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Abstract

The purpose of this study is to propose a research model to investigate the relation-
ships between supply chain digitalization, supply chain integration, and firm perfor-
mance. In particular, the mediating effect of supply chain integration and the mod-
erating effect of supply chain digitalization in the research model are examined. An
online survey is administered to Chinese employees (N=264) working in the sup-
ply chain industry. Data are analyzed by the partial least squares structural equation
modeling (PLS-SEM) using the SmartPLS 3.0. The findings of this study reveal that
both digitalization and supply chain integration have a positive influence on firm
performance. Moreover, supply chain integration partially mediates the relationship
between supply chain digitalization and firm performance. Meanwhile, supply chain
digitalization positively moderates the relationship between supply chain integra-
tion and firm performance. These findings address the research gap in the extant
literature and provide practical implications in ethical supply chain management. In
particular, this study reveals that supply chain digitalization can drive a higher level
of ethical supply chain in the perspective of supply chain visibility and efficiency in
operations.

Keywords Supply chain - Digitalization - Integration - Firm performance

Introduction

Supply Chain 4.0 can be considered the application of the Industry 4.0 concept in the
context of the supply chain (Frederico et al., 2019). Industry 4.0, the fourth industrial
revolution, is a phenomenon pertaining to digitalization and automation in industries

P< Kam Pui Liu
kpliu@hkmu.edu.hk

P4 Weisheng Chiu
chiuws @hkmu.edu.hk

' Lee Shau Kee School of Business and Administration, Hong Kong Metropolitan University,

Ho Man Tin, Kowloon, Hong Kong

@ Springer


http://orcid.org/0000-0002-8090-5082
http://crossmark.crossref.org/dialog/?doi=10.1007/s13520-021-00137-8&domain=pdf

372 K. P. Liu, W. Chiu

(Kolberg et al., 2017) have led to many new ethical challenges in relation to ethical
technology policies to be integrated to meet both ethical and financial goals. During
the revolution, most of the organizations seems to struggle in transforming the vision-
ary ideas to a missionary level of developing the ethics and sustainability in supply
chain (Erol et al., 2016; Luthra & Mangla, 2018). Both researchers and practitioners
have expressed an interest in Industry 4.0 as one of the most emergent topics, as the
traditional business models based predominantly on physical activities are being dis-
rupted and shifting toward digitalization in recent years (Queiroz Maciel et al., 2019).

Without exception, digitalization has been the buzzword in the shipping and freight
industry in the past decade. The influence and coverage of digitalization in the indus-
try are steadily increasing (Manaadiar, 2020). Digitalization in the logistics and supply
chain market is anticipated to grow at a computed annual growth rate (CAGR) of 8.5%
from 2020 to 2027; the market was valued at US$11.7 billion in 2019, and it is pro-
jected to reach US$23.6 billion in 2020 (NASDAQ, 2020). Digitalization in the supply
chain covers the application of digital technologies to plan and execute transactions,
communications, and actions (Sanders & Swink, 2020). Nearly 90% of companies
believe that digitalization will provide a competitive advantage in the supply chain in
the next 5 years; however, most firms (73%) are perceived to be highly unclear about
what “digitizing” the supply chain signifies (SupplyChainDigest, 2016). Companies
that are unprepared to capture these digital and technological advancements are likely
to be left behind and eventually go out of business (Saxena, 2016).

Global supply chains are viewed as strategic assets, capabilities, and sources of
competitive advantage (Min et al., 2019). Supply chains are assessed with respect
to value; the integration of the supply chain has been accepted as fundamental to
the success of a firm (Huo et al., 2014). Supply chain integration is defined as the
extent to which a firm strategically collaborates with its supply chain members and
collaboratively administers intra-organizational and inter-organizational processes
(Flynn et al., 2010). Previous studies on the supply chain have generally suggested
that supply chain integration may positively relate to firm performances (Frohlich &
Westbrook, 2001; Zhao et al., 2013). Moreover, digital technologies are believed to
enable the integration across the various functions of a firm (e.g., material manage-
ment, planning, and scheduling), ensuring that teams move forward in unison toward
common goals (Gautr, 2020).

However, the issue of how digitalization is related to supply chain integration for
improved firm performance is still unclear. Although the literature on supply chain
digitalization and supply chain integration has generally indicated that these pro-
cesses support and benefit firms (Bjorkdahl, 2020; Frohlich & Westbrook, 2001;
Gimenez, 2006; Lusch et al., 2010), empirical evidence and a research model dem-
onstrating the relationship between digitalization and supply chain integration are
lacking. Tian et al. (2019) have echoed this perspective in their ASEAN study, indi-
cating the lack of empirical research about the extent to which the digitalization of
the supply chain is implemented. Moreover, in their systematic review, Biiylikozkan
and Gocer (2018) have argued that little research has focused on the role of digitali-
zation in supply chain management within the extant literature, and they have sug-
gested the need for further studies exploring the impact of digitalization on the sup-
ply chain (Abdirad & Krishnan, 2020).
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Accordingly, the purpose of this study is to empirically examine the relationships
between digitalization, supply chain integration, and firm performance by propos-
ing a research model based on the literature review to fill the knowledge gap in this
realm. In particular, the mediating effect of supply chain integration and the moder-
ating effect of supply chain digitalization in the research model are evaluated.

Literature review and hypothesis development
Supply chain digitalization

According to Legner et al. (2017), digitalization refers to the process associated with
converting analog signals into a digital model and the impact of these technologies
caused by adoption and operation. Digitalization has started to gain considerable
attention from organizations all over the world, as it brings superior benefits to a
wide range of companies. Digitalization in the supply chain enables the maximal
use of digital technologies to plan and execute transactions, communications, and
actions (Sanders & Swink, 2020). Those digital technologies in the supply chain
generally include big data analytics (BDA), advanced manufacturing technologies
with sensors, decentralized agent-driven control, advanced robotics, augmented
reality, advanced tracking and tracing technologies, and additive manufacturing/3D
printing (Ivanov et al., 2019). For example, additive manufacturing/3D printing
leads to the possibility of producing modules, components, and even end products
in one place, and essentially in any place in the supply chain (Khajavi et al., 2014;
Li et al., 2017). This process certainly affects the supply chain design; for example,
a UPS and SAP joint technology allows UPS to manufacture items by directly using
3D printing at the distribution centers (UPS, 2018). These applications of digital
technologies increase the speed, efficiency, and resilience of the supply chain. Resil-
ience360 at DHL allows comprehensive disruption risk management by mapping
the supply chain end-to-end, building risk profiles, and identifying critical hotspots
to initiate mitigation activities and generate near-real-time alerts about incidents that
could disrupt the supply chain (DHL, 2018).

Supply chain integration

Supply chain integration is generally classified into external and internal integration
(Flynn et al., 2010; Frohlich & Westbrook, 2001; Germain & Iyer, 2006; Leuschner
et al., 2013). External integration refers to the integration of the logistics activities
of a firm with its customers and suppliers across boundaries (Stock et al., 1998). In
internal integration, the departments and functions within a manufacturer are rec-
ognized as part of an integrated process; by contrast, the importance of establish-
ing close, interactive relationships with customers and suppliers is acknowledged in
external integration (Flynn et al., 2010). Internal integration pertains to the degree
to which a firm can structure its organizational practices, procedures, and behav-
iors into collaborative, synchronized, and manageable processes to fulfill customer
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requirements (Cespedes, 1996; Kahn & Mentzer, 1996). From the logistics and sup-
ply chain perspective, internal integration refers to the coordination, collaboration,
and integration of logistics with other functional areas (Stock et al., 1998).

More studies have recently demonstrated internal integration as the pre-condition
for external integration (Errassafi et al., 2019; Zhao et al., 2011). Some studies have
only focused on internal integration, but not on external integration (Swink & Nair,
2007; Swink & Song, 2007), underscoring the importance of internal integration.
For example, in a study on the Spanish food industry, Gimenez (2006) has shown
that the highest levels of external integration are achieved by firms that have already
reached the highest levels of internal integration between logistics, production, and
marketing. Germain and Iyer’s (2006) study on more than 2000 members of the
Council of Supply Chain Management Professionals (CSCMP) has indicated that a
firm’s performance will be limited with external integration only when no internal
integration occurs. Hence, both conceptual arguments and empirical evidence evi-
dently support internal integration as the enabler for external customer and supplier
integration, suggesting that an effective approach for enhancing external integration
is to pursue internal integration (Errassafi et al., 2019; Zhao et al., 2011). In other
words, supply chain integration could not be successful in the absence of a high
level of internal integration.

Relationships between supply chain digitalization, supply chain integration,
and firm performance

Digitalization in the supply chain could improve the efficiency of business processes
through the use of electronic systems (e.g., ERP and EDI), including reduced produc-
tion and transaction costs, improved inventory turnover, leaner logistic steps, auto-
mated manufacturing, and faster billing and payment settlement (Mukhopadhyay &
Kekre, 2002). Firms can increase their manufacturing throughput and quality, and
minimize the number of breakdowns by making the manufacturing process more
intelligent through the use of digital technologies and more and better data (Bjork-
dahl, 2020). Furthermore, digitalization has the potential to boost the efficiency of
product development and expedite product design by reducing the need for physical
artifacts and prototypes (Bjorkdahl, 2020). In addition to the improvement of inter-
nal efficiency, digital transformation is capable of growing the firm by adding value
for customers. Digitized systems and processes facilitate the customer journey in
terms of providing efficient transactions and service delivery, which can satisfy the
customers’ increasing demand for personalized products (Gorbach, 2017). This phe-
nomenon is exemplified in the case of Scania, one of the 26 case firms in Bjorkdahl
(2020) study, the results of which have revealed that digitalization brings new busi-
ness growth opportunities. A company is likely to reduce its cash conversion cycle
with improved supply-side digitalization (Magretta, 1998), which directly influ-
ences the profitability of the firm, enhances its competitiveness, and creates its value
(Lusch et al., 2010). In the existing literature, supply chain digitalization is largely
believed to bring benefits to organizations. However, the academic investigation into
how and why digitalization can create performance gains for firms in the context of
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the supply chain is limited (Bjorkdahl, 2020; Mukhopadhyay & Kekre, 2002; Rai
et al., 2006). Therefore, the following hypothesis is proposed:

HI: Supply chain digitalization has a positive influence on firm performance.

Moreover, various studies have indicated that digitalization in the supply chain
could play a key role in building integration in the organization (Gautr, 2020;
Mukhopadhyay & Kekre, 2002). For example, in a field study on the logistic opera-
tions at the assembly centers of Chrysler Corporation, Srinivasan et al. (1994) have
found that the adoption of electronic data interchange (EDI) brings substantial ben-
efits by facilitating the integration of information into the supply chain process and
sharply reducing shipment errors. Rai et al. (2006) have shown that the IT infra-
structure through the application of ERP and CRM digital transformation tools ena-
bles supply chain process integration, which in turn yields sustained gains in firm
performance. Gautr (2020) has further supported this contention, indicating that
digital technologies are believed to enable the integration across the various func-
tions of a firm (e.g., material management, planning, and scheduling) to ensure that
teams move forward in unison toward common goals. These studies have suggested
that the application of digital technologies facilitates supply chain integration for
improved firm performance. Although the important role of digitalization in the
supply chain integration process is quite certain, the empirical evidence is unclear.
Therefore, the following hypothesis is posited:

H2: Supply chain digitalization has a positive influence on internal integration.

As concluded from the extant literature, supply chain integration could be unsuc-
cessful in the absence of a high level of internal integration. Hence, internal integra-
tion within the supply chain integration is the focus of this study. Internal integration
is the degree to which firms are capable of integrating and collaborating across tra-
ditional functional boundaries to improve customer service (Cespedes, 1996; Kahn
& Mentzer, 1996).

In internal integration, the idea that different functions within a firm should not
act as functional silos but instead as part of an integrated process is recognized. By
integrating activities across different functions, real-time inventory information, pro-
duction schedule, and customer order status can be shared, which improves company
performance by gaining a competitive advantage. Such integration should engender
superior performance (Frohlich & Westbrook, 2001; Gimenez, 2006). In the litera-
ture, general support exists in favor of the positive impact of supply chain integra-
tion on firm performance, but mixed findings exist in various studies (Flynn et al.,
2010; Leuschner et al., 2013). For example, Jayaram and Xu (2013) have found no
significant association between supplier integration and flexibility performance;
Leuschner et al. (2013) have revealed the lack of a significant association between
the overall supply chain integration and flexibility performance; and relational
integration with supply chain partners has even shown a negative effect on supply
chain performance in Som et al. (2019) study on manufacturing industries in Ghana.
Although the incomplete and evolving conceptualization of supply chain integration
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might explain the inconsistent findings (Flynn et al., 2010), further research is nec-
essary to make the statements generalizable (Leuschner et al., 2013). Therefore, the
following hypothesis is proposed:

H3: Internal integration has a positive influence on firm performance.

Mediating role of supply chain integration

Integration is undoubtedly critical for a successful supply chain and optimal firm
performance (Flynn et al., 2010; Som et al., 2019; Zhao et al., 2013); however, an
understanding of the requisites for achieving integration is lacking (Sheu et al.,
2006). Bowersox et al. (2005) have emphasized that digital transformation is inevi-
table for a firm to achieve genuine collaboration. As proposed in H2 and H3, digital-
ization is expected to have an influence on internal integration, and internal integra-
tion is expected to be associated with performance. Hence, the following hypothesis
is proposed:

H4: Internal integration mediates the relationship between supply chain digitali-
zation and firm performance.

Moderating role of supply chain digitalization

Digitalization involves the integration of digital technologies into inbound and out-
bound activities to increase the efficiency of a firm (Bjorkdahl, 2020; Bjorkdahl
& Holmén, 2019). Successful ERP system implementation facilitates the internal
integration by streamlining the internal functions (Akyuz & Rehan, 2009; Gupta
& Kohli, 2006). The application of digital technologies enables the organization to
integrate the internal process better, thereby improving firm performance (Chong &
Zhou, 2014). Therefore, the following hypothesis is posited:

HS: Supply chain digitalization moderates the relationship between internal inte-
gration and firm performance.

Accordingly, the proposed research model presented in Fig. 1 demonstrates the

hypothesized relationships between supply chain digitalization, internal integration,
and firm performance.

Methods
Questionnaire design and measures
The survey instrument was developed based on a comprehensive literature review

to identify valid measures for related constructs and adapted existing scales for
measurement. In particular, the survey instrument covered three sections: (1)
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Internal
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Supply chain
digitalization
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Financial
performance

Fig. 1 Research model and hypotheses

supply chain digitalization, (2) internal integration, and (3) firm performance.
First, the scale of supply chain digitalization (seven items) was adapted and mod-
ified from previous studies (Xue, 2014; Xue et al., 2013) to capture the extent to
which firms implement supply chain management systems to electronically con-
nect and conduct transactions internally and with their suppliers and customers
in the supply chain. Second, internal integration (three items) was measured by a
scale developed by Germain and Iyer (2006). Third, the scale of firm performance
(four items) was obtained and modified from previous studies (Chan et al., 1997,
Narasimhan & Kim, 2002) to subjectively evaluate the overall firm performance
compared to major industry competitors. All the indicators were measured using
a 7-point Likert scale, from 1="“strongly disagree” to 7 = “strongly agree.”

As the scales drawn from the literature were in English, the back-translation
approach Brislin (1970) was employed to translate the initial questionnaire devel-
oped in English into Chinese. The questionnaire items were carefully reviewed by
a panel of both academic scholars and practitioners to verify the appropriateness
of its contents and ensure its fitness for the purpose.

Sampling and data collection

The questionnaires were then distributed to practitioners in the logistics and sup-
ply chain industry in Mainland China for responses using an online survey platform,
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Wenjuanxing (www.wjx.cn). Wenjuanxing, a Chinese-based online survey company,
functions similarly to Amazon Mechanical Turk and Qualtrics. Data were collected
from its registered members, comprising more than 2.6 million people with diverse
demographics (e.g., region, career, and industry). To ensure the validity and realistic
reflection of surveys, Wenjuanxing provides a series of strict quality control mecha-
nisms to remove the invalid answers via an automatic or manual inspection. Addition-
ally, a setting can ensure that every IP address or Internet device has only one chance to
answer the questionnaire.

In this study, samples were selected from nationwide members, and they were con-
sistent with the demographic and geographic distribution of the Chinese population.
One attention check question was included in the questionnaires to avoid inauthentic
responses such as “fast clicks” (respondents who randomly or quickly clicked on an
answer rather than carefully choosing one). A total of 264 completed questionnaires
were collected. Data were carefully scrutinized for inauthentic responses. A profile
of the respondents is presented in Table 1. Most of the respondents (79%) have been
in their position for more than 3 years; thus, they should be knowledgeable about the
information requested.

Data analysis and results

Data analysis was performed by applying the partial least squares structural equation
modeling (PLS-SEM) approach via SmartPLS 3.0 (Ringle et al., 2015). The PLS-SEM
has been regarded as a useful technique for business-related studies in recent years
(Chiu & Cho, 2021; Cho et al., 2021; Hair et al., 2011). Prior to conducting PLS-SEM,
data were scrutinized by the Mahalanobis distance approach to identify univariate and
multivariate outliers (Hair et al., 2010). Out of the 264 valid responses, 27 univari-
ate and multivariate outliers were identified and removed. As a result, 237 responses
remained for further analysis. Following the guideline of Hair et al. (2017), data were
analyzed and interpreted in two phases. First, the measurement model was employed
by the PLS algorithm to assess internal consistency reliability, convergent validity, and
discriminant validity. Second, the structural model was performed by PLS bootstrap-
ping (5000 subsamples) to examine the hypotheses in this study.

Common method bias

The data were collected from a single survey, thus raising the possibility that the
issue of common method bias might occur (Craighead et al., 2011; Podsakoff et al.,
2003). Therefore, this issue needs to be examined prior to applying PLS-SEM (Hair
et al., 2017; Kock, 2017). Following Kock’s (2017) approach, a full collinearity test
was used to scrutinize common method bias in PLS-SEM by examining variance
inflation factors (VIF). VIF values that are higher than 3.3 indicate the problem of
common method bias, which causes the inaccuracy of the structural model. Conse-
quently, all the VIF values for all the items and constructs were found to be lower
than 3.3, signifying the absence of common method bias in this study.
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Table 1 Respondent

characteristics (N'=264) Industry type Sample Percentage
Operations/manufacturing 213 80.68%
Trader/wholesaler/distributor/retailer 36 13.64%
Logistics or other service provider 13 4.92%
Other 2 0.76%
No. of employee in the firm
<101 36 13.64%
101-500 134 50.76%
501-1000 52 19.70%
> 1000 46 17.42%
Annual sales revenue (RMB)
<50 M 71 26.89%
50-100 M 85 32.20%
100-500 M 73 27.65%
>500 M 35 13.26%
Position
Top management 22 8.33%
Middle management 95 35.98%
General staff 147 55.68%
Years in current positions
<3 years 56 21.21%
3-5 years 89 33.71%
5-10 years 94 35.61%
> 10 years 29 10.98%

Measurement model assessment

First, the internal consistency reliability of measurement was assessed by Cronbach’s
alpha and composite reliability (CR). The cut-off value for both Cronbach’s alpha and
CRis 0.70 (Hair et al., 2017). As reported in Table 2, CR values and Cronbach’s alpha
coefficients for all the constructs were higher than 0.70, indicating adequate internal
consistency reliability. Moreover, convergent validity was evaluated by considering
factor loadings and average variance extracted (AVE). As shown in Table 2, all the
factor loadings exceed the recommended value of 0.70, and AVE values are higher
than the suggested value of 0.50 (Hair et al., 2017), supporting the convergent validity.

In addition, discriminant validity was evaluated by the criterion proposed by
Fornell and Larcker (1981) and the heterotrait—-monotrait ratio of correlations
(HTMT) proposed by Henseler et al. (2015). According to Fornell and Larcker
(1981), all the inter-correlations need to be lower than all the AVE square roots
of each construct. Meanwhile, the HTMT scores of all the constructs need to be
lower than the suggested criterion of 0.85. As reported in Table 3, both the For-
nell-Larcker criterion and the HTMT ratio fulfilled the requirements, therefore
establishing the discriminant validity.
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Table2 Summary of model measurement assessment

Constructs and items A

Supply chain digitalization (M =5.504, SD =827, a=.889, CR=.913, AVE=.600)

SCD1: In general, your company always applies digital technologies within your own company 715

SCD2: Your company transacts with a high proportion of suppliers through digital technologies 735

SCD3: Your company conducts high transactional volume with suppliers through digital technolo- .778
gies

SCD4: In general, your company always applies digital technologies to transact with suppliers .806

SCDS5: Your company transacts with a high proportion of customers through digital technologies ~ .801

SCD6: Your company conducts high transactional volume with customers through digital tech- 755
nologies

SCD7: In general, your company always applies digital technologies to transact with customers 827

Internal integrity (M =5.360, SD=981, a=.778, CR=.870, AVE=.691)

II1: Interdepartmental committees, which are set up to allow departments to engage in decision- .808

making on an ongoing basis
II2: Cross-functional teams, which are temporary bodies set up to facilitate interdepartmental col-  .834
laboration on a specific project

II3: Liaison personnel whose specific job it is to coordinate the efforts of several departments for ~ .851
the purpose of a specific project
Firm performance (M =5.120, SD=.919, a=.878, CR=.916, AVE=.731)

As compared to the major industry competitors, the performance of is better

FP1: Sales growth 871
FP2: Profit growth 835
FP3: Market share growth 854
FP4: Return on investment growth .860

A=factor loadings

Structural model assessment

The PLS algorithm was conducted to calculate path coefficients, and the PLS boot-
strapping algorithm with the resampling of 5000 was employed to determine their
significance level (0.05). First, the chi-square value (R? value) was assessed to verify
the explanatory power of exogenous variables on endogenous variables. As a result,
the model explained 32.2% of the variance for internal integration and 23.8% of the
variance for firm performance. As shown in Table 4, supply chain digitalization
had a positive influence on firm performance (8 gop gp=0.322, t=4.740, p<0.001)
and internal integration (8 gcp 1;=0.549, t=10.089, p <0.001), supporting H1 and
H2. Moreover, internal integration had a positive impact on firm performance (f
nrp=0.230, r=2.981, p=0.003), and H3 was supported.

Moreover, the mediating effect of internal integration on the relationship between
supply chain digitalization and firm performance was explored by following the
guidelines of Nitzl et al. (2016). The first step was to examine the significance of
the indirect effect (a X b). If the indirect effect is significant, then mediation exists
(Rucker et al., 2011; Zhao et al., 2010). The second step was to determine the type
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Table 3 Discriminant validity
(Fornell and Larcker criterion
and HTMT)

Fornell and Larcker criterion

Constructs 1 2 3
1.Supply chain digitalization 775

2.Internal integration .549 832

3.Firm performance 448 407 855
HTMT

Constructs 1 2 3
1.Supply chain digitalization

2.Internal integration .652

3.Firm performance 499 480

Bold values are square root of AVE

of mediation by assessing the significance of the direct effect (¢') (Nitzl et al.,
2016; Zhao et al., 2010). As reported in Table 4, the indirect effect was significant
Bscp 11 rp=0.126, t=2.939, p=0.003), and the direct relationship between supply
chain digitalization and firm performance was significant. Hence, the partial media-
tion (complementary mediation) of internal integration in the research model occurs
(Rucker et al., 2011; Zhao et al., 2010), thereby supporting H4.

In addition, the moderating effect of supply chain digitalization was analyzed in
the relationship between internal integration and firm performance. To determine
whether the moderator exerts a significant effect on the relationship, the PLS two-
stage approach was employed (Hair et al., 2017). First, the independent variable
(internal integration) and moderator (supply chain digitalization) were multiplied
to generate the interaction term (internal integration X supply chain digitalization)
(Ramayabh et al., 2018). This interaction term was subsequently used to evaluate its
influence on firm performance. As shown in Table 4 and Fig. 2, supply chain digital-
ization positively moderated the relationship between internal integration and firm

Table 4 Summary results of

- ; Hypotheses Standardized Standard t-value

hypothesized model testing coefficient () deviation
Direct effect
H1: SCD FP 322 .068 4.740%**
H2: SCD II .549 .054 10.089%%**
H3:1I FP 230 077 2.981%#*
Indirect effect
H4:SCD 1I FP 126 .043 2.939%*
Moderating effect
HS5: I x SCD FP 237 .044 5.342%4%

SCD supply chain digitalization, // internal integration, FP firm per-
formance

p<.001, **p < .01
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performance (f ; «scp pp=0.237, t=5.342, p <0.001), supporting HS. In particular,
supply chain digitalization strengthened the positive relationship between internal
integration and firm performance.

Discussion

The primary objective of this study was to examine the relationships between supply
chain digitalization, supply chain integration, and firm performance. Internal inte-
gration was adopted as the construct in this study due to its importance for supply
chain integration. The conceptualized research model was established based on the
extant literature. Five hypotheses were consequently established. Drawing from the
empirical results, all five hypotheses were statistically supported and found to be
significant. Digitalization has a positive influence on firm performance and internal
integration. Internal integration has a positive influence on firm performance and
a mediating effect on the relationship between supply chain digitalization and firm
performance. More importantly, supply chain digitalization has a positive moder-
ating effect on the relationship between internal integration and firm performance.
The theoretical and practical implications are elaborated in the next sections.

Theoretical implications

The primary contribution of this study is the development of a research model to
empirically examine the relationships between supply chain digitalization, internal
integration, and firm performance. First, supply chain digitalization has shown a sig-
nificant positive influence on firm performance (H1). This result provides empirical

T —— Low SCD

= ---a--- High SCD

Firm performance

Low II HighII

Fig.2 The moderating effect of supply chain digitalization on the relationship between internal integra-
tion and firm performance. Note: SCD =supply chain digitalization, Il =internal integration
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evidence to various previous views and studies: The firm is likely to reduce its cash
conversion cycle with improved digitalization (Magretta, 1998); supply chain digi-
talization improves the efficiency of the business process (Mukhopadhyay & Kekre,
2002); digitized systems and processes facilitate the customer journey and eventu-
ally boost customer satisfaction (Gorbach, 2017); and supply chain digitalization
improves the quality of manufacturing processes (Bjorkdahl, 2020). These improve-
ments by digitalization eventually enhance the competitiveness of the firm and cre-
ate its value (Lusch et al., 2010).

Second, supply chain digitalization has a positive influence on internal integra-
tion (H2). This finding is consistent with previous studies (Akyuz & Rehan, 2009;
Chong & Zhou, 2014) that digitalization transformation helps the firm to streamline
the internal function for better internal integration (Mukhopadhyay & Kekre, 2002;
Rai et al., 2006); additionally, this result provides further evidence to Iddris (2018)
argument that the application of digital technologies is highly associated with sup-
ply chain integration.

Third, internal integration has a positive influence on firm performance (H3),
which adds evidence to the belief about the benefits of internal integration. This
result is consistent with the previous studies (Gimenez, 2006; Jayaram & Xu, 2013).
More specifically, by integrating activities across different functions, firms perform
better through the sharing of real-time inventory information, production schedule,
and customer order status, among others. The integrative efforts between functional
departments drive the competitive advantage of a firm (Stank et al., 1999).

Fourth, the significant mediating effect of internal integration is identified in the
relationship between supply chain digitalization and firm performance (H4). More
specifically, internal integration shows the partial mediating effect (i.e., complemen-
tary mediation) on the relationship between supply chain digitalization and firm per-
formance as the direct path from supply chain digitalization to firm performance
(Baron & Kenny, 1986; Rucker et al., 2011; Zhao et al., 2010). This finding provides
additional knowledge on the relationships between supply chain digitalization, inter-
nal integration, and firm performance, which indicates that, to a certain extent, sup-
ply chain digitalization offers firm performance that will undergo the path of inter-
nal integration. Moreover, this finding provides some empirical support to Bowersox
et al.’s (2005) argument that for a firm to achieve true collaboration, it must under-
take a digital business transformation.

Finally, supply chain digitalization has a positive moderating effect on the
relationship between internal integration and firm performance (HS5). This finding
demonstrates that digitalization plays a decisive role in the internal integration
process for enhanced firm performance. As shown in Fig. 2, the improvement in
firm performance is quite limited with better internal integration when a low level
of supply chain digitalization is observed (the slope is relatively flat, although
a significant relationship is evident). However, the improvement in firm perfor-
mance with better internal integration is significantly greater with a higher level
of supply chain digitalization (the slope is steep). In other words, internal inte-
gration could only improve very little firm performance without a high level of
supply chain digitalization. This result can provide additional insight to explain
the mixed findings in some previous studies regarding the relationship between
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supply chain integration and firm performance (Flynn et al., 2010; Leuschner
et al., 2013). The improvement by supply chain integration only on firm perfor-
mance might not be noticeable without a high level of digitalization. In addition,
it might provide a different view on Lyall et al.’s (2018) article, “The Death of
Supply Chain Management,” claiming that new digital technologies are entirely
taking over supply chain function in the next 5-10 years. Based on the findings
in this study, digitalization is indicated to play a decisive role in the supply chain
integration process, and the firm’s performance is subsequently restrained with-
out a high level of digitalization.

In summary, the findings from H1 to H3 provide more empirical evidence
to existing beliefs and support to previous studies. More importantly, regard-
ing H4 and HS5, the findings of this study fill the knowledge gap in understand-
ing the relationships between digitalization, supply chain integration, and firm
performance.

Practical implications

This study can address the struggle organizations are encountering in transform-
ing the visionary ideas to a missionary level of a digital supply chain by providing
evidence that higher level of supply chain digitization can drive a higher level of
ethical supply chain in the perspective of supply chain visibility and efficiency in
operations. The findings in this study can also clarify the practical concern raised in
the Supply Chain Digitization Benchmark Survey in SupplyChainDigest (2016) that
most of the companies are perceived to be highly unclear about what “digitizing”
the supply chain signifies. Many firms are far from ready to benefit from digitaliza-
tion (Bjorkdahl, 2020), although they understand their need to invest more in the
digitalization transformation process. Without doing so, these firms are likely to be
left behind and eventually go out of business (Saxena, 2016). However, low readi-
ness might be explained by the challenge for both researchers and practitioners to
leverage these technologies for improving company performance (Waller & Fawcett,
2013, 2014).

Based on this study, the suggestion is that the investment of digital technolo-
gies should be more focused on the internal integration process of the supply
chain. One of the examples is the extensive use of the ERP system (e.g., SAP
S/4HANA, claiming a 5-year ROI of 547%), which facilitates the integration of
processes, data, and various functions in a company by unifying all the business
processes from order processing to the distribution of physical products. ERP
systems have the potential not only to boost the strength and success of a com-
pany but also to destroy the firm itself (Gupta & Kohli, 2006). Thus, to obtain
the maximal benefits, companies need to make sure that their ERP implemen-
tation can support the integration of the business processes across the organi-
zation, which is the key factor contributing to maximal benefits after the ERP
implementation. Some companies consider the ERP implementation as an IT pro-
ject, with the IT department driving the completion of the implementation. How-
ever, a successful ERP implementation does not signify that maximal benefits
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can be brought to the company, unless such implementation could be capable
of internally aligning and integrating all the business processes. Therefore, it is
suggested that the supply chain executives should lead the ERP implementation
with support from the IT department to ensure that all the business processes are
aligned. This view is significant as increasing number of multinational companies
are adopting ERP solutions (e.g., SAP and Oracle), spending millions of dollars
to improve their operational efficiency, when ERP implementation performance
is believed to be highly associated with the level of internal integration (Hwang
& Grant, 2011).

Additionally, those digital technologies in the supply chain generally include
BDA, advanced manufacturing technologies with sensors, decentralized agent-
driven control, advanced robotics, augmented reality, advanced tracking and tracing
technologies, and additive manufacturing/3D printing (Ivanov et al., 2019). The cur-
rent study provides more evidence to executives that they are able to obtain benefits
by adopting suitable digital technologies in the supply chain. For example, additive
manufacturing/3D printing engenders the possibility of producing modules, compo-
nents, and even end products in one place, and indeed in any place in the supply
chain (Khajavi et al., 2014; Li et al., 2017). Although the present study is focused on
internal integration, supply chain digitalization (e.g., CRM and SRM) should also be
extended to external supply chain members such as customers and suppliers to reap
greater benefits.

Limitations and future studies

This study has some limitations and opportunities for future research. First, the
amount of sample data collected for this study was relatively small due to the diffi-
culty in obtaining responses from organizations. Future studies could split data from
different industries and compare the results between various industries. Moreover,
the survey was conducted during the outbreak of the COVID-19 pandemic, which
might have affected the responses of the participants. Future studies may consider
the impact of the COVID-19 pandemic and explore its impact on the supply chain
industry.

Availability of data and material The data presented in this study are available on request from the cor-
responding author.
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