
Vol.:(0123456789)

Information Technology and Management 
https://doi.org/10.1007/s10799-024-00431-4

The impact of supply chain digitalization on supply chain 
performance: a moderated mediation model

Shaobo Wei1,2 · Hua Liu3 · Wanying Xu1,2 · Xiayu Chen1,2

Accepted: 17 August 2023 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract
Despite extensive attention that researchers and practitioners have paid to supply chain digitalization, our understanding of 
how to leverage supply chain digitalization for superior supply chain performance remains limited. By adopting the theory 
of information processing, this research explores how supply chain digitalization affects supply chain performance through 
supply chain agility and how such relationships are moderated by environmental uncertainty. Using data collected from 143 
companies in China, the current study finds the significant mediating role of supply chain agility and the moderating role of 
environmental uncertainty (environmental dynamism, munificence, and complexity). Furthermore, the mediating effect of 
supply chain agility on the relationship between supply chain digitalization and supply chain performance can be enhanced 
under high environmental dynamism and complexity. The research enhances the understanding of supply chain digitalization 
and provides managerial insights into how to leverage supply chain digitalization for improving supply chain performance.
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1  Introduction

Digitalization is considered as a significant factor in the 
development of supply chain into a new era [28, 29]. Sup-
ply chain digitalization refers to the process in which firm 
digitizes supply chain processes by using big data, cloud 
computing and other information technologies [9, 67]. It is 
a customer-centric, intelligent supply chain with global links 
and data driven by new technologies, so as to obtain more 
valuable products and services [51]. Under the condition of 

digitalization, firms are placed in the context of global con-
nectivity and real-time data exchange [7], and thus facing the 
pressure of many uncertain factors brought by the complex 
market environment, which requires firms to have a faster 
and more efficient supply chain [71].

With the widespread application of digital technologies 
such as cloud computing and big data analysis, supply chain 
digitalization enhances the operational performance of all 
supply chain members and the links between them. Spe-
cifically, supply chain digitalization can help firms become 
more resilient and responsive, which enables them to reduce 
costs, improve profit margins, and ultimately improve their 
performance [1, 34, 58]. The intelligence and automation 
of the supply chain can shorten order processing lead times, 
reduce inventory costs, and enable joint product design and 
development with major suppliers, thus upgrading perfor-
mance [71]. Besides, supply chain digitalization based on 
data-driven strategies can better understand and fulfill the 
changing requirements of customers, and help offer custom-
ized products and services reliably and at a cost [14]. Thus, 
we aim to examine whether and how supply chain digitaliza-
tion influences supply chain performance.

Although most researchers have studied the direct impact 
of supply chain digitalization on its performance [2, 25], few 
studies have explored how supply chain digitalization effects 
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its performance via specific intermediate mechanisms. Spe-
cifically, supply chain agility is the capability to adjust 
tactics and operations within its supply chain to respond 
to environmental changes, opportunities, and threats [23]. 
Supply chain digitalization brings tremendous opportunities 
which need to be seized by supply chain agility to cope with 
challenges in a rapidly changing market [12]. In this context, 
supply chain agility can share supply chain information in 
the process of digitalization in real time [11]. The supply 
chain can timely adjust the strategy according to the techni-
cal conditions to achieve the goal of improving performance 
[27, 62]. As such, we propose that supply chain agility might 
mediate the relationship between supply chain digitalization 
and supply chain performance.

Moreover, the supply chain is prone to external 
environmental interference, such as environmental 
uncertainty (dynamism, munificence, and complexity) 
[15, 55]. Information processing theory (IPT) states that 
an firm's information processing capabilities need to be 
aligned with its information requirements [38]. According 
to IPT, environmental uncertainty creates new information 
processing needs that are often difficult to address in 
traditional ways in digital context. However, it is unclear 
that whether supply chain digitalization and agility 
complement or substitute different external environments 
to influence performance. Some studies have proved that 
information processing capabilities should cater to the 
environmental needs [10, 59]. In a volatile or complex 
business environment, emerging digital technologies 
may increase the competitive pressure of firms, thereby 
burdening supply chain yields [35], under which supply 
chain agility is necessary for supply chain digitalization to 
improve performance. Contrarily, in stable or munificent 
environments, where external changes are infrequent and 
tend to be predictable and incremental, supply chain agility 
plays a minor role. Thus, we examine how the process 
of supply chain digitalization influencing performance 
through supply chain agility is moderated by environmental 
uncertainty.

Drawing on IPT, this study addresses the following 
research question: (1) how supply chain digitalization 
influences supply chain performance through supply 
chain agility, (2) how such relationships are moderated 
by the environmental uncertainty factors. 143 Chinese 
firms are surveyed by the paired survey method, and a 
moderated mediation model is established. Our study has 
the following contributions. First, we regard supply chain 
digitalization as a unified structure for a firm's information 
processing capabilities, and empirically examine a positive 
relationship between supply chain digitalization and 
its performance. While there is the ongoing debate on 
whether digital supply chain systems are good or bad for 
risk management [67], the current research contributes to 

confirming the importance of supply chain digitalization 
for improving supply chain performance. Second, our 
study explores the mediation mechanism of supply chain 
agility, which helps open the black box by explaining how 
supply chain digitalization impacts performance. Although 
there are other operational capabilities (i.e., flexibility, 
alignment and adaptation) [17], we examine the mediation 
mechanism of agility as it helps respond quickly and 
effectively to market changes. The results show that supply 
chain digitalization can improve supply chain agility, and 
consequently supply chain performance. Third, this study 
demonstrated the role of three dimensions of environmental 
uncertainty (environmental dynamics, environmental 
munificence, and environmental complexity) as a boundary 
condition that differently moderate the effect of supply chain 
digitalization on supply chain performance. Past studies have 
mainly examined and found different contingency effects 
of environmental uncertainty on relationships between 
supply chain integration and performance [66]. Although 
environmental uncertainty as a contextual factor for digital 
use or capabilities has received considerable attention [50, 
64, 73], our research extends existing research by exploring 
the relationship between supply chain digitalization and 
supply chain performance when environmental uncertainty 
produces unknown and unfamiliar situations.

2 � Theoretical framework

2.1 � Information processing theory

Based on IPT [20], the entire supply chain can be viewed 
as an information-intensive process [49]. IPT shows the 
supply chain should improve the ability to create information 
processing and take steps to reduce the need for information 
processing [6]. Supply-chain level analysis has indicated that 
supply chain performance can be achieved by improving 
information processing capabilities and information quality 
[20].

Specifically, information processing capability refers to 
the information capability of firm in managing business 
operations, which is used to collect, process, and distribute 
information [53]. Some studies have pointed out that sup-
ply chain digitalization is the key element of information 
processing capability [5]. Based on IPT, some researchers 
propose that information processing capability can be sup-
ported by information technology [46]. In the digital era, 
information technology has been more widely developed, 
such as Internet of Things, blockchain, RFID and other digi-
tal technologies [61]. In this study, supply chain digitali-
zation represents its information processing ability, which 
provides an information exchange channel for obtaining 
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external information. Improving information capability can 
help firms improve performance.

Supply chain agility as an information processing 
intermediate mechanism can communicate with all parties of 
the supply chain in a timely manner through the information 
system to obtain real-time market data [65]. When the 
internal and external information of the supply chain is 
combined and complementary to each other, information 
processing capacity will be enhanced and supply chain 
performance will be improved. Furthermore, when a supply 
chain is viewed as an open socio-economic system, supply 
chain will face many uncertain external environmental 
pressures, such as environmental turbulence factors. While 
external environmental conditions differ significantly, they 
are suggested to be significant influencers of supply chain 
digitalization and the derived performance. IPT indicates 
that environmental uncertainty may lead to the extent and 
transparency of information sharing. Therefore, in the face 
of such uncertain factors, the supply chain needs to have 
stronger information processing capacity. Specifically, firms 
that operate in dynamic and complex environments are likely 
to require frequent adjustments to their marketing approach 
in order to satisfy the constantly changing customer needs. 
However, the motivation and willingness to use supply 
chain digitalization for achieving supply chain agility and 
performance are weakened in munificent environments. 
In the face of environmental uncertainty, the information 
processing demand of supply chain should be matched with 
its own information processing ability to achieve superior 
performance.

3 � Hypotheses development

3.1 � Supply chain digitalization and supply chain 
performance

The researchers point out that supply chain activities are 
considered information-intensive [31, 60]. Based on IPT, 
supply chain digitalization represents the information 
processing capability of supply chain to support 
firm operation management. Therefore, supply chain 
digitalization improves its performance through information 
collection and processing.

First, supply chain digitalization leverages efficient 
information processing capabilities to support production 
planning and control decisions [43], thereby improving 
supply chain performance. For example, firms can provide 
remote services of operational data in real time through 
cloud computing, or further analyze data and extract 
valuable information through big data. For example, 
firms can provide remote services with operational data 
in real time through cloud computing [8], or can further 

analyze data and extract valuable information through big 
data [24]. Moreover, supply chain digitalization supports 
firms demand prediction, product development decisions, 
thereby increasing market share [32]. On the one hand, 
supply chain digitalization provides firms with enough 
market information. On the other hand, firms can utilize 
supply chain digitalization for demand prediction and rapid 
response to customer needs [38]. In sum, we consider that 
supply chain digitalization be capable of improving its 
performance. Therefore, we propose the hypothesis is stated 
as follows:

H1. Supply chain digitalization is positively related to 
supply chain performance.

3.2 � The mediating role of supply chain agility

As supply chain management is an information-intensive 
activity, the realization of its performance depends on a 
large amount of information and powerful information 
processing capabilities. Supply chain digitalization 
facilitate real-time information transfer between supply 
chain partners [48], demand management with customers 
[47], to affect performance. When the firm has strong 
information processing capabilities, the supply chain can 
grasp the external information of the supply chain in time, 
so as to better coordinate the relationship between the 
inside and outside of the supply chain [52]. Supply chain 
agility provides firms with timely and comprehensive 
information that helps them recover quickly from external 
shocks, thus responding rapidly when encountering various 
kinds of events [74]. Supply chain agility also helps firms 
synchronize supply and demand, thereby reducing inventory 
and transportation costs [19]. This can meet the changing 
demand patterns of the external environment and match the 
increasing internal and external information needs of the 
supply chain [41]. Thus, firms with information processing 
capabilities based on supply chain digitalization can improve 
performance through supply chain agility.

In sum, supply chain agility can grasp the external 
environment information in time, and accurately match the 
internal and external information which is needed by supply 
chain digitalization. Supply chain agility enables information 
to be rapidly disseminated, responded to and processed 
in the supply chain. Then, companies use its internal and 
external information to adjust its business strategy in time, 
so as to improve its performance. Therefore, the following 
hypothesis has been stated:

H2. Supply chain agility mediates the relationship 
between supply chain digitalization and supply chain 
performance.
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3.3 � The moderating role of environmental 
uncertainty

Consistent with previous literature [68], we view 
environmental uncertainty from the perspectives of 
dynamics, munificence and complexity. First, environmental 
uncertainty will lead to inconsistent internal and external 
information in the supply chain. In order to enhance their 
internal information processing capabilities, firms will 
invest more resources to develop supply chain digitalization. 
Second, a highly uncertain environment will bring various 
disruptions to the supply chain. Thus, we can respond 
to the risk of supply chain disruption by improving the 
agility of the supply chain. In conclusion, we predict that 
environmental uncertainty will have a significant influence 
on the relationship between supply chain digitalization and 
its performance via supply chain agility.

3.3.1 � The moderating role of environmental dynamism

Environmental dynamics is a manifestation that the 
environment is not stable enough, which represents the 
change rate and unpredictability of the environment [42]. 
The more unstable the environment, the shorter the period 
for firm to gain a stronger competitive advantage [50]. In a 
highly dynamic environment, the supply chain will generate 
a lot of information processing requirements. Therefore, 
it is suggested that firms adjust information technology 
infrastructure, develop digital technology matching with 
environmental dynamics, and maintain a more lasting 
competitive advantage. In other words, when faced with 
a highly dynamic environment, firms are more inclined 
to extend digital technology to the whole supply chain 
and integrate timely upstream and downstream message 
consistency. When the internal information of the supply 
chain is integrated, there will be a greater demand for 
external information to ensure that the initial investment is 
not wasted. Therefore, we propose that the digitalization of 
the supply chain in a dynamic environment is beneficial to 
improve agility.

On the one hand, supply chains need to rely on firm’s 
boundaries to collect information in a dynamic environment. 
On the other hand, more accurate and efficient external 
information needs to be obtained by the supply chain. 
Thereby, supporting the operation and management of 
firms and reduce the negative impact of uncertain events. 
As a result, with supply chain becomes more agile, there 
will be more access to external information. To achieve 
optimal performance, firms need to have more powerful 
information processing ability. The powerful information 
processing capabilities will ensure the normal operation and 
management of firms in the supply chain. Therefore, when 
environmental dynamics become stronger, the strength of 

the positive impact of supply chain agility on supply chain 
performance will become stronger.

In short, in a dynamism environment, the supply chain 
will use digital technology to enhance its agility to achieve 
higher performance. Considering the mediating effect 
of supply chain agility, we believe that as environmental 
dynamics increase, the indirect impact of supply chain 
digitalization on its performance will increase. Therefore, 
it is hypothesized that:

H3. The indirect relationship between supply chain 
digitalization and supply chain performance through supply 
chain agility is stronger when environmental dynamism is 
stronger than when it is weaker.

3.3.2 � The moderating role of environmental munificence

Environmental munificence refers to the degree to which the 
firm's environment can support its continued growth [16, 
63]. The more munificence the environment is, the faster 
the market grows [50]. In other words, mature or shrinking 
market conditions are less munificent. In the munificent 
environment, a firm tends to obtain useful information 
and resources from munificent environments rather than 
adopt advanced digital technology to improve information 
processing capabilities. It will decrease the transmission of 
information through supply chain digitalization to improve 
performance through agility.

Furthermore, in the munificent environment, the market 
environment competition intensity is relatively low. When 
the environment is more munificent, supply chain agility is 
easier to accelerate the processing a large amount of external 
information. Firms are less likely to choose supply chain 
digitalization to improve information processing capabilities. 
Therefore, when considering the mediating effect of supply 
chain agility, we believe that the indirect impact of supply 
chain digitalization on its performance will decrease with 
the increase of environmental abundance. Therefore, it is 
hypothesized that:

H4. The indirect relationship between supply chain 
digitalization and supply chain performance through supply 
chain agility is stronger when environmental munificence is 
weaker than when it is stronger.

3.3.3 � The moderating role of environmental complexity

The environmental complexity results from the diversity 
of inputs and outputs [16]. In other words, there is 
heterogeneity and scope in an firm's activities [63]. The 
more complexity the environment is, the more diverse 
the products possess, and the shorter the life cycle of the 
products have. To keep up with the trend of the market and 
ensure the timely updating of products, firms need to have 
more information and more powerful information processing 
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capacity. Therefore, in a complex environment, firms tend 
to use more advanced digital technologies to process 
information. They can use the high-quality and efficient 
information generated by supply chain digitalization to 
develop more rational business strategies, thus improving 
supply chain agility.

Complex environments may impact the extent and 
transparency of information sharing. With the complexity 
of the environment increases, the information transparency 
of the supply chain will also decrease. The improvement of 
supply chain agility will bring more external information 
to it, thus enhancing information transparency. Therefore, 
strong information processing ability will effectively match 
internal and external information, develop more reasonable 
business strategies, and achieve higher performance. In 
conclusion, when the agility of the supply chain has a 
mediating effect, we agree that as the complexity of the 
environment increases, the indirect impact of the supply 
chain digitalization on its performance will also increase. 
Therefore, it is hypothesized that:

H5. The indirect relationship between supply chain 
digitalization and supply chain performance through supply 
chain agility is stronger when environmental complexity is 
stronger than when it is weaker.

4 � Methods

4.1 � Sampling and data collection

To test our hypotheses, we conducted an empirical survey 
of Chinese firms. This survey focused on China's Yangtze 
River Delta region. Because the region's economy is one of 
the most developed in China, firms in these regions are more 
inclined to develop supply chain digitalization. We obtained 
a representative sample by working with a market research 
firm. Our research sample from different industries, such 
as manufacturing, finance and insurance, steel industry and 
automobile industry. At the same time, the sample includes 
firms of various nature (state-owned firms, private and 
foreign firms).

We obtained the basic information about the surveyed 
firms and their managers through our partner firms. 
We select senior managers for the survey. First, they are 
more familiar with the location of the supply chain and 
understand the dynamics of firms. Second, they have a 
better understanding of the firm's IT strategies and a deeper 
understanding of the firm's supply chain digitalization. 
Third, they pay more attention to market dynamics and 
environmental changes. Considering that the model is 
not suitable for using a single respondent questionnaire, 
two different questionnaires were distributed to different 
managers of each firm. Thus, common method deviations 

are reduced. we sent questionnaires to each firm's operations 
managers on marketing-related constructs (such as 
environmental uncertainty and supply chain performance) 
and to each firm's IT managers on information technology 
constructs (such as supply chain digitalization).

Our survey was based on respondents who were invited 
for the first time. In the invitation letter, we explained the 
source of their contact information, as well as the purpose 
of our research. we selected potential respondents to send 
questionnaire. After eliminating the samples with low reli-
ability, we obtained a complete response with an effec-
tive response rate of 26% (143 out of 550 firms). To test 
for possible non-response biases (i.e., firm location, firm 
ownership, industry type, firm size, and firm age), we used 
Chi-square and ANOVA test to examine key characteristics 
of the surveyed firms. Therefore, we believe that the study 

Table 1   Sample demographic (N = 143)

N Percentage (%)

Region
Anhui 78 54.5
Jiangsu 13 9.1
Zhejiang 8 5.6
Shanghai 7 4.9
Others 37 25.9
Industry
Automotive industry 34 23.8
Machinery and equipment manufacturing 18 12.6
Electronics manufacturing 12 8.4
Commodity processing industry 9 6.3
Steel industry 9 6.3
Others 61 42.7
Ownership
State owned 69 48.3
Privately owned 35 24.5
Foreign owned 7 4.9
Others 32 22.4
Firm size
 < 100 38 26.6
100–299 29 20.3
300–499 13 9.1
500–999 14 9.8
1000–1999 5 3.5
 ≥ 2000 44 30.8
Firm age
1–5 20 14
6–10 33 23.1
11–25 47 32.9
26–50 20 14
 ≥ 51 23 16.1
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sample is representative. Table 1 is the demographic infor-
mation of the research sample.

4.2 � Measure

We obtained the construction measurements in our study 
from previous literature.

Our questionnaire used a Likert 7-scale, which ranged 
from 1 to 7 (range from “Strongly disagree” to “Strongly 
agree”).

Supply chain digitalization. We adopted a previous 
research project to measure supply chain digitalization from 
six indicators [67]. This scale reflects the communication 
and transactions between different firms through supply 
chain digitalization.

Supply chain agility. We adopted an existing measures 
from existing literature [69]. The scale reflects that in the 
uncertain environment, firms can respond quickly and make 
countermeasures in time.

Supply chain performance. Based on existing research, 
supply chain performance is evaluated by seven items [30]. 
It assesses supply chain efficiency, operation capability and 
service levels.

Environmental uncertainty. Based on previous studies, 
we divide environmental uncertainty into three dimensions: 
environmental dynamism, environmental munificence and 
environmental complexity [16, 63].

Environmental dynamism. Based on the literature, we 
measure environmental dynamism using eight indicators 
[42]. The scale reflects market instability from customer 
preference and technology turnover.

Environmental munificence. We adopted an existing 
measure from previous studies [63]. It reflects the state of 
the industry and the attitudes of competitors.

Environmental complexity. We measured environmental 
complexity by using three metrics [16]. The scale reflects 
the heterogeneity and scope of the firm.

Control variables.  Consider ing supply chain 
digitalization and supply chain agility may be affected by 
control variables. We adopt dynamic measurement method 
of environment [54]. We set the dummy variables to the 
region of the business, business ownership, and industry 
type. Regions 1–4 were used (Anhui in Region 1, Jiangsu in 
Region 2, Zhejiang in Region 3, Shanghai in Region 4, and 
other regions as baselines). In the ownership of companies, 
1 represents a state-owned firm, 2 represents a private firm, 3 
represents a foreign-funded firm, and 4 represents others. In 
terms of industry types, 1–6 represent automobile industry, 
machinery and equipment manufacturing, electronics 
manufacturing, commodity processing industry, steel 
industry and table finance industry respectively. Moreover, 
the number of employees as the firm size, and the age of the 
firm as the date of establishment.

4.3 � Common method bias (CMV)

During the survey period, psychometric separation was 
established to ensure that questionnaire participants did not 
have any direct understanding of these constructs. Moreover, 
we can guarantee that the questionnaire participants' answers 
are confidential. Furthermore, to reduce common method 
bias, we designed questionnaires for operation managers and 
IT managers respectively. After the investigation is over, we 
check whether the results of the investigation are affected 
by common method bias. We first used the Harman's one-
factor test [44]. The results show that the first factor explains 
16.49% of the variance, less than 40% [44]. This suggests 
that there are less common method biases in our study. 
Then, we assessed the fit of the model with confirmatory 
factor analysis (CFA). We tested and compared the 
measurement model and the one factor model respectively. 
According to the results, the fitting of our measurement 
model ((χ2/df = 0.702, RMSEA = 0.001, SRMR = 0.010, 
IFI = 1.001, TLI = 1.010, CFI = 1.000) is much better than 
that of one-factor model ((χ2/df = 8.678, RMSEA = 0.18, 
S8RMR = 0.147, IFI = 0.432, TLI = 0.401, CFI = 0.322). 
Therefore, we believe that CMV do not pose a significant 
threat to study results.

4.4 � Reliability and validity

For reliability, Cronbach's alpha and compound reliability 
were measured for each structure. As shown in Appendix A, 
Cronbach's alpha ranges from 0.806 to 0.977 and compound 
reliability ranges from 0.884 to 0.981, both of which were 
not lower than 0.70 [36].

For the validity of the questionnaire, we measured 
convergent validity and discriminant validity. We tested 
convergent validity by extracting mean variance (AVE). 
As shown in Appendix A, all variances are not less than 
the recommended level of 0.5, and all factor loads are 
not less than 0.6 [26]. Therefore, the convergence of the 
measurement method is effective. Moreover, we use the 
square root of AVE and the shared variance to evaluate the 
discriminative validity [26]. In Table 2, the square root of 
the AVE of all constructs is greater than the correlation 
between the construct and other constructs [26]. This proves 
the discriminant validity of the constructs. Furthermore, to 
detect whether multicollinearity exists between constructs, 
we test the variance inflation factor. According to the results, 
the VIFS of all constructs did not exceed the threshold 10 
[26]. Therefore, there is no serious multicollinearity between 
constructs in our study.
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5 � Analyses and results

To test our hypothesis, we used the SPSS macro program, 
PROCESS. Baron and Kenny [4] proposed a sequential test 
(step by step) to test mediating effects. But some researchers 
dispute this method. Preacher and Hayes [45] proposes that 
the sequential test has shortcomings, such as type I errors 
about mediation. Therefore, they developed a PROCESS 
macro program that relies on non-parametric bootstrapping 
[45]. PROCESS has been widely used in research to evalu-
ate complex models containing mediating and moderating 
variables [56, 57, 72].

We first used "Model 4" in PROCESS to verify our 
hypotheses 1 and 2. Table 3 summarized the path results. 
Hypothesis 1 is about the direct impact of the digitalization 
of the supply chain to its performance. The results in Table 3 
show that supply chain digitalization had a significant and 
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* Table 3   The mediation effect of supply chain agility

SCD Supply chain digitalization, SCA Supply chain agility, SCP 
Supply chain performance

SCA SCP

Model 1 Model 2 Model 3

Region 1  − 0.013  − 0.140  − 0.133
Region 2 0.007  − 0.106  − 0.110
Region 3  − 0.012  − 0.136  − 0.130
Region 4  − 0.002  − 0.129  − 0.128
Industry 1  − 0.040 0.031 0.052
Industry 2  − 0.024  − 0.021  − 0.009
Industry 3 0.092 0.158 0.110
Industry 4 0.025 0.039 0.026
Industry 5 0.004 0.108 0.106
Ownership 1  − 0.052  − 0.125  − 0.097
Ownership 2 0.076 0.011  − 0.029
Ownership 3  − 0.153 0.031 0.111
Firm size  − 0.015 0.038 0.046
Firm age  − 0.062  − 0.197*  − 0.164*
SCD 0.431*** 0.336*** 0.108
SCA 0.528***
R2 0.254 0.543 0.502
F 2.877 10.488 7.938

Table 4   Path effect result

Effect SE LLCI ULCI

Indirect effect 0.228 0.085 0.083 0.410
Direct effect 0.108 0.082  − 0.055 0.270
Total effect 0.336 0.090 0.158 0.514
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positive impact on supply chain performance (β = 0.336, 
p < 0.001). Thus, hypothesis 1 was supported.

Hypothesis 2 examines whether supply chain agility plays 
a mediating effect between supply chain digitalization and its 
performance. The results in Table 3 show that supply chain 
digitalization was insignificantly related to supply chain 
performance when adding supply chain agility (β = 0.108, 
p > 0.05). Next, we tested whether the supply chain agil-
ity has a mediating effect by executing bootstrapping with 
5000 resamples. Table 4 showed that the indirect impact 
(effect = 0.228, SE = 0.085) of supply chain digitalization 
on its performance through supply chain agility was posi-
tive and significant. Furthermore, the bias-corrected 95% 
confidence interval (CI) for total effect on supply chain 
performance respectively was [0.158, 0.514], which did 
not contain zero. It is evident that the digitalization of the 
supply chain has a positive and significant impact on the 

performance of the supply chain whether it is direct or indi-
rect. Therefore, the hypothesis 2 was verified.

We used "Model 58" in the PROCESS program of SPSS 
to verify Hypotheses 3, 4 and 5. The regression results are 
shown in Table 5. First, the interaction items between supply 
chain digitalization and environmental dynamism (β = 0.146, 
p < 0.05) and the interaction items between supply chain 
digitalization and environmental complexity (β = 0.190, 
p < 0.05) both had a positive and significant impact on sup-
ply chain agility. However, the interaction term between 
supply chain digitalization and environmental munificence 
was not significant for supply chain agility (β = − 0.034, 
p > 0.05). Moreover, the interaction items between sup-
ply chain agility and environmental dynamism (β = 0.245, 
p < 0.001) and the interaction items between supply chain 
agility and environmental complexity (β = 0.115, p < 0.05) 
both had a positive and significant impact on supply chain 

Table 5   Moderation analysis for 
environmental turbulence

1. SCD Supply chain digitalization, SCA Supply chain agility, SCP supply chain performance
2. + p < 0.01; *p < 0.05; **p < 0.01; ***p < 0.001

Moderation analysis for 
dynamism

Moderation analysis for 
munificence

Moderation Analysis for 
Complexity

SCA SCP SCA SCP SCA SCP

Model1 Model2 Model3 Model4 Model5 Model6

Region 1  − 0.021  − 0.150 0.072  − 0.088  − 0.022  − 0.140 + 
Region 2 0.021  − 0.085 0.059  − 0.065 0.053  − 0.095
Region 3 0.040  − 0.059 0.070  − 0.061 0.025  − 0.117 + 
Region 4  − 0.026  − 0.169 0.054  − 0.111  − 0.065  − 0.149
Industry 1  − 0.064 0.002  − 0.030 0.073  − 0.073 0.037
Industry 2  − 0.018  − 0.019 0.006 0.013  − 0.031  − 0.017
Industry 3 0.021 0.054 0.047 0.083  − 0.022 0.075
Industry 4  − 0.010  − 0.014 0.053 0.040  − 0.011 0.015
Industry 5 0.025 0.136  − .007 0.115 +   − 0.030 0.101
Ownership 1  − 0.013  − 0.081 0.045  − 0.034 0.017  − 0.066
Ownership 2 0.086  − 0.025 0.103  − 0.012 0.103  − 0.022
Ownership 3  − 0.103  − 0.102  − 0.172 0.095  − 0.103 0.127
Firm size  − 0.028 0.009 0.069  − 0.104  − 0.084 0.029
Firm age 0.018  − 0.071  − 0.001  − 0.127 +   − 0.011  − 0.158
SCD 0.328*** 0. 222* 0.311*** 0.286** 0.127
SCA 0.431*** 0.502***
Dynamism 0.283** 0.357***
Munificence 0.447*** 0.318***
Complexity 0.415*** 0.177*
SCD* Dynamism 0.146*
SCD* Munificence  − 0.034
SCD* Complexity 0.190**
SCA* Dynamism 0.245***
SCA* Munificence 0.115*
SCA* Complexity 0.088+ 
R2 0.331 0.375 0.391 0.568 0.308 0.568
F 3.633 6.017 4.721 9.656 4.721 9.656
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performance. Contrary to our hypothesis, the environmental 
munificence had a positive moderating effect on the relation-
ship between supply chain agility and supply chain perfor-
mance (β = 0.088, p < 0.01).

Table 6 shows the moderated results of different levels 
of environmental uncertainty on the mediation model. 
According to the results, we found that when the dynamism 
of the environment was at a high level, the indirect impact of 
supply chain digitalization on the performance of the supply 
chain via supply chain agility was significantly positive 
(β = 0.310, SE = 0.150, 95% CI = [0.060,0.337]). But 
when the environmental dynamism was at a low level, this 
indirect impact was not significant (β = 0.076, SE = 0.061, 
95% CI = [− 0.033,0.207]). Thus, Hypothesis 3 was verified. 
Moreover, when the complexity of the environment was at 
a high level, the indirect impact of the digital supply chain 
on the performance of the supply chain via supply chain 
agility was significantly positive (β = 0.276, SE = 0.115, 95% 
CI = [0.090,0.532]). But when the environmental complexity 
was at a low level, this indirect impact was not significant 
(β = 0.051, SE = 0.083, 95% CI = [− 0.081,0.221]). 
Therefore, the results confirmed hypothesis 5. However, 
whether environmental munificence was higher (β = 0.145, 
SE = 0.103, 95% CI = [− 0.024,0.374]) or lower (β = 0.105, 
SE = 0.073, 95% CI = [− 0.000,0.0.276]), supply chain 
digitalization indirectly affects its performance through 
supply chain agility was insignificant. Overall, hypothesis 
4 was not supported.

6 � Discussion

6.1 � Discussion of the results

Based on IPT, this study examines how supply chain digi-
talization effects its performance via supply chain agil-
ity and how the mediated relationships are moderated by 
environment uncertainty. Through a survey of firms in the 

Yangtze River Delta region of China, we prove the positive 
relationship between supply chain digitalization and sup-
ply chain performance, and this positive effect is mediated 
by supply chain agility. These results are consistent with 
previous studies that have discovered the role of supply 
chain digitalization on supply chain performance [2, 25]. 
Besides, we find that with the increase of environmental 
dynamism, the indirect impact of supply chain digitalization 
on supply chain performance through supply chain agility 
will increase. Because firms obtain external information 
through the agility of the supply chain in a dynamic envi-
ronment, and rely on the information processing capabilities 
of their digital technology to improve performance. With the 
increase of environmental complexity, the indirect impact of 
the digitalization of the supply chain on supply chain perfor-
mance through supply chain agility will increase. Because 
in a complex environment, supply chain agility will increase 
the scope of information sharing and transparency. Thereby, 
obtaining more external information and ultimately achieve 
the purpose of improving performance. However, although 
environmental munificence strengthens the relationship 
between supply chain agility and performance, the results 
show that the indirect impact of the supply chain digitaliza-
tion on supply chain performance through agility will not 
change despite it is in higher environmental munificence 
or lower environmental munificence. A plausible explana-
tion is that in less munificent environments, markets are 
more competitive. In order to gain advantages in the fierce 
competition environment, the firm will invest more efforts 
to develop supply chain digitalization and its information 
processing capacity will be enhanced, thus the supply chain 
performance will also be improved. At the higher levels of 
munificent environment, the market was less competitive 
where information sharing is higher. When firms obtain a 
large amount of information, the firms still need to utilize 
digital links with supply chain members to achieve agil-
ity and improve the ultimate performance. Indeed, based 
on the moderated mediation results shown in Table 6, the 

Table 6   Moderated mediation 
results across levels of 
environment turbulence

SCP supply chain performance

Moderator Dependent 
variable

Value Indict effect SE 95%CI (lower/upper)

Environmental dynamism SCP Low 0.076 0.061  − 0.033/0.207
Medium 0.158 0.084 0.014/0.337
High 0.310 0.150 0.060/0.647

Environmental munificence SCP Low 0.105 0.073  − 0.000/0.276
Medium 0.126 0.065 0.020/0.270
High 0.145 0.103  − 0.024/0.374

Environmental complexity SCP Low 0.051 0.083  − 0.081/0.221
Medium 0.133 0.075 0.011/0.304
High 0.276 0.115 0.090/0.532
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mediated relationship between supply chain digitalization 
and performance via supply chain agility is significant when 
the environmental munificence is medium. In other words, in 
either high or low level of environmental munificence, it is 
not critical for firms to leverage supply chain digitalization 
for achieving superior performance via supply chain agility.

6.2 � Theoretical implications

Our research contributes to the existing literature in two 
main ways. First, our research proposes and verifies the 
role of supply chain agility as a mediating variable between 
supply chain digitalization and supply chain performance. 
A large body of studies have primarily focused on the 
effects of specific digital technologies, such as big data 
analysis [3, 22], cloud computing [8, 13], and artificial 
intelligence [18, 40], on supply chain performance. From 
the information processing perspective, we have regarded 
supply chain digitalization technology as a unified structure 
for the information processing capabilities of the firms and 
have empirically tested the direct impact of supply chain 
digitalization on its performance. Existing discussion of 
whether and how supply chain digitalization affects supply 
chain performance is still open to debate [74]. Within a 
supply chain context, agility helps reconfigure firm-level and 
supply chain-level resources, quickly react to unexpected 
shifts in supply and demand, and improve supply chain’ 
effectiveness [23], which realizing the value of supply 
chain digitalization. We extend past research by exploring 
the mediating role of supply chain agility which promotes 
supply chain partners to timely identify and respond to 
opportunities arising from digitalization [41].

Second, in information system literature, the conditional 
impact of environmental uncertainty on the relationship 
between supply chain digitalization and performance is 
scarcely examined. Although there is an assumption that 
supply chain digitalization may be more valuable under 
conditions of high uncertainty [39], there is limited empirical 
understanding on the impact that the external environment 
has on leveraging supply chain digitalization for achieving 
supply chain performance. Our research explores how 
environmental uncertainty moderates the impact of supply 
chain digitalization on the performance of the supply chain 
through supply chain agility. We integrate the IPT and 
related literature to identify that environmental uncertainty 

as factors that determine firms’ SCR information processing 
requirements [21]. Some researchers have explored the 
mechanism through which dynamic capabilities influence 
performance under different environmental uncertainty 
while they mainly focused on single dimension, such as 
market turbulence [37, 70]. By distinguishing specific 
dimensions, our research provides a more comprehensive 
and deep understanding of the enhanced and diminished 
effect of supply chain digitalization on supply chain 
performance across different levels of environmental 
dynamism, environmental munificence, and environmental 
complexity.

6.3 � Managerial implications

Our findings provide some insights into supply chain 
managers. First, in the digital age, supply chain digitalization 
is extremely important for firms to obtain competitive 
advantages. The powerful information processing capability 
of diverse digital technologies, such as big data analytics, 
blockchain, and intelligent manufacturing can help formulate 
a high level of supply chain agility for achieving superior 
performance. When the supply chain improves digital 
maturity degree and the level of adoption of digital tools, 
the supply chain can improve agility to quickly obtain more 
market information and enhance the information sharing of 
the whole supply chain. Supply chain agility also plays an 
extremely important part in the performance of the supply 
chain. In short, firms should not only develop and apply 
digital technologies, but also adopt agile supply chain 
strategy so as to achieve superior supply chain performance. 
An agile supply chain should adapt adequately to different 
kinds of changes through enterprise partnering, production 
outsourcing and component supplier networks. The whole 
supply chain can improve performance by develop supply 
chain agility to better realize the value of supply chain 
digitalization.

Second, managers need to be aware that in an uncertain 
environment, supply chain agility enables firms to perceive 
external information in a timely manner, so that firms can 
perceive and take advantage of environmental changes and 
enhance information processing ability. For the sustainable 
development of supply chain, firms should vigorously 
continue to digitalize their supply chain chains in the current 
volatile and uncertain business environment. In particularly, 
deploying supply chain digitalization and agility is required 
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in highly dynamic and complex environments because in 
such environments the capability to obtain and manage 
supply and demand information accurately and timely may 
become more important to avoid threats and meet challenges 
and consequently generating superior performance.

6.4 � Limitations and future research

Although this research has some contributions, there are 
still some limitations. First, the survey samples were mostly 
located in Anhui provinces in China, so there are limitations 
in the sample representation. Because different countries or 
regions have different economic environments, focusing 
on one location/region may limit the generalizability of 
our research results. Therefore future studies can collect 
surveys from different countries or regions to improve 
reliability and generalizability of our findings. Second, the 
sample size is relatively small to some extent in this study. 
Future studies can use a larger sample size to further test the 
robustness of our results. Third, we only used cross-sectional 
data in this study. In future research, we can try to use 
longitudinal data to study the relationship among the supply 
chain digitalization, supply chain agility and supply chain 
performance. Finally, we study supply chain performance as 
a whole. Some studies have proposed a "triple bottom line" 
approach to sustainability [33]. Therefore, future studies can 
divide supply chain performance into different dimensions, 
such as economic performance, environmental and social 
performance.

7 � Conclusion

Prior research has been inconclusive on the value of 
digitalization on performance especially as environment 
uncertainty evolve. Our study addresses the debate derived 
from prior research by adopting IPT that the fit between 
information processing capability and information 
processing needs can improve performance. This study 
verifies the positive value of supply chain digitalization 
and creates a process model that demonstrates that supply 
chain agility has a partial mediating effect between supply 
chain digitalization and supply chain performance. In 
addition, when environmental dynamics and environmental 
complexity are at a higher level, partial mediating effects 
are stronger while environmental munificence has no 
contingency effect. We hope that the current research can 
improve the understanding of the sustainable development of 
the supply chain, especially in the context of the digital age.

Appendix A: Survey items and confirmatory 
factor analysis results

Construct and items Factor 
loading

Cronbach's a CR AVE

Supply chain digitalization 
(SCD)

SCD1. The number of suppli-
ers transacting through the 
digital supply chain system

0.953 0.977 0.981 0.898

SCD2. Transactions with 
suppliers through digital 
supply chain systems

0.961

SCD3. Types of transactions 
with suppliers through digi-
tal supply chain systems

0.945

SCD4. The number of cus-
tomers transacting through 
the digital supply chain 
system

0.944

SCD5. Transaction volume 
with customers through 
digital supply chain system

0.941

SCD6. Types of transactions 
with customers through 
digital supply chain systems

0.941

Supply chain agility (SCA)
SCA1. Our customers have 

confidence in our ability 
to respond quickly to their 
specific needs

0.876 0.947 0.958 0.793

SCA2. Faced with fluctua-
tions in market demand, we 
can quickly increase or 
decrease our production/
service levels

0.875

SCA3. If the supplier has 
a supply interruption, we 
can quickly contact the 
alternative supplier or make 
internal adjustment

0.880

SCA4. In the face of changes 
in the market or custom-
ers, we can quickly make 
and implement appropriate 
decisions

0.899

SCA5. We are always seeking 
to reshape/redesign our 
organization to better serve 
our market

0.915

SCA6. We are quick to seize 
opportunities presented by 
market changes or apparent 
dislocations

0.896
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Construct and items Factor 
loading

Cronbach's a CR AVE

Supply chain performance 
(SCP)

SCP1. Our supply chain can 
quickly adjust products to 
meet customer needs

0.857 0.945 0.955 0.752

SCP2. Our supply chain 
enables us to quickly bring 
new products to market

0.856

SCP3. Supply chain pro-
cesses are getting shorter 
and shorter

0.858

SCP4. The speed and agility 
of the supply chain process 
make us satisfied

0.907

SCP5. Based on what we 
know about supply chain 
processes, we think it's 
efficient

0.909

SCP6. In terms of on-time 
delivery, our supply chain 
has an excellent track 
record

0.832

SCP7. In terms of customer 
service, our supply chain 
will provide a high level

0.850

Environmental dynamism 
(ED)

ED1. In our business, cus-
tomers' product preferences 
change quite a bit over time

0.757

ED2. Our customers are 
always looking for new 
products

0.852 0.927 0.940 0.634

ED3. New customers may 
have different product 
requirements than existing 
customers

0.773

ED4. We cater to a lot of new 
clients all the time

0.779

ED5. We will have demand 
from customers who have 
never bought our products 
before

0.731

ED6. We're in an industry 
where technology is chang-
ing fast

0.840

ED7. If we cannot keep up 
with the rapidly changing 
technology, our competi-
tiveness will be difficult to 
maintain

0.795

ED8. Our industry has a high 
technology obsolescence 
rate

0.798

ED9. Production technology 
in our industry changes 
frequently and completely

0.834

Construct and items Factor 
loading

Cronbach's a CR AVE

Environmental munificence 
(EM)

EM1. The demand for the 
products (or services) pro-
vided by our industry has 
been increasing

0.819 0.804 0.884 0.719

EM2. We are in an industry 
where the market oppor-
tunities are very good and 
easily accessible

0.900

EM3. The growth or contrac-
tion of our industry can be 
easily predicted

0.822

Environmental complexity 
(EC)

EC1. Our firm needs a variety 
of ways to produce products 
(or services)

0.936 0.836 0.906 0.763

EC2. To meet the needs of 
different customers, our 
firm has used a variety of 
marketing strategies

0.894

EC3. Our customers have a 
wide range of tastes and 
preferences

0.784
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