performance
through the learning curve effect. Further, companies in a supply chain can be said to
possess the characteristics of economic people, pursuing profits and avoiding risks [43]. As
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such, based on the research of Christoph et al. (2019) [44], the following assumptions can
be made:

@

@)

®)

4)

The production costs of member companies in the supply chain network conform to
the learning curve. It is assumed that the production cost of a node company is X,
and its value range is X > 0. X represents the cost of producing the g-th product, X;
is the initial production cost, and considering the impact of SCL on the learning curve,
the cost function of node i for product production is as follows:

i A\ _

Xp =X x (Q7)"x (@) x Q7 (6)
j j

where (Q)% and (Q~%)™ indicate that when a company chooses SCL, the sharing of

expertise and technology within the supply chain leads to a continuous decline in the

costs, related to, for instance, production, management, and transactions. Specifically,

j
(Q™")% represents the cost reduction effect brought by a nodal i enterprise after

implementing SCL, and (Q’d)sjfi represents the cost reduction effect brought by a
nodal —i enterprise after implementing SCL. These effects accelerate the decline of
the learning curve. Compared with the case where SCL is not performed, the latter
produces the same number of final products, and its marginal cost decreases faster,
which is likely to foster a supply chain’s competitive advantage [45,46]. In addition,

when s{ =1lands’ ; = 1, the marginal production cost is
Xp=Xn =X x Q"< Q7 7)

Further, when sg =1lands’ ; = 0, the marginal production cost is

X=Xy =X x Q" x Q" (®)
Moreover, when s{: =0and sj_ ; = 1, the marginal production cost is
X =Xo = X1 x Q4 x Q" ©)

Also, when sf =0 and s]; ; = 0, the marginal production cost is
Xy =Xoo=X1 xQ7" (10)

Enterprises in a supply chain generally participate in the production of the final
product. In the short-term, the market price of the final product is fixed at P and the
market demand is Q. The contribution rate of a single company i to the product in the
supply chain is vj.

Assuming that the node enterprises have a similar risk appetite, they have two
strategies to choose from: learning and not learning; remember that the jth strategy of
participant i is sé, The strategy set of participant i in period t and other participants
(denoted as —i) are s;(t) and s_;(t), respectively.

Combining Assumptions 1, 2, and 3, we can obtain the gains 7 of a single-node
enterprise. The difference between the total revenue and the total cost of the final
product in the supply chain is distributed according to the contribution rate, and the
gains 7 can be expressed as

Q
mi(si(t),5-i(1)) = vi x (PQ = |~ Xydx) (1)

Under different learning strategies, the payoffs for node companies are as follows:
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(a) When the central node i chooses to learn, and the neighbor node —i also
chooses to learn, the payment income for nodes i and —i is

Q
T = vi X (PQ _/o Xq1dx) (12)

Q
7o = vy x (PQ— [ Xud) (13)

(b) When the central node i chooses to learn, and the neighbor node —i chooses
not to learn, the payment income is

Q
it = Vi X (PQ — /o Xiodx) (14)

Q
TT_j10 = V_; X (PQ — /0 Xlodx) (15)

(c) When the central node i chooses not to learn, and the neighbor node —i chooses
to learn, the payment income is

Q
o1 = vi X (PQ —/0 Xo1dx) (16)

Q
7o = vy x (PQ— [ Xoud) (17)

(d) When the central node i chooses not to learn, and the neighbor node —i chooses
not to learn, either, the payment income is

Q
oo = vi X (PQ — ./o Xoodx) (18)

Q
TT_joo = Vi X (PQ */0 Xoodx) (19)

The payment matrix for a single game between the enterprise and their neighbors on
the supply network is shown in Table 1.

Table 1. Single-game payment matrix.

Strategy of Node —i

Single Game of Nodes i, —i

Learn Do Not Learn
Strategy of node i Learn 117 T—i11 105 TT—i01
Do not Learn o1 T—i10 Ttioo; T—i00

The inter-firm learning of a company’s supply chain network is a dynamic process.
Each supplier chooses the strategy of the next game according to the income obtained by
the strategy it chooses in the game. The experience of the previous game will form a belief
and affect the next game decision. We use I1;(s;(t),s_;(t)) to represent the expected return
of enterprise i.

4.3. Network Game Model for SCL

In the learning network diagram shown in Figure 2, each node represents a company
within the SCL network. Based on the conclusions of the field interviews reported in
Gong et al. (2018) and Jia et al. (2019) [2,25], the following assumptions are made:

(1) The node enterprises in the learning network will imitate their neighbors with a
higher probability than non-adjacent neighbors [47,48]; the strategy set of each node
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@)

®)

4)

©)

(6)

enterprise i is sf ={0,1}; 1 indicates that a learning strategy is pursued, and 0 indicates
that no learning strategy is pursued. Similarly, we can obtain s’ . =1{0,1};

The adjacency matrix A is used to represent the learning network of the supply chain.
If there is an edge between node i and node —i, A_j is 1, otherwise it is 0. IKEA
China’s supply chain network is shown in Figure 3;

In the SCL network, node companies can only communicate with their neighbor
nodes and is mainly influenced by them [49], so the game relationship only exists
between neighbor nodes;

Whatever the network structure is, incentives in general exhibit a facilitative effect on
cooperative behavior [8]; therefore, it can be assumed that in order to motivate the
learning behavior of network nodes, the core company (IKEA China in our illustration)
that chooses the learning strategy will economically reward the nodes that also choose
the learning strategy in the network. Let r denote the reward given by the company
(i.e., the core company) to other enterprise nodes in the supply chain. The total

7z .
reward amount paid by the company is ) sé -1, where Z represents the total number of
2

enterprise nodes in the supply chain of a company, and the incentive received by a

single enterprise node in the supply chain is sf T;

Due to information asymmetry, corporate relations, knowledge stickiness, and dif-
ferences in the ability to transfer knowledge between different enterprises, obstacles
will appear in the learning process. As such, enterprises incur costs to reduce or
eliminate these obstacles [50,51]. The ratio of these costs to the benefit is represented
by u;; 0 < u; < 1. The learning cost of the node enterprise can then be expressed as
séui xYs A _ii(mj11 4 1), with (717 + r) being the current income obtained when
node i chooses to learn in this round of the game;

Learning has a knowledge spillover effect, which is also applied in our context of a
company’s supply chain [52]. As such, IKEA China is at the core of the SCL network,
and thus can fully absorb the knowledge experience of each node company, hence gar-
nering the largest knowledge spillover benefit. There is a positive correlation between
the spillover effect and the number of node companies that choose to participate in
the learning. We use f to denote the spillover gains obtained by the company from a
single learning supplier. The spillover gains obtained by IKEA China from the entire

7z . 7 .

supply chain network are thus ) sf -f, where ) s? is the number of all companies that
2 2

choose to cooperate in the supply chain.

The gains functions of a focal company and its multi-tier suppliers in the SCL game

are thus as follows:

@

Gains function of the focal company: When node i is a focal company, node i plays a
leading role in the SCL network; this is generally the case for large enterprises like
IKEA China. At this time, the payoff that node i can obtain in the game is composed of
three parts: the immediate income obtained by participating in SCL, the supply chain
knowledge spillover income, and the incentives paid to other cooperative nodes:

L. . L.
Upin= & Tlsus )P+ s f—sisr @D
—ieNBR s; 2 2

This means that in the t + 1th round of the game, the gains that a focal company can

obtain under the two strategies is

7 . 7 . .
Y LI(sis_ )P, y+Ls f—rs r si=1
ui(t+1) — { —ieNBR s; 2 2 (21)
Y YIi(si, s—)Ps_)sl =0
—ieNBR s;
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(2) Gains function of suppliers: When node i is a supplier company, the gains that
node i can obtain in the game consist of three parts—immediate benefits gained
by participating in SCL, hidden costs to acquire new knowledge, such as costs for
overcoming barriers between corporate cultural differences, and incentives received
from the focal company:

z
Uiy = Y, Y Ii(sis-i)Ps_y+siri—siThux Y s A ji(mn +71) (22)
—iENBR §; —i=1
This means that in the t + 1th round of the game, the gains that suppliers can obtain
under the two strategies are

z . ,
T YIi(si, s-i)P y+ri—uix ¥ s A ji(mu+7)sl =1
—iENBR 5] —i=1 (23)

Y Y Ii(si,s—i)Ps_ysi =0
—ieNBR s;

ui(t+1) =

where P ) is the probability of the —ith node making the strategy selection in the t + 1th

period, which is given by Equation (5) in the EWA model. Table 2 provides a summary of
the parameters in the above equations.

Table 2. Parameters in Equations (1) to (23).

Parameter Definition
t The period of the game
A_j Network connection relationship between node i and —I, which is either 1 or 0
sf“, stjl The strategy adopted by nodes i and —i in the t + 1th period
Hi(sf, s_i(1)) The income of node i
A{: (t) The attractiveness of strategy j to node i
N(t) Experience weight, which indicates the influence of a participant’s game history on the attractiveness
of the current strategy
Pij (t+1) The probability of the strategy j being selected by node I in the t + 1th period
m; The strategy set of node i
A The sensitivity of the supply chain member companies to strategic attraction
5 The weight assigned to the benefits of the unselected strategy
The coefficient of decline in the attractiveness of the strategy due to forgetting, competition changes
¢ or other reasons
Learning growth rate of strategic attractiveness, indicating the company’s ability to learn from past
gaming experiences
f SCL spillover gains obtained by the focal company from a single supplier selection
r Rewards paid by the focal company to other enterprises in the supply chain
u; The learning cost rate that node i will pay to eliminate learning barriers when choosing to learn

4.4. Model Analysis

Under the assumption of the same risk appetite, strategy j has the same attractiveness
to different game participants, which can be expressed as follows:

i — Al
A (1) = Al(h) 4)

Substituting this into the probability Equation (5), we obtain the probability that player
—i adopts strategy j:
M)

Pi(t+1)=Pl(t+1) = (25)

. k
2;(’1;1 e?\Ai ()

Assume that in the early stage of the SCL network game, supplier companies do not
participate in the learning, which means when t = 0, the probability that the game player
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, » J
—i chooses the learning strategy (s ; = 1)is P_;(t+1) = Pi(t+1) = M - = 0. After

om aak)
I M (t
that, the node enterprise will continuously adjust its strategy according to the income
situation. When the gains of choosing not to learn are greater than the learning gains, the
node enterprise will not adopt SCL, otherwise it will continue to use SCL.
Substituting the initial return matrix into the total return formula, the equilibrium
conditions of the node enterprise i in the t + 1th game round are obtained as follows:
(1) When the node enterprise i is the focal company,
Z Z . .
Zipimin Poi(t+1) +(Z = Zp)mino(1 = Poi(t+ 1)) + gsﬁif - ;sj,,»r si=1 26)
Zrpamin Poi(t+1) + (Z = Zya)mioo (1 — P_i(t + 1)) sl =0

1

Uiity1) =

In this equation, Z;, 1 represents the number of enterprises participating in SCL in
the t + 1th game round, and P_;(t + 1) represents the probability that node —i adopts the
learning strategy with node i.

The equilibrium condition for node i’s selection learning strategy is that the gains of
learning > the gains of not learning, as shown in Formula (27):

7 . 7 .
Zyamn P_i(t+1) + (Z — Zpy1)mao(1 — Poi(t + 1)) + gsj_if - ;S]_ir
> Zipmiot Poi(t +1) + (Z — Zy 1) migo(1 — P_i(t + 1))

(27)

Formula (27) is simplified to obtain the conditions for enterprise i to choose a learning
strategy, as shown in Formula (28):

z z
Zipmn Poi(t+1) +(Z = Zpp)mino(1 = Poi(t+ 1)) + ;S],if - %S],ir — Zpmio P_i(t 4 1)
+(Z = Z41)mioo(1 — Pi(t+1)) =2 0

From Equation (28), it can be derived that the behavior of a focal company in a game
round is directly related to the incentives given to other cooperative nodes to participate
in SCL, the spillover benefits obtained in the supply chain, and the benefits obtained by
choosing not to engage in SCL. The greater the incentives for other suppliers to participate
in SCL, the less likely that (28) is to be established, and the less likely it is for a focal
company to choose a learning strategy; the greater the benefit of knowledge spillovers in
the supply chain network, the greater the payoffs that a focal company can gain from SCL,
the easier it is to formulate (28), and the more likely it is that a focal company will choose
to learn. At the same time, the probability of supplier nodes choosing to learn also affects
the choice of strategies for the focal company.

(28)

(2) When the node enterprise i is one of the suppliers,

z . .
) Ziamin Poi(t+ 1) + (Z — Ziga)mino (1 — Poi(t 4+ 1)) +ri —uie ¥ sL A (g +1)s =1
ui(t+1) = —i=1 (29)

Zipamin P_i(t + 1) + (Z — Zpy1)migo(1 — P_i(t + 1)) s5i=0

The equilibrium condition for node i’s selection learning strategy is that the gains of
learning > the gains of not learning, as shown in Equation (30):

Zipamn P_i(t +1) 4+ (Z = Zy1)mino(1 — P (t + 1)) + 1, — u;

VA
Zl s' A i(min +7) (30)
e
> Zipmior Poi(t +1) + (Z — Zyy1)migo(1 — P_i(t + 1))

Formula (30) is simplified to obtain the conditions for enterprise i to choose a learning
strategy, as shown in Equation (31):
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7 .
Zip1min P_i(t+1) +(Z — Zi1)mino(1 = Poi(t+ 1)) + 1 — ;- ‘lej_iAfii(”ill +71) = Zipamior P (t+ 1) (31)
e

+(Z = Zpy1)mioo(1 = P_i(t+1)) 20

According to Equation (31), the decision to engage in a game round by other suppli-
ers in the focal company’s SCL network is directly related to the immediate benefits of
participating in SCL, the rewards obtained from the focal company, and the hidden costs
to be paid when choosing the learning strategies. The greater the immediate benefits of
participating in SCL, the greater the probability of (31) being established, and the greater the
probability node enterprise i will choose a learning strategy; the greater the rewards received
from a focal company, the greater the node’s gains from SCL, the easier Formula (31) is to
establish, and the more likely the supplier company will choose to learn. At the same time, the
company’s weak knowledge transfer ability, learning obstacles caused by cultural differences,
and knowledge stickiness can lead to hidden costs for suppliers when participating in SCL,
which will reduce the probability that suppliers choose to engage in SCL.

5. Model Simulation of the SCL Mechanism

Using MATLAB R2016a software to simulate the model, the simulation flowchart is
summarized in Figure 4:

[ Start ]
v

[ Network construction ]

v
[ Set initial t = 0 state ]
v
(o)
N
[ i=i+1 }(

[ Compute the gains of node enterprise 1 ]

2

[ Node i chooses strategy based on gains ]

V

[ Count when node i chooses learning }

strategy: TNC, = TNC, + 1

Yes

( End ]

Figure 4. Model simulation flowchart.

5.1. The Impact of the Attractiveness Decline Ratio ¢ on a Focal Company’s SCL

Assume that the supplier’s response sensitivity to the strategic attractiveness is 0.03,
the reward r paid by the focal company to a single supplier participating in SCL in the
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supply network is 0.4, the cost rate u for the supplier to overcome the obstacle of learning
is 0.01, and IKEA China’s SCL spillover benefit f from a single selected supplier is 0.8.

Under the initial conditions, the attractiveness of strategy A]i(O) is 2, the experience weight
N(0) is 0, and the probability of the player choosing the two strategies obeys the uniform
distribution probability P(0) = 0.5; that is, the number of initial partners is 11. The empirical
estimation of the parameters of the EWA model in the general case can be obtained as
follows: Participating players give the unselected strategy’s return a weight of 6 = 0.5, the
previous attractiveness decline ratio coefficient is ¢ € (0.8,1). Among them, the value of §
is fixed. Most of the variables here are probabilities, with values ranging from 0 to 1. Since
our research is a simulation and we do not have actual data, we have selected data within a
reasonable range and can better reflect the simulation effect for presentation [53-55]. In fact,
using other values within the reasonable range, the result trend is still the same, which can
also support our research. Assume that the learning growth rate of strategic attractiveness
k is 0.5, and the value of the previous attractiveness decline ratio ¢ is as follows: ¢ = 0.§;
@ = 0.85; ¢ = 0.9; @ = 0.98. The simulation results are shown in Figure 5.
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Figure 5. Effect of the previous attractiveness decline ratio ¢ in the EWA learning model on the
number of partners in the focal company’s SCL network game.

In Figure 5, the decline rate of attractiveness ¢ has an inhibitory effect on a focal
company’s SCL. The larger the decline rate, the lower the number of suppliers who choose
a learning strategy. When ¢ = 0.98, the number of cooperative companies in the network
increased from the 3rd game with some fluctuations until the 22nd game, reaching the equilib-
rium point of 13. When ¢ = 0.9, the number of enterprises participating in SCL in the network
started to rise from the 3rd game, converged to 20 at the 22nd game, and then remained stable.
When ¢ = 0.85, the change trajectory is roughly the same as the previous changes, but stabilizes
at a higher point (21). When ¢ = 0.8, the number of partners in the network finally stabilizes
at 22, which means that each company in the network chooses cooperation strategies and
participates in SCL. As such, ¢ indicates that supply network node enterprises are affected
by psychological factors, such as the pressure to learn, emotional excitement, and forgetting,
weakening their preferences for the selected strategy.

5.2. The Impact of the Learning Growth Rate of Strategic Attractiveness x on the Focal Company’s SCL

The related variables of the initial conditions are assumed to be the same as in the
previous Section 5.1. The value of the previous attractiveness decline ratio ¢ is 0.9, and the
learning growth rate of strategic attractiveness is k € (0, @). It is assumed that the values
of k are as follows: k = 0.3; k = 0.5; k = 0.7; k = 0.9. The result is shown in Figure 6.
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In Figure 6, the learning ability from strategic attractiveness k continues to increase
as more companies choose to participate in SCL. When k = 0.3, the number of companies
participating in SCL in the network starts to fluctuate from the 4th game, and converges to
12 at the 22nd game; when « = 0.5, the number of companies that choose to learn increases
from the 4th game, and stabilizes at 20; when k = 0.7 and when k = 0.9, the number of
learners in the network stabilizes at 22, which is when all companies in the focal firm’s
supply chain choose to participate in SCL.

25 T T
® )
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=
-
1]
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e
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0 | | | 1 1
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Game number

Figure 6. Effect of the learning growth rate of strategic attractiveness k in the EWA learning model on
the number of learners.

5.3. The Impact of the Strategic Attractiveness’ Response Sensitivity A on the Focal Company’s SCL

When the other variables are assumed to be constant and the same as in the previous
case (Section 5.1), and the values of the strategic attractiveness’ response sensitivity A are
0.1, 0.05, and 0.01, the simulation results as shown in Figure 7 are obtained.
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Figure 7. Effect of the strategic attractiveness’ response sensitivity A on the number of learners.

In Figure 7, we observe that the larger the value of A, the more enterprises choose a
learning strategy after the game equilibrium has stabilized. When A is 0.01, after a short-
term fluctuation, the number of companies choosing to learn stabilizes at 18. When the
value of A is 0.05, the number of companies that choose a learning strategy fluctuates in
the first two games and starts to increase from the third game, stabilizing at 19. When A is
0.1, the number of companies that choose a learning strategy in the supply chain gradually
increases from the third game and stabilizes at 22, indicating that all companies participate
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in the focal firm’s SCL network. Therefore, the strategic attractiveness’ response sensitivity
has a positive relationship with the choice of learning strategy. The larger it is, the more it
can promote the learning of the supply chain network.

5.4. The Impact of Spillover Income f on SCL

With the initial values for other variables being the same as in the previous case
(Section 5.1), we consider a spillover income f of 0.2, 0.4, and 0.8. This means that the
spillover benefits obtained by the focal company from a single supplier participating in
SCL are greater than, equal to, or less than the incentives given to a single cooperative
supplier, respectively. The simulation results are shown in Figure 8.
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Figure 8. Effect of different spillover profits on the number of partners f in the focal company’s
SCL network.

As can be seen, as the value of f increases, the number of learners in a steady state
tends to increase. When the value of f is 0.2, the number of learners fluctuates in the first
few games, and shows a downward trend starting with the fifth game, decreasing to 0 in
the 22nd game; when the value of f is 0.4, the number of learners still increases in the first
few games and stabilizes at 17 in the 22nd game; when f is 0.8, the number of learners
increases from the 4th game and converges to 20 in the 22nd game. Therefore, the larger
the learning spillover effect of the supply chain network, the more companies participate
in SCL, and the more it can promote the learning of the entire network.

5.5. The Impact of the Learning Cost Rate u on SCL

With the initial values for other variables being the same as in the previous case
(Section 5.1), we consider the cost rate u used by the supplier to overcome the obstacle
of learning as being 0.001, 0.005, 0.01, and 0.1. The corresponding simulation results are
shown in Figure 9.

As can be seen, as the learning cost rate u increases, the number of learners continues
to oscillate downward until it reaches a lower stability point. When the learning cost rate
is 0.001, the number of learners quickly reaches 22, and all member companies choose
a learning strategy. However, at the 21st and 22nd game, there was a small decrease,
eventually stabilizing at 20. When the cost rate is 0.005, there are fluctuations early on, but
the curve still stabilized at 20. When the cost rate is 0.01, the number of learners gradually
increases in the first 21 games, with the curve then coinciding with other curves at Point 20.
When the cost rate is 0.1, the trend of the curve is similar to that of the 0.01 cost rate, but the
number of learning enterprises at the equilibrium is less than the former, being stable at 18.
We can thus conclude that as the learning cost rate increases, the number of companies
choosing a learning strategy in the network decreases. The higher the learning cost, the
greater the obstacles for an overall learning effect on the supply chain network.
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Figure 9. Effect of different learning cost rates u on the number of learners.

5.6. The Impact of Rewards r on SCL

With the initial values for other variables being the same as in the previous case
(Section 5.1), we consider reward values r of 0.2, 0.4, 0.8, and 1. The corresponding
simulation results are shown in Figure 10.

Number of learners

| | | i
% 5 10 15 THRRE 2AARRE

Game number

Figure 10. Effect of different rewards r on the number of learners.

As can be seen, as the amount of rewards r increases, the number of learners continues
to increase. When r = 0.2, the number of companies choosing a learning strategy gradually
increased from the fourth game, converging to 18 after a short period of shock. When
r = 0.4, the number of learners also gradually converges upwards until 20 in the 23rd game.
When r is 0.8, the curve is above the first two, indicating that the number of learners is
higher, eventually stabilizing at 20. When r is 1, the number of learners decreases rapidly
after the first few games, and then decreases to 0 in the 22nd game. It can be seen that
when r does not exceed f, the larger the r, the more companies choose the learning strategy.
As such, the reward strategies of focal companies promote the learning effect of the entire
supply chain network.

6. Discussion

SCL is a way to exchange and share knowledge, technology, and resource advantages
throughout the supply chain. It can create more learning value to a certain extent, enhance
the sustainable supply chain management effect of the focal company in the chain, and
maintain the competitive advantage of each supplier in the chain in the market. The
relevant factors in SCL can be used to analyze the supply chain learning mechanism.
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Based on the above analysis in a specific case, we derive insight into the following

dynamics pertaining to SCL.

)

@)

®)

4)

©)

Subjective psychological factors affect the strategic choices of companies in the SCL
network. The simulation results of the learning game model, based on IKEA China’s
supply chain network, show that the equilibrium of the supply chain network learning
game is affected by the decline ratio of strategic attractiveness ¢ and the ability to
learn from previous experience k, which capture aspects such as memory capacity and
learning capacity. These results confirm that the learning experience from the spillover of
SCL can improve the performance of supply chain management over time [56]. While the
path to improvement may be complex, our study provides evidence for the applicability
of the learning curve, as real data from IKEA China’s SCL network were utilized;

The sensitivity of the supplier’s response to strategic attractiveness A is affected by fac-
tors such as learning motivation and psychological perception. Learning motivation
is related to the common interests among suppliers [1], the supplier’s business mis-
sion, the company’s incentives for learning, and competitive pressure. Psychological
perception is affected by the ability of suppliers to receive information, the sensitivity
of employees, and the elasticity of learning benefits for member companies;

The spillover effect f has a positive impact on SCL networks. The spillover effect is
related to the atmosphere of knowledge sharing, knowledge innovation, technological
progress, and the number of member companies in the supply chain network. The
larger the number of companies that choose a learning strategy in the network, the
greater the spillover effect. Further, the more focal companies are willing to adopt
incentives and management measures to regulate the SCL network, the better the
overall learning effect of the network;

The learning cost rate of enterprises u in the supply chain network represents an
obstacle to the overall learning effect of the network. The learning cost rate of member
companies is related to the corporate culture, work routines, information transparency
of the network, and the stickiness of knowledge. Differences in corporate culture
and highly regulated corporate work environments can limit knowledge sharing
between supply chains [57]. Focal companies in a supply chain can increase training
and promotion of SCL for suppliers through third-party organizations to enhance the
awareness and potential of SCL in the supply chain, reduce differences in corporate
cultures, promote looser supervision to facilitate learning, and exchange knowledge
and technology in the supply chain. The higher the transparency of information and
the more symmetrical the information, the easier it is for supply chain companies to
perceive trust and fairness, and the greater the motivation for member companies to
invest in learning, the better the learning effect [58]. The stickiness of knowledge is
related to the knowledge accumulation and innovation capabilities of supply chain
member companies. Supply chain networks can increase employees” knowledge
accumulation through measures such as increasing training and optimized learning
incentives, thereby reducing the cost to participate in SCL;

The reward amount r has a positive impact on the learning of the SCL network. Gener-
ally, a focal company is at the core and serves as the leader of a supply chain network.
It generally has the highest knowledge accumulation, technological innovation, and
regulatory capabilities for sustainable development, and can benefit the most from
SCL networks. The overall learning of the supply chain network will improve the
competitiveness and sustainable development of the entire supply chain network,
which will in turn create new competitive advantages for focal companies. Focal
companies improve the enthusiasm of network members by setting up a learning
platform, bearing part of the learning costs for supply chain network members, and
giving “rebate” rewards and other incentives to participating companies. In fact, IKEA
China adopted incentives in the implementation of SCL to reduce “free-riding” in
the network and promote supplier interest. The actual situation compiled by Jia et al.
(2019) based on first-hand data is similar to our simulation results, which confirms
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the rationality of our model and also confirms the benefits of paying economic incen-
tives [2,25]. In maintaining the SCL network, as a core leader, focal companies need
to carefully set the reward amount, so as to maximize the participation of suppliers
while at the same time not giving away too much of the benefits;

(6) Case analysis was employed to map the IKEA China SCL network, which makes the
structure of the network not universal. From the analysis of the learning game model,
the number of network members and the degree of the node supplier companies
directly affect the game returns of the focal companies and its suppliers. The larger
the number of network members, the more common information sharing is among
suppliers, the more platforms and approaches for learning, the greater the learning
benefit of a single game, and the more companies in the supply chain network that
choose to participate in learning, the more likely that the network will have a learning
agglomeration effect, and the better the overall learning effect of the network. Focal
companies can optimize the learning effect of the entire network by adjusting the
structure of the supply chain network.

In general, the decline ratio of strategic attractiveness ¢, the learning growth ratio of
strategic attractiveness k, the response sensitivity of member companies A, the spillover
effect of SCL f, and the learning cost rate of supply chain network member companies u,
and the rewards given by focal companies to supply chain network member companies r
are all factors which affect SCL. Based on the above discussion, the dynamics inherent to
SCL are captured in Figure 11.

Declinerate of strategic

attractiveness ¢

Learning growthrate of

strategic attractiveness + Selection preferences of
K learning strategy +
Response sensitivity of /‘
strategic attractiveness A & Effect of SCL in the
network
Y +
Spillover effect of SCL * Gains of SCL
[
= +
Learning cost rate of SCL
u Rewards from the focal companyr

Figure 11. Learning dynamics in the supply chain network. (Notes: “—" represents a negative effect,
and “+” represents a positive effect. The two effects both are brought from the left to the right).

Objective economic factors, such as the learning costs u, rewards for network member
companies 1, and learning spillover effects f, and the aggregation effect of the three, have
a direct impact on the effect of SCL in the network. Among them, f and r have a positive
effect on SCL income, and u has a negative effect on SCL income. The more gains of the
SCL generated by the joint influence of the three, the more willing member companies in
the supply chain network are to choose learning strategies, which will further produce
significant agglomeration effects.

The subjective factors of supply chain network enterprises, such as the strategic
attractiveness decline ratio due to forgetting ¢, the attractiveness improvement ratio due to
preferences k, and the response sensitivity to strategies A, have indirect and direct effects on
network learning. Therefore, in the planning stages for an SCL network, focal companies
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need to consider the subjective and objective incentive policies, not only to improve the
atmosphere of the SCL network, but also to attract suppliers to actively join the learning
network by improving economic benefits. Among them, ¢ has a negative effect on strategy
selection, and k and A have a positive effect on strategy attractiveness. The effect of the
combination of the three directly affects the effect of SCL. At the same time, the effect of the
combination of the three will affect the gains of SCL, which then affects the effect of SCL.

7. Conclusions

In answering the research questions set out at the beginning of this paper, we have
made the following contributions to SCL theory.

First, SCL is a relatively new and emerging concept in supply chain management
research. We contributed to this nascent domain by studying a real-world company, IKEA
China. Our research established a model of SCL on the supply chain network. The model
took into account the supply chain structure, the supply chain leadership of the focal
company, the internal and external resources in the supply chain such as spillover benefits
brought by training, and individual subjective factors. IKEA China, which has more
complete data and a high degree of sustainable development among the three cases, is
used for case study in this article and the data used also collected through semi-structured
interviews with managers of focal companies and their multi-tier suppliers. Through the
game simulation between the focal company and its suppliers, we found evidence for
the leadership of the focal company in the complex network of SCL. To the best of our
knowledge, this study may be the first to build a model based on a real-world case to
validate supply chain leadership in SCL, and also confirms the theory of supply chain
leadership affecting SCL, which proposed by Jia et al. (2019) [25].

Second, this research extends existing research on SCL mechanisms. We based our
research on objective factors such as the characteristics of knowledge, knowledge senders,
knowledge recipients, and organizational contexts, as reviewed by Szulanski et al. [17], in
addition, specific subjective factors such as the cognitive level, learning ability, and other
subjective psychological factors associated with SCL. We found that the equilibrium of the
supply chain network learning game is affected by current learning gains, the ability to
learn from past experiences, immediate gains, and learning experience, as well as memory
ability as well as the psychological perception of welfare. However, the subjective factors
we currently consider are not detailed enough and subsequent specific research is needed
to make up for the associated shortcomings.

In addition to the theoretical contributions, this research has significant relevance to
practice. Our research study is among one of the first to use practical examples to explore
SCL by choosing a typical subnetwork of a focal, multinational company to represent its
SCL network. The study of SCL mechanisms can promote the compatibility of supply
chain knowledge resources among chain enterprises, which in turn further promotes the
coordination and complementation of knowledge resources among chain enterprises, so
that knowledge and technology can be virtuously circulated among each supply chain
member enterprise and develop this supply chain in the long run.

While this may make the findings not necessarily generalizable to smaller firms, it is
our hope that they can provide at least some initial direction, especially also if they serve as
a supplier to a large focal company. The contribution to smaller firms in the supply chain is
that they can learn how to use the learning network for their knowledge innovation in the
SCL mechanism as a supplier, and at the same time turn it into productivity in the shortest
time to improve efficiency and reduce cost.

As we discussed in the introduction, SCL benefits both the focal firm and the suppliers.
For the focal company, the case study based on IKEA China can propose a general model of
supply chain management that can be used to guide and help the focal company lead SCL,
allowing resources such as knowledge and technology to be fully utilized across supply
chain member companies to create value and maintain its corporate competitiveness. Jia
et al. (2019) mentioned the leadership position of the focal company in supply chain
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learning and gave suggestions for the focal company to proactively coordinate internal
and external resources to facilitate SCL [25]. Through the previous factor analysis, this
article provides a more specific direction for the measures that the focal company can take
proactively. Our research results provide the following suggestions.

First, increase rewards to network member companies and strengthen communication
between companies to reduce learning costs and increase learning spillover benefits. Both
the actual situation at IKEA China and our simulation results confirm the benefits of paying
economic incentives [2,25]. Specifically, the focal company can create an atmosphere of free
sharing of knowledge within the supply chain and actively share and exchange knowledge
and technology from a leadership position. At the same time, it can provide certain
incentives for other suppliers, such as strengthening business contacts, relaxing the payment
recovery period, providing a positive and stable learning environment, and enhancing the
learning driving effect and incentive effect. Since some measures require certain financial
support, the focal company needs to take measures based on its development stage, benefits,
and costs. Under the current economic downturn, there may be certain difficulties. Overall,
these measures can further promote the achievement of SCL to a certain extent, strengthen
the spillover effects brought about by supply chain learning, and promote the development
of sustainable competitive advantages.

Second, the perception of and preference for SCL by suppliers can be influenced by
initiating sustainable advocacy and providing knowledge and technology training, as well
as fostering the range of subjective factors noted in our study. Multinational companies
can give full play to their leadership position and help other suppliers to enhance their
understanding of SCL through training, publicity, or rule formulation, strengthen the
company’s psychological perception of SCL, and strengthen its learning motivation. The
learning motivation of an individual enterprise is nothing more than to help it carry out
its daily work and gain benefits for future development. Focal companies can combine
incentive measures and adopt certain economic means to strengthen the company’s learn-
ing motivation. In fact, third-party organizations have participated at different stages
of the SCL network, taking on different roles [2,25]. Multinational companies can also
introduce external training institutions for learning and training to promote the absorption
of knowledge and technology and improve SCL efficiency.

This article conducts an in-depth study on the SCL mechanism of multinational com-
panies by using game simulation after building a network, and affirms the importance of
relevant factors in the SCL of multinational companies, finds the learning game equilibrium
under different conditions and provides a reference direction for the implementation of SCL
for multinational companies. However, SCL is a process that changes dynamically within
the network and will produce different results as the market and times change. In addition,
a company’s decision-making is affected by many factors, such as its economic structure
position in the supply chain. Therefore, future research is encouraged to look at behavioral
economics theories to adapt the model developed herein, in addition to considering the
different economic structures of companies and their status in the supply chain. As such,
the constraints on variables can be relaxed in an effort to foster SCL mechanisms, realize
sustainable supply chain management performance, and enhance the competitive market
advantage of focal companies and their supply chains.
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