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A B S T R A C T   

Due to the COVID-19 pandemic, there is an unprecedented crisis for businesses. The small and medium enter-
prises (SMEs) have been impacted even more, due to their limited resources. Extant literature has prescribed 
many treatments on how SMEs could survive in post COVID-19 situation, but studies did not analyse how big 
data driven innovation could improve supply chain management (SCM) process in the post COVID-19 pandemic 
under the moderating influence of SME technology leadership support. Thus, there is a research gap in this 
important domain. The aim of this study is to examine the impact of big data driven innovation and technology 
capability of the SME on its supply chain system. The study also investigates the moderating role of SME 
technology leadership support on SME performance in the post COVID-19 scenario. With the help of literature 
and resource-based view (RBV) and dynamic capability view (DCV) theory, a theoretical model has been 
developed conceptually. Later the model is validated using structural equation modelling (SEM) technique with 
327 usable respondents from SMEs from India. The study found that both big data driven innovation and the 
techno-functional capability of SME impacts supply chain capability which in turn impacts the SME performance 
in the post COVID-19 scenario. The study also finds that there will be a moderating impact of SME technology 
leadership support on SME performance.   

1. Introduction 

The outbreak of COVID-19 pandemic has adversely affected national 
and global economies (Piccialli et al., 2021; Elakkiya et al., 2021). In this 
crisis, all enterprises have been facing a series of problems. These 
include supply chain disruption, awful decrease in demand, shortage of 
raw materials, cancellation of export orders, severe transportation 
disruption and so on (Shafi et al., 2020). It is pertinent to mention here 
that SMEs perceive skill resource constrains, financial problems, as well 
as managerial issues. In such situation, the SMEs became the victims of 
COVID-19 apocalypse since they are not able to adequately combat the 
turbulent situation which continued longer than anticipated (Prasad 
et al., 2015; Bartik et al, 2020). In addition, SMEs are found to be highly 
dependent on their regular and routine business transactions with a 
meagre number of customers (Williams & Schaefer, 2013). In such 
COVID-19 scenario, SMEs are mostly running out of stock or some of the 
SMEs have been facing serious constraints to manage their supply chain 

(Handfield et al., 2020). 
Data-driven innovation is a key pillar of growth especially for the 

SME sector (Del Giudice et al., 2021). There is a huge amount of data 
generated through different means such as sensors, supply chin related 
RFID, internet of things (IoT), and son on (Zhang et al., 2020). The 
confluence of different trends which includes internet of things and 
other technologies with declining in the cost of collection of data with its 
storage and processing, are also contributing to the generation of huge 
volumes of data which is termed as ‘big data’. This large volume of data 
which is known as big data is the core asset of SMEs (Kache, & Seuring, 
2017; Aryal et al., 2020). Big data driven capabilities and processes are 
increasingly influencing product and process innovation which is also 
providing significant competitive advantages to the SMEs. 

SMEs are the main contributors for the improvement of a nation’s 
wealth and the SMEs help to enrich inventions and innovations (Massey 
et al., 2004; Stieglitz et al., 2019). SMEs are reported to have contributed 
to the economy of a nation since SMEs constitute on average 50% of 
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employment and 90% of business worldwide (World Bank, 2020a,b). 
SMEs have been affected by COVID-19 pandemic adversely both on 
supply and demand side (Hallinger, 2020). On supply side, SMEs 
experienced the reduction of labour supply, raw materials and so on. 
Supply chains were interrupted culminating shortage of intermediate 
goods. On demand side, sudden loss of demand affected the SME abili-
ties to function, and it also caused artificial liquidity shortage. For 
COVID-19 pandemic, all the enterprises were affected but SMEs had 
experienced higher levels of vulnerability and lower resilience because 
of their size and resource constraint (Dua et al., 2020; Kraus et al., 
2020). Many studies have suggested how SMEs could sustain during 
COVID-19 pandemic by using modern technology like industry 4.0 to 
develop their supply chain (Bartik et al., 2020). But no studies investi-
gated how big data driven innovation could help the SMEs to sustain 
their supply chain operations in post COVID-19 scenario with the sup-
port of their leadership. In this background, this research has following 
objectives:. 

[i] To examine the impacts of big data driven innovation and tech-
nology capability on SME supply chain management system in post 
COVID-19 scenario. 

[ii] To determine the influence of techno-functional capability (IoT, 
Big data, Cloud computing) on SME supply chain management system in 
post COVID-19 scenario. 

[iii] To assess the influence of SME supply chain management 
capability on SME performance in post COVID-19 scenario. 

[iv] To investigate the moderating role of SME technology leadership 
support on SME performance in post COVID-19 scenario. 

2. Literature review 

External environmental crisis like flood, earthquake, epidemic dis-
eases, and other different issues severely impact business activities 
(Samantha, 2018; Asgary et al., 2020; Eggers, 2020). SMEs are seen to be 
more vulnerable to any turbulent situation since they are financially 
fragile with less resources compared to large enterprises (Bartik et al., 
2020; El-Haddadeh et al., 2021). Several studies have shown the 
devastating effects of such turbulence like COVID-19 pandemic on 
SMEs. In 2011 because of flood in Thailand, 557,637 enterprises were 
affected and there were 2.5 million job losses, and it was ascertained 
that 90% of these affected enterprises were SMEs (Auzzir et al., 2018). 
Similarly, due to unprecedented flood in Malaysia during the end of 
2014, more than 13,000 SMEs were severely affected (Auzzir et al., 
2018). Due to foot and mouth disease (FMD) abrupt outbreak (2001), 
SMEs of UK sustained huge loss which were estimated as nearly 5 billion 
pounds (Bennett, & Phillipson, 2004). Moreover, for their small size and 
resource constraints, it has been observed that most of the SMEs could 
not fully survive in the post disaster stage (Samantha, 2018). In the post 
COVID-19 scenario, it has been experienced that SMEs try to manage the 
dislocation of supply chain with the help of advanced technology (Pang 
et al., 2015; Sharma et al., 2020; Chatterjee, 2020). However, it is 
observed that the stakeholders involved in SME business activities could 
not fully utilize the innovative technology in the supply chain context 
due to socio-material constraint in post COVID-19 Scenario (Pratono, 
2016; Chatterjee et al., 2021c; Nandi et al., 2021). 

In several studies it is seen that data driven innovation helps in 
business. Big data technology helps in data exploitation and creates 
value in a variety of supply chain related operations (Zonta et al., 2020; 
Bueno et al., 2020). Big data driven innovation also found to be helpful 
for optimisation of the global supply chain process for the 
manufacturing and services firms (Chatterjee and Nguyen, 2021; Zhu 
et al., 2021). It can also help for efficient usage of resources and supports 
in the process of tailoring customer and partner relationships manage-
ment process (Brinch, 2018; Saleem et al., 2021). 

It has been observed that SMEs will be able to address any unforeseen 
situation if they could strengthen their innovative technological abilities 
and develop their research and development capabilities (Lukić et al., 

2017; Nath, & Agarwal, 2020; Kumar et al., 2020). During the COVID-19 
pandemic and even after that, SMEs could survive if they could 
strengthen their customer relationship management (CRM) technolog-
ical ability and if the SMEs could provide flexibility of the working 
system so that the workers can work from any place at any time (Staples 
et al., 1999; Kalaitzi et al., 2017; Zimon, & Madzik, 2019; Tan et al., 
2016). Several studies have shown that if enterprises face such turbulent 
situation like COVID-19 pandemic, the enterprises would be able to 
quickly come out from that situation if they adopt appropriate strategies 
including usage of big data analytics, cloud computing optimization 
technology, IoT enabled technology and so on with the active support 
from the leadership of the SMEs for achieving better performance even 
in that scenario (Mishra et al., 2016; Thakur et al., 2016; Piccialli ey al., 
2021; Chatterjee et al., 2021d). Extant literature has demonstrated that 
how the COVID-19 pandemic could severely affect the business practices 
of the SMEs and how by using modern technologies, SMEs could address 
their supply chain interruption (Nandi et al., 2021). But no studies 
investigated how the innovative, technological, and financial abilities of 
the SMEs could impact their supply chain management ability to impact 
their performance during turbulence with the active support of SME 
technology leadership. Table 1 shows the summary of literature on 
supply chain management strategy in crisis. 

3. Theoretical underpinning and development of conceptual 
model 

3.1. Theoretical underpinning 

This study has attempted to investigate how it is possible by the SMEs 
to develop and sustain their supply chain capability in the post COVID- 
19 situation when several governments have imposed extended lock-
down and directed the people to keep social distancing. Technologies 
such as big data analytics, IoT enabled devices, cloud computing and 
other related technologies help to achieve such measures taken during 
such pandemic (Koot et al., 2020). In the post COVID-19 scenario, SMEs 
are needed to put much stress on how they could use the existing re-
sources in the best possible way through the best use of innovative 
technology. This is in consonance with the resource-based view (RBV) 
theory (Barney, 1991). This theory suggests that best way to survive in 
any unforeseen situation is to utilize the different capabilities of the 
SMEs. This theory also suggests that SMEs should use both tangible and 
intangible knowledge and resources which should be valuable, rare, 
inimitable, not substitutable. 

The SMEs in above situation should be technologically innovative 
and then the enterprise can sustain in such situation. RBV advocates that 
variability in the performance of an enterprise resides not only from the 
resources of the enterprises, but it also depends on how they are being 
deployed with variety of strategic options for garnering improved per-
formance even in dynamic times (Grewal, & Tansuhaj, 2001). Thus, in 
any unforeseen scenario like post COVID-19 situation, all the capabil-
ities of the SMEs are to be reviewed with backup options and flexibility. 
Also, such pandemic situation has forced many SMEs to use technologies 
such as big data analytics, IoT, cloud computing, and so on in a more 
efficient way. 

To explain the situation how to sustain SME SCM in the post COVID- 
19 scenario, we have also taken help of dynamic capability view (DCV) 
theory (Teece et al., 1997). This theory nurtures strategic management 
abilities and dynamic capability of an enterprise so that it can integrate, 
build as well as reconfigure its technological and financial capabilities 
(big data analytics, IoT, cloud computing and so on) for addressing 
dynamic environmental issues. In this study, the objective is how SMEs 
can successfully sustain their SCM in the post COVID-19 scenario. In 
such context, the concept of DCV theory is seemed to be helpful. DCV 
theory suggests that to address any unforeseen dynamic situation, en-
terprises are needed to adopt congenial strategies by ameliorating their 
several competencies (Felix, & Lamar, 2018). DCV theory advocates that 
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for addressing any uncertain situation like COVID-19 pandemic, enter-
prises are needed to successfully develop their different capabilities such 
as big data driven innovative capabilities, IoT capability, cloud 
computing capability and so on. In the context of this study, it is argued 
that such capabilities are perceived to be core innovative and techno-
logical capabilities along with techno-financial capabilities of a SME 
(Basiouni et al., 2019). 

Thus, for sustaining the SCM by the SMEs during and post COVID-19 
pandemic, the SMEs are needed to apply congenial strategies such as 
enabling more devices with IoT technology, applying big data driven 
innovation, using cloud computing for optimization, and so on to 
address the changed environment with the active support of leadership 
of the SMEs (Peter, 2007). In is context, a model is proposed concep-
tually as shown in Fig. 1. 

3.2. Formulation of hypotheses 

By the help of studies of literature and theories, we have proposed 
the conceptual model. Now we will discuss the constructs and formulate 
the hypotheses. 

3.2.1. Core innovation and technology capability 
Several studies have suggested that a link is needed to be established 

between transportation, external suppliers, partners, and customers for 
ensuring collaboration in supply chain resilience (Panahifar et al., 
2018). For establishing such collaboration, information exchange is 
needed among the different supply chain stakeholders (Errassafi et al., 
2019). For uninterrupted information exchange, the SMEs are needed to 
improve its IT capabilities such as big data analytics, IoT technology and 
so on for its supply chain system that would mitigate the prevailing 
uncertainty in crisis like COVID-19 pandemic (Mofokeng, & Chinomona, 
2019). The SMEs are needed to use its IT capability including big data 
analytics capability, IoT capability, cloud computing optimization 
capability and so on as important resources to address such uncertain 
dynamic situation which is in consonance with RBV theory as well as 

Table 1 
Summary of literature on supply chain management strategy in crisis.  

Author(s) / Sources Area of research Key findings / Summary 

Grewal, & Tansuhaj 
(2001) 

This research investigated 
the role of market 
orientation and strategic 
flexibility for managing 
different turbulent 
situation. 

- Role of market 
orientation and strategic 
flexibility 
- Managing turbulent 
situation.  

Donate, & Guadamillas 
(2011) 

This research focused on 
organizational factors to 
support the process of 
knowledge management 
in organization. This 
study also describes the 
importance of innovation. 

- Importance of 
knowledge management 
in organization. 
- Innovation is the key 
factor for sustenance and 
effective knowledge 
management.  

Kache, & Seuring (2017) This study described the 
challenges and 
opportunities of the 
digital information at 
intersection between Big 
Data Analytics (BDA) and 
supply chain management 
system (SCM). 

- Challenges and 
opportunities of the 
digital information 
- Shows the impact of 
BDA and SCM on digital 
information flow.  

Brinch (2018) This study described the 
value of big data in supply 
chain management. It also 
developed a conceptual 
framework.  

- Developed a conceptual 
framework 
- Application of big data 
in supply chain process 

Basiouni, Hafizi, Akhtar, 
& Alojairi (2019) 

The study did an 
assessment of Canadian 
Business IT Capabilities 
for Online Selling 
Adoption. The study used 
Net-Enabled Business 
Innovation Cycle 
approach. 

- Assessment of Canadian 
organizations’ IT 
adoption 
- Online selling and 
importance of IT 
capability  

Errassafi, Abbar, & 
Benabbou (2019) 

This study described the 
mediating effect of 
internal integration 
between integration of 
supply chain and firm 
operational performance. 
The study took 
evidence from the 
Moroccan manufacturing 
organizations.  

- Found the mediating 
effect of internal 
integration. 
- The study focused on the 
Moroccan manufacturing 
firms. 

Aryal, Liao, Nattuthurai, 
& Li (2020). 

This study investigated 
about the emerging big 
data analytics technology 
and application of IoT in 
the supply chain process. 
It is a systematic review. 

- Application of big data 
in supply chain process. 
- Challenges of 
deployment of modern 
technology. 
- Applications of IoT in 
improving supply chain 
flow.  

Asgary, Ozdemir, & 
Özyürek (2020) 

This study explained 
about the Small and 
Medium Enterprises and 
their global risks. The 
study especially focused 
on the manufacturing 
SMEs in Turkey. 

- SME enterprises and 
their global risks. 
- Discussed situation of 
SMEs in Turkey.  

Dua, Jain, Mahajan, & 
Velasco (2020) 

This study investigated 
the impact of COVID-19 
on jobs at small businesses 
in the United States. 

- Impact of COVID 19 on 
SME jobs in United States.  

Eggers (2020) This research investigated 
the issues to effectively 
manage disasters. It also 
documented the 
challenges and 
opportunities for SMEs in 

- Disaster management of 
SMEs 
- Described the challenges 
and opportunities in 
times of crisis.   

Table 1 (continued ) 

Author(s) / Sources Area of research Key findings / Summary 

the times of turbulent 
situation. 

Farrell, Thow, Wate, 
Nonga, Vatucawaqa, 
Brewer, Sharp, 
Farmery, Trevena, 
Reeve, & Eriksson 
(2020)  

This research investigated 
the COVID-19 situation 
and the Pacific food 
system resilience. This 
study also documented 
the opportunities to build 
a robust response for the 
food security during 
turbulent situation. 

- COVID-19 and food 
security 
- It documented the 
situation in Pacific food 
system. 
- Proposed some practical 
solution to overcome the 
challenges. 

Koot, Mes, & Iacob 
(2020) 

This study has shown a 
systematic literature 
review of the Supply 
Chain management 
process and decision- 
making process. This 
research also explained 
the importance of Internet 
of Things and Big Data 
Analytics in supply chain 
management process.  

- Described the 
importance of big data 
analytics and IoT in 
supply chain 
management process. 

Del Giudice, Chierici, 
Mazzucchelli, & Fiano 
(2021) 

This study explained the 
supply chain management 
process and its 
opportunity in the era of 
circular economy. The 
study also investigated the 
moderating effect of big 
data on supply chain 
management process. 

- Supply chain 
management in the era of 
circular economy. 
- Moderating impacts of 
big data application on 
supply chain 
management process.   
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DCV theory. Thus, to smoothen the information flow for successful 
sustenance of SCM, IT capability is to be strengthened (Li et al., 2009). 
Accordingly, it is hypothesized as follows. 

H1: IT capability (ITC) positively impacts SME supply chain man-
agement capability (SSC). 

Besides, in such uncertain situation like COVID-19 pandemic and 
thereafter, the innovative capability of the SMEs is needed to be 
strengthened through improvement of research and development 
capability to enhance the SCM capability (Sarkis, 2020; Napoleone et al., 
2020). Through improvement of research and development (R&D) ac-
tivities, the SMEs should try to enhance their innovative capacity so that 
they can use Industry 4.0 technologies such as AI, big data capability, 
cloud computing, IoT technology, and so on to sustain SME SCM 
(Chatterjee et al., 2020). It is to be borne in mind that there is every 
possibility of occurrence of environmental and social crisis in future. 
With necessary data driven system supported with strong R&D capa-
bility, SMEs are expected to react and respond for facing such untoward 
crisis (Desjardine et al., 2019). Use of modern technology like Block-
chain technology could help to improve data sharing activities which 
would help the supply chain managers to take quick and flawless deci-
sion for addressing any uncertain situation (van Hock, 2019). Technol-
ogies such as big data analytics can help the organizations for such quick 
and accurate decision-making process (Manavalan, & Jayakrishna, 
2019). However, proper utilization of modern technologies such as big 
data, IoT, cloud computing, blockchain and so on for sustaining SCM in 
SMEs, it is obvious that the enterprises should improve their R&D ca-
pabilities (Saberi et al., 2019). Thus, development of supply chain 
resilience with limited resources is perceived to be ensured through 
improvement of R&D practices (Farrell et al., 2020). Accordingly, it is 
hypothesized follows. 

H2: R&D capability (RDC) positively impacts SME supply chain 
management capability (SSC). 

3.2.2. Techno-functional capability 
Consequent upon outbreak of COVID-19 pandemic, government of 

different countries took lockdown measures when it was not possible by 
the employees to attend their scheduled workplaces. This situation is 
seen to have prevailed even after COVID-19 pandemic. For keeping the 
SMEs operationally active in such situation, the SMEs are to adopt 
remote work system for their employees (Carnevale, & Hatak, 2020). In 
a report (Accenture Report, 2021), it has been observed that 77% ex-
ecutives of the enterprises expect that remote working trend will 

continue even after COVID-19 pandemic. Concept of remote work can be 
interpreted as a “virtual operation that consists of individuals working 
towards a common goal, but without centralised building, physical 
plant, or other characteristics of a traditional organization” (Staples 
et al.,1999, p.758). Thus, even after COVID-19 pandemic, the SMEs must 
possess the functional ability to ensure that their workers can work 
remotely with the help of modern technology to keep the SMEs opera-
tionally active (Spreitzer et al., 2017). Accordingly, it is hypothesized as 
follows. 

H3: Remote work capability (RWC) positively impacts SME supply 
chain management capability (SSC). 

In the post COVID-19 scenario, to sustain the SMEs’ financial health, 
it is essential that the SMEs strengthen their customer relationship 
management (CRM) technology capability (Kale et al., 2000). This will 
help to improve supply chain resilience in any awkward situation 
(Paulraj et al., 2008). CRM technology capability improvement of the 
SMEs is expected to tighten the relationship between the customers and 
the SMEs which would embolden the online sales system improving the 
financial health of the SMEs (Park, 2015). Improvement of CRM tech-
nology capability of SMEs will ensure to enhance the trust of the cus-
tomers on the SMEs and will also strengthen the supply chain system 
with enhancement of coordination among the stakeholders (Wu et al., 
2014; Chatterjee & Kar, 2018). Relationship Immersion, trust as well as 
communication are deemed to be the principal elements of CRM tech-
nology capability that would help to adopt better supply chain strategy 
ameliorating the relationship among the stakeholders of the SMEs 
(Wittmann et al., 2009; Chatterjee et al., 2020). With all these inputs, 
the following hypothesis is formulated. 

H4: CRM technology capability (CTC) positively impacts SME supply 
chain management capability (SSC). 

3.2.3. SME SCM capability (SSC) 
How the SMEs could use their SCM as a strategic asset, helps to 

measure the SCM capability of the SMEs (Ketchen, & Hult, 2007). 
Supply chain process is a pervasive process, and its success depends 
upon its flexibility and speed (Bowersox et al., 2002). Flexibility in SCM 
is conceptualised as to how the SCM could assess the impending un-
certainty it might have to encounter and how it could articulate an 
effective strategy to overcome the impediment (Schlittgen et al., 2016; 
Chatterjee et al., 2021b). Technologies such as IoT and big data could 
help in improving such SME SCM capability. Speed of SCM can be 
estimated by the time needed between placement of order by a customer 

Fig. 1. The conceptual model.  
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and the delivery of the product to the customer (Chatterjee et al., 
2021a). Tracking through IoT enable devices could help such delivery of 
products much faster and in an accurate way (Mishra et al., 2018). 
Appropriate maintenance of speed and flexibility of SCM of the SME 
during and post COVID-19 pandemic is construed as the secret of success 
of the SMEs to improve their overall performance (Ringle, & Serstedt, 
2016). Accordingly, it is hypothesized as follows. 

H5: Improvement of SME supply chain management capability (SSC) 
positively influences SME performance in post COVID-19 scenario 
(SPC). 

3.2.4. SME technology leadership support (TLS) 
SME technology leadership support (TLS) is considered to have an 

effective impact on the innovative ability of enterprises for addressing 
any untoward environmental situation to improve the performance 
(Zhang et al., 2018). Leadership of SMEs adopts specific strategy 
depending on the nature of the turbulent environment to address the 
sustenance of SCM (Le, & Lei, 2018). Big data driven technology inno-
vation strategy, IoT embedded system designing strategy, cloud 
computing optimization strategy and other related modern technology 
implementation strategy needs effective technology leadership support 
from the SME leadership team (Nakayama et al., 2020). To implement 
that strategy, the TLS establishes a conducive atmosphere in the SME so 
that there is no impediment to execute that strategy (Smart et al., 2017). 
TLS acts as an effective catalyst to execute this strategy for improving 
the efficiency of the SCM process which would help to improve the 
performance of the SMEs (Donate, & Guadamillas, 2011). Accordingly, 
it is hypothesized as follows. 

H6: SME technology leadership support (TLS) moderates the rela-
tionship between SME supply chain management capability (SSC) and 
SME performance in post COVID-19 scenario (SPC). 

3.3. Research methodology 

For testing of hypothesis and for the analysis of data, partial least 
square (PLS) structural equation modelling (SEM) technique has been 
preferred. This technique has been preferred because it can yield better 
result to analyse an exploratory study like this (Aktar, & Pangil, 2017). 
This technique allows to analyse such data which are not normally 
distributed. This is not allowable for CB-SEM analysis (Hair et al., 2018). 
This technique does not require any sample restriction (Willaby et al., 
2015; Richter et al., 2016). This technique requires quantification of 
feedback received from the usable respondents while conducting survey. 
The quantification is done by 5-point Likert scale. 5-point Likert scale 
has been preferred because it is simple to understand, it takes less time 
and efforts for completion, it allows lower margin of error, delivers 
deeper insights into what the people have been feeling and thinking. 
Also, it allows the respondents to keep them neutral by opting ‘neither 
disagree nor not agree’ option. 

3.4. Research instruments 

Since the model and the hypotheses needed to be validated through 
quantitative study by conducting survey, a questionnaire is required to 
be prepared. From the knowledge of literature, theories and the con-
structs, questionnaire has been prepared. The questionnaire (a set of 
questions) has been prepared using all the items which would represent 
the constructs selected for the model. The context of the questions has 
been designed for representing the measures for all the constructs. The 
questionnaire was scrutinised by some experts having knowledge in the 
domain of this study. This was done to improve the comprehensiveness 
of the questions which were prepared in the form of statements. Again, 
the questionnaire was piloted with the help of some other experts to 
refine the wordings and understandability of the questions. This was 
done so that the respondents may understand the measures and can 
provide appropriate responses. In this way, a total of 34 items 

concerning all the relevant constructs were designed. A response sheet 
containing the 34 questions with five options for each question has been 
prepared for the respondents where each of the respondents was to put 
one tick mark in one option out of five options for each question. The 
instruments along with their sources are provided in the appendix. 

3.5. Data collection strategy 

To collect data, SEMs of four cities of India have been selected. These 
cities are Chennai, Bengaluru, Mumbai and Gurugram. It is learnt that in 
these cities, there are many SMEs (Crisil Report, 2020). Some SMEs from 
these cities have been selected at random. We selected 716 employees of 
these enterprises. These employees are reported to have been involved 
in the process of supply chain in their respective SMEs. We collected 
details of these 716 employees. Each of these prospective respondents 
was provided with a response sheet along with a guideline as to how to 
fill it up. With the response sheet, each of the prospective respondents 
was assured that the confidentiality and anonymity of each respondent 
will be strictly preserved. All the prospective respondents were reques-
ted to respond within 60 days from the date of receipt of the commu-
nication (January and February 2021). Within the scheduled time 
window, 338 respondents responded. The response rate was 47.2%. We 
scrutinized these replies. We found that out of 338 responses, 11 re-
sponses were incomplete. We did not consider these 11 incomplete re-
sponses. We started our PLS-SEM analysis with 327 usable responses 
against 34 items. This is within allowable range (Dev & David, 2014). 
The demographic profile of these 327 usable respondents is shown in 
Table 2. 

4. Analysis of data and results 

4.1. Measurement properties and discriminant validity test 

For assessing content validity of each item, loading factor (LF) of 
each item has been estimated. To ascertain validity, reliability, and in-
ternal consistency of the construct, and multicollinearity defect of each 
construct, we estimated average variance extracted (AVE), composite 
reliability (CR), Cronbach’s alpha (α) and variance inflation factor (VIF) 
of each construct, respectively. It was observed that all the estimated 
values are within the permissible range. Details of the results are shown 
in Table 3. 

We also applied Fornell and Larcker criteria for verifying the 
discriminant validity of each construct. It has been found that square 
roots of all the AVEs are greater than the corresponding bifactor corre-
lation coefficients which satisfies the Fornell and Larcker criteria (For-
nell, & Larcker, 1981). It establishes discriminant validity of the 
constructs. The entire results are shown in Table 4. 

To supplement the Fornell and Larcker criteria, for confirming 
discriminant validity of each construct, we have also preferred Hetero-
rtrait and Monotrait (HTMT) correlation coefficient test (Henseler et al., 
2014). From the analysis, it is seen that all the values of the constructs 
are<0.85 (Voorhees et al., 2016). This result also confirms discriminant 
validity of the constructs. The results are shown in Table 5. 

Table 2 
Demographic profile (N = 327).  

Types of enterprises Hierarchy of 
employees 

Number Percentage 
(%)  

Small and Medium 
Enterprises  
(SMEs) 

Top Executives 15  4.6 
Senior Managers 66  20.2 
Midlevel Managers 109  33.3 
Junior Managers 137  41.9  
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4.2. Common method bias (CMB) 

The findings of this study depend on the inputs of the respondents 
who responded against structured set of questions (questionnaire) 

concerned with the constructs. Hence, there is possibility of replies 
which might be biased. To remove this defect of biased responses, the 
respondents at the time of survey were assured that their identity would 
not be disclosed. This was done as a pre-emptive measure. To confirm 
that those replies were unbiased, CMB has been performed. By con-
ducting the Harman’s single factor test it was found that the first factor 
emerged as 39.21%. It is less than the highest cut off value of 50% as 
recommended by Podsakoff et al. (2003). It confirms that the data did 
not distort the prediction. 

4.3. Moderating effect of top management team support (MGA) 

To verify the effects of SME technology leadership support (TLS) on 
the linkage H5, multi group analysis (MGA) has been performed with 
bootstrapping process considering 5000 resamples. The effects of TLS 
have been analysed by consideration of Strong TLS effects and Weak TLS 
effects on H5. It is known that if the p-value difference for the 2 cate-
gories of effects of a moderator on a linkage is found to be either greater 
than 95% or<5%, it is said that the effects of the moderator on the 
linkage are significant (Hair et al., 2016). The results after MGA are 
found to be significant as the p-value difference is 0.02 (which is<0.05). 

4.4. Hypothesis testing (SME) 

For hypothesis testing, bootstrapping procedure with consideration 
of 5000 resamples has been followed (Henseler et al., 2009). This pro-
cedure has been preferred since this process for hypothesis testing can be 
applied without conducting parametric tests (Chin, 2010). Omission 
separation 5 has been considered for ascertaining cross validated 
redundancy. On analysis, Stone-Geisser Q2 value emerged as 0.61 
(Stone, 1974; Geisser,1975). This confirms that the results have pre-
dicted relevance. Also, for verifying if the model is in order or not, SRMR 
(standardised root mean square residual error) has been considered as a 
standard index. On computation, the SRMR values come out to be 0.063 
for PLS end 0.032 for PLSc. Both these estimates are less than the highest 
value of 0.08 (Hu, & Bentler, 1998). This confirms that the model is fit 
and acceptable. This process helped us to assess the path coefficients for 
the several linkages along with p-values and R2 values. The results are 
shown in Table 6. 

4.5. Results 

This study has formulated six hypotheses. Out of six hypothesis, one 
hypothesis is concerned with the moderating effect of TLS on H5. After 
PLS-SEM analysis, it appears that all these six hypotheses have been 
supported. The results show that ITC, RDC, RWC, and CTC impact SSC 
significantly since the concerned path coefficients are 0.31, 0.28, 0.46, 
and 0.21 respectively with levels of significance as p < 0.001(***), p <

Table 3 
Measurement properties.  

Constructs / 
Items 

LF AVE CR α VIF t- 
values 

No. of 
items 

ITC   0.86  0.89  0.93  3.9  6 
ITC1  0.92      21.22  
ITC2  0.88      24.07  
ITC3  0.96      33.11  
ITC4  0.94      32.02  
ITC5  0.90      30.14  
ITC6  0.95      26.66  
RDC   0.87  0.89  0.94  4.6  6 
RDC1  0.90      17.89  
RDC2  0.95      28.01  
RDC3  0.95      29.29  
RDC4  0.94      36.04  
RDC5  0.97      24.68  
RDC6  0.89      22.10  
RWC   0.84  0.88  0.91  4.3  6 
RWC1  0.87      26.12  
RWC2  0.89      22.17  
RWC3  0.97      29.11  
RWC4  0.90      29.41  
RWC5  0.95      27.22  
RWC6  0.93      36.11  
CTC   0.84  0.87  0.91  3.8  6 
CTC1  0.91      26.11  
CTC2  0.90      27.29  
CTC3  0.87      38.01  
CTC4  0.89      24.22  
CTC5  0.96      26.12  
CTC6  0.97      27.17  
SSC   0.85  0.89  0.92  4.1  6 
SSC1  0.94      26.29  
SSC2  0.96      29.12  
SSC3  0.95      27.32  
SSC4  0.87      24.17  
SSC5  0.89      25.28  
SSC6  0.90      28.33  
SPC   0.87  0.91  0.93  3.7  4 
SPC1  0.96      25.13  
SPC2  0.90      22.17  
SPC3  0.95      17.27  
SPC4  0.92      19.01   

Table 4 
Discriminant validity test (Fornell and Larcker criteria).  

Construct ITC RDC RWC CTC SSC SPC AVE  

ITC  0.92       0.86 
RDC  0.17  0.93      0.87 
RWC  0.19  0.32***  0.91     0.84 
CTC  0.22**  0.29  0.32  0.91    0.84 
SSC  0.24*  0.21  0.37*  0.18**  0.92   0.85 
SPC  0.27  0.28**  0.17  0.26  0.24***  0.93  0.87  

Table 5 
Heterotrait - Monotrait test (HTMT criteria).  

Construct ITC RDC RWC CTC SSC SPC  

ITC       
RDC  0.27      
RWC  0.32  0.16     
CTC  0.44  0.18  0.27    
SSC  0.33  0.29  0.24  0.36   
SPC  0.41  0.17  0.32  0.39  0.24   

Table 6 
Path coefficients, p-values, R2 values, and remarks.  

Linkages Hypotheses R2 values / Path 
coefficients 

p-values Remarks 

Effects on SSC  R2 = 0.51   
By ITC H1 0.31 p < 0.001 

(***) 
Supported 

By RDC H2 0.28 p < 0.01 
(**) 

Supported 

By RWC H3 0.46 p < 0.01 
(**) 

Supported 

By CTC H4 0.21 p < 0.05(*) Supported 
Effects on SPC  R2 = 0.72   
By SSC H5 0.49 p < 0.001 

(***) 
Supported 

(SSC → SPC) 
× TLS 

H6 0.27 p < 0.05(*) Supported 

After all these inputs, the validated model (SEM) is provided in Fig. 2. 

S. Chatterjee et al.                                                                                                                                                                                                                              



Computers & Industrial Engineering 168 (2022) 108058

7

0.01(**), p < 0.01(**), and p < 0.05(*) respectively. The results show 
that SSC could impact SPC (H5) significantly as the concerned path 
coefficient is 0.49 with level of significance p < 0.001(***). The 
moderator TLS positively and significantly impacts on the linkage H5 
since the concerned path coefficient is 0.27 with level of significance p 
< 0.05(*). So far as coefficient of determination are concerned, it ap-
pears that ITC, RDC, RWC, and CTC could explain SSC to the tune of 51% 
whereas SPC could be interpreted by SSC to the extent of 72% which is 
the predictive power of the theoretical model. 

5. Discussion on results 

Supply chain residence has become a well accepted area of research 
in the field of operation management. Unexpected, abrupt, and un-
precedented outbreak of COVID-19 pandemic across the globe has 
caused ominous disruption in supply chain management system. In this 
situation, the SMEs have become the worst affected since they suffer 
from various constraints. This study has taken a holistic attempt to 
provide a road map as to how the SMEs could survive in the post COVID- 
19 pandemic scenario to sustain their supply chain resilience by 
ameliorating their innovative and technological capabilities such as big 
data analytics, cloud computing optimization, IoT technology and so on. 

This study has shown that the improvement of IT capability such as 
big data analytics, cloud computing, IoT and so on of the SMEs could 
help to improve their supply chain system (H1). Our results further 
suggest that by developing the communication system in such awkward 
situation by the help of technological innovation, it may be possible for 
the SMEs to keep the flow of supply chain activities which is also sup-
ported by other study (Mofokeng, & Chinomona, 2019). This study has 
shown that by improving their R&D activities especially in the data 
driven approach, big data related applications, IoT technology and so 
on, the SMEs can improve and moderate their supply chain strategy in 
such unfavourable situation (post COVID-19 scenario) (H2). The 
concept has also been supplemented in another study (Farrell et al., 
2020). This study has also highlighted that during and after such 
pandemic situation, several countries have taken total or partial lock-
down measures. In such situation, to keep the operations and functions 
of the SMEs active, the SMEs must have the flexible policy. Such policy 
could help their employees to avail the option of remote work flexibility 
(H3). This has been supplemented in other study (Spreitzer et al., 2017). 

This study has highlighted that SMEs should embolden their CRM 
technology capability embedded with big data analytics to keep their 
supply chain flow active (H4) which has been supplemented in another 
study (Paulraj et al., 2008). This study has also highlighted that the SME 

supply chain management technology efficiency could improve their 
performance even in the post COVID-19 scenario (H5). This concept has 
received support from another study (Schlittgen et al., 2016). This study 
has also shown that for keeping the supply chain flow of SMEs active to 
improve the firm performance in the post COVID-19 scenario, support of 
leadership acts as a positive catalyst (H6). This idea has also been sup-
plemented by another study (Le, & Lei,2018). In this study, the leader-
ship support has been considered as an effective moderating variable. 
The effect of Strong TLS and Week TLS on H5 are being discussed here 
graphically as shown in Fig. 3. 

Fig. 3 shows that with increase of SSC, the rate of increase of SPC is 
more for the effect of Strong TLS compared to the effect of Weak TLS 
since the gradient of the continuous line representing effects of a Strong 
TLS is more than the gradient of the dotted line representing the effects 
of Weak TLS. 

5.1. Theoretical contributions 

This study has shown that SMEs’ capability comprising of techno-
logical, innovative, flexible as well as relationship management capa-
bility could impact SME supply chain resilience in the post COVID-19 
scenario which in turn could impact positively on SME performance in 
the turbulent situations. This study has also discussed how the SME 
technology leadership support could provide laudable help to sustain 
SCM activities for improving SME performance even in post COVID-19 
pandemic scenario. No other studies did exhaustively investigate how 
several SME capabilities like IT capability, R&D capability, remote work 

Fig. 2. The validated model (SEM).  

Fig. 3. Effects of TLS on H5.  
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capability, and CRM capability could help the SMEs to sustain their SCM 
resilience to improve their performance in the post COVID-19 scenario 
duly supported by the SME technology leadership support. Leadership 
can support in developing and deploying big data-based applications, 
cloud computing optimization, IoT enabled technologies and so on in 
the SMEs. In this context, our study may be deemed to be a unique study 
and is claimed to have added values to the extant literature. 

By providing the concept that IT and big data driven innovative 
capabilities of SMEs could sustain the SCM resilience of SMEs even in 
post COVID-19 turbulent scenario, it has theorized the novel idea that 
digitalised supply chain management is seemed to be considered as a 
permanent and long-term strategy for ensuring a resilient supply chain 
management that could ameliorate the SME performance even in post 
COVID-19 scenario. 

This study has shown that the IT, innovation, remote work, and CRM 
capabilities of SMEs are the core resources to be utilised efficiently by 
the SMEs to address the evolving dynamic situation in the post COVID- 
19 period to sustain their supply chain residence. This has been 
explained with the help of RBV and DCV theory. This endeavour is 
claimed to be a specified theoretical contribution of our study. In the 
study of Nandi et al. (2021), it has been observed that using blockchain 
technology, it is possible to sustain SCM in organization during COVID- 
19 pandemic situation. This idea has been extended in our study which 
concludes that IT capability of SMEs should be considered as a core 
competency of SMEs to sustain their SCM even in the post COVID-19 
scenario to improve their overall performances. This has added values 
to the extant literature. This idea has also been corroborated by another 
study (Saberi et al., 2019). Another study of Zhu and Kindarto (2016) 
has shown that government IT-related projects such as big data analytics 
related projects, IoT applications related projects, blockchain related 
projects and so on can be implemented efficiently in developing coun-
tries by the active support of the leadership team. This idea has been lent 
in our study and we have shown that leadership support moderates the 
performance of SMEs in post COVID-19 scenario by effectively sustain-
ing their SCM resilience. This is deemed to be a theoretical contribution 
of our study. 

5.2. Practical implication 

This study has been able to provide several practical implications. 
This study has highlighted that IT capability and R&D capability, being 
the core innovation and technology capability of SMEs, could impact 
positively and significantly the supply chain capability of SMEs (H1 and 
H2). This implies that practitioners are required to think for using digital 
technologies such as big data analytics, AI integrated CRM technology, 
cloud computing technology, IoT enabled technology and so on to 
develop the SMEs’ supply chain resilience which would improve SME 
performance in post COVID-19 pandemic scenario. The management of 
the SMEs is required to focus on infrastructural development of their 
enterprises by proper investment. To improve the infrastructure, SMEs 
are needed to take help of innovative technologies like artificial intel-
ligence, internet of things, blockchain and so forth to accelerate the 
process of communication to sustain the supply chain resilience. 

To help realise full potential of these ground-breaking technologies, 
the practitioners and managers of SMEs are needed to strengthen their 
R&D wing so that even in any untoward situation, the SMEs may not face 
any impediment to sustain their supply chain. This study has also shown 
that the SMEs are needed to embolden their flexibility by allowing the 
employees to work remotely during such lockdown situation as a 
culmination of outbreak of COVID-19 pandemic (H3). This implies that 
the SMEs must have proper policy so that the employees can have the 
option to work from home (remote working) to keep the SMEs’ opera-
tions active during and after any turbulent environment. The managers 
of the SMEs must arrange the option of work flexibility so that the em-
ployees can easily use the SMEs’ infrastructure even when they would 
work remotely. 

This study has shown that CRM technology capability helps to sus-
tain SME SCM (H4). This implies that the managers of SMEs should 
develop an integrated database for ameliorating the relationship with 
the potential customers through necessary exchange of information with 
the assistance of online CRM platforms. The SME technology leadership 
supports to facilitate, sponsor, and deploy big data related applications, 
IoT enabled applications, cloud computing optimization and so on, 
which is seen to have impacted the SME performance by improving SCM 
system even after COVID-19 pandemic (H5 and H6). This implies that it 
will be the duty of the leadership of the SMEs to establish a collaborative 
as well as conducive atmosphere which will help the employees to be 
more proactive to combat any untoward situation like COVID-19 
pandemic to sustain the SCM activities to improve the SME perfor-
mance. Thus, it is seen that the outbreak of COVID-19 apocalypse has 
disrupted the businesses of SMEs. The shock has forced the SMEs to 
change their style of business. The SMEs will come out successful if they 
can withstand the present situation and can continue their businesses in 
such constrained circumstances. The SMEs are needed to learn how to 
recover, and such learning may help them to become stronger towards 
business success. The SMEs should also get themselves prepared to 
succeed in the ‘new normal’ environment for sustainability. Hence, to 
survive and flourish in future, the SMEs need to have the strategy of 
respond-recover-thrive. 

5.3. Conclusion, limitations, and future scope 

The present research study has collected data which are cross- 
sectional or data which could capture views of the respondents at a 
single point of time (Malhotra, 2014). This creates defects of endoge-
neity which means that endogeneity bias may be caused due to simul-
taneous impact of causality, that is, when independent and dependent 
variables simultaneously impact each other, and causal effects run 
reciprocally (Wooldridge, 2002). By conducting longitudinal studies 
through proper econometric analysis, the future researchers may verify 
the linkages of causality between the constructs more accurately. This 
study is based on the inputs of the employees of SMEs of 4 cities of India. 
Naturally, the results do not portray the generic scenario. To arrive at a 
generic result, the future researchers should obtain inputs of re-
spondents from the different parts of the globe. The predictive power of 
the model is 72%. Here in this study, SME technology leadership support 
(TLS) has been considered as a moderating variable. Apart from this, 
future researchers can explore moderating variables like technology 
turbulence, government policies, environmental dynamism, and so on 
which could influence the SME performance in the post COVID-19 sce-
nario. Future researchers could explore these moderating variables to 
investigate if inclusion of such boundary conditions could enhance the 
explanative power of the proposed model. This study has taken help of 
DCV theory (Teece et al., 1997). But this theory suffers from the defects 
of context insensitivity (Ling Yee, 2007). This theory is not able to 
identify the conditions where the organizational capabilities will be 
most valuable (Dubey et al., 2019). Hence, it is suggested that the future 
researchers should explore the optimum conditions in which BDA 
innovation could sustain SME SCM in post COVID-19 scenario under the 
moderating influence of SME technology leadership support. This study 
has considered four capabilities of SMEs, which could impact SME SCM 
in post COVID-19 scenario. Future researchers may consider other 
supply chain related capabilities of SMEs to examine how that could 
improve the results. Such technological abilities of the SMEs could be 
blockchain capability integrated in supply chain management process, 
applications of artificial intelligence, and neural networking technology 
in supply chain management process and so on. Whatever might be the 
limitations of this study, this study is expected to help the practitioners 
as well as the managers of SMEs to understand how it is possible by the 
SMEs to sustain their supply chain resilience during and after any tur-
bulent environment like COVID-19 pandemic. 
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Appendix:. Summary of questionnaire  

Items Source Statements Response 
[SD][D][N][A] 
[SA] 

ITC1 Panahifar et al., 2018 I believe that IT capability is important to improve SME SCM ability. [1][2][3][4] 
[5] 

ITC2 Errassafi et al., 2019 I understand that IT capability can sustain SCM flow during turbulent situation. [1][2][3][4] 
[5] 

ITC3 Mofokeng, & Chinomona, 2019 Information exchange is essential among different supply chain stakeholders. [1][2][3][4] 
[5] 

ITC4 Li et al., 2009 Big data analytics capability plays a crucial role to improve SME SCM ability. [1][2][3][4] 
[5] 

ITC5 Panahifar et al., 2018 To smoothen the information flow during uncertain environment, effective IT capability is essential for the 
organization. 

[1][2][3][4] 
[5] 

ITC6 Errassafi et al., 2019 Industry 4.0 capability is important to improve the competitiveness. [1][2][3][4] 
[5] 

RDC1 Sarkis, 2020; Napoleone et al., 
2020 

Innovative capability of the SMEs is essential to sustain during turbulent situation. [1][2][3][4] 
[5] 

RDC2 Chatterjee et al., 2020 I believe that SMEs should try to enhance their innovative capacity so that they can effectively use Industry 4.0. [1][2][3][4] 
[5] 

RDC3 Desjardine et al., 2019 I believe that improvement of research and development capability will enhance the SCM capability of the SMEs. [1][2][3][4] 
[5] 

RDC4 van Hock, 2019 I believe that SME innovation capability will enhance their profitability. [1][2][3][4] 
[5] 

RDC5 Manavalan, & Jayakrishna, 2019 Data driven system supported with strong R&D capability will help SMEs to remain competitive during turbulent 
situation. 

[1][2][3][4] 
[5] 

RDC6 Saberi et al., 2019; Farrell et al., 
2020 

I believe that SMEs should invest adequately to enhance their R&D capability. [1][2][3][4] 
[5] 

RWC1 Carnevale, & Hatak, 2020 I believe techno-functional capability of SMEs can provide remote working flexibility during turbulent situation. [1][2][3][4] 
[5] 

RWC2 Staples et al.,1999 Techno-functional capability of the SMEs can help improving remote working capability. [1][2][3][4] 
[5] 

RWC3 Spreitzer et al., 2017 I believe that SMEs should invest adequately 
to improve their remote working capability. 

[1][2][3][4] 
[5] 

RWC4 Carnevale, & Hatak, 2020 To keep the SMEs operationally active during turbulent situation, it is essential to have remote working 
capability. 

[1][2][3][4] 
[5] 

RWC5 Staples et al.,1999 I believe that remote working capability could help SMEs to attract talent. [1][2][3][4] 
[5] 

RWC6 Spreitzer et al., 2017 I believe that remote working capability is essential to keep supply chain flow active during turbulent situation. [1][2][3][4] 
[5] 

CTC1 Kale et al., 2000 CRM technology capability can improve supply chain flow ability of SMEs during turbulent situation. [1][2][3][4] 
[5] 

CTC2 Paulraj et al., 2008 I believe that improvement of techno-functional capability can enhance CRM technology ability. [1][2][3][4] 
[5] 

CTC3 Park, 2015 Enhancement in CRM ability can improve financial health of the SMEs. [1][2][3][4] 
[5] 

CTC4 Wu et al., 2014; Chatterjee & Kar, 
2018 

Improvement of CRM technology capability will ensure enhancement of trust of the customers on the SMEs. [1][2][3][4] 
[5] 

CTC5 Wittmann et al., 2009 Improvement of CRM ability of the SMES will strengthen the supply chain system. [1][2][3][4] 
[5] 

CTC6 Chatterjee et al., 2020 I believe that superior functionality of CRM application will help the coordination activity among the 
stakeholders of the SMEs. 

[1][2][3][4] 
[5] 

SSC1 Ketchen, & Hult, 2007 I believe that SME SCM capability can enhance the profitability. [1][2][3][4] 
[5] 

SSC2 Bowersox et al., 2002 I believe that superior SME SCM capability can improve competitiveness. [1][2][3][4] 
[5] 

SSC3 Schlittgen et al., 2016; Chatterjee 
et al., 2021b 

SCM capability is essential to keep the SMEs operationally active during turbulent situation. [1][2][3][4] 
[5] 

SSC4 Mishra et al., 2018 Superior SCM capability will help to deliver products faster and in an accurate way to the customers. [1][2][3][4] 
[5] 

SSC5 Chatterjee et al., 2021a Modern technology like artificial intelligence embedded with SCM process will improve overall efficiency of the 
process. 

[1][2][3][4] 
[5] 

SSC6 Ringle, & Serstedt, 2016 I believe that adequate investment is required to improve the SCM capability of the SMEs. [1][2][3][4] 
[5] 

SPC1 Schlittgen et al., 2016; I believe that improvement in techno-functional capability will improve SME performance in post COVID-19 
scenario. 

[1][2][3][4] 
[5] 

SPC2 Mishra et al., 2018 I believe that it is essential that SME leadership team should adequately invest in R&D capability so that its 
performance in post COVID-19 can be further improved. 

[1][2][3][4] 
[5] 

SPC3 Ketchen, & Hult, 2007 To remain competitive in post COVID-19 situation, SMEs are required to enhance their performance by 
improving supply chain flow. 

[1][2][3][4] 
[5] 

(continued on next page) 
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(continued ) 

Items Source Statements Response 
[SD][D][N][A] 
[SA] 

SPC4 Wittmann et al., 2009 I believe that SME leadership team support is essential to improve SME performance in post COVID-19 situation. [1][2][3][4] 
[5]  

SD = Strongly Disagree; D = Disagree; N = Neither agree nor disagree; A = Agree; SA = Strongly Agree. 
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