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ABSTRACT

The supply chain strategies, lean and agile, are widely discussed in Thai manufacturers. This
study investigates the impact of supply chain strategies on integrations and the effect of supply
chain integrations on operational performance. Multiple indicator multiple cause model is
used for analyzing the data gathered from Thai manufacturers. The results indicated that
supply chain strategies are positively associated with all supply chain integrations (supplier
Integration, customer integration, and internal integration), and internal integration positively
impacts operational performance. Also, Thai manufacturers must provide excellent internal
mtegration inside the organization to enhance the integration between suppliers and custom-

€rs.

1. Introduction

Today's supply chain management has become
more complex with economics and market dynam-
ics which the organization needs to respond to the
fierce business situation. Various supply chain strate-
gies have been designed and adapted to support the
business thrive. However, the reduction of costs and
wastes, including quickly responding to the market
and customer, 1s one of the most necessary for busi-
ness success in competitive situations of this era. The
agile enterprise appears to be the winning strategy in
the digital era. The agile concept can enhance com-
panies as leaders in a competitive market with volatile
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customer requirements [1]. According to the litera-
ture, the implementation of lean and agile in supply
chain strategy seems to be a successful solution in the
21st century. Lean i1s a managerial philosophy that
can support the organization to investigate the supply
chain processes by eliminating non-value-added op-
erations and actions in the process. Lean originated
from the Toyota Production System (TPS), which is
called Just-in-Time (JI'T). It relies on the concept of
waste minimization to enhance supply chains to over-
come Inefficiencies and reduce waste. It focuses on
determining inefficiencies of activities in the supply
chain process and eliminating such efficiencies activ-
ities to improve the organization's performance [2].
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Most of the successful companies are the companies
that link their internal improvement process with their
external suppliers and customers. Subsequently, lean
supply chain management can be explained as orga-
nizations that connect the physical, information, and
financial flow from upstream to downstream. These
flows work collaboratively to reduce cost and waste to
satisfy each customer's needs [3].

In the agile approach, it has been considered an
essential aspect of the manufacturing system. Agili-
ty delivers value to customers, is ready for change,
values human knowledge and skills, and forms vir-
tual partnerships [4]. Agile supply chain involves the
responsibility and adaptability to satisfy customer re-
quirements while avoiding the risk of supply chain
disruption [5]. The firm can promptly respond to
the short-term temporary changes in the supply
chain. This concept emphasizes the collaboration
with customers and the adaption to change of peo-
ple, technology, and process in the supply chain [6].
Implementing both lean and agile strategies requires
both internal and external collaboration in the supply
chain, which would enhance the operational perfor-
mance of all partners in the supply chain.

The purposes of this work are to examine the
relationship between supply chain strategy and sup-
ply chain collaboration strategy and their impact on
operational performance in the supply chain of the
organization. The literature review found that supply
chain strategies such as lean and agile are affected
to the supply chain performance [7]. Further, it was
found that external (supplier and customer) integra-
tion and internal integration influenced the opera-
tional performance as well [8-9].

Relationships between supply chain strategies and
supply chain collaboration, including their impact

Table 1. Theoretical background results

on operational performance m the supply chain, are
examined i this work. Exploratory Factor Analysis
(EFA), Confirmatory Factor Analysis (CFA), and
MIMIC model are applied to analyze surveyed data
from senior and executive management members in
the purchasing /materials management/ logistics/ sup-
ply chain functions from Thailand industries. Such a
model has been successfully proven to provide rigor-
ous results in most experiments and research.

This work would provide the theoretical under-
standing and empirical support of how supply chain
strategles and integration strategies can work togeth-
er to boost supply chain performance, especially in
Thailand.

2. Theoretical Background and
Hypotheses Development

Several researchers have discussed the different
ideas of supply chain strategies and supply chain col-
laboration to enhance the operational performance
i the organization's supply chain, as presented n

Tablel.

2.1 The effect of supply chain strategies
(SCSs) on supply chain integration (SCI)

Agile strategy 1s the organizational direction and
commitment towards effective and quick response
to customer requirement change. Researchers ex-
plained agility as the collaboration among suppliers,
customers, and manufacturers [16]. The selection of
appropriate suppliers has been considered as an es-
sential function for the firm's success. It was suggest-
ed that the ability to rapidly respond to the change

Themes Method Model Year Journal References
Relationship of lean and operational Systematic i 2021 CIMST [10]
performance literature
Relationship of agility and operational Survey SEM 2020 ORP (1]
performance
Relathnshlp of Lean and agility on Survey PLS-SEM 2020 EMJ [12]
operational performance
Survey SEM 2012 IJPE (8l
Relationship of supply chain integra- Survey SEM 2014 IJPE [13]
tion on operational performance Survey SEM 2020 IJPE [14]
Survey CB-SEM 2021 IMM [15]

CJMST: CIRP Journal of Manufacturing Science and Technology; ORP: Operations Research; Perspectives;
EMJ: European Management Journal; 1JPE: International Journal of Production Economics;

IMM Industrial Marketing Manage
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m both quantity and variety of the product become
one of the essential criteria for supplier selection and
evaluation [17]. An agile supply chain enhances the
collaboration among suppliers and manufacturers to
mcrease the ability of both parties to create values
and detect the change of demand quickly.

Lean supply chain strategy employs contin-
uous improvement efforts that emphasize waste and
non-value-added activities elimination through the
supply chain. This concept is very effective when de-
mand is relatively stable, predictable and the variety
of the product 1s low [18-19]. Supplier integration
mvolves the business integration among suppliers
and manufacturers through information technology
applications. It concerns the planning system of pur-
chasing, production, and logistics. Various research-
ers proposed that supplier itegration is one of the
vital criteria for selecting suppliers [20-23]. Thus, it
confirms that lean manufacturers should have good
relationships with the suppliers. Manufacturers can
ensure that the required raw materials are available
for the JI'T manufacturing system. In the current
business competitive situation, all organizations must
manage various cases to develop and maintain their
business. Therefore, the following hypothesis 1s pro-
posed:

Hypothesis 1 Supply chain strategies (SCSs) have a
positive impact on supplier integration.

Agility 18 explained as managing speed, flex-
ibility, innovation, and quality to provide custom-
er-oriented products and services in a rapidly chang-
ing environment [24]. Nowadays, customers have
become a vital source of knowledge for firms. It is
because customers have gained a lot of knowledge
and experiences about the products and services that
they are using. This information is considered a new
competitive advantage for firms [25]. Customer inte-
gration can boost supply chain agility by developing
quick observation (while sharing information with the
partner) and responding to market and customer de-
mand. Researchers revealed that customer involve-
ment 1s vital for agile implementation [26]. Conse-
quently, customers should share their technology,
knowledge, innovation, demand, and related infor-
mation with the manufacturers to adapt themselves
to serve customers' needs.

Lean principles such as waste elimination
and continuous improvement seem to be never-end-
g activities [27]. It 1s a long-term improvement that
might require years to complete the whole system.
Development of industry 4.0 requires value, value
stream, flow, pull, perfection, and people and team-
work from the principle of lean production [28]. The

value must always be obtained from the customer's
point of view. The value stream 1s composed of all
processes needed to produce the product, from
customer order to delivery. Flow relies on custom-
er orientation by reducing the lead time. Pull prin-
ciple links to the customer order that triggers the
production process while perfection and people, and
teamwork are the cooperation of all employees. The
priority in the lean concept is customer satisfaction.
Subsequently, the focus on customer orientation and
customer collaboration 1s essential. Hence, the fol-
lowing hypothesis 1s developed.

Hypothesis 2 Supply chain strategies (SCSs) have a
positive impact on customer integration.

Agile strategy emphasis market sensitivity and
prompt response to the customer. To achieve this
concept, all functions within the organization should
be mtegrated to perform process coordination among
different functions [29]. Internal integration 1s anoth-
er supply chain integration that extends to the orga-
nization that links the practical activities of internal
functional units to perform mutual collaboration and
synchronization to satisfy customer requirements.
Fach unit in the organization shares data about de-
mand forecasting, inventories, and production plans
via management information systems (MIS). The ag-
ile supply chain merges all internal functions in the
organization to satisfy customers' needs. It also en-
hances the organization to be able to mitigate prob-
lems, mistakes, and contflict effectively.

Previously, i1t was stated that perfection and
people, and teamwork depend on the cooperation of
all employees [27]. Employees need to understand
the standard of their works with transparent processes
to produce the perfect workpieces for the customers.
In people and teamwork, lean philosophy focuses on
collaboration, so the organization should respect the
employees. It means that all functions in the orga-
nization should have a solid integration to drive the
organization to be successful based on a lean supply
chain strategy. Hence, the following hypothesis 1s ex-
pressed.

Hypothesis 3 Supply chain strategies (SCSs) has a

positive impact on internal integration.

2.1.1 The effective supply chain integration (SCI)
on operational performance

Supplier integration is the collaboration between
the manufacturer and its suppliers [29]. Good collab-
oration and relationships will help manage inter-orga-
nizational upstream activities by sharing related infor-
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mation and making some decisions. The common
goal of supplier integration is to perform collaborative
planning and forecasting demand to reduce the sup-
ply risk, inventory, time, and costs. Several research
papers found that sharing information with suppliers
or making decisions with each other provides better
operational performance in terms of cost, delivery,
product quality, and flexibility [13, 29-31].

For gaining competitive advantages, the or-
ganization must have the measurement to measure
the performance intensely. The measurement must
be specific, measurable, assignable, realistic, and
time-related. Operational performance 1s multidi-
mensionally measured rather than solely measured
i cost, quality, delivery, and flexibility [9]. The en-
hancement of supplier integration will foster oper-
ational performance improvement: cost, delivery,
product quality, and flexibility [32]. Thus, the follow-
ing hypothesis 1s considered.

Hypothesis 4 Supplier integration has a positive
mmpact on operational performance

Supplier integration and customer integration are
considered external mtegration. Customer integra-
tion 1s the collaboration between the manufacturer
and its customer to operate downstream. It is the
management of inter-organizational activities that
allows organizations to apply some information and
resources from customers into the processes and
decisions of the organization. Customer integration
helps the organization to have more understanding
about the market needs [32]. It helps to enhance the
accuracy of the product information, reduce error,
and reworking. This would lead to better adoption in
production plans which results in better operational

performance. The hypothesis is set as:

Hypothesis 5 Customer integration has a positive
mmpact on operational performance
Internal integration can be explained as a
cross-functional strategy that associates with collab-
orative procurement, product design, manufactur-
ing, warchousing, marketing, and distribution for
satisfying customer's needs [33-34]. Information
sharing and collaboration among functions in the
organization enhances the organization to joint de-
cision-making. It can improve the capability of the
organization in processing available information. An
effective collaboration would help to reduce invento-
1y, errors, reworks, speed of each activity. This can
reduce production cycle time, cost while improving
flexibility [35]. Therefore, the following hypothesis is
proposed.

Hypothesis 6 Internal integration has a positive

impact on operational performance
The conceptual framework with the pro-
posed hypotheses is presented in Figure 1.

The outline for this work 1s organized as follows.
The research methodology of the study is described
in section 3. Sections 4 and ) present results and dis-
cussion of the study. Lastly, conclusions, limitations
including future research, are recommended In sec-
tion 6.

3. Research Methodology

This work aims to examine the effect of supply
chain strategies and supply chain integration on op-
erational performance improvement. The data was

Supply Chain Integration

Supply chain
strategies

Supplier
mtegration

Customer
mtegration

Internal
mtegration

Operational
performance

Figure 1. Proposed model and hypotheses

International Journal of Industrial Engineering and Management Vol 12 No 3 (2021)



220

Kunnapapdeelert and Pitchayadejanant

collected from manufacturers in Thailand. Manu-
factures were purposely sampled in major provinces
from five regions of Thailand. Four hundred ques-
tionnaires were distributed. Each target company
was first contacted by email and telephone to explain
the scope and purpose of the study. Most of the re-
spondents work in high management levels such as
senior engineer, production manager, quality control
manager, procurement manager, sales manager, and
logistics manager. A five-point Likert scale (ranging
from 1 = strongly disagree to 5 = strongly agree) is
used for measuring all indicators. Respondents were
asked to indicate their agreement with the supply
chain strategies of their organization to measure ag-
le and lean supply chain strategies. Supply chain
Itegration practices questions related to data inte-
gration, collaborative planning, real-time integration,
and integrative systems were used for measuring both
mternal and external integration. Lastly, operational
performance related to cost, quality, delivery, and
flexibility are then measured. Three items, including
manufactured cost, productivity, and capacity utili-
zation, were used for measuring cost strategy. Three
items related to product conformance quality, Du-
rability, and reliability of the product were used to
measure quality strategy. Two items mvolved with
delivery reliability and delivery lead time were adopt-
ed to measure delivery strategy. Lastly, the flexibility
strategy was measured by new product introduction,
product mix, and line change. According to the col-
lected data, 1t found that there was missing data in
two questionnaires. Therefore, there are a total of
398 usable responses. 51.26% of respondents were
male (204). The majority of the respondents are
working in the central (34.92%), eastern (25.88%),
and northeastern (20.869%) regions of Thailand. The
others are 6.03% from western, 6.78% from south-
ern, and 5.53% from northern Thailand. The latter
part of the survey is seeking the opinion regarding
the affecting factors to the organization's operational
performance. A five-point Likert scale was used to
rate each statement of the model. Score 1 indicates
strongly disagree, whereas score 5 indicates strongly
agree with the statement.

4, Results

4.1 Reliability and validity measurement

Exploratory factor analysis (KFA) was used to
detect the underlying dimensions. It was performed
by using the maximum likelihood estimation via vari-

max rotation. The result presents the factor loading,
reliability analysis, average variance extracted, and
composite reliability that are used to explain how
much the instrument is the consistent response from
the respondent. The computational results showed
that all values of Cronbach's alpha in this study ex-
ceed 0.80 which achieves valid reliability [36]. To
measure the convergent validity, composite reliability
(CR) and the average variance extracted (AVE) are
considered. In general, CR 1s greater than 0.6 and
AVE is greater than 0.5, indicating that the reliability
of the model is good [37]. The KMO value 1s 0.885
which 1s more than 0.70 and Bartlett's test value 1s
less than 0.50. These confirm that the collected data
1s enough for making the factor analysis. The results
from factor analysis are illustrated i Table 2.

4.2 Measurement model

The hypothesized causal variables in the MIMIC
model were tested by using AMOS SPSS.

The confirmatory factor analysis (CFA) was sug-
gested to be conducted before the MIMIC model
analysis 1s performed. CFA should be applied to ex-
amine the convergent and discriminant validity. In
this work, seven fit indices from thirty absolute items
are used for assessing the goodness of fit for the mod-
el as described in Table 3.

The results in Table 8 show a good fit of the ob-
served data. MIMIC model analysis was applied to
determine the hypothesis relationship of the pro-
posed model. The values of fit indices from the anal-
ysis are acceptable. This confirmed that the obtained
results are reliable.

4.3 Structural model

The relationship and significant effect of supply
chain strategies (agile and lean) on supply chain inte-
grations (supplier integration, customer integration,
and mternal integration) coupled with the relation-
ship and significant effect of such supply chain inte-
gration on operational performance were then exam-
mmed as presented in Table 4. Path coefficients are
shown 1n Figure 2.

5. Discussion

To measure the efficiency of a system, it 1s nece-
sMIMIC model analysis with the concept of struc-
tural equation model (SEM) was applied to test the
hypothesis relationship of the proposed model. H1
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Table 2. Factor structures by exploratory factor analysis and reliability

VARIABLE

Factor

Cronbach’s

Loading  Alpha

Average Variance
Extracted (AVE)

Composite
Reliability (CR)

OPERATIONAL PERFORMANCE (OP)

D1 Delivery speed 837
D2 Delivery reliability .828 0.860 0.663 0.914
D3 On time delivery 778
Q2 Product quality and reliability 819
Q3 Durability of the product 799 0.860 0.621 0.898
op
Q1 Conformance quality 745
F1 Flexible to change volume 823
) ) 0.808 0.668 0.879
F2 Flexible to change product mix 812
C1 Unit manufacturing cost .834
) 0.798 0.686 0.888
C2 Ordering cost 822
SUPPLIER INTEGRATION (SI)
2. The establishment of quick ordering systems with our major 701
supplier. '
4. Stable procurement through network with our major supplier. 757
6. Our major supplier shares available inventory with us. 751
St 3. The level of strategic partnership with our major supplier. 731
1. The level of information exchange with our major supplier
- . 729
through information networks.
5. The participation level of our major supplier in the process of 715
procurement and production. :
CUSTOMER INTEGRATION (Cl)
6. Follow-up with our major customer for feedback. 802
5. The establishment of quick ordering systems with our major 771
customer. ’
a 3 The level of sharing of market information from our major cus- 758 0.870 0.577 0.923
tomer.
1. The level of linkage with our major customers through informa- 733
tion networks. ’
2. The level of computerization for our major customer's ordering. 732
SUPPLY CHAIN STRATEGIES (SCS)
LSC6: Your company inspects product frequently 830
ASC1: Your company responds effectively to changing requirements 782
of design ’
scs  LSC3: Your company reduces any kind of waste 767 0.861 0.593 0.928
LSC2: Your company provides standardized product 74
ASC2: Your company responses quickly to customization require- 728
ments '
INTERNAL INTEGRATION (I1)
1. Data integration among internal functions. 757
2. Enterprise application integration among internal functions. 747
0.824 0.554 0.897
4, Real-time searching of the level of inventory. 74
3. Integrative inventory management. 732

Note: OP = Operational performance (quality, delivery, flexibility, cost), SI = Supplier integration, CI = Customer integration, SCS =
Supply chain strategies (agility and lean), Il = Internal integration.
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proposed a positive relationship between supply
chain strategies and supplier integration. Hypothe-
sis H1 is significant with the estimate value of 0.443
(p-value <0.01) and standardized estimation = (.389.
This indicates that supply chain strategies are posi-
tively related to supplier integration. The use of lean
strategy requires high supplier capability in terms of
information sharing, quality, and JI'T delivery. Con-
sidering agility strategy emphasizes a quick response
to the customer requirement. Consequently, sharing
information about the quick-change situation should
be shared with the supplier. H2 showed a positive
relationship between supply chain strategies and cus-
tomer integration. Hypothesis H2 was supported
because it 1s significant with the estimated value of
0.415 (p-value <0.01) and standardized estimation =
0.341. This confirms that supply chain strategies re-

Table 3. Five fit indices were used for assessing the goodness of fit

quire sharing updated information with the custom-
er. The positive relationship between supply chain
strategies and internal integration (H3) was also sup-
ported. Hypothesis H3 1s significant with the esti-
mate value of 0.459 (p-value <0.01) and standardized
estimation = 0.401. It can be explained that the need
for mternal integration for supply chain strategies 1s
more Important than external integrations (supplier
and customer integrations). According to the strength
and significance of the direct effect of supply chain
strategies (agile and lean) on a supplier, customer,
and internal integrations, it confirmed that the posi-
tive relationship of supply chain strategies and supply
chain integration are statically significant.

Next, the relationship between supply chain mte-
grations and operational performance 1s examined.
Hypothesis H4 and hypothesis H5 are the tests of

Indexes Model Fit Summary Acceptable Criteria References
Chi-square/DF (CMIN/DF) 1.878 Less than 2 [38]
Normed fit index (NFI) 0.958 more than 0.90 [38-40]
Comparative fit index (CFl) 0.980 more than 0.90 [38]
Goodness of fit index (GFI) 0.97 more than 0.90 [38]
Adjusted GFI (AGFI) 0.924 more than 0.90 [41]
Standardized RMR (SRMR) 0.032 less than 0.05 good fit, and [38]
less than 0.08 acceptable fit
Root mean square error of 0.066 less than 0.05 good fit, less [42-43]

approximation (RMSEA)

than 0.08 acceptable fit

SCS8

1300

Figure 2. Standardized Estimation of MIMIC Model Analysis
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the relationship between external integration (sup-
plier and customer integrations) with operational
performance. It found that they have an isignificant
direct impact on operational performance. The esti-
mated values are 0.054 and 0.026 which both p-val-
ues are higher than 0.05. Lastly, hypothesis H6 con-
firms that internal integration is positively related to
operational performance with the estimated value 1s
0.105 (p-value < 0.05) and standardized estimation =
0.147. This can be explained that the collaboration
within the organization can enhance the operational
performance of the organization in terms of deliv-
ery, quality, cost, and flexibility. In other words, the
results reveal the accepted hypotheses test (H1, HZ,
H3, and H6). The other two hypotheses (H4 and

HJ) were insignificant i the current study.

6. Conclusions

The paper providing theoretical understanding
and empirical support of how supply chain strate-
gies and integration strategies can work together to
enhance supply chain performance. The paper also
develops and validates mstruments for measuring
two types of supply chain strategies and integration
strategies by a statistical approach.

Supply chain strategies (lean and agile) were prov-
en to be a significant factor of supply chain integra-
tions consisting of supplier integration, internal inte-
gration, and customer mtegration. In Thailand, the
supply chain strategies also drive the integration for
both internal and external (supplier and customer) of
organizations which 1s similar to China [8]. SCSs re-
quire a relationship with both suppliers and custom-
ers to design the supply chain structure and enhance
fleeting market opportunities.

However, SCSs require internal integration for
synchronizing all internal activities between differ-

Table 4. Hypothesis testing of the proposed model

ent functions and responsive to the change. Also,
excellent mternal mtegration leads the improvement
i operational performance. The results presented
that internal ntegration 1s positively related to op-
erational performance. This confirms that the inter-
nal integration enables information and knowledge
sharing across functions. This can internally improve
the process and product designs as a results product
quality, delivery performance, cost efficiency, and
flexibility are enhanced.

According to the study, supplier integration and
customer integration do not significantly impact
operational performance. Supplier integration and
customer ntegration had positive effects on new
[16].

1s necessary when the organization 1s novel n the

product performance External integration
market. It implies, for the newcomers in the supply
chain, that they need to deal closely with suppliers
and customers and integrate them with the organiza-
tion. In addition, the effects of supplier integration
and customer integration toward operational per-
formance vary according to the kind of production:
customized production, batch production, or mass
production [19]. This implies that the organization
requires more integration with suppliers and custom-
ers when the target customers need the customized
products. The company needs data and information
to handle operational performance. If the company
focuses on mass production, the level of integration
between supplier and customer is well set up in the
system. Internal integration plays a key role to en-
hance external integration [21]. Therefore, the com-
pany needs to focus more on internal integration to
synchronize the supplier and customer and also 1m-
prove operational performance.

There are some limitations in this research that
would be considered 1n future studies. Firstly, the
duration of the establishment of the company can

Hypothesis Causal Effects Unstandardized S.E. Standardized Esti-  Sig.
Estimation mation

H1 SCS > Sl 0.443 0.074 0.389 wkk

H2 SCS~> Cl 0.415 0.080 0.341 ok

H3 SCS~> 1l 0.459 0.074 0.401 kk

H4 SI->OopP 0.054 0.055 0.075 0.282
H5 Cl> 0P 0.026 0.050 0.039 0.569
H6 II>OP 0.105 0.054 0.147 0.034%**

Note: *** is 0.01 of significance level ** is 0.05 of significance level

International Journal of Industrial Engineering and Management Vol 12 No 3 (2021)



224

Kunnapapdeelert and Pitchayadejanant

be the moderator to classify the level of external -
tegration towards operational performance. Second-
ly, with the review by researchers, lean and agile are
mostly mentioned among logisticians i Thailand.
The other supply chain strategies could be extended
i further work which can be compared to the ef-
ficiency of operational performance with this study.
Thirdly, the effect of mternal integration on external
mtegration is discarded in the study, in future work,
the researcher can study to test the statement: inter-
nal integration plays the key role to enhance exter-
nal integration [21]. Future studies can also examine
the supply risk management practice for the success
of supply chain integration. Lastly, the future study
might be extended by including the factors related
to green and sustainable supply chain management.
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