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ABSTRACT
This study addresses the critical research issue of how supplier delivery performance can be enhanced 
by integrating information sharing into volume and delivery flexibility. This study developed a research 
model to relate information sharing on demand forecasts and inventory data between original equipment 
manufacturers (OEMs) and first-tier suppliers. Based on a sample of 52 suppliers from automotive industry 
in Sweden, partial least squares structural equations modelling (PLS-SEM) was used to assess the model. 
The results confirm that sharing demand forecasts is a key enabler of supplier volume and delivery 
flexibility while sharing inventory data is not. The study contributes to enlarging the knowledge about 
supply chain management from the suppliers’ perspective. It also contributes to knowledge by validating 
the conceptual model and operationalisation of constructs. The study also has practical contribution in 
which management should focus on improving communication and collaboration practices with OEMs for 
effective sharing of demand forecasts.

1.  Introduction

Information sharing in a supply chain has attracted the attention 
of many researchers and practitioners over the last two decades. 
Wu, Chuang, and Hsu (2014) confirm that information sharing in 
supply chains indirectly affects firms’ performance. Research has 
suggested that ‘flexibility’ is one of the most doable approaches 
to compete in agile supply chains in which many manufacturers 
and suppliers adopt flexibility as an operation strategy to cope 
with demand fluctuations.

Flexibility requires considerable development in two main 
aspects: flexible technologies – information and communica-
tion technology (Datta and Christopher 2011; Lotfi et al. 2013; 
White, Daniel, and Mohdzain 2005; Wu, Chuang, and Hsu 2014). 
Flexible technology refers to Flexible Production Systems (FPS). 
FPS is characterised by low set-up time, low switching time, rapid 
production, high product variety (Spear and Kent Bowen 1999) 
and high quantity. FPS helps accommodate various product 
quantities and varieties. Several studies, (such as Christopher and 
Holweg 2011; Gosling, Purvis, and Naim 2010; Ojha, White, and 
Rogers 2013; Purvis, Gosling, and Naim 2014), have argued that 
flexibility is a crucial element to increase the competitiveness of 
a company in a volatile market. Similarly, Information Technology 
(IT) systems facilitate the information flow and exchange with 
customers and suppliers; allowing companies to share real-time 
data on demand forecasts, production schedules, inventory 
levels and other kinds of information. For instance, Electronic 

Data Interchange (EDI) is one of the most powerful IT tools for 
exchanging data between different supply chain members (Min 
et al. 2005), such as business partners in the automotive and elec-
tronic industries. Nowadays, most purchasing and order trans-
actions are completed via EDI or Internet-based systems such as 
real-time data exchange systems.

Increasing concern regarding demand fluctuations in the 
automotive sector has created more of a need for highly 
responsive suppliers than ever before. This study considers sta-
ble supply chain where partners have long-term relationships. 
Since the primary objective of supply chain is to meet customer 
needs, then ‘the inability of suppliers to deliver the required 
material, components or products will have detrimental effects 
on the supply chain’s ability to serve its customers’ (Chen, 
Sohal, and Prajogo 2013, 2188). Drawing on that, focusing on 
suppliers has been recognised as a new way to research sup-
ply chain management (Rota, Thierry, and Bel 2002). Suppliers 
are responsible for 70–80% of the total value creation in the 
automotive industry (Bennett and Klug 2012; Harrison and van 
Hoek 2008). Additionally, according to a recent report from the 
Swedish Association of Automotive Suppliers (FKG 2014), 60% 
of new technology comes from the suppliers, which implies 
that suppliers invest as much as the OEMs in research and 
development (R&D).

This paper focuses on f﻿irst-tier suppliers in Automotive 
industry. Supplier perspective has been recently recognised as 
a new way to research operations management in supply chains 

ARTICLE HISTORY
Received 2 January 2017 
Accepted 15 December 2017

KEYWORDS
Information sharing; volume 
flexibility; delivery flexibility; 
PLS-SEM; supply chain 
management

© 2018 Informa UK Limited, trading as Taylor & Francis Group

CONTACT  Nidal Yousef Dwaikat    nidal_n@najah.edu



2   ﻿ N. Y. DWAIKAT ET AL.

Section 5 presents the results and findings. Section 6 concludes 
the study and discusses its implications.

2.  Theoretical background

2.1.  Supplier volume and delivery flexibilities

Volume flexibility is defined as the ability of a firm to change 
output or volume levels of a system (Jack and Raturi 2002), 
while delivery flexibility is defined as the ability of a firm to 
change delivery times and destinations (Sánchez and Pérez 
2005).

Duclos, Vokurka, and Lummus (2003) provide an integrated 
conceptual model to analyse the components of supply chain 
flexibility. They claim that the flexibility strategy must go beyond 
the level of the firm itself as supply chain management is exten-
sive. In this regard, Reichhart (2007) examines supply chain flexi-
bility across multiple tiers. He also claims that that flexibility levels 
fluctuate along the supply chain. Hence, the volume flexibility 
of manufacturers differs from the volume flexibility of suppliers 
within the same supply chain.

Research has suggested that flexibility is a highly important 
competitive priority for those companies in which demand is 
volatile. Several studies (such as Christopher and Holweg 2011; 
Gosling, Naim, and Towill 2013; Gosling, Purvis, and Naim 2010; 
Purvis, Gosling, and Naim 2014; Sanchez 1995; Upton 1994) 
have argued that flexibility is a crucial element in increasing a 
company’s competitiveness in volatile markets. In this regard, 
several studies argue that flexibility has been recognised as a 
key enabler for supply chain performance. For instance, Koste, 
Malhotra, and Sharma (2004) and Narasimhan, Talluri, and Das 
(2004) emphasise that flexibility is essential in accommodating 
uncertainty in demand. According to Christopher (2000), volume 
and delivery flexibility are key characteristics of an agile organi-
sation where demand is highly fluctuating, as in the case of auto-
motive businesses.

Volume and delivery flexibilities require considerable devel-
opment in two main aspects: flexible technologies, and informa-
tion and communication technology (ICT) (Datta and Christopher 
2011; Lotfi et al. 2013; Wu, Chuang, and Hsu 2014). Flexible tech-
nologies usually refer to FPSs. FPSs are characterised by their low 
set-up time, low switching time, rapid production, high product 
variety and high quantity (Spear and Kent Bowen 1999). FPSs 
accommodate various product quantities and varieties. Similarly, 
ICT systems facilitate the information flow and exchange with 
customers and suppliers, allowing companies to share real-time 
data on demand forecasts, production schedules, inventory levels 
and other kinds of information.

2.2.  Information demand forecast and inventory data

Information sharing is a central element in any type of col-
laboration practice (Zhang and Chen 2013). The information 
content as well as the sharing method can vary depending on 
types of contract and relationships between OEMs and suppli-
ers. OEMs and suppliers exchange a huge amount of data and 
information every day or even every single hour. For instance, 
they may share and exchange information on product prices, 
product cost, product design, product specifications, stock 
level, demand forecasts, sales forecasts, production quantities, 

(Rota, Thierry, and Bel 2002). According to Pujawan (2004), most 
research has viewed flexibility from a manufacturer’s perspective 
but not from that of a supplier. Thus, it would be worthy to under-
stand suppliers’ opinion about volume flexibility as operations 
strategy to compete in an agile supply chain, and to investigate 
what they do in order to respond to customers’ orders with high 
volume changes. Therefore, it is interesting to understand ‘why’ 
and ‘investigate’ the problem from the supplier’s perspective.

Second, suppliers are responsible for 70–80% of the total value 
creation in the automotive industry (Bennett and Klug 2012; 
Harrison and van Hoek 2008). These ratios justify the importance 
of the first-tier suppliers’ role and their significant contribution to 
value creation in the automotive industry, which means that sup-
pliers have gained substantial portions of the value creation. In 
this regard, many vehicle manufacturers have outsourced some of 
their production to external suppliers. Therefore, recent research 
indicates that the automotive suppliers play an important role in 
the automotive business. In this context, first-tier suppliers are 
responsible for production of semi-finished products, parts, or 
components that are necessary to build the automotive vehicle 
(e.g. passenger cars, buses, trucks, or other types of automotive 
vehicles). According to a report from the Scandinavian Association 
of Automotive Suppliers (FKG 2014), 60% of new technology is 
devised by suppliers, which indicates that they invest as much as 
the OEMs in research and development.

An examination of the extant literature suggests that little is 
known about the relationship between information sharing and 
flexibility, especially at the first-tier supplier level in the automo-
tive industry. This gap in the literature is reflected in two main 
areas: first, most studies have investigated the role of informa-
tion sharing on companies’ financial performance but have not 
explored the effect on the operational performance, such as deliv-
ery performance when volumes are fluctuating. Second, most 
studies have focused on the OEMs’ perspective (Duclos, Vokurka, 
and Lummus 2003; Pujawan 2004) but ignored the supplier per-
spective. Therefore, this study addresses the critical research issue 
of how supplier delivery performance can be enhanced by inte-
grating information sharing into volume and delivery flexibility. 
Particularly, the study explores the following research questions:

(1) � What is the relationship between sharing OEMs’ 
demand forecasts and sharing OEMs’ inventory data on 
supplier’s volume flexibility?

(2) � What is the relationship between sharing OEMs’ demand 
forecasts and sharing OEMs’inventory data on supplier’s 
delivery flexibility?

(3) � What is the relationship between supplier’s volume flex-
ibility on supplier’s delivery flexibility?

Partial least squares structural equations modelling (PLS-SEM) 
was used to assess the model.

The study contributes to the body of knowledge by devel-
oping four factors to measure the level of information sharing 
on ‘demand forecasts’ and ‘inventory data’ and suppliers’ ‘volume 
flexibility’, and ‘delivery flexibility’. The important factors that lead 
to ‘delivery flexibility’ are identified.

The rest of this study is organised as follows: Section 2 provides 
a theoretical foundation for the study. Section 3 proposes the 
research model and hypotheses. Section 4 provides a detailed 
illustration of the methods used to collect and analysis the data. 
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product volumes, product delivery times, order status and prod-
uct delivery destinations (Lee and Whang 2000).

This study investigates two types of shared information: 
demand forecasts and inventory data. Demand forecasts refer to 
production schedules and customer orders of final products (i.e. 
vehicles). Demand forecasts represent data on demand schedules 
and quantities over different time horizons. Depending on the 
product and industry, demand forecasts can be seasonal, causal 
or stable. Forecasts can also be short term, midterm or long term. 
Inventory data refer to the inventory level, safety stock, work-in-
process and buffers of the input materials (i.e. parts and compo-
nents). Sharing demand forecast and inventory data is usually 
accomplished through EDI, email or fax. According to Zhou and 
Bentonjr (2007, 1351), ‘high performing firms had a higher per-
centage of information exchanged via EDI with customers and 
suppliers’.

The next subsection presents the theoretical development of 
the proposed measurement model, which includes the develop-
ment of the variables.

3.  The conceptual model and hypotheses

3.1.  Conceptualisation of the proposed model

The proposed model in Figure 1 consists of four constructs: 
delivery flexibility, volume flexibility, level of information shar-
ing on demand forecasts and level of information sharing on 
inventory data. These constructs are presumed to have reflec-
tive indicators. As shown in Table 1, the indicators used in this 
study were developed based on previous studies.

3.1.1.  Delivery flexibility
Delivery flexibility measures how quickly a first-tier supplier 
responds to demand fluctuations in terms of delivery. Delivery 
flexibility measures the ability of the supplier to change delivery 
schedules (i.e. delivery time, delivery data and delivery place). 

This definition is based on Slack (1987) who defines delivery 
flexibility as the ability to change planned or agreed delivery 
times and destinations. This study uses the following measure-
ment scales to measure suppliers’ delivery flexibility:

3.1.1.1.  Delivery load flexibility.  The delivery load has an 
impact on the delivery flexibility. Being able to mix different 
products into a single shipment indicates that delivery load 
would not be a constraint in fulfilling promises to customers. 
Hence, first-tier suppliers can benefit from combining other 
products into the same consignment, which may result in 
significant cost and time savings in logistics operations.

3.1.1.2.  Delivery priority.  Delivery priority is an important 
aspect of delivery flexibility. It refers to first-tier suppliers’ ability to 
prioritise delivery schedules. This requires categorising customer 
orders and managing variations in production scheduling and 
material requirement planning. Prioritising delivery schedules is 
a challenging task, and may result in delaying delivery promises. 
Therefore, delivery priority is an indicator of how good a first-tier 
supplier is at managing the delivery process.

3.1.1.3.  Delivery size flexibility.  Delivery size flexibility refers 
to the ability of the first-tier supplier to deliver products in 
various batch sizes to customers. Being able to dispense various 
batch sizes into a single shipment indicates that the batch size 
would not be a constraint when fulfilling promises to customers, 
which implies that the delivery process would be flexible.

3.1.1.4.  Mode of transportation.  Fast modes of transportation 
allow for the quick delivery of products, which grants flexible 
delivery schedules. Pujawan (2004) used this indicator in his 
study as a measure of a supplier’s delivery flexibility. According 
to Pujawan (2004, 87), ‘a delivery system should be able to 
economically employ different modes of transportation, 

Sharing 
inventory data  

Sharing 
demand 
forecasts  

Supplier 
volume 

flexibility  

Supplier 
Delivery 
flexibility  

H1

H2

H3

H4

H5 

Figure 1. The research model and proposed hypotheses.
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3.1.2.2.  Order processing time.  This refers to the time 
required to process an order from the point of receiving the 
purchasing order to the point of releasing the corresponding 
production order. Order processing time is related to how well 
administrative workers are performing. It offers an indication 
of how fast white-collar employees (in sales and purchasing 
departments) are in dealing with orders, changes in quantities, 
changes in specifications, changes in prices and negotiation with 
customers. Hence, order processing time is a good indication of 
a supplier’s volume flexibility.

3.1.2.3.  Outsourcing flexibility.  This refers to the first-tier 
supplier’s ability to outsource the production of some product 
quantities when they are unable to satisfy any sudden increase 
in the demand. For instance, when a first-tier supplier receives 
orders beyond its total capacity, they supplier may need to 
outsource the extra capacity orders to another supplier, usually 
called a contract manufacturer (CM).

3.1.2.4.  Production lead time.  This is the time needed to 
produce a single unit of a product. It encompasses the time 
elapsed in the production or manufacturing processes such 
as cutting, welding, drilling, turning, moulding, assembly, 
packaging, etc. This time aspect may depend on various 
factors including the production capacity, number of available 
machines, number of workers, number of working shifts, 
complexity of the product and the layout of the factory. Thus, 
the lead time is a good indication of a supplier’s volume 
flexibility.

3.1.2.5.  Switching time.  This is the time needed to switch 
production from one product to another; it can also include the 
set-up time for machines, calibration time and machine warm-
up time when starting operations. Switching time is related 
to the type of technology the first-tier supplier uses in its own 
factory.

different delivery policies as well as different service level 
targets for each customer or customer segment’. Hence, it is 
fundamental for the supplier to use a fast mode of transportation 
when required, especially for urgent delivery orders (Kutanoglu 
and Lohiya 2008).

3.1.1.5.  Transportation time.  Transportation time refers to the 
time needed to ship the product to the customer’s premises. It 
refers to the time period taken to transfer a product from two 
given nodes in the supply chain, for instance between the 
supplier site and the OEM site. Hence, short transportation time 
is a good indication of supplier delivery flexibility.

3.1.2.  Volume flexibility
Volume flexibility measures the supplier’s ability to react to fluc-
tuating demand by increasing or decreasing production vol-
umes. Fundamentally, the ability of the production system to 
operate profitably under inconstant demand volumes is related 
to the optimal utilisation of total production capacity. Hence, 
the greater the production flexibility is, the greater the level of 
volume flexibility that can be reached. Hence, this study uses the 
following measurement scales to measure the supplier’s volume 
flexibility:

3.1.2.1.  Machine flexibility.  This is the ability of production 
machines to operate in various production scenarios in terms 
of increasing or decreeing production volumes. In other 
words, production machines should be able to accommodate 
any sudden change in demand by adapting their production 
capacity. Modern production technologies – such as such as 
industrial robots and CNC machines – can handle sophisticated 
tasks easily, and offer high flexibility in terms of production 
volumes and product customisation. Besides, such technologies 
can be reprogrammed or reconfigured to accomplish different 
tasks. Accordingly, machine flexible is a principal contributor to 
the realisation of volume flexibility.

Table 1. Operationalisation of model constructs.

Item no. Indicator Based on references Construct
Q1 Delivery load flexibility Shin, Collier, and Wilson (2000) and Pujawan (2004) Delivery flexibility
Q2 Delivery priority Gerwin (1993) and Li et al. (2006)
Q3 Delivery size flexibility Pujawan (2004) and Jin et al. (2014)
Q4 Fast mode transportation Rota, Thierry, and Bel (2002), Pujawan (2004) and Bagchi et al. (2005)
Q5 Transportation time Rota, Thierry, and Bel (2002) and Tachizawa and Thomsen (2007)
Q6 Machine flexibility Gong (2008), Das (2011) and Jin et al. (2014) Volume flexibility
Q7 Order processing time Byrne and Heavey (2006), Ngamsirijit (2008) and Shieh (2010)
Q8 Outsourcing flexibility Chang et al. (2006) and More and Subash Babu (2009)
Q9 Production lead time Shin, Collier, and Wilson (2000), Narasimhan, Talluri, and Das (2004) and Yu, 

Ting, and Chen (2010)
Q10 Switching time Vokurka and O’Leary-Kelly (2000), Alexopoulos et al. (2005) and Reichhart and 

Holweg (2007)
Q11 Workforce flexibility Raturi and Jack (2004), Sawhney (2006) and Oke (2013)
Q12 Accuracy of demand forecast Yu, Ting, and Chen (2010), Yigitbasioglu (2010), Jin et al. (2014) and Wu, 

Chuang, and Hsu (2014)
Sharing demand forecast

Q13 Completeness of demand forecast Zhou and Bentonjr (2007) and Wu, Chuang, and Hsu (2014)
Q14 Sharing frequency of demand forecast Jin et al. (2014) and Wu, Chuang, and Hsu (2014)
Q15 Updating frequency of demand forecast Wu, Chuang, and Hsu (2014) and Yigitbasioglu (2010)
Q16 Accuracy of inventory data Jin et al. (2014), Carr and Smeltzer (2002), Wu, Chuang, and Hsu (2014) and 

Yigitbasioglu (2010)
Sharing inventory data

Q17 Completeness of inventory data Zhou and Bentonjr (2007) and Wu, Chuang, and Hsu (2014)
Q18 Sharing frequency of inventory data Jin et al. (2014) and Wu, Chuang, and Hsu (2014)
Q19 Updating frequency of inventory data Yigitbasioglu (2010), Jin et al. (2014) and Wu, Chuang, and Hsu (2014)
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3.2.  Hypothesis development

Based on the discussion presented so far, five hypotheses are 
drawn to construct the model depicted in Figure 1. The devel-
opment of these hypotheses follows the following logic:

Yigitbasioglu (2010) confirms that information sharing 
improves buyers’ performance with respect to resource usage, 
output and flexibility. Prajogo and Olhager (2012) confirm that 
there is a positive relationship between information integration 
and logistics performance. In the automotive supply industry, 
the demand forecasts of car parts and components have a causal 
relationship, as production of those components depends on 
the number of cars produced by the OEM. Thus, the demand 
forecasts for the final products are one of the most important 
types of information that first-tier suppliers need to know in 
order to plan their own production and inventory. Hence, if 
OEMs share demand forecasts with suppliers, the suppliers can 
calculate potential changes in components demanded by the 
OEM. Therefore, sharing demand forecasts can improve the 
ability of the supplier to respond to any change in the demand 
faster and utilise their capacity to accommodate the changes 
in product volume or delivery. Hence, two hypotheses (H1 and 
H2) are drawn:

H1: Sharing demand forecasts positively affects supplier volume 
flexibility.

H2: Sharing demand forecasts positively affects supplier delivery 
flexibility.

Inventory data are critical for production planning, scheduling 
and product delivery. In fact, inventory data are the core input 
of the Material Requirements Planning (MRP) system for every 
factory. Thus, all functions – such as quality control, production, 
purchasing, sales, and logistics and delivery functions – need 
precise information about inventory data. Logically, sharing 
OEMs’ inventory data with first-tier suppliers may help first-tier 
suppliers secure the required raw materials and plan their pro-
curements, production schedules, number of working shifts, 
production capacity, and delivery schedules. Thus, one can 
argue that the sharing of inventory data between OEMs and 
suppliers may improve suppliers’ delivery flexibility and volume 
flexibility. Hence, two hypotheses (H3 and H4) are drawn:

H3: Sharing inventory data positively affects supplier volume 
flexibility.

H4: Sharing inventory data positively affects supplier delivery 
flexibility.

According to Ndubisi et al. (2005), volume flexibility directly 
impacts customers’ perceptions in the sense that it prevents 
out-of-stock conditions, especially for products that are sud-
denly in high demand. Therefore, if the actual demand is higher 
than the forecast demand, shortages will occur. Conversely, if 
actual demand is less than forecast demand, this will result in 
excess inventory, obsolescence, inefficient capacity utilisation 
or price breakdown, and inefficiency in the supply chain (Chen, 
Sohal, and Prajogo 2013; Zhang and Chen 2013). The primary 
purpose of a supply chain is therefore to match supply with 
demand (Cohen and Kunreuther 2007). In that sense, volume 
flexibility affects delivery flexibility capabilities. Hence, the fol-
lowing hypothesis (H5) is drawn:

H5: Supplier volume flexibility positively affects supplier delivery 
flexibility.

3.1.2.6.  Workforce flexibility.  This refers to the ability of first-
tier suppliers’ to increase or decrease their number of employees 
in accordance with demand fluctuations. Usually, these 
employees are blue-collar workers operating as temporary 
labour. Typically, manufacturing plants retain a constant ratio 
of temporary workers to be used in periods of fluctuating 
demand. Suppliers use temporary workers not only to reduce 
the operational costs associated with production but also to 
realise volume flexibility targets.

3.1.3.  Sharing demand forecasts
Information quality is a fundamental aspect of effective informa-
tion sharing (Zhou and Bentonjr 2007), meaning that data must 
be reliable, accurate, available, complete and updated frequently. 
‘Sharing demand forecasts’ measures the level of information 
sharing regarding demand information between an OEM and a 
first-tier supplier. In this study, demand information refers to an 
OEM’s demand forecast volumes, which have been shared with a 
first-tier supplier. Hence, this study uses the following measure-
ment scales to measure the level of sharing demand forecasts:

3.1.3.1.  Accuracy of demand forecast.  This refers to the 
reliability of the shared demand schedules. If forecasting errors 
are high, then there is a high risk that the data is not consistent; 
therefore, data accuracy is an important aspect of information 
sharing on demand forecasts. Unreliable data may negatively 
affect suppliers’ production schedules.

3.1.3.2.  Completeness of demand forecasts.  This implies that 
data are not missing any piece of information on demand. In 
other words, demand forecasts, which are shared with first-tier 
suppliers, include all expected quantities and corresponding 
production schedules with a certain error margin for a certain 
period. This helps to improve the reliability of the information 
sharing process.

3.1.3.3.  Sharing frequency of demand forecasts.  This denotes 
how often an OEM shares its demand forecasts with its first-
tier supplier. Some OEMs share their data on a daily, weekly or 
monthly basis, while other companies do not share at all. In the 
automotive industry, demand forecasts, production schedules 
and purchasing orders are generally shared using EDI, which 
allow for the fast (and secure) interchange of real-time data.

3.1.3.4.  Updating frequency of demand forecasts.  Updating 
demand forecasts is an important indicator of the level of 
information sharing. It measures the level of availability and 
the freshness of data. Therefore, the data must be available 
whenever it is needed.

3.1.4.  Sharing inventory data
The same logic applies to ‘sharing inventory data’ between an 
OEM and first-tier supplier. The study uses the following meas-
urement scales to measure the level of sharing inventory data: 
accuracy, completeness, sharing frequency and updating fre-
quency of inventory data.

Table 1 summarises the proposed indicators and constructs 
based on understanding and examination of some previous stud-
ies in the literature.
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complex conceptual models in social and business research 
(Ronald and Raschke 2007). The use of PLS-SEM has a long his-
tory in management information research (Ringle, Sarstedt, and 
Straub 2012). Hair et al. (2011) mark a clear distinction between 
the two techniques. In their review, the authors highlight that 
PLS-SEM is more appropriate when the research objective is to 
predict and develop theories. Furthermore, PLS is a non-para-
metric estimation procedure in which ‘its conceptual core is 
based on an iterative combination of principal components 
analysis relating measures to constructs and path analysis cap-
turing the structural model of constructs’ (Eggert and Serdaroglu 
2011, 175). Non-parametric estimation implies that PLS is useful 
when the distribution is not normal, and the sample size is small.

Since our sample is relatively small, and following the logic 
of PLS, this study employs the PLS-SEM technique in which the 
analysis involved two steps: (1) assessment of the constructs by 
means of the measurement model, which includes reliability and 
validity analysis; (2) fitting the structure model, which includes 
path analysis, and estimation of the model parameters. The data 
analysis involved the use of the Smart PLS 3.2.1 software package.

Method biases are one of the main sources of measurement 
errors, which may result in inaccurate conclusions (Podsakoff et 
al. 2003, 879). Therefore, it is important to check the common 
method bias problem in this study. Common method bias was 
checked using Harman’s single-factor test for common method 
bias. Harman’s single-factor test is a widely used technique by 
researchers to address the issue of common method variance. 
With the help of the SPSS software, the test is done using the 
exploratory factor analysis procedure by examining the unro-
tated solution when all variables are loaded on one single factor 
(Aulakh and Gencturk 2000). The results show that the extrac-
tion sum of squared loadings of the single factor is explained by 
34.9% of the variance. Hence, no substantial extent of common 
method variance is present. Thus, the results suggest that com-
mon method variance is not of great concern.

5.1.  Measurement model: reliability and validity analysis

The reliability and validity of the constructs are fundamental 
statistics that must be considered when assessing reflective 
measurement models (Hair et al. 2011). The aim of this step is 
to examine the internal consistency and validity of the con-
structs of the model. The internal consistency is assessed using 
Cronbach’s alpha and composite reliability, while the validity is 
assessed using convergent and discriminant validity tests.

The reliability of the constructs can be measured using relia-
bility statistics such as Cronbach’s alpha and Composite reliability 
coefficients. Cronbach’s alpha is one of the most widely used tests 
for measuring the internal consistency of constructs. As a rule 
of thumb, a Cronbach’s alpha of a value greater than 0.7 can be 
taken as a good indicator of reliability (Hair et al.2009). The results 
reported in Table 2 show that all of the constructs are reliable 
as their corresponding Cronbach alpha values are above the 0.7 
threshold. Hence, the results indicate that the internal consistency 
of the indicators is acceptable.

Composite reliability is also used to estimate the internal con-
sistency of a construct in which it ‘prioritizes indicators accord-
ing to their reliability during model estimation making it more 
suitable for PLS-SEM’ (Hair et al. 2011, 145). Generally, a value 

The next subsection presents the theoretical development of 
the proposed measurement model, which includes the devel-
opment of the variables.

4.  Research methodology

4.1.  Survey design and instrumentation

A web-based survey was designed to test the hypotheses of 
the research model. The questionnaire consisted of two main 
parts. The first part comprised 19 questions; all rated on a five-
point Likert scale. These questions were developed based on an 
understanding of the preceding literature review. The questions 
are used to develop multi-item reflective measures for the four 
constructs of the research model. The second part of the survey 
covers six general questions about the supplier’s main business 
unit, such as supplier size and supplier tier-category, respondent 
job role, and work experience (as measured by the number of 
years). In total, the survey consists of 25 different questions.

The questionnaire was initially sent out to six experts to 
review the wording, length and consistency of the questions so 
that readers would understand them correctly. This step aims to 
increase the content validity of the questionnaire items (Pallant 
2011). The survey questions were revised accordingly to eliminate 
any ambiguity that may affect understanding of the questions.

4.2.  Sampling

The membership list of the Swedish Association of Automotive 
Suppliers (FKG) provided the sampling frame for this study. 
There are in total only 203 suppliers located in Sweden that are 
of interest (i.e. because these suppliers are mostly first-tier sup-
pliers that produce and deliver physical products/systems to 
OEMs). The mailing list was obtained from the official webpage 
of the FKG.

Since the unit of analysis is the supplier’s main factory, it is 
believed that the targeted senior managers can represent the 
following positions: plant manager, general manager, managing 
director, production manager, or sales or operations manager. 
The sample obtained consists of 52 responses. The effective 
response rate is 25.6%. This percentage is considered adequate 
for the analysis. Petchenik and Watermolen (2011) and Archer 
(2008) highlight that the average response rates of the online 
surveys are 11%, which is less than that of mail and phone surveys. 
Furthermore, many similar studies such as Yigitbasioglu (2010), 
Bagchi et al. (2007, 2005) obtained comparable or even lower 
response rates in Sweden or Scandinavia in general.

This sample was used to fit the research model depicted in 
Figure 1. Further, it was determined by means of a sensitivity 
analysis, using the G*Power 3.1 software, that a sample of 52 will 
achieve a power of 80% in detecting an R-Square of 0.16 or more 
with a level of significance of 5%.

5.  Analysis, results and discussion

This section involves testing and validating the model using 
partial least squares structural equation modelling (PLS-SEM). 
Structural equation modelling (SEM) is an advanced multivar-
iate statistical technique, which is widely applied to estimate 
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as ‘the extent to which a measure correlates positively with alter-
native measures of the same construct’ (Hair et al. 2013, 102). 
The convergent validity of a construct provides an assessment of 
how well the indicators of a construct are correlated with its ‘own’ 
construct (i.e. the item reliabilities). The convergent validity test 
demonstrates how an indicator correlates positively with alterna-
tive indicators of the same construct by observing the values of 
the outer loadings. The convergent validity is verified by observ-
ing the average variance extracted (AVE), sometimes referred to as 
Fornell and Larcker’s test. AVE is calculated by taking the average 
of the squared factor loadings. The rule of thumb is that if the 
AVE equals or is greater than 0.5, it indicates good validity of the 
construct (Bagozzi and Yi 1988). The results shown in Table 2 indi-
cate acceptable levels of convergent validity for the constructs: 
Delivery flexibility’ (AVE = 0.626), Volume flexibility (AVE = 0.523), 
Sharing demand forecasts (AVE = 0.603) and Sharing inventory 
data (AVE = 0.859). Hence, the convergent validity is confirmed.

Discriminant validity refers to how well the indicators of a 
construct are correlated with the indicators of other constructs 
in the research model. According to Fornell and Larcker (1981), 
the discriminant validity, for a construct, can be established by 
calculating the square root of the AVE of the construct and then 
comparing this construct AVE to its correlations with the other 
constructs in the research model. As a rule of thumb, the value 
should be larger than other correlation values between the latent 
variables. By comparing the AVE square root values with other 
correlation values among the latent variables, the results shown 
in Table 3 indicate that discriminant validity is well established.

To double-check the discriminant validity, we also used the 
criteria of Heterotrait-Monotrait ratio of correlations (HTMT). This 
criterion relies on HTMT which is equal to the disattenuated cor-
relation between the constructs (Henseler, Ringle, and Sarstedt 
2015). Compared to Fornell and Larcker (1981), HTMT is more 
accurate in assessing discriminant validity in variance-based 
SEM (Henseler, Ringle, and Sarstedt 2015). According to Henseler, 
Ringle, and Sarstedt (2015), HTMT’s value ranges from 0 to 1 where 
values less than 1 indicates good reliability. Following this logic, 
and using PLS bootstrapping procedure, the results reported in 
Table 4 show that the HTMT values did not exceed 1. Hence, it is 
concluded that the discriminant validity is well established.

Table 5 summarises the PLS estimation of the measurement 
model. The factor loadings of the reflective indicators imply an 
acceptable level of validity of the outer model. The loadings, 
which are reported in Table 4, were obtained by calculating the 
PLS algorithm with the default settings of 300 iterations and Path 
Analysis as the weighting scheme. The outer loading values were 
obtained using the Path Analysis procedure. There are several 
rules of thumb depending on the discipline and type of research. 
In general, a value equal to or greater than 0.7 is preferred (Hair 
et al. 2013). However, a value of 0.4 or higher is accepted if it 
is the research is exploratory (Hulland 1999). Since this study is 
considered exploratory, the 0.4 rule of thumb is used to assess 
the reliability of indicators. The results confirm that all indicators 
have loadings higher than 0.4, which signify an accepted level 
of reliability.

The results also confirm that the indicators have loaded on the 
proposed factors. It is important to explore the outer model by 
checking the T-statistics. If the T-statistics are larger than 1.96, the 

of 0.7 or greater is considered a good indication of composite 
reliability. Composite reliability is also used to double-check the 
internal consistency of the constructs. The results show that the 
composite reliability values are greater than the threshold 0.7, 
thus confirming the reliability of the constructs.

The validity of the measurement is an important aspect that 
must be considered. Convergent validity and discriminant validity 
analysis are common measures to assess the validity of indicators 
and their constructs in the model. Convergent validity is defined 

Table 2. Results of reliability and validity analysis.

Construct R2
Cranach’s alpha 

(α) 
Composite 
reliability AVE

Delivery flexibility 0.733 0.841 0.891 0.626
Volume flexibility 0.177 0.817 0.866 0.523
Sharing demand 

forecasts
0.784 0.859 0.603

Sharing inventory 
data

0.954 0.961 0.859

Table 3. Discriminant validity check (square root of AVE is shown on the diagonal 
in bold).

Construct (1) (2) (3) (4)
(1) Delivery flexibility 0.791
(2) Sharing demand forecasts 0.657 0.776
(3) Sharing inventory data 0.202 0.197 0.927
(4) Volume flexibility 0.767 0.419 0.055 0.723

Table 4. Discriminant validity check using the Heterotrait-Monotrait Ratio of Cor-
relations (HTMT).

Construct (1) (2) (3) (4)
(1) Delivery flexibility
(2) Sharing demand forecasts 0.790
(3) Sharing inventory data 0.220 0.220
(4) Volume flexibility 0.900 0.480 0.150

Table 5. Estimation of outer model (i.e. measurement model).

Constructs and indicators

Outer loadings 

Point estimation T-values
(1) Delivery flexibility 
 D elivery load flexibility 0.897 26.214
 D elivery priority 0.793 16.560
 D elivery size flexibility 0.895 32.710
  Fast mode transportation 0.763 11.943
 T ransportation time 0.558 4.145
(2) Volume flexibility  
  Machine flexibility 0.743 9.351
 O rder processing time 0.745 4.585
 O utsourcing flexibility 0.823 13.743
  Production lead time 0.730 4.383
  Switching time 0.528 3.317
  Workforce flexibility 0.738 9.958
(3) Sharing demand forecasts  
 A ccuracy of demand forecasts 0.774 12.184
 C ompleteness of demand forecasts 0.769 11.856
  Sharing frequency of demand forecasts 0.781 11.530
 U pdating frequency of demand forecasts 0.781 11.110
(4) Sharing inventory data  
 A ccuracy of inventory data 0.902 4.200
 C ompleteness of inventory data 0.955 4.575
  Sharing frequency of inventory data 0.899 4.189
 U pdating frequency of inventory data 0.951 3.415
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Observing the standardised path coefficients (B values), 
T-statistics and P-values of the inner model given in Table 6, 
the results confirm that ‘Sharing demand forecasts’ has a sig-
nificant positive impact on both ‘Volume flexibility’ (B  =  0.425 
and t = 3.855) and ‘Delivery flexibility’ (B = 0.387 and t = 5.201). 
However, ‘Sharing inventory data’ has a small negative impact on 
‘Volume flexibility’ (B = −0.029) but not significant because the 
t-value is 0.170, and a small positive impact on ‘Delivery flexibility’ 
(B = 0.093) but not significant because the t-value is 0.960 (i.e. 
between −2 and 2 is not significant). The results also confirm that 
‘Volume flexibility’ has a significant positive influence on ‘Delivery 
flexibility’ (B = 0.600 and t = 8.152).

Given the results of the structural (inner) model, it can be con-
cluded that ‘Volume flexibility’ and ‘Sharing demand forecasts’ are 
both strong predictors of ‘Delivery flexibility’ but that ‘Sharing 
inventory’ data does not predict ‘Delivery flexibility’.

Observing the results given in Table 6, the analysis confirms 
that H1, H2, H5 are supported. However, H3 and H4 are not 
supported.

There are two potential justifications for this finding. First, the 
inventory data, which includes safety stock level, reorder quantity 
and reorder point, which is usually embedded in the demand fore-
cast calculations. For example, if future demand is perfectly known, 
the reorder point is equal to the total forecasted demand during the 
lead time period. Dickersbach and Passon (2015, 139) highlight that:

outer model loadings are highly significant. As shown in Table 5, 
all indicators are highly significant.

5.2.  Structural model

As shown in Figure 2, with the coefficient of determination, R², 
of 0.733, this implies that 73.3% of the variance in the ‘Delivery 
flexibility’ latent variable can be explained by the three latent 
variables ‘Volume flexibility’, ‘Sharing demand forecasts’ and 
‘Sharing inventory data’. The inner model suggests that ‘Volume 
flexibility’ has the strongest effect on ‘Delivery flexibility’ (0.600), 
followed by ‘Sharing demand forecasts’ (0.387), and ‘Sharing 
inventory data’ (0.093).

It is important to verify the path coefficient sizes and statis-
tical significance of the relationships between the latent vari-
ables in the structural model. This verification was carried out 
by observing the standardised path coefficient (B values) equal 
or greater than 0.1 (Eggert and Serdaroglu 2011), where a rela-
tionship can be judged as being ‘statistically significant’ if the 
t-value is equal or greater than 1.96 at the significance level of 5% 
(where 1.96 is a two-tailed level of significance). The t-values are 
obtained through the bootstrapping procedure, which consists 
of 500 subsamples as the default stetting (Hair et al. 2013). The 
results obtained by the bootstrapping procedure are shown in 
Figure 3.

Figure 2. PLS path modelling estimation of the research model.
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Replenishment (CPFR), and Vendor Managed Inventory (VMI) are 
widely used to share information between buyers and suppliers 
in many industries such as food, retail and apparel. However, 
most firms in the automotive industry use EDI. EDI is a system 
used widely in the automotive business to facilitate communi-
cation between buyers and suppliers regarding order quantities, 
demand schedules, inventory level, last-minute changes, deliv-
ery time and lead time. It provides an efficient way for informa-
tion sharing between OEMs and suppliers; especially, for those 
who use the Make-to-order strategy. Make-to-order strategy 
provides first-tier suppliers with flexibility to produce less or 
more quantities according to the customer’s orders (OEMs).

Furthermore, analysis of the inner model showed that ‘Sharing 
demand forecasts’ and ‘Sharing inventory data’ together can 
only explain 17.7% of the variance in ‘Volume flexibility’. This is 
an important finding because it suggests that managers of the 
supplier firms should consider other factors. This can be a sugges-
tion for future research exploring other factors that affect volume 
flexibility.

6.  Conclusions and implications

In answering the research questions posed in this study, the 
results confirm that effective sharing of information of demand 
forecasts is a key enabler of supplier delivery and volume flexibil-
ity. The study revealed that the accuracy, completeness, sharing 

Most of the service parts – especially in the automotive and the 
engineering industry – have an immediate demand, i.e. the service 
part has to be available on stock. Since the forecast is always just an 
estimation of the future demand, it is necessary to compensate the 
deviations from the real demand (and the irregularities of the supply) 
by safety stock

In this regard, MRP – including safety stock, inventory levels 
and economic order quantity (EOQ) for all components and subas-
semblies – are outputs to the forecasting system, which generates 
demand projections (Oracle 2013). Hence, some inventory data 
(such as safety stock levels, and reorder point) is manifested in cal-
culating demand forecasts. This justifies why ‘sharing inventory data’ 
does not directly affect volume flexibility (Hypothesis H3) or delivery 
flexibility (Hypothesis H4). However, there is still a need to study the 
relationships sparely since inventory data and demands forecasts 
are different types of sensitive data. Some Suppliers might find that 
getting demand forecasts from OEM are more important for than 
getting inventory data of other OEM. While some other suppliers 
find the opposite. They might affect supplier’s flexibility differently.

Second, the frequency of information sharing. Information 
is generally shared on a daily, weekly or monthly basis. The 
use of IT systems has facilitated fast exchange of information 
between buyers and suppliers (Yue and Liu 2006). IT systems 
have been used to streamline accurate and real-time data and 
avoid manipulation or amplifications of actual forecast (Prater 
2005). For example, Collaborative Planning, Forecasting and 

Figure 3. Model fit estimation using bootstrapping procedure.
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and training programmes, suppliers appraisal, and/or the cost 
of searching for new suppliers or alternatives. Furthermore, sup-
pliers can benefit from sharing demand forecasts as this can 
enhance their flexibility and response to demand fluctuations, 
reducing both the inventory and procurement costs associated.

While it was clear from testing the model that sharing inven-
tory data has no impact on the volume and delivery flexibility, 
this paper suggests future research to explore the relationship 
between inventory data and demand forecast data, and explores 
other factors that may affect volume flexibility in other industries, 
using a larger sample size.
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frequency and updating frequency of demand forecasts are 
important indicators of the level of sharing demand forecasts, 
with loadings of 0.774, 0.769, 0.781 and 0.781, respectively. 
Fulfilling these requirements can improve a supplier’s Volume 
flexibility and Delivery flexibility. As a result, management 
should maintain strong collaboration and communication with 
OEMs with regard to demand forecasts. The study also revealed 
that accuracy, completeness, sharing frequency and updating 
frequency of inventory data are important indicators of the level 
of sharing inventory data, with loadings of 0.902, 0.955, 0.899 
and 0.951, respectively. However, fulfilling these requirements 
does not significantly affect ‘Volume flexibility’ or ‘Delivery flex-
ibility’ due to its weak effects (−0.029 and 0.093, respectively) in 
the linkages. This finding has important theoretical and mana-
gerial implications.

As a theoretical implication, the study emphasised the sig-
nificance of sharing demand forecasts on supplier performance 
when demand is volatile. As shown in the analysis, suppliers are 
found to care about machine flexibility, order processing time, 
outsourcing flexibility, production lead time, switching time and 
workforce flexibility. With loadings of 0.743, 0.745, 0.823, 0.730, 
0.528 and 0.738, respectively, they are suitable indicators of 
‘Volume flexibility’.

As practical contribution, this paper examines the issue of 
information sharing and flexibility at the supplier level in auto-
motive industry. For managers, investigating the problem from 
the supplier’s perspective brings some insight into short-term 
decisions, such as production scheduling decisions, internal 
production, inventory processes and evaluating collaborative 
practices with OEMs. Managers should not overlook these basic 
elements of day-to-day operations because volume flexibility 
has been shown to significantly influence delivery flexibility 
level. Therefore, the supplier’s delivery performance is highly 
influenced by their ability to increase or decrease their produc-
tion volumes without affecting product quality. Furthermore, 
managers should only allocate resources to improve commu-
nication and collaboration practices with OEMs for effective 
sharing of demand forecasts but not for sharing inventory data. 
In this regard, by sharing accurate, complete, and up-to-date 
demand forecasts, and consistently making them available 
to first-tier suppliers, management of OEMs could have cost 
savings associated with late-delivered orders, early delivered 
orders, inaccurate delivered quantities, suppliers development 

Table 6. Results of the model fit.

Relationship Coefficient (original Sample) Standard error

Significance

Conclusiont-value T-statistics P-value
Sharing demand forecasts => Volume 

flexibility
0.425 0.105 3.855 4.053 0.000 H1 is supported 

Sharing demand forecasts => Delivery 
flexibility

0.387 0.073 5.201 5.271 0.000 H2 is supported

Sharing inventory data => Volume 
flexibility

−0.029 0.165 0.170 0.175 0.861 H3 is not supported

Sharing inventory data => Delivery 
flexibility

0.093 0.091 0.960 1.023 0.307 H4 is not supported

Volume flexibility => Delivery flexibility 0.600 0.068 8.152 8.832 0.000 H5 is supported
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Abstract

Purpose – This study investigates the role of supply chain knowledge management in enhancing
pharmaceutical supply chain resilience.
Design/methodology/approach –This study focusses on theMiddle East region, where semi-structured online
interviews were conducted with 38 professionals from the pharmaceutical supply chain to collect empirical data.
Findings – The study reveals that supply chain knowledge management is a crucial value-adding practice
that improves pharmaceutical supply chain resilience. Effective supply chain knowledgemanagement enables
organisations to develop agility, change, adaptability, problem-solving, response and innovation capabilities
that support supply chain resilience. However, challenges related to supply chain management practices,
people, processes and technology hinder the effective promotion of supply chain knowledge.
Practical implications – This study reminds managers that knowledge management is critical for building
resilience in supply chains.
Social implications – The study highlights the importance of a resilient pharmaceutical supply chain for
organisations and society. The study advocates that effective supply chain knowledge management can help
ensure a sustained supply of high-quality pharmaceutical products and services during crises.
Originality/value – The study offers novel insights by examining pharmaceutical supply chain resilience
from a knowledge management perspective and highlighting the potential of knowledge capabilities to enable
supply chains to recover from crises and adapt to the new normal. This study also highlights the key strategic
considerations for managing knowledge effectively throughout the supply chain.

Keywords Pharmaceutical supply chain, Supply chain resilience, Knowledge management, Visibility,

Traceability

Paper type Research paper

Introduction
The length and complexity of pharmaceutical supply chains have increased in recent years,
rendering them vulnerable to disruptions caused by inadequate visibility and traceability
(Roy, 2021). The coronavirus disease 2019 (COVID-19) pandemic has further exacerbated
these vulnerabilities, resulting in unprecedented disruptions to global supply chains. This
crisis has underscored supply chains’ fragilities in facing major shocks and emphasising
building resilience (Yaroson et al., 2021). Consequently, supply chain leaders are rethinking
their resilience strategies (Ivanov, 2021).
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The term “resilience” refers to the capacity of a system to recover rapidly and effectively from
disruptions (Zighan et al., 2022). Theoretical and practical insights into resilience have been
developed in various disciplines, including ecology, engineering and technology and urban
planning. These disciplines offer a unique and valuable opportunity to advance our
understanding of supply chain resilience (Dwaikat et al., 2022). However, despite these
advances, practical and conceptual gaps remain in how knowledge management contributes to
supply chain resilience (Umar et al., 2021). Therefore, this research explores supply chain
resilience from a Knowledge Management perspective and focusses explicitly on the
pharmaceutical supply chain in the Middle East context.

This study addresses two main questions: (Q1) How can supply chain knowledge be
effectively managed to enhance pharmaceutical supply chain resilience? and (Q2) What are
the factors hindering knowledge management in the pharmaceutical supply chain and
deterring the building of supply chain resilience? Thus, the research contributes to the
conceptual gaps in understanding supply chain resilience in the pharmaceutical industry,
emphasising the Middle Eastern context, which has not received sufficient attention in the
literature.

The next section presents the literature review, which introduces the Middle Eastern
pharmaceutical industry and the concepts of supply chain, resilience and knowledge
management. This is followed by presenting the research methodology and the study
findings. Finally, the paper concludes with theoretical, practical and social implications,
limitations and directions for future research.

Supply chain knowledge management
The role of knowledge in supply chain management is highly increased (Sartori et al., 2022).
Supply chain management includes a process of transforming useable information data to
provide a knowledge base relevant and accessible to all supply chainmembers aiming to take
advantage of this intangible capital of knowledge to share information and know-how,
capitalise on experiences, promote access to knowledge and improve internal and external
communication (Sangari et al., 2015). This section will delve further into the various
components and models of knowledge management, including the distinction between tacit
and explicit knowledge, the socialisation, externalisation, combination and internalisation
(SECI) model of knowledge conversion and development and the different components of a
knowledge management system.

Tacit and explicit knowledge
According to Nonaka and Takeuchi (1995), tacit knowledge is divided into cognitive and
technical knowledge. Technical knowledge refers to the know-how, technical skills and
capabilities a person gains through experiences. Cognitive knowledge comprises common
mental patterns, thoughts, experiences, beliefs and perceptions that we take for granted,
whereas technical knowledge involves individual skills or abilities acquired from working
experiences. Whilst tacit knowledge is often difficult to put into words or communicate,
explicit knowledge is formal and systematic that can be shared and transferred through
communication systems, training and learning, documents, statements, specifications,
scientific expressions and operations manuals (Abualqumboz et al., 2021). Explicit
knowledge has a straightforward format that can be encoded, transferred, reused and
formalised in texts, graphics, tables, figures, drawings, pictures and diagrams organised
in databases. Additionally, this knowledge can be reproduced or passed on amongst
people. However, tacit and explicit knowledge complement each other (Mc Evoy
et al., 2019).
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SECI model of knowledge
Organisational knowledge is created through the interaction between tacit and explicit
knowledge. Scholars have proposed the SECI model (Socialisation, Externalisation,
Combination and Internalisation) for knowledge converting and development. According
to Lopez-Saez et al. (2010), the SECI model was created to formalise the various processes of
creation, conversion and transmission of knowledge in organisations based on four distinct
successive and deeply linked stages, as shown in Figure 1 below.

(1) Socialisation is the process of sharing experiences, so the creation of tacit knowledge
is based on other tacit knowledge.

(2) Externalisation is transferring tacit knowledge into explicit knowledge through
dialogue or collective reflection.

(3) The combination is the process of composing explicit knowledge into a knowledge
system.

(4) Internalisation is defusing explicit knowledge amongst people to create new tacit
knowledge.

The SECI model is a spiral working on an endless cycle and continually updating.

Knowledge management components
The SECI knowledge creation and transformation model focusses on transferring tacit
knowledge to generate explicit knowledge and transmit it to others (Lopez-Saez et al., 2010).
However, Buenechea-Elberdin et al. (2018) argue that knowledge management must be
understood as the instance of governance through which various essential resources are
obtained, deployed, or used to support knowledge development. Mc Evoy et al. (2019)
emphasise the importance of establishing a dominant culture around sharing knowledge,
allowing members to add value to their expertise and generate new knowledge for the entire
organisation. Therefore, the knowledge management system relies on people, processes and
technology (Intezari et al., 2017). People are the producers and consumers of knowledge, the
process guides knowledge management and technology facilitates the gathering, storing and
access to knowledge, as in Figure 2 below.

Knowledge is used by people and fed by them. The key to knowledge creation lies in how
technology mobilises and converts knowledge. This requires a new way of managing

Tacit

Ta
ci

t

Tacit

Socialisation

Empathising

Embodying Connecting

CombinationInternalisation

Explicit

Externalisation

Articulating

Explicit

Explicit

Ta
ci

t

Explicit

Source(s): Adapted from (Nonaka and 
Takeuchi, 1995)

Figure 1.
The SECI model

Pharmaceutical
supply chain
management



relationships and communication with people. It also requires considering knowledge
management not as a technique but as a process involving people (Buenechea-Elberdin
et al., 2018).

Moreover, Cook and Brown (1999) argue that people’s “Knowledge” and “Knowing”
should not be perceived as competition but as complementary. “Knowledge” constitutes
a “useful” tool for actions in and through our concrete interactions with the world. In return,
the “knowing” that develops in and from the actions can enrich the knowledge used in the
practices. Consequently, studying the dynamics of knowledge in the organisation supposes
an interest in the knowledge possessed (what they possess?) and the practices that mobilise it
(what they do?).

Knowledge management and supply chain resilience
Tukamuhabwa et al. (2015) defined supply chain resilience as “The adaptive capability of
a supply chain to prepare for and/or respond to disruptions, to make a timely and cost-
effective recovery and therefore progress to a post-disruption state of operations – ideally,
a better state than prior to the disruption.” (p. 5599). This definition implies that supply chain
resilience involves complementary components of resistance and recovery. It also implies
that an organisation must look into the whole supply chain’s capabilities to adapt, grow and
survive when faced with risks (Scholten and Schilder, 2015). According to Lusiantoro and
Pradiptyo (2022), knowledge sharing is essential for supply chain resilience and its
communicative nature can enhance supply chain collaboration. In the context of
unprecedented disruptions, they posit that learning and knowledge sharing can facilitate
open collaboration amongst supply chain actors, leading to improved responses and
achieving supply chain resilience.

Furthermore, Lusiantoro and Pradiptyo (2022) emphasise the significance of “boundary
objects” as a learning mechanism in crises, enabling effective mapping and sharing of
knowledge. Ahmed et al. (2022) highlight the importance of a knowledge-sharing perspective for
supply chain actors, arguing that socialisation between actors can increase knowledge-sharing

Source(s): Adopted from (Pemberton et al., 2007)

Figure 2.
Knowledge
management
components Adopted
from (Pemberton
et al., 2007)
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effectiveness and contribute to supply chain resilience. Likewise, Umar et al. (2021) found that
knowledge sharing and collaboration amongst supply chain members can improve supply
chain resilience facilitated by information technology (IT) advancements.

In the pharmaceutical supply chain, Roy (2021) stresses the role of knowledge in driving
traceability and visibility as critical components of supply chain resilience. Supply chain
traceability refers to the ability to trace the flow of materials and information back to its
origins (Razak et al., 2021). Visibility refers to knowing the entire supply chain at each tier of
operations and understanding all the touchpoints that make up the supply chain (Somapa
et al., 2018). It works when suppliers, partners and customers operate as a hub in the
movement of goods and the flow of information (Somapa et al., 2018). Pettit et al. (2019) argue
that synchronising all supply chain components and emphasising greater visibility and
traceability help companies better anticipate issues, limit the impact of supply chain
disruptions and improve overall operations. According to Roy (2021), whilst visibility and
traceability are the prerequisites of resilience, superior supply chain knowledge management
is the prerequisite for outstanding visibility and traceability. By leveraging the capabilities of
visibility and traceability, companies can collect and analyse large amounts of data, which
enhances the ability of the supply chain to identify patterns, market trends and opportunities
for improvement, especially during severe crises (Razak et al., 2021). These capabilities also
enable companies to track and monitor product flows, facilitating greater transparency and
accountability within the supply chain. Ultimately, integrating visibility and traceability
capabilities into knowledge management processes can lead to more informed decision-
making, better risk management and greater supply chain resilience (Roy, 2021).

Extending the knowledge-based view into supply chains maintains that an organisation
can benefit from the diverse knowledge of supply chain members to address the challenges
related to competition and innovation (Jermsittiparsert and Srisawat, 2019). Managing
knowledge at the supply chain level can be a leverage mechanism to reduce supply chain
variability and disruption and increase supply chain integration and collaboration efforts.
This requires an extended-knowledge management system that comprises internal and
external supply chain mechanisms. The internal mechanisms refer to the knowledge
management activities within an organisation, such as knowledge sharing, knowledge
acquisition and knowledge retention, which Umar et al. (2021) suggest that it supports the
supply chain’s adaptation to post-disaster operations. On the other hand, external
mechanisms refer to the knowledge management activities between supply chain partners
to ensure smooth knowledge flow, such as supplier development initiatives and joint product
development (Lopez-Saez et al., 2010).

Going further, Razak et al. (2021) assert that effective supply chain knowledge
management is the leading enabler of supply chain visibility and traceability, allowing a
timely response to the business environment’s dynamic change and supporting organisation
development. Papert et al. (2016) found that high visibility is essential to control the
complexity of deliveries, assign responsibilities and deal with possible unforeseen events.
Hastig and Sodhi (2020) argue that monitoring the status of products throughout the supply
chain is critical for traceability and to prevent damage or improper handling of the product.

Pharmaceutical supply chain
The pharmaceutical supply chain is a complex network of organisations comprising various
actors working together to meet customer demands efficiently and timely (Yaroson et al.,
2021). The typical pharmaceutical supply chains include raw materials manufacturing,
pharmaceutical production, distribution centres, hospitals, pharmacies, physicians and
patients. Pharmaceutical supply chain management aims to coordinate this vast network of
actors to ensure the smooth flow of products from upstream to service delivery points whilst
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maintaining quality, safety, affordability and efficiency standards (Papalexi et al., 2020).
Every node in the network must contribute value and perform its functions optimally,
collaborating to ensure reliability and efficiency in the supply chain (Meehan et al., 2017).

Knowledge-sharing is imperative in the pharmaceutical industry, which is intensive in
generating information and requires a massive capacity to analyse and transform data into
information (Alkalha et al., 2019). Nevertheless, knowledge-sharing is a challenging process
in this supply chain due to the lack of a trust culture and absorptive capacity (Haque and
Islam, 2018) highlighted the paradox of knowledge-sharing, arguing that pharmaceutical
companies continually require innovation, research and development, which requires
effective knowledge-sharing and collaboration. Yet, this sharing may expose companies to
imitation and threats to their privacy. Therefore, the complexity of the knowledge in the
pharmaceutical industry stems from the fact that the knowledge and the industry’s
technology are dynamic and transferring the knowledge consumesmore time compared with
other industries (Bhatti et al., 2020). This makes pharmaceutical supply chains highly
dependent on knowledge sharing as companies strive to be more resilient, agile and
responsive to external threats. Companies, accordingly, must balance the benefits of
knowledge sharing with the risks of knowledge leakage, copying, or sharing with those who
can potentially harm their intellectual property (Bogers, 2011). This requires companies to
develop strategies to protect their knowledge, such as adopting appropriate legal, contractual
and technological mechanisms. At the same time, they need to establish trust, build
relationships and create a culture of collaboration and knowledge sharing amongst their
supply chain partners (Huo et al., 2021). In this context, Alkalha et al. (2019) emphasised the
role of data protection capacity in safeguarding data and privacy. Likewise, Chowdhury et al.
(2019) emphasised the role of intellectual capital management as a critical success asset in the
pharmaceutical industry to enjoy protection for their new products and greater investment
in R&D.

Knowledge-sharing in the pharmaceutical industry supply chains also varies
considerably in terms of the role of government in regulating and overseeing the
pharmaceutical industry, the higher-education sector and incentives for R&D. For
example, in addition to the traditional relationships -suppliers, manufacturers, third-party
logistics, wholesalers and retailers-the companies exchange the required knowledge to select
the suppliers with the regulatory bodies. Also, the regulatory bodies control the medicines’
prices in some countries (Alkalha et al., 2019).

Furthermore, pharmaceutical companies interact with governments and international
institutions to exchange routine information and directly sell medicines to governmental
hospitals (Asamoah et al., 2011). However, the pharmaceutical industry’s relationship
between the suppliers, the manufacturers’ companies and the customers (wholesalers,
logistics, retailers and doctors) is highly integrated. For instance, companies expand their
quality implementation across their supply chain (Alkalha et al., 2019). In this case, the
manufacturers involve the key suppliers and customers in new product development and
develop the performance of the suppliers, the wholesales and the retailers to maintain the
quality and achieve supply chain quality integration (Friedli et al., 2010). Also, the suppliers
might act as the company’s partners in case the suppliers are involved in the product
development or if a supplier provides the manufacturing licence for a company (Alkalha
et al., 2019).

Therefore, several entities formulated the pharmaceutical supply chain and played critical
roles in knowledge dissemination across the supply chain. As a result, manufacturing
companies, as a focal point, need to improve their absorptive capacity to exploit tacit
knowledge (Alkalha et al., 2019). To do so, the companies benefited from their explicit
Knowledge to acquire and assimilate the external knowledge using the company routine,
facilitating knowledge transformation and exploitation (Lichtenthaler, 2016). The supply
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chain’s knowledge flows, whether tacit or explicit, are bidirectional. Figure 3 summarises how
the supply chain in the pharmaceutical industry is designed and how tacit knowledge can be
transformed into explicit.

Figure 3 above highlights the transformative nature of the knowledge absorption process,
in which companies can convert tacit knowledge into explicit forms. This process is
facilitated by exchanging explicit knowledge with stakeholders, including international
institutions and governments, external partners such as suppliers and customers and other
critical actors in the supply chain, such as hospitals, distributors, pharmacies, physicians and
patients. The explicit knowledge shared with customers tends to focus on their needs and
requirements, serving as a basis for product development. In contrast, the knowledge
exchanged with suppliers is geared towards enhancing product development and supplier
performance.

Moreover, knowledge transfer, particularly in the form of licences, is critical in knowledge
absorption. Licences, as legal documents, represent explicit knowledge. They codify the
terms and conditions of the granted permissions, which can be documented, transmitted, or
stored (Nonaka andTakeuchi, 1995). However, obtaining and leveraging licences for business
purposes involves tacit knowledge (Lowe, 2006). This tacit knowledge often stems from the
experience, expertise and personal skills required to navigate regulatory systems or
understand the strategic implications of licences (Eklund and Kapoor, 2022). Suppliers
typically provide training and support to manufacturers’ employees to facilitate the transfer
of this tacit knowledge (Alkalha et al., 2019). Acquiring a licence within the pharmaceutical
industry frequently demands extensive experience and a thorough comprehension of the
intricate regulatory and compliance requirements, making it challenging to replicate.
Consequently, acquiring and utilising licences can involve explicit knowledge (the licence
itself) and tacit knowledge (the skills and experience required to obtain and leverage the
licence).

Figure 3.
The process of

knowledge sharing in
pharmaceutical
supply chain
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Supply chain knowledge goes through two distinct stages: potential and realised. In the
potential stage, companies acquire supply chain knowledge, which is then assimilated
through the company’s routines and processes. In the realised stage, the newly acquired
knowledge is transformed by combining it with existing knowledge and the old knowledge is
either adjusted or deleted. Finally, the companies exploit the knowledge by utilising it in
products, processes and services.

The pharmaceutical industry in the Middle East
The Middle East region has a growing pharmaceutical industry. Nevertheless, the industry
faces unique challenges and opportunities, including a complex regulatory environment,
local production, access to medicines and supply chain resilience (Haloub et al., 2022). There
are several differences in the perspectives on supply chain management between Western
and Middle Eastern countries. According to Jamali et al. (2020), these differences may be
attributed to variations in business culture, regulatory environments, infrastructure and
technology adoption. Notably, whilst these factors may be less emphasised in the Middle
East, the relatively familial business culture (Metcalfe, 2006) emphasises social relationships
and collaboration more.

The regulatory environment in Middle Eastern countries may be less developed and
standardised (Jamali et al., 2020). Furthermore, Western countries may be earlier adopters of
new technologies, whilstMiddle Eastern countriesmay be slower to adopt due to factors such
as the lack of infrastructure (Raudeliuniene et al., 2021). Besides, population and gross
domestic product (GDP) per capita are growing at a higher rate in the Middle Eastern than in
Western countries, resulting in Middle Eastern countries becoming significant economies
and competitive players in the international markets (Kalliny and Benmamoun, 2014).

Moreover, the supply chain of the Western pharmaceutical industry is research-intensive,
digital-oriented, fully-integrated and incorporates up-to-date transparency best practices,
resulting in greater efficiency throughout the entire supply chain. The interactions of the supply
chain members intervene in the discovery, development, manufacturing, marketing and sale of
drugs worldwide. Innovative companies protect their developments through a solid protection
system and intellectual property rights (Dierks et al., 2013; Robaczewska et al., 2019). However,
in the Middle East, there are cases in which this legal protection is limited or does not exist.
Therefore, only a little information is exchanged, such as demand forecasting, stock level,
production plans, maximum/minimum inventory level, reorder point and order amount, which
are the primary information provided andutilised as a decision support tool between the supply
chain members (see Chowdhury et al., 2019; Alkalha et al., 2019).

Whilst the role of knowledge management in building supply chain resilience is vital for
pharmaceutical companies in both the Middle East and the West, cultural, regulatory and
market factors may influence the strategies and approaches companies use in each region
(Narayana et al., 2012). Pharmaceutical companies in the Middle East may need to comply
with different regulatory requirements compared to Western companies and knowledge
management strategies may need to be tailored to meet these requirements (Alzoubi et al.,
2020). Moreover, the Middle East market may be less developed or less mature thanWestern
markets, which may influence the availability of resources and the level of competition
(Holtorf et al., 2019).

Therefore, studying the role of knowledge management for supply chain resilience in the
pharmaceutical industry in the Middle East region can provide insights into the unique
challenges and opportunities in this region, which may differ from those in Western
countries, as highlighted by Jamali et al. (2020). Understanding these differences can help
develop targeted strategies to enhance supply chain resilience and improve the availability of
medicines for patients in the Middle East region.
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Research methodology
Research design
This inductive study is of exploratory nature, investigating how supply chain knowledge
could be effectively managed to enhance pharmaceutical supply chain resilience. The
inductive method is a relatively flexible scientific method to explore or formulate theories
(Williams and Moser, 2019). Also, this study focussed on constructing knowledge; hence a
social constructivism research paradigm was adopted, assuming that knowledge is a mental
construction through people’s cognition (Easterby-Smith et al., 2021).

Data collection
This study focusses on the Middle East Region. The empirical data were collected based on a
semi-structured interview. The interview grid comprises two main themes: the role of
knowledge in building supply chain resilience; and the challenges and enablers of supply
chain knowledge management. The interviews were conducted between May and November
2020. Due to the lockdown during the data collection, all interviews were conducted online
using Zoom or Teams. Social Media platforms (mainly LinkedIn) were used to approach the
study participants. However, initially, we relied on our professional and personal networks to
reach the participants. During the interviews, the participants were asked to name other
people with knowledge of the research topic. In total, 38 people working in 12 different
pharmaceutical companies in the Middle East were interviewed. Whilst some companies
operate through vertical integration with a narrow vertical structure, others outsource some
of their operations. The table below shows the characteristics of these companies
representing different pharmaceutical companies (Mainline, R&D and Generic), as shown
in Table 1 below. The three typologies of pharmaceutical companies derive from the US
Bureau of Labour Statistics.

The study participantsweremanagers and senior supply chain professionals from several
points of the pharmaceutical supply chain. The participants were CEOs, General Managers,
Supply Chain Managers, Operations and Production Managers, Procurement Managers,
Logistic Managers, Warehouse Managers and Pharmacists. Table 2 below shows the key
characteristics of the study participants.

Whilst conducting interviews, we adhered to ethical conduct, including upholding
informed consent, withdrawing possibility, privacy and confidentiality and practising
integrity and honesty.

Data analysis
The data analysis was focussed on knowledge management relationships between different
actors in a pharmaceutical supply chain in the Middle East region. Thus, the unit of analysis
was the supplier-buyer relationship exploring the knowledge-sharing process amongst the
supply chain members. The data analysis was two-fold. First, to answer the first research
question, the thematic analysis approach was used (Braun and Clarke, 2006). The data
analysis started by finding the initial codes from the data. This open coding technique
allowed for the creation of first-rate provisional categories. In the second stage, we used axial
coding to weave linkages between and amongst the previously defined groups. This method
allowed for the creation of higher-order consolidated categories. Finally, the second-order
theoretical categories were aggregated and linked to form theoretical aggregates.

The fishbone model was used to answer the second research question. Fishbone is an
effective tool for studying processes and situations and identifying the possible causes of a
specific problem. Besides, we weighted the different dimensions of challenges facing supply
chainmanagement against each other, where the probability of identifying the leading causes
increases. The Pareto chart, also called the 80–20% curve, was used to do so. It allows
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assigning an order of priorities, stating that a few are responsible formost of that effect in any
group of elements or factors contributing to the same effect. It facilitates the comparison of
numerous dimensions of a problem, considering that the distribution of the effects and their
possible causes are not linear but that 20% of the total causes cause 80% of the effects to be
originated.

The study findings
The flow of knowledge in the pharmaceutical supply chain
The results show that various dynamic, scientific, social and economic factors shape the
pharmaceutical industry’s supply chain in theMiddle East. In addition, some pharmaceutical
companies work in both domestic and foreign markets. Consequently, their processes must
comply with various regulations and policies, which apply to drug development and
approval, manufacturing and quality control, marketing and sales. Likewise, agents such as
researchers from public institutions and the private sector, educational institutions, doctors
and pharmacists and public opinion are also influential in knowledge sharing in the
pharmaceutical industry.

Company Location
Company
size

Company
type

No of
participants Note

A Saudi
Arabia

More than
500
employees

Mainline 5 The company provides a large
number of approved drugs on the
market. It has internationally
acclaimed research and
development laboratories and a
large manufacturing plant

B United
Arab
Emirates

More than
500
employees

Mainline 4

C Jordan More than
500
employees

Mainline 4

D Egypt More than
500
employees

Mainline 4

E Qatar More than
500
employees

R&D 4 The company focusses on
research to develop new products

F Saudi
Arabia

Less than 500
employees

R&D 3

G United
Arab
Emirates

Less than 500
employees

Generic 3 The company is a mass-producer
of expired drug patents

H Saudi
Arabia

More than
500
employees

Generic 3

I Jordan More than
500
employees

Generic 3

J Jordan Less than 500
employees

Generic 3

K Egypt Less than 500
employees

Generic 3

L Qatar Less than 500
employees

Generic 2

Source(s): Created by the Research Team

Table 1.
Summary of
participating
companies
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First, the conversion of explicit knowledge to tacit knowledge occurred through socialisation.
Given that the pharmaceutical supply chain is often long and complex, requiring the
expertise of multiple disciplines with different levels of expertise, it is unsurprising that
different types of knowledge could be generated to support partnerships. According to a
Supply Chain Manager, “Explicit information is easy to exchange between supply chain
members through demand management, inventory management, purchasing management,
specifications, packaging, quality standards, loading and storage conditions and control
management. But tacit information is difficult to exchange because it involves intellectual and
practical skills. Despite this, some explicit information for supply chainmembers constitutes tacit
information for other teams, which can be used to develop new explicit knowledge.”

The results indicated that the companies get tacit knowledge through “learning”,
interacting and incorporating new ways of acting and work practices for teammembers. For
instance, the Operations Manager mentioned, “Tacit knowledge is acquired from observation,
imitation, practices, negotiations, feedback and the causes of change in specifications and new
requirements. This begins with creating an interactive working environment [the interviewee
referring to “NetSuite” ERP system] that allows team members [i.e. supply chain partners] to
share their experiences and mental models, thus transferring tacit knowledge from one team
member to another”.

Then this knowledge is externalised and combined into the system using an organisational
knowledge system. According to the IT manager, “knowledge created by each person becomes
organisational knowledge;most of this knowledge is stored in the systemandorganisation’s database
so that each [supply chain partner] could benefit from it”.Moreover, theProductionManager added,
“The company keeps new knowledge related to the new formula in a special system for this purpose”.
The Supply Chain Manager added, “We keep records for any new knowledge related to suppliers’
evaluation or quality specification, and we share it with other departments”. After the knowledge is
converted to explicit, the companies share it across functions, which is shared across supply chain
partners through theERPsystem.TheLogisticsManager explained, “Wehave our internal system
that facilitates sharing the knowledge as everything is stored in the system, and we can easily retrieve

Job roles of
interviewees

No. of
interviews

Experience Company size Company type
Less
than

5 years

More
than

5 years

Less than
500

employees

More than
500

employees Mainline R&D Generic

CEO 2 2 1 1 x x
General
Manager

4 4 1 3 x x x

Supply Chain
Managers

8 3 5 3 5 x x x

Operations
Manager

7 3 4 4 3 x x x

Procurement
Manager

6 3 3 3 3 x x x

Logistic
Manager

5 3 2 2 3 x x x

Warehouse
Manager

3 2 1 2 1 x x x

Store
Manager

3 2 1 2 1 x x x

Total
interviews

38

Source(s): Created by the Research Team
Table 2.

Details of interviewees
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and search”. The Logistics Manager also highlighted that the company’s ability to share
knowledge with their supply chain partners helped to build trust and collaboration within the
supply chain due to the improved decision-making process and accessibility to information
regarding suppliers when Covid disruptions stormed the supply chain.

The new explicit knowledge generated by the company routinely enriches the internal
knowledge, which helps create and exploit knowledge through internalisation. For example,
the Purchasing Manager said, “The standard operating procedures are a must, but in some
cases, we learn new skills by doing the job, and then we might adjust the standard operations
procedures”.A Production Manager explained: “At the onset of the COVID-19 pandemic, our
company faced significant supply chain disruptions due to sudden changes in demand patterns
and disruptions in transportation and logistics. However, our open channel communication
with our suppliers helped us remain resilient. In some severe cases, we had to identify alternative
suppliers and transportation routes quickly, but this came following a discussion with our
current suppliers. Hence, we were able to pivot quickly and effectively in response to our large
customers’ demand”. This emphasises the value of leveraging knowledge across the supply
chain to quickly respond to changing environment. This new “know-how” is articulated and
conveyed throughout the internalisation process through continual interactions with supply
chain members in which teams pool their information and study it from many viewpoints,
thereby combining their distinct individual perspectives into a new collective perspective.

The role of knowledge in building supply chain resilience
The study participants viewed supply chain knowledge as a critical enabler of organisational
resilience. Knowledge at the supply chain level helps improve the quality and quantity of new
knowledge. For instance, a Supply Chain Manager said, “Knowledge exchange between
companies helps us continuously improve our knowledge, enhancing our ability to face
challenges in the business environment.” Likewise, a supply chain manager said, “Knowledge
exchange with other partners helps us continue learning and development.” The data analysis
finds that knowledge management throughout the supply chain helps the organisations
gradually develop resilience capability that helps them face challenges in the external
environment and recover after a disturbance, as shown in Figure 4 below.

Figure 4.
The gradual process of
developing resilience
capability
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The pharmaceutical supply chain has a considerable accumulation of tacit knowledge, skills
and competencies; each supply chain member is a source of unique knowledge. In managing
the supply chain knowledge, the organisation continuously acquires new knowledge through
ongoing interactions with other points. It acquires tacit knowledge and converts it into
explicit knowledge that will be redistributed to other members within the supply chain and
new tacit knowledge will develop. An operations manager mentioned, “If you want to have a
stable operations system, youmust consider the most important vital signs in logistics and track
the product flow during all phases of the supply chain.” A Supply Chain Manager added,
“We need to keep everyone in the supply chain informed with inventory updates, preventing
stockouts. The main driver is to control the risks that may affect its supply chain, which also
allows problems to be detected before they occur”.

Going further, a Supply Chain Manager asserted that “we have to understand logistics as a
strategic tool that helps us face not only adverse situations but also take advantage of them.”
In this context, a Procurement Manager added, “Successful execution depends on the accuracy
and speed with information. This information is transmitted by direct communication, and we
assimilate it into new knowledge”. Finally, a Logistic Manager states, “Supply chain data
contain the crucial information needed to improve the supply chain performance. Therefore, it
is not only necessary to think about implementing supply chain integration. It is also essential to
track and maintain integration constants to ensure information is sent, received, interpreted
and redistributed externally”.

In the pharmaceutical industry, the problems, risks and challenges in the external work
environment outweigh the capabilities of individual organisations. Therefore, organisations
within the supply chain must work together to meet these challenges and cooperate in
developing capabilities that support their resilience. According to the study participants, the
role of supply chain knowledge in enhancing the organisation’s resilience lies in developing
several capabilities. For instance, the director of operations and production said, “Knowledge
and continuous learning is the basis of all organisational capabilities development and
enhancing.”Furthermore, a Supply ChainManager argued, “Under current circumstances, we
cannot rely on our knowledge only, but rather we must benefit from our partners to develop new
capabilities supporting our resilience.”

The data analysis finds that building organisational resilience leads to supply chain
resilience in twoways. First, having these resilience capabilities allow an organisation to have
-and grant-greater control, improve the efficiency of their business, streamline processes,
make deliveries on time and improve the level of service throughout the entire supply chain.
In this sense, the beneficiaries will always be each member of the supply chain to adapt to
adversity and find creative solutions to reverse it. Moreover, knowledge sharing supports
organisational resilience by reducing uncertainty, increasing the supply chain visibility and
traceability to make data-driven decisions using real-time data and improving agility in
detecting and responding to disruptions.

The data analysis, conducted usingNVivo 12, investigated the capabilities contributing to
supply chain resilience and yielded 126 initial codes. These codes were subsequently
analysed through cluster analysis in NVivo using coding similarity and categorised into five
main capabilities, as shown in Figure 5 below. It is important to note that the frequency of
a theme does not necessarily indicate its importance. However, this approach allows for a
focussed consideration of the theme’s informed implications (Goffin and Koners, 2011).

(1) Agility Capability

According to the study participants, exchanging knowledge at the supply chain level
improves organisational agility. For instance, an Operation Manager said, “Supply chain
knowledge helped us develop our flexibility and the ability to detect and capture the outstanding
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opportunities in the market.” Likewise, a Supply Chain Manager said, “Sharing knowledge
with our suppliers and distributors led our company to acquire the flexibility to grow and the
ability to prevent negative events.” Likewise, a General Manager said, “Sharing information in
the supply chain helps us better understand the changing environment’s characteristics.
Therefore, it is indispensable to collaborate and develop the ability to cope with the environment
and facilitate reactive and proactive responses to all these changes”. The Logistic Manager
added, “Exchanging knowledge offers great supply chain visibility, which offers immediate
information and channels it through pertinent notices to allow agile management, as a first step
to achieving more resilient supply chains.”

(2) Change Capability and Adaptability

Sharing knowledge within the supply chain improves organisational adaptability and better
coping with the dynamic business environment. Adaptability requires the construction of
strategic flexibility facilitated by internal and external information. For example, a General
Manager argues, “The current business environment points to an era of far-reaching changes
in business strategy, operations and technology. A new set of information must guide efforts to
succeed in this era, and our global supply chain is a good source of this information”.
The supply chain knowledge becomes a strategic resource for better changing capability.
For instance, a Supply Chain Manager said, “Changes occurring globally are causing
unpredictable situations. Faced with this reality, we need our partners’ support to continuously
gain new insights and knowledge and establish certain changes strategies”.

(3) Problem-Sensing Capability

Managing Supply chain knowledge enhances the organisation’s problem-sensing and
responsiveness capability. It enhances the organisation’s ability to identify the initial state of
a situation, the final state to reach, the obstacles that prevent moving from the initial state to
the final state and the procedures to overcome those obstacles. For instance, a Supply Chain
Manager argues that “supply chain knowledge provides the organisation with the capacity for
quicker problem-solving and acting reactively, without wasting time, and finding the most
appropriate solutions for each case.”

(4) Response Capability

Supply chain knowledge enhances the organisation’s ability to evaluate, control and project
the future. In addition, it supports organisational resilience through actions favouring the
optimal maintenance of a business’s operations. According to a chief execuitve officer (CEO),
“Companies need to access knowledge in the face of environmental threats and adversities that
continuously arise. These challenges are beyond the company’s knowledge and capabilities, and
we have to exchange information with our partners in the supply chain effectively”. A Supply
Chain Manager argues that “The knowledge within the supply chain provides the organisation

Innovation Capability

Response Capability

Problem-Sensing Capability

Change Capability & Adaptability

Agility Capability

0% 5% 10% 15% 20% 25% 30%

Source(s): Created by the Research Team

Figure 5.
Capabilities for supply
chain resilience
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the capacity to observe market dynamics, and unlock the ability for market analysis to develop
effective operational actions towards potential threats.”

(5) Innovation Capability

The supply chain knowledge positively impacted innovation in the studied
pharmaceutical companies. Knowledge creation and transfer within the supply chain
are organisations’ innovative vehicles. It is especially noticed in the studied organisations
that exchanging internal knowledge with supply chain members helped develop
innovative approaches to adapt to disruptive supply and demand patterns. According
to an Operations Manager, “In a dynamic business environment, organisations have better
chances to survive if they have high-coordination to gain sufficient knowledge resources that
improve operational routine and innovation ability.” A Procurement Manager argues that
“By sharing information in both directions – “downstream” and “upstream,” the
organisation will have the ability to improve products’ time to the market, reduce cost and
effectively plan for future needs.”

Based on the findings above, it is evident that the capabilities for supply chain resilience
are integrated and interdependent. The capabilities identified include Agility Capability,
Change Capability and Adaptability, Problem-Sensing Capability, Response Capability
and Innovation Capability. These capabilities are not mutually exclusive but work
together to create a more resilient supply chain. The integration of these capabilities relies
on tacit and explicit knowledge sharing. For example, agility capability relies on
exchanging knowledge at the supply chain level, improving organisational flexibility and
detecting and capturing outstanding market opportunities. This knowledge exchange
involves, for example, insider knowledge of supplier relationships that cannot be easily
codified.

Similarly, Change Capability and Adaptability rely on constructing strategic flexibility
facilitated by internal and external information, which relies on supply chain partners’ tacit
and explicit knowledge to identify and anticipate changes in the business environment.
The tacit knowledge enables supply chain partners to develop effective strategies for change
management and adapt to the dynamic business environment. Moreover, the Problem-
Sensing Capability relies on managing supply chain knowledge to enhance the supply chain
partners’ problem-sensing and responsiveness capability. This also requires sharing tacit
knowledge to identify the initial state of a situation, the final state to reach, the obstacles that
prevent moving from the initial state to the final state and the procedures to overcome those
obstacles.

The Response Capability also relies on supply chain knowledge to evaluate, control and
project the future. The exchange of knowledge with supply chain partners enables the
partners to observe market dynamics, unlock the ability for market analysis and develop
practical operational actions towards potential threats such as Covid-19. Finally, Innovation
Capability positively impacts innovation in the studied pharmaceutical companies. The
exchange of knowledge with supply chain partners helps develop innovative approaches to
adapt to disruptive supply and demand patterns. This knowledge exchange involves sharing
tacit knowledge, such as intuitively understanding how to optimise certain logistics
processes without or with partial availability of detailed data.

To summarise, the capabilities for supply chain resilience identified in our findings are
integrated and interdependent, relying heavily on exchanging tacit and explicit knowledge
between supply chain partners. The exchange of knowledge enables organisations to identify
and anticipate changes, develop effective strategies for change management, enhance
problem-sensing and responsiveness capability, evaluate, control and project the future and
develop innovative approaches to adapt to disruptive supply and demand patterns.
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The challenges of knowledge management in supply chains
The study participants argue that effective supply chain knowledge management allows for
better information visibility across the supply chain. However, knowledge management in
the supply chain suffers from the “Blind Men and an Elephant” syndrome. There are likely
several distinct perspectives on supply chain knowledgemanagement, which lead to different
extrapolations. Some aspects of the supply chain knowledge are more visible (e.g. patents,
intellectual property), but the majority consist of know-how, know-why, experience,
expertise, opinions and stories that tend to be complex to be shared amongst the supply
chain members. The data analysis identified several codes representing the challenges and
difficulties in promoting supply chain knowledge. These codes were grouped into four
leading causes, supply chain management, technology, process and people, as shown in
Figure 6 below. The Fishbone diagram was used to identify the main challenges facing
supply chain knowledge management and the possible causes of the problem.

(6) Supply Chain Management

A robust supply chain integration results in high-performance business processes. Supply
chains are built on the strengths andweaknesses of each supply chainmember. ACEO states,
“Supply chains are a complex network of companies connected. These companies operate within
a work environment, industries, and different content. As a result, these companies produce
different knowledge in line with the nature of their business. The differences between supply
chain members pose a challenge to knowledge management”. According to the data analysis,
organisational behavioural obstacle represents the main challenge facing supply chain
knowledge management. For instance, a Procurement Manager said: “[Organisational]
Behavioural obstacles such as learning problems within organisations contribute to the
distortion of information. These issues are often related to how the supply chain is structured
and the node communication”. Summarising the obstacles that faced knowledgemanagement
in the supply chain (drawing on data from the companies interviewed) is as follows:

Figure 6.
The main challenges
facing supply chain
knowledge
management
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(1) Supply chains are usually designed to foster cooperation between partners. However,
in competitive environments, knowledge sharingmay be perceived as risky due to the
potential knowledge attrition.

(2) The companies had distinct corporate cultures influencing their approaches to
knowledge-sharing practices.

(3) Inward-looking companies tended to prioritise their knowledge management
practices, which were incompatible with those of other companies.

(4) Nodes in the supply chain have shown reactive behaviour to local emergencies rather
than proactively addressing root causes.

(5) A culture of blame is evident.

(6) A lack of trust between supply chain partners results in opportunistic behaviour that
undermines overall performance.

(7) Insufficient leadership commitment hinders inter-organisational knowledge sharing.

(8) A lack of confidence leads to significant duplication of effort. Additionally, information
available at different nodes is often not shared or ignored due to a lack of trust.

The study finds that supply chain knowledge management would likely be less effective
without solid leadership commitment. A Supply Chain Manager said, “An organisation may
have the best knowledge management system, but it takes leadership to share knowledge to a level
that will put the supply chain in the best possible position to be successful.” Furthermore, efficient
knowledge sharing in the supply chain requires a high level of visibility and coordination
amongst the different participants—lack of trust and leadership commitment to knowledge
management deter the development of an effective knowledgemanagement system. According
to an Operations Manager, “If top management is not committed to knowledge management
adoption in SC, it seems to have led to a commonunderstanding concerning organisational vision,
strategies, and supplier/customer relationship management was not present.”

(1) People

People are the basis of knowledge and experiences within any organisation. The desire and
ability of these people to share and exchange this knowledge amongst themselves is the basis
for knowledge management’s success, whether within the organisation or supply chains.

The study foundmany barriers related to knowledgemanagement in supply chains linked
to people. According to an Operations Manager, “Some employees tend to resist sharing their
knowledge because of the notion that knowledge is property; ownership . . .Members who trust
each other are willing to exchange knowledge and simultaneously want to embrace knowledge
from other members.”

Through the data analysis, the difference in the context between the companies that make
up the supply chain constitutes one of the obstacles to sharing knowledge. This is two-fold:
The first is the unwillingness of people working in an organisation to learn knowledge that
may be viewed out of context or the content of their work. The second relates to the lack of
willingness to exchange knowledge outside the organisation’s framework and generate new
knowledge. For example, a General Manager said, “The behaviour of employees and their
desire to learn is shallow outside the organisation’s framework, as employees feel that this
knowledge is unimportant and do not have the desire to learn it.” Likewise, a Warehouse
Manager said, “Knowledge includes people’s intuitions, perspectives, beliefs, values, and
experiences. Therefore, it is difficult to integrate people in various organisations within or in
different countries to learn from each other.”
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The data analysis also finds that organisational culture is a practical knowledge transfer
factor, and organisationsmust form a culture that supports knowledge sharing. According to
a Supply Chain Manager, “The success of knowledge sharing rests mainly on the investment of
the individuals and their rational and emotional interest in participating in a collective process, a
process that requires a relationship between individual representations and the common
knowledge space.” Participants also mentioned a lack of training. For instance, a General
Manager, “Heavy reliance on technology by employees that are unrealistic, little or no training of
employees on Information and communications technology systems and processes, reluctance
by the same employees to use technology due to lack of familiarity, and maintenance of the said
systems.”

It has been found that knowledge transfer is affected by individual and organisational
behaviour and positively or negatively impacts its implementation. This is explained by
individuals’ interest and initiative to transfer knowledge reflected in the development and
implementation of incentives, which can bemonetarily aiming to successfully intervene in the
possibility of knowledge transfer of people in an organisation. In this sense, replication
activities in knowledge transfer allow company employees to work with their partners in the
sending companies and understand the knowledge they acquire. Furthermore, companies
can intensify their cooperative competition with partners through replication activities.

(2) System

The supply chain involves intertwining specialised knowledge from several areas to solve
complex problems and innovate or transform that knowledge into something greater.
In knowledge sharing, replication activities strengthen companies, build trust in relationships
with partners, increase communication in a shared language and symbols and establish.
According to the data analysis, communication and coordination are the main critical elements
in successful knowledge transfer, understood as the extent to which activities, people, routines
and tasks work together to achieve objectives, generating more opportunities to share
knowledge. For instance, an Operations Manager said, “Knowledge is usually transferred
through communicating or coordinating among employees and organisation. Hence, it is a
complex process requiring robust communication and coordination systems among organisations
to capture knowledge”.ACEOargues, “Often the coordination at a high level is complicated among
the supply chainmembers due to the different natures of the organisations within the chain.” It has
also been found thatmost knowledge is lost betweenmembers and tiers. Throughout the supply
chain, the members’ structure and integration varywith the passage from one phase to another.
For instance, a Logistic Manager said, “So we risk losing valuable knowledge in these composition
changes or transmitting knowledge inappropriately within the supply chain phases, especially when
moving to more than one level on the chain, such as suppliers of suppliers or customers’
customers.” Besides, the study participant emphasised the role of interpretations, where each
supply chain member gives to the documentation can be altered by the subjective criteria of its
context, leading to errors or delays. According to the data analysis, the other challenges are
insufficient knowledge exchange with processors, wrong procedures and an ineffective inter-
learning system.

(3) Technology

Technology plays a significant role in knowledge management and sharing between
organisations in supply chains. However, at the same time, it may be one of the most critical
obstacles in exchanging knowledge, especially with the diversity of technology and the
different systems that can be used, which leads to a disjointed and disconnected system. For
instance, a General Manager said, “Technology has changed how organisations operate,
providing instant access to information and data over long distances. Nevertheless, technology
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does not operate in a vacuum, and organisations todaymust adapt and use different solutions.”
Likewise, a CEO said, “Sometimes technology is a challenge that obstructs the application and
management of knowledge. Organisations have invested in information and communications
technology. However, most of these systems and processes mismatch with other supply chain
members, particularly when you are a member of a complex supply chain”. The study
participants also mentioned creating knowledge repositories without considering the need to
manage their content and failing to understand and relate knowledge management to the
supply chain’s function. Other obstacles to its successful development have also been
identified, such as the lack of technological infrastructure, the difference in technological
infrastructure between countries and the high cost of investing in information and
communications technology systems. The Pareto chart below illustrates the main challenges
facing knowledge management in the supply chain.

According to Figure 7 above, one of the essential difficulties supply chains face in
developing and exchanging knowledge amongst the chain members is the difference in the
context between the chain members. As each organisation’s core business differs, the
surrounding and internal work environments also differ. Therefore, each organisation is
concerned with producing knowledge compatible with its environment and these
organisations produce different knowledge that others within the chain may deem
unimportant or unsuitable for the organisation’s work. The difference in the context leads
to a difference in administrative leadership, administrative practices, systems and
procedures used, organisational culture, organisational structure and knowledge
management procedures. This may constitute an obstacle to transferring and sharing
knowledge amongst the chain members.
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Managing knowledge throughout the supply chain
This study identified several critical factors for supply chain knowledge management to
succeed, including solid business relationships, visionary leadership, a culture of knowledge
creation and sharing, a commitment to lifelong learning, a solid foundation in the basics of
knowledge and a robust framework for managing and storing information. Furthermore, the
effectiveness of supply chain knowledgemanagement is influenced by various factors. Seven
crucial success indicators emerged from this study:

(1) Establishing a knowledge management system that aligns with corporate objectives
and recognises how knowledge benefits supply chain participants is crucial. It should
be accompanied by a reliable mechanism for monitoring both the success of the
knowledge management program itself and the impact that knowledge management
has on business outcomes.

(2) A clear vision and framework serve as the “hook,” outlining the value of knowledge
sharing and creating a common language to improve core knowledge within the
supply chain. This would help ensure that all participants clearly understand the
shared knowledge and how it can be applied to their specific roles and
responsibilities.

(3) A culture empowering employees enables informal networking, fosters knowledge
creation and encourages knowledge sharing across organisational and geographical
borders. This finding is consistent with the argument of Memon et al. (2020).

(4) Continuous learning at all levels is essential. Individuals are encouraged to ask
questions, challenge assumptions and learn. Teams learn from other organisations and
share their learning. This finding is consistent with the argument of Bag et al. (2020).

(5) Knowledge sources must be transparently recognisable, accessible and shareable.
This means that all supply chain partners should be aware of what knowledge exists,
where it is stored (e.g. standardised modules on the ERP system) and who has access
to it. This finding is consistent with Pettit et al.’s (2019) and Roy’s (2021) arguments.

(6) Awell-developed information technology infrastructure and databases are necessary
to support collaborative work and facilitate knowledge sharing.

Managing knowledge throughout the supply chain is a complex process that requires
a multifaceted approach, including leadership, culture, technology and systems. This study
offers valuable insights for organisations seeking to develop resilient pharmaceutical supply
chains through effective knowledge management.

Conclusion
Unlike developed countries, a significant feature of the pharmaceutical supply chain in
emerging economies is that they are not involved in proper knowledge-sharing activities.
This study explores the role of supply chain knowledge management in building
pharmaceutical supply chain resilience. It contributes to supply chain management
literature in two areas; managing supply chain knowledge for resilience and the
difficulties facing the pharmaceutical supply chain in sharing knowledge within
the Middle East context.

In this regard, enhancing knowledge-sharing activities becomes a cornerstone for the
pharmaceutical supply chain, specifically the ones from developing countries. Knowledge
sharing helps the pharmaceutical supply chain acquire, store, share and develop new
knowledge. This supports their ability to be prepared, respond and recover from a disruption
based on high visibility and traceability. Furthermore, supply chain knowledge helps
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organisations gradually develop agility, change, adaptability, problem-solving, response and
innovation capability, which support organisational resilience. This organisational resilience
level leads to supply chain resilience in two ways. First, knowledge sharing ensures supply
chain visibility and traceability to keep them up to date, giving them the best possible
experience to avoid adverse situations. Also, sharing knowledge implies that supply chain
organisations cooperate in developing capabilities that support their resilience and overcome
external and internal difficulties. Thus, an organisation’s resilience capabilities will support
other supply chain members to adapt to adversity situations and find creative solutions to
reverse them.

However, there are various problems in knowledge-sharing activities related to supply
chain context, people, technology and processes that delay or do not allow the possibility of
knowledge-sharing. In this context, visibility is necessary to drive supply chain resilience.
Still, organisations must invest in technology and digital transformation to achieve complete
supply chain visibility. Besides, a cohesive culture of knowledge sharing where supply chain
members are closely knitted helps the knowledge flow, which improves resilience.

Theoretical contribution
The theoretical contribution of our research is significant in several ways. Firstly, whilst
previous studies have examined the role of knowledgemanagement practices in supply chain
resilience, such as the role of knowledge management in creating a risk culture (Liu et al.,
2018), our study focusses specifically on the pharmaceutical industry, which is highly
regulated and subject to unique challenges. As a result, our findings shed new light on how
managing knowledge can build resilience in this particular industry, which can inform future
research and practice.

Moreover, our study goes beyond examining the role of knowledge creation and sharing in
building supply chain resilience, as some previous studies have done (cf. Scholten and
Schilder, 2015; Colicchia et al., 2018). Instead, we specifically investigate the role of knowledge
management in building the required capabilities that facilitate supply chain resilience.
Doing so provides amore comprehensive understanding of how knowledgemanagement can
support resilience-building efforts in the pharmaceutical supply chain. Additionally, our
study is unique in that it was conducted in the Middle East region, which is an area that has
received relatively little attention in the supply chain resilience literature. As such, our study
contributes to filling a gap in the knowledge in this region and provides valuable insights that
can be applied to other similar countries facing similar challenges.

Overall, our research makes a valuable academic contribution to the literature by
enriching our understanding of the role of knowledge management in building resilience in
the pharmaceutical supply chain, providing insights into the required capabilities for
resilience and shedding light on the challenges associated with supply chain knowledge
management in a highly regulated industry.

Practical implications
This study provides empirical evidence for decision-makers on building supply chain
resilience through knowledge management. Also, the study demonstrated how managing
knowledge builds the needed capabilities, improving the pharmaceutical industry’s
resilience. A resilient supply chain empowered by a robust knowledge-sharing
environment (including people, systems and technology) can quickly mobilise resources to
ramp up production to meet that demand if a sudden increase in demand for a particular
product occurs. Furthermore, the process of actively fostering the flow of knowledge between
supply chain partners can help supply chains become more resilient by improving the
visibility of potential risks and opportunities throughout the chain. For example, managers

Pharmaceutical
supply chain
management



are advised that better access to the supply chain knowledge and information can be achieved
by regularly updating their knowledge base in light of technology, systems and people to stay
up-to-date with the latest developments in the industry, identify potential issues early on and
take proactive measures to mitigate risks and improve their supply chain’s overall resilience.
Finally, our paper reveals new insights into the challenges facing knowledge management in
the supply chain, such as the organisational behavioural challenges (e.g. learning problems
within supply chain partners that contribute to the distortion of information across the whole
supply chain). Therefore, managers need to foster a culture of knowledge-sharingwithin their
organisations.

Social implications
Our research has several social implications that should be highlighted. Firstly, as the
pharmaceutical industry is responsible for producing and delivering essential medicines, any
disruption in the supply chain can have severe consequences for society. Therefore, our
research highlights the need for pharmaceutical companies to invest in knowledge
management practices that can help build a more resilient supply chain, which, in turn, can
positively impact society. Additionally, our findings underscore the need for collaboration and
trust amongst supply chain partners to ensure the smooth functioning of the supply chain. The
lack of trust and collaboration can lead to opportunistic organisational behaviour, which
ultimately undermines the overall supply chain performance and, consequently, the availability
of essential medicines to the general public. Thus, our research provides insights that can guide
policymakers and industry leaders in implementing policies and strategies that promote
collaboration and trust amongst supply chain partners, which can have a positive impact on
society by creatinga level playing field but at the same time incentivising companies to invest in
innovation, technology and knowledge management.

Limitations and suggestions for future research
Although this study provides important insights into the role of supply chain knowledge
management in building pharmaceutical supply chain resilience, some limitations offer
further research opportunities. Firstly, this study employed a qualitative methodology and
therefore, further confirmatory research using a quantitative approach is needed to validate
the results. Secondly, the study identified the main challenge hindering supply chain
knowledge management, but future research could explore the challenges and enablers of
supply chain knowledge management in more detail. Thirdly, the study focussed on
companies operating in the Middle East region, and the generalisability of the findings to
other regions may be limited. Therefore, future studies are recommended to collect data from
other regions and compare the results with this study to gain a broader perspective. Fourthly,
it is essential to note that the study only focussed on the perspective of the pharmaceutical
manufacturing companies and did not consider the perspectives of other actors in the
pharmaceutical supply chain, such as suppliers, distributors and customers. Future research
could expand the scope to include these perspectives to gain a more holistic understanding of
the role of supply chain knowledge management in building pharmaceutical supply chain
resilience. Sixth, the study did not investigate the specific types of knowledge capabilities
that are most important for building supply chain resilience in the pharmaceutical industry.
Future research could delve deeper into this topic to identify the knowledge capabilities most
critical for building resilience in the industry (e.g. multiple criteria decision-making might be
helpful to differentiate their importance, ranking and feasibility). Lastly, the study did not
explore the impact of external factors, such as political instability or natural disasters, on
supply chain resilience in the pharmaceutical industry. Future research could investigate
how these factors affect supply chain knowledge management and resilience.
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Appendix
Interview protocol

(1) Can you describe your role and responsibilities within the pharmaceutical supply chain?

(2) In your opinion, how critical is knowledgemanagement to ensure supply chain resilience in the
pharmaceutical industry?

(3) Can you give an example of a situation where knowledge management was critical in
maintaining supply chain resilience in your organisation?What lessons did you learn from this
experience?

(4) How do you ensure that knowledge related to the pharmaceutical supply chain is effectively
captured, stored, and shared across your organisation, particularly in the context of
maintaining resilience?

(5) What are some of the biggest challenges you face when managing knowledge related to the
pharmaceutical supply chain, and how do you overcome these challenges?

(6) How do you assess the effectiveness of your knowledge management practices in improving
supply chain resilience, and what metrics or indicators do you use?

(7) How does your organisation ensure that knowledge management practices are integrated into
broader supply chain management strategies, and what are some of the benefits of this
integration?

(8) How do you see knowledge management evolving in the context of supply chain resilience in
the pharmaceutical industry over the next few years, and what new challenges or
opportunities do you anticipate?

(9) How does your organisation and supply chain address potential risks to areas such as
intellectual property or data security when implementing knowledge management practices
for supply chain resilience?

(10) What advice would you give to other organisations looking to improve their knowledge
management practices to enhance supply chain resilience in the pharmaceutical industry?
What are some best practices or lessons learnt that you can share?
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1 Introduction 

Supply chains (SC) have rapidly expanded in the last decade (Hosseini et al., 2019). The 
advancement of information technologies and communication (ICT), the development of 
international logistics systems, and the reduction of trade barriers facilitated the 
integration of economies through the network of global SCs (Lee and Shen 2020). This 
global SC integration has allowed companies to allocate resources more efficiently than 
ever (Aryal et al., 2018; Nandi et al., 2021). However, events like Covid-19 show that 
global SCs are more vulnerable to disruptions (Ivanov, 2021). Besides, in globalised SCs, 
organisations are more exposed to disturbances such as turbulences, technological 
discontinuities, regulatory changes, geopolitical impacts, sudden changes in consumer 
preferences, and a more significant number of competitors (Christopher, 2016). 
Furthermore, the higher level of interdependence between companies has increased, 
which has increased vulnerability as the interruption of even one part of the global SC 
can fail the operation of other parties (Fiksel, 2015). Therefore, SC resilience has gained 
importance globally as the ability of a system to respond to a disturbance, get back to 
normality, and continue to develop (Pettit et al., 2019). 

The term ‘resilience’ has recently been used to reflect the capability to ‘bounce back’ 
from severe disruption events (Dubey et al., 2021). Resilience in SCs is defined as the 
adaptive capacity of SCs and their members to unexpected events, respond to 
interruptions, recover from these events, and maintain continuity in the SC operations. 
Burnard and Bhamra (2019) argue that SC resilience is the capacity to return to 
originality and establish or move to a new state that is more desirable after being 
disturbed. 

Prior conceptual and empirical research have offered multiple theoretical insights on 
resilience (Wieland and Wallenburg, 2013). Nevertheless, an overall theoretical 
framework of organisational resilience needs to be improved (Tukamuhabwa et al., 
2015). Williams et al. (2017) argue that several antecedents and mechanisms of 
organisational resilience capacity are drawing from several perspectives and theories, for 
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instance, from the resource-based view theory (Christopher and Peck, 2004; Cheng and 
Lu, 2017); dynamic capability theory (Jiang et al., 2019); loose coupling theory (Kahn 
et al., 2018); information processing theory (Wong et al., 2020); entrepreneurial 
orientation theory (Zighan et al., 2021), digitalisation approach (Schniederjans et al., 
2020; Ivanov et al., 2021), social capital theory (Jia et al., 2020); continuous 
improvement lenses (Zighan and Ruel, 2021), contingency theory (Jung and Song, 2015); 
absorptive capacity theory (Gölgeci and Kuivalainen, 2019); and a mix of the  
resource-based view and contingency theory (Brandon-Jones et al., 2014). In addition, 
Saglam et al. (2022) investigated the role of reciprocity, relational commitment, and 
communication quality in developing SC resilience. However, existing research focuses 
primarily on organisational and operational strategies for increasing SC resilience, 
ignoring the promotion of SC resilience through SC integration (Wieland, and 
Wallenburg, 2013). According to Pereira et al. (2014), building SC resilience requires 
integrated efforts from all organisations within the network. This mainly includes  
intra-and inter-organisational activities that are accountable for managing the flow of 
knowledge and information in the SC (Wieland and Durach 2021). 

Therefore, this raises the question of the role of SC integration in promoting SC 
resilience. Under a positivist approach, drawn on network-based view theory, this study 
investigates the proposed relationships concerning knowledge sharing and collaboration 
practices within SC integration to promote SC resilience using a practical least square 
structural equations modelling (PLS-SEM). 

2 Literature review 

Resilience is a complex and transdisciplinary term (Vakilzadeh and Haase, 2020). On the 
one hand, resilience has long been the topic of scientific investigation in ecosystems, 
ecology, psychology, society, and economics, where resilience refers to the adaptability 
and ability of a being or a system to return to its original form (Ralston and Blackhurst, 
2020). On the other hand, it is a topic of interest in recently developing disciplines, such 
as risk management and SC management (Zighan et al., 2021). Resilience, therefore, has 
multiple interpretations, depending on the science or discipline that applies it (Ivanov 
et al., 2021). However, its etymological sense means ‘return to normality, to the natural 
state, especially after some critical and unusual situation.’ For example, in management, 
resilience refers to the organisation’s capacity to recover from a crisis after its occurrence 
(Williams et al., 2017). 

2.1 Supply chain resilience 

SC resilience emerged in the 21st century due to the high market complexity, uncertainty, 
and turbulence (Lachvajderová et al., 2022), where SC management has become 
vulnerable to different risks (Ivanov, 2021). Hence, SC resilience appears as the field 
through which these risks can be mitigated (Ivanov and Das, 2020). In this context, SC 
resilience is defined as the ability of the SC members to withstand disruptions and 
recover operational capacity after they occur (Novak et al., 2021). Herbane (2019, p.478) 
stated, ‘resilience is an adaptive process and capacity of an organisation to address major 
acute and strategic challenges through responsiveness and reinvention to achieve 
organisational renewal’. This ‘adaptive capacity refers to resilience. This resilience 
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capability is not about reacting or recovering from a single crisis but constantly adapting 
and anticipating deep and long-term trends (Novak et al., 2021). Therefore, it is more 
than maintaining the characteristics of a given system (Chen et al., 2019). Instead, 
resilience includes the system’s adaptive capacity and ability to adapt to changes and 
move into more favourable states (Steiner and Atterton, 2014). However, an 
organisation’s ability to return to its normal state or transform into a more desirable state 
after being disrupted is not easy (Burnard and Bhamra, 2019). Nevertheless, the various 
definitions of resilience are the subject of an ongoing argument (Wieland and Durach, 
2021). This argument in the studies on organisational resilience (for example, Colicchia 
et al., 2010; Pettit et al., 2019; Herbane, 2019; Polyviou et al., 2019) can be summarised 
into three dimensions, as shown in Figure 1. 

Figure 1 Dimensions of organisational resilience 

 

Definitions 
and meanings 

Organizational 
resilience 

Recovery 
vs. 

resistance 
Short-term vs. 

long-term 

 

Source: The authors 

The first dimension includes the variations in defining organisational resilience, as the 
definitions have varied among different studies. It involves reactive and protective 
(Henderson, 2013). For example, organisational resilience involves the flexibility of 
adopting best practices and integrating competence and capacity in all aspects of an 
organisation (Linnenluecke and Griffiths, 2010; Burnard et al., 2018). Organisational 
resilience can also be defined as an intrinsic value and an organisational capability that 
offers a shared understanding of a common platform to adapt to a complex business 
environment allowing organisations to respond quickly and adequately to both 
opportunities and threats (McManus et al., 2008; Zighan and Ruel, 2021). According to 
Henderson (2013), these protective capabilities can better mitigate the impact of risks. 
The second-dimension concerns whether organisational resilience is a long-term strategy 
or a short-term decision. According to Engemann and Henderson (2014, p.4), “planning 
for disasters may take a backseat to more immediate concerns, especially for a manager 
who considers such events improbable and has not thought through the potential impact 
of being unprepared. However, a prudent manager will develop contingency plans to 
provide for the continuation of essential operations”. Organisational resilience, therefore, 
is viewed as a long- term survival process of a business, a long-term capacity to actively 
shape the immediate environment of the organisation (c.f., Miller and Le Breton-Miller, 
2005; Ashford et al., 2018). Other research studies considered organisational resilience a 
short-term decision to meet and overcome a current crisis or survive an existing threat 
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(Pal et al., 2014; Engemann and Henderson, 2014). To mediate these two seemingly 
contrasting views, some research studies emphasised that organisations must balance 
their short-term goals with longer-term strategic thinking to build the capability of 
overcoming potential economic challenges (Ortiz-de-Mandojana and Bansal, 2016). 
Finally, the third dimension concerns the application of organisational resilience in terms 
of recovery or resistance (Zighan and Ruel, 2021). Some researchers indicate that 
organisational resilience relates to the organisation’s ability to recover from the crisis 
after its occurrence (See, for example, Williams et al., 2017; Ivanov and Das, 2020). In 
contrast, other researchers argue that the organisation’s resilience represents the 
organisational ability to resist the crisis throughout (McManus et al., 2008). Nevertheless, 
many researchers leaned toward organisational resilience as a mixture of the 
organisational capacity to face a crisis and recover from it (Dubey et al., 2019). As well 
as some studies such as (Colicchia et al., 2010; Thun and Hoenig, 2011) stress that the 
application of resilience is the organisational ability to take advantage of a crisis and turn 
the threat into an opportunity. 

In this study, organisation resilience is considered ‘Darwinian’ in that it allows the 
adaption of a devastating threat in the business environment in the short-term to stay in 
line with long-term needs. It is also an organisation that learns from its own experience 
and others to pass the test of time to overcome the current crisis and survive an existing 
threat. Hence, three significant dimensions of SC resilience are identified. First, SC 
integration allows preparedness and flexibility to handle interruptions (Mubarik et al., 
2021). Second, SC collaboration to quickly anticipate changes in the business 
environment and cooperation to meet these changes (Allaoui et al., 2019). Finally, 
knowledge sharing allows the development of adaptive capacity (Pescaroli et al., 2020). 

2.2 Supply chain integration 

Currently, the world is interconnected through various organisations to meet the different 
needs of consumers (Alkalha et al., 2019). This intra-organisational interaction is known 
as SC. The SC can be defined as a “network of organisations involved through upstream 
and downstream unions in the different processes and activities that produce value in the 
form of products and services for end customers” [Christopher, (2016), p.48]. It 
encompasses supply and demand and represents the lifecycle of a product or service, 
from its conception to its consumption (Ellram and Murfield, 2019). The SC members are 
connected through a set of functional activities that guarantee the delivery of the good or 
service in the established time and with the desired characteristics (Helo and 
Shamsuzzoha, 2020); by managing the flow of materials and information between the 
different actors in the chain, dynamically and in both directions to maximise the total 
value generated for the client in a globalised world (Giannakis et al., 2019). This is a 
continuous process that can be optimised only when a system of SC integration is 
established (Strong et al., 2018). 

The literature regarding the evolution of the SC has highlighted that supply systems 
have undergone massive changes. In the 70s, the view of the SC was influenced by the 
growth poles theory, viewing the SC as a star-shaped organisation characterised by direct 
relationships between customers and suppliers (Godlewska-Majkowska et al., 2016). In 
the 1980s, the view of the SC was influenced by the transaction costs theory, in which the 
SC focused on first-tier suppliers and distributors, and the SC was developed through 
information exchange and knowledge sharing (Ciliberti et al., 201). In the 1990s, SC 
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management was influenced by the strategic alliances concept, where the SC was 
categorised by an intense network of collaborative relationships between firms 
(Christopher and Jüttner, 2000). Finally, in the 2000s, SC management was influenced by 
globalisation and extended SCs through global supply networks (Giannakis et al., 2019). 
Nevertheless, during the evolution phases of the SC literature, SC integration has been an 
increasingly critical factor in SC management (Remko, 2020). 

According to Das et al. (2006), SC integration is driven by the organisational 
recognition of interdependence. It aims to synchronise customer requirements with 
supplier material flows to balance customer service, inventory investment, and unit cost 
(Power, 2005). At a high level, SC integration addresses strategic issues such as 
integrating internal and external business processes, developing close relationships with 
channel partners, and managing products and information as they move through the 
channel and across organisational and business boundaries (Cousins and Menguc, 2006). 
At another level, though, SC integration may be a tactical and operational tool for 
managing current operational tasks. Customer service, control of incoming and outgoing 
flows of materials and information, and elimination of inefficiencies and costs that extend 
from the acquisition of raw materials to manufacturing, distribution, consumption, and 
the final return through the channel through recycling or disposal are examples of these 
activities (Gunasekaran et al., 2008) Such integration is achieved through information 
flows (between suppliers, manufacturers, distributors, and retailers (Chandra and Grabis, 
2007). In other words, according to Caputo et al. (2018), to achieve successful 
management of a SC is required to go beyond the limits of a single company towards the 
integration of business processes between partners throughout the chain, which must be 
managed as a complete system that can lead to superior performance. 

According to Xu et al. (2020), academics and professionals have recognised the 
integration of the SC, considering it as the central factor in creating value for the entire 
SC. This is applicable since an adequate integration between companies can reduce 
production costs, improve product quality, shorten cycle time, increase response rates, 
and improve customer satisfaction, which leads to generating competitive advantages 
(Aryal et al., 2018; Ellram and Murfield, 2019). However, SC integration can take 
various forms within and between companies, and its complexity is increased depending 
on the number of actors involved (Sternberg et al., 2021). Bak (2018) argues that SC 
integration can be classified along the continuum between low SC integration and high 
SC integration based on the level of knowledge sharing and the level of collaboration 
between the SC’s members. 

2.2.1 Collaborative relationships in the supply chain 
Collaboration is the system in which the work of several people or actors is involved 
together to achieve a result that is very difficult to achieve individually (Seidl and Werle, 
2018). SC collaboration can be defined as the process of identifying and working on 
opportunities with specific business objectives between two or more parties in a way that 
increases the total value of the SC (Singh et al., 2018). Zighan (2022) argues that to 
achieve SC integration, it is of vital importance that both the client and the supplier can 
know their actual capabilities, land their expectations, align their strategic objectives, and 
project time the relationship with a clear objective of adding value to the project, that is, 
building a value chain for the end customer, so that they obtain a real solution in the form 
and time. 
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According to Nimmy et al. (2019), to overcome the complexities of today’s SCs, 
practitioners must master the art, science, and practice of choosing the right relationship 
model to motivate parties to invest in optimising operations and creating a true win-win 
for the participants. Regarding collaboration, Duong and Chong (2020) highlight the 
importance of having a close relationship with suppliers, especially regarding material 
shortages, equipment failures, or other types of risks in supply or demand, which 
seriously affect the feasibility of operating the business. According to o Singh et al. 
(2018), SC collaboration denotes the alignment of SC participants toward a similar 
objective and a shared purpose; cooperation denotes a good attitude toward the other 
chain members rather than a tight operational working relationship. However, as a result 
of globalisation and the resulting increase in competition, the various companies that 
make up the SC have recognised the importance of exchanging information, joint 
decision-making, and cooperation; and, as a result, how to synchronise local activities 
through global processes and how to establish a collaborative relationship in the SC, 
allowing to identify dysfunctions in the cooperation process, particularly when large and 
small companies are involved (Duong and Chong, 2020). 

Nevertheless, SC collaboration is much more complex to implement. It requires 
conviction, intense human activity on both sides, and a willingness to reach a mutual 
‘win-win’ agreement. The problems they encountered were difficulty establishing a 
shared vision between the companies on the expected results and how they will be 
distributed and difficulty building confidence and enthusiasm when addressing aspects of 
various company functions (Francisco and Swanson, 2018). According to Luthra and 
Mangla (2018), the level of collaboration identifies the degree and form of the 
interrelation of the different activities of the SC. A minimum degree of collaboration 
indicates autonomy and independence of the activities in each place, contradicting in part 
the very nature of the global company. On the contrary, a high degree of coordination 
will be greater the higher the degree of globalisation of the company. The most common 
collaboration models work under centralised or decentralised schemes, activated with 
implicit or explicit coordination mechanisms. The so-called collaboration mechanisms 
are applied to minimise the total costs of the SC (Alkalha et al., 2019). 

2.2.2 Knowledge sharing in supply chain management 
Today, knowledge is essential in the emerging economic paradigm as a competitive 
factor in the SC literature (Colicchia et al., 2018). The literature distinguishes between 
different types of knowledge, such as procedural and declarative, esoteric and exoteric, 
shallow and deep, and explicit and tacit knowledge (Courtney, 2001). Nevertheless, 
explicit and tacit typology has been the most commonly used. According to Nonaka and 
Takeuchi (1995), knowledge can be classified into tacit and explicit knowledge. Tacit 
knowledge refers to an individual’s knowledge, skills, and abilities through experience 
that is often difficult to put into words or otherwise communicate. Tacit knowledge is 
divided into two different forms cognitive knowledge and technical knowledge. 
According to Smith (2001), cognitive knowledge comprises common mental patterns, 
thought, experience, beliefs, and perceptions that we take for granted. In contrast, 
technical knowledge involves individual skills or abilities acquired from working 
experiences. 

On the other hand, explicit knowledge is systematic and formal information. This 
information may be replicated or passed on to others (Lei et al., 2021). Explicit 
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knowledge, according to Maravilhas and Martins (2019, p.355), has an “explicit format, 
relatively easy knowledge to encode, transfer, and reuse; formalised in texts, graphics, 
tables, figures, drawings, diagrams, diagrams, etc., easily organised in databases and 
general publications, both in print and electronic format.” Nonetheless, tacit and explicit 
knowledge are complementary. Where knowledge is formed via the dynamic interaction 
of the tacit and explicit, the tacit is 

A literature investigation shows that existing knowledge management models apply 
to the SC as long as conditions are met (Marra et al., 2012). According to Samuel et al. 
(2011), companies within the SC must be configured to constitute a dynamic network. 
First, they must eliminate barriers to sharing knowledge so information can flow freely 
through the SC bidirectional bases between upstream and downstream. Secondly, the 
objective must be to look for the benefit for the entire chain. If these premises are met, it 
will be feasible to apply knowledge management to the SC and learning. On the other 
hand, Hong and Kuo (1999) proposed four key factors to apply successfully to 
knowledge management concepts in the SC. 

1 Change of mindset: a characteristic typical in the culture of many sectors is the 
presence of impoverished relationships or rivalry between each of the main parties of 
the chain. A low level of trust further aggravates these destructive relationships. 

2 Exchange of personnel and knowledge: the companies are willing to exchange 
personnel information and knowledge about their ‘good practices.’ 

3 Relations in the SC: Despite the importance of knowledge management within the 
SC, the application of knowledge management in the SC still faces many challenges 
and obstacles. 

4 Knowledge management system. The knowledge management initiative in the SC 
must be implemented with the help of organisational instruments to move from 
organisational knowledge management to SC knowledge management. 

3 Conceptual model and hypotheses development 

The network theory describes the relationships between suppliers, organisations, 
manufacturers, buyers, customers, and consumers (Mena et al., 2013). According to 
Hearnshaw and Wilson (2013), the concept evolved from the simple consideration of 
relationships or strategic alliances between just two companies to the explanation of 
relationships between several counterparts within a supply network. Organisations now 
operating in networks are thought to gain an advantage not through the achievement of 
their own goals but through the integrated business relations and partnerships with which 
they are involved in the network. In this context, Alkalha et al. (2019) stressed the role of 
SC integration to adapt and change. Hence, we propose: 

H1 SC integration positively affects SC resilience. 

Nevertheless, collaboration is one of the most critical factors in SC integration (Allaoui 
et al., 2019). In which SC members participate in joint planning and process reform and 
share risks and benefits (Helo and Shamsuzzoha 2020). Hence, we propose: 

H2 Collaboration in the SC positively affects SC integration 
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Moreover, from the network theory perspective, Mari et al. (2015) argue that 
collaboration not only enhances SC integration but also promotes SC resilience and its 
ability to meet the challenges in the business environment. Furthermore, Adams et al. 
(2014) stressed the role of collaboration between organisations to develop capabilities 
addressing short and long-term disruptions in the business environment. Nimmy et al. 
(2019) highlight the importance of strategic collaboration to achieve mutually beneficial 
strategic goals. It engenders mutual trust, increases contract duration, and encourages 
efficient conflict resolution. Hence, we propose: 

H3 Collaboration in the SC positively affects SC Resilience 

On the other hand, Sternberg et al. (2021) maintain that companies must share data, 
ensure product traceability, and ensure transparency in manufacturing, storage, and order 
delivery to avoid such shortcomings. Therefore, effective SC integration requires sharing 
valuable information in real-time (Maravilhas and Martins 2019). Hence, we propose: 

H4 Knowledge sharing positively affects SC integration 

Figure 2 The research model and hypotheses 

 

Lei et al. (2021) argue that knowledge sharing builds SC visibility to predict situations 
and respond quickly. According to Dwaikat et al. (2018), a highly integrated SC where 
actors sharing knowledge can better overcome external and internal difficulties. 
Maravilhas and Martins (2019) argue that the next generation of the SC model is a 
knowledge-based system – suppliers, partners, manufacturers, distributors, and retailers 
will have access to relevant information to make the best resilience decisions based on 
real-time. Hence, we propose: 

H5 Knowledge sharing positively affects SC resilience 

Based on the previous discussion, Figure 2 presents the suggested model constructed with 
four main variables: SC integration, collaboration, and knowledge sharing, which are the 
independent variables, and SC resilience as the dependent variable. 
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Table 1 Operationalisation of the variables, indicators, and survey questions 
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4 Method 

Since the type of this study is explanatory, this study follows a quantitative approach. 
Notably, it uses statistical modelling to analyse the relationships among the variables. 
The data collection procedure, including survey design and sampling, is introduced in the 
following subsection. 

4.1 Research instrument design 

A survey consisting of three main parts was designed to test the study hypotheses. The 
first part contains the demographics, such as (gender, age, marital status, nursing 
category, and employment status) which were the control variables. The second part 
includes questions related to the dependent variables: collaboration, knowledge sharing, 
SC integration, and resilience. Each variable consisted of a set of questions (i.e., 
indicators). The questions and the hypotheses were developed following the previous 
studies, as shown in the literature review section. The third part includes the independent 
variable: SC resilience. All questions are rated on a five-point Likert scale, with 5 
strongly-agrees and 1 strongly-disagrees. The questionnaire was distributed online to SC 
managers. 

As shown in Table 1, the survey questions were operationalised in relation to the 
model variables and their indicators. In addition, for content validity purposes, the 
questions were also reviewed by two experts in the SC field to check the clarity and 
wording. 

4.2 Sampling 

SC managers provided the sampling frame for this study. The survey questionnaire was 
distributed online to 450 SC managers. The sample consisted of 186 valid respondents, 
and the response rate was 41.3%. According to Leguina et al. (2015), the minimum 
sample size required to use PLS-SEM is ten times the largest number of independent 
variables. Since the proposed model included three independent variables influencing one 
dependent variable, the sample size is considered sufficient for analysis using Smart PLS 
software at the confidence level of 95% and 5% error. The non-respondent bias was 
assessed by comparing the responses from the early and last groups using the Multiple 
Group Analysis or SPSS to check whether the path coefficients different in all the 
relationships are significant or not (p-value). The P value and T-test results show no 
statistical significance between early and late respondents. 

5 Analysis and results 

This section tests and validates the model using partial least squares structural equation 
modelling (PLS-SEM). According to Leguina et al. (2015, p.12), PLS-SEM is a 
multivariate technique used to study the relationships among variables, especially for a 
low sample size. Besides, PLS-SEM is a powerful technique for predicting research 
models (Dwaikat et al., 2018). The SPSS.22 software package was also employed to test 
all the data collected using a questionnaire for missing values, inconsistent answers, 
outliers, and normality. In addition, each variable’s frequencies were checked for errors, 
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including all individual items that made up the scales. Outliers were also checked using 
boxplots, and our data showed no outliers. Therefore, given the purpose of this study, 
PLS-SEM is an appropriate method for analysing the data. Data analysis using PLS-SEM 
involves two primary investigations: The assessment of the measurement model and the 
structural model assessment. 

5.1 Assessment of the measurement model 

Model estimation provides measures of the relationship between the indicators and 
constructs and the relationship between constructs themselves. This involves conducting 
a factor analysis and examining the reliability and validity of the variables. 

5.1.1 Internal consistency and reliability analysis 
Internal consistency is used to assess the reliability of the construct. The traditional 
measure of internal consistency is Cronbach’s alpha, which estimates the reliability based 
on the indicators’ intercorrelations and assumes that all have equal outer loadings on the 
construct. However, PLS-01210”bxSEM prioritises the indicators according to their 
reliability. Therefore, Cronbach’s alpha can be used as a conservative measure of internal 
consistency reliability Composite reliability (Pc) is more appropriate for internal 
consistency reliability because it considers the indicator variables’ different outer 
loadings (Leguina et al., 2015). Table 2 shows that the study constructs are reliable as 
their corresponding Cronbach alpha and the composite reliability values are above 0.7 
(i.e., cut-off point). Therefore, the results indicate that the internal consistency of the 
indicators is established. 
Table 2 Cronbach’s alpha and composite reliability 

Construct Cronbach’s alpha Composite reliability 
Collaboration 0.731 0.830 
Knowledge sharing 0.827 0.884 
Supply chain integration 0.771 0.853 
Supply chain resilience 0.793 0.858 

5.1.2 Convergent validity 
Convergent validity is used to assess the validity of the construct. According to Leguina 
(2015), researchers can consider the outer loadings of the indicators and the average 
variance extracted (AVE) to establish convergent validity. Table 3 summarises the PLS 
estimation of the factor loadings of each item. The factor loadings of the reflective 
indicators imply an acceptable level of validity of the outer model. 

The AVE is. The sum of the squared loadings is divided by the number of indicators 
(Dwaikat et al., 2018). AVE value of 0.50 or higher indicates that, on average, the 
construct explains more than half of the variance of its items, and an AVE of value less 
than 0.50 indicates that, on average, more error remains in the indicators than the 
variance explained by the construct (Leguina et al. 2015). The results shown in Table 4 
indicate acceptable levels of convergent validity for the constructs: Collaboration (AVE = 
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0.552), knowledge sharing (AVE = 0.655), SC integration (AVE = 0.594), and SC 
resilience (AVE = 0.547). Therefore, the convergent validity is confirmed. 
Table 3 Factor loading (Outer loadings) 

Indicator 
Variable 

Knowledge sharing Supply chain 
integration Collaboration Supply chain 

resilience 
A1 0.692    
A2 0.632    
A3 0.810    
A4 0.820    
K1  0.815   
K2  0.795   
K3  0.796   
K4  0.667   
P1   0.819  
P2   0.824  
P3   0.805  
P4   0.790  
IF1    0.719 
IF2    0.708 
IF3    0.775 
IF4    0.761 
IF5    0.734 

Table 4 AVE values of the constructs 

Constructs Average variance extracted (AVE) 
Collaboration 0.552 
Knowledge sharing 0.655 
Supply chain integration 0.594 
Supply chain resilience 0.547 

5.1.3 Discriminant validity 
Discriminant validity indicates that a construct is unique and captures phenomena not 
represented by other constructs in the model. Generally, discriminant validity can be 
measured in three ways: Cross loadings and the Fornell-Larcker criterion. Cross loadings 
indicate that an indicator’s outer loading on a specific construct should be higher than all 
of its loadings on other constructs (i.e., the cross-loadings), and the presence of cross-
loadings that exceed the indicators’ outer loadings represents a discriminant validity 
problem (Leguina et al., 2015). The results show the cross-loadings for the construct with 
an acceptable value. 

The Fornell-Larcker criterion is a second approach to assessing discriminant validity. 
It compares the square root of the AVE values with the latent variable correlations. The 
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square root of each construct’s AVE should be Larger than its largest correlation with any 
other construct. The idea of this method states that a construct shares more variance with 
its associated items than with any other construct. The results shown in Table 5 confirm 
discriminant validity using the Fornell-Larcker criterion. 
Table 5 Fornell-Larcker criterion 

 Supply chain 
integration 

Supply chain 
resilience 

Knowledge 
sharing Collaboration 

Supply chain integration 0.743    
Supply chain resilience 0.499 0.740   
Knowledge sharing 0.632 0.584 0.771  
Collaboration 0.522 0.456 0.532 0.809 

5.2 Assessment of the structural model 

This section involves the path modelling estimation of the research model. This includes 
analysing the path coefficients and testing the strength and significance of the 
relationships among the variables. The analysis also involves the assessment of the 
coefficient of determination and the model fit. 

Figure 3 PLS path modelling estimation of the research model (see online version for colours) 

 

5.2.1 Path coefficients 
The path coefficients (B values) have standardised values between –1 and + 1. Estimated 
path coefficients close to + 1 indicate strong positive relationships (and vice versa for 
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negative values). The relationship can be judged as being ‘statistically significant if the  
t-value is equal to or greater than 1.96 at the significance level of 5%, and the P-value is 
less than 0.05 (where 1.96 is a two-tailed level of significance). The B values are 
obtained by PLS path modelling estimation. In contrast, the t-values and P-values are 
obtained through the bootstrapping procedure, which consists of 500 subsamples as the 
default setting (Leguina et al., 2015). The results obtained by the bootstrapping procedure 
are shown in Figures 3 and 4. 

Figure 4 Model fit estimation using a bootstrapping procedure (see online version for colours) 

 

As shown in Figure 3, the standardised path coefficients (B values), T-statistics, and  
P-values of the inner model confirm that ‘SC integration has the most significant positive 
impact on ‘SC resilience’ (B = 0.394). On the other hand, ‘knowledge sharing’ and 
‘Collaboration’ have a less significant positive impact on ‘SC resilience’ with B values 
are 0.167 and 0.159, respectively, and their t-values are 2.897 and 2.732, respectively 
(i.e., the rule of thumb is that any value of t greater than 1.96 is significant). However, 
‘knowledge sharing’ has a stronger impact (B = 0.487) on ‘SC integration’ than 
‘collaboration’ (B = 0.277). 

5.2.2 Coefficient of determination (R2) 
According to Leguina (2015), the coefficient of determination measures the model’s 
predictive accuracy and is calculated as the squared correlation between a specific 
endogenous construct’s actual and predicted values.’ The R2 value ranges from 0 to 1, 
with higher levels indicating higher levels of predictive accuracy. R2 value level depends 
on the particular model and research discipline. In general, R2 values of 0.75, 0.50, or 
0.25 for the endogenous constructs can be described as respectively substantial, 
moderate, and weak. 
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As shown in Figure 3, the coefficient of determination R² is 0.386 for the variable’ 
SC resilience,’ which implies that 38.6% of the variance in the ‘SC resilience’ can be 
explained by the three exogenous variables: SC integration, knowledge sharing, and 
collaboration. Besides, the coefficient of determination R² is 0.455 for the variable’ 
knowledge sharing’. 

Therefore, in answering the research questions introduced in this study, the results 
confirm that ‘Knowledge sharing’ is a crucial predictor of SC resilience due to its strong 
effect (0.394). Furthermore, the study revealed that A1, A2, A3, and A4 are essential 
indicators of Knowledge sharing construct, with loadings of 0.692, 0.632, 0.810, and 
0.820. Therefore, improving knowledge sharing in the SC can significantly impact the SC 
resilience capability. 

As shown in Table 2 and Figure 3, the results also show that ‘SC integration and 
‘Collaboration’ have less impact but are still significant in building the SC resilience 
capability. The study also revealed that P1, P2, P3, and P4 are essential indicators of 
‘collaboration’ with outer loadings of 0.819, 0.824, 0.805, and 0.790, respectively. In 
addition, the study reveals that K1, K2, K3, and K4 are essential indicators of the ‘SC 
integration’ with outer loadings of 0.815, 0.795, 0.796, and 0.667, respectively. 

The results of hypothesis testing show that all hypotheses have been supported. As 
illustrated in Table 6. the P values are statical significant at P value = < 0.05. 
Table 6 Result of the model fit 

Hypothesis Original 
sample (O) 

Sample mean 
(M) 

T statistics 
(|O/STERR|) P values Result 

H1 0.159 0.161 2.732 0.007 Supported 
H2 0.277 0.284 5.436 0.000 Supported 
H3 0.394 0.396 6.844 0.000 Supported 
H4 0.167 0.168 2.897 0.004 Supported 
H5 0.487 0.483 10.875 0.000 Supported 

6 Discussion 

This study addresses how collaboration, knowledge sharing, and SC integration can 
contribute to SC resilience. In answering the research question, the results shown in 
Table 6 and Figure 4 confirm that all hypotheses H1, H2, H3, H4, and H5 are accepted. 
Knowledge sharing is the most critical factor in building resilience in the SC. However, 
this result does not mean that collaboration and SC integration are not significant factors. 
For instance, Remko (2020) argues that organisations currently face a highly variable 
market in terms of demand and uncertainty regarding acquiring supplies on time. In this 
context, SC integrations are seen as a bastion to react quickly to unforeseen events, adapt 
to changes, and align with the SC members. Furthermore, an integrated SC where actors 
cooperate can better overcome external and internal difficulties (Mubarik et al., 2021). 
Mari et al. (2015) found that collaboration and knowledge sharing are the main factors of 
SC integration leading to SC resilience. According to Ralston and Blackhurst (2020), 
companies must share data, ensure product traceability, and ensure transparency in 
manufacturing, storage, and order delivery to avoid such shortcomings. 
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On the other hand, according to Das et al. (2006), SC integration is mainly realised 
through knowledge sharing. Nimmy et al. (2019) indicate that to integrate effectively, 
companies must collaborate. The inter-organisational collaborative activities increase 
innovative and resilient capacities. Nevertheless, they conclude that knowledge sharing is 
central to SC collaboration. Colicchia et al. (2018) indicate that there are times when 
greater integration and collaboration are achieved by disseminating knowledge in the SC. 
Likewise, He et al. (2022) argue that knowledge sharing facilitates the interaction 
between members of different organisations within the SC allowing for high integration. 
This creates a more collaborative environment (Lachvajderová et al., 2022) and makes it 
easier to align resilience activities and ensure everyone is on the same page (Mari et al., 
2015). Recently, Saglam et al. (2022) found that the quality of communication is an 
imperative factor in building SC resilience. According to Chen et al. (2019), the SC 
communication system is mainly developed to facilitate effective knowledge sharing. 

Therefore, one of the essential explanations for the importance of knowledge sharing 
as a critical factor for SC resilience is that knowledge sharing is one of the most critical 
challenges facing modern SC integration and collaboration. This is in line with previous 
studies (see, for example (Schniederjans et al., 2020; Zhang et al., 2021). For instance, 
Schniederjans et al. (2020) argue that although SC members always strive for integration 
and collaboration, unfortunately, few companies are willing to exchange personnel, 
information, and knowledge about their ‘good practices’ within the SC, so they are 
unable to benefit from learning from the experiences of each other. Zhang et al. (2021) 
argue that the usual thing in the SC is that the different companies that make up the SCs 
do not establish more contact with each other than what is strictly necessary for the 
smooth running of production; communication of delivery times, problems that have 
arisen, so that there is no accurate coordination between them or an actual exchange of 
knowledge at any time. Consequently, it is evident under this scheme that knowledge 
sharing is crucial due to the value generated through its management in terms of SC 
collaboration, integration, and resilience. 

7 Conclusions 

Organisations are constantly searching for alternatives that allow them to achieve 
solutions to the increasing challenges they face in a highly challenging business 
environment. There are many problems to face, including globalisation and technological 
advances. SCs require effective and efficient management to develop resilience capacity 
in a constantly changing global environment. From the network-based view, the SC is 
nothing more than a network of services, materials, and information flows that link a 
company’s customer relations, order fulfillment, and supplier relations processes with the 
processes of its suppliers and customers. Integration, collaboration, and knowledge 
sharing are among the essential foundations of this network. This network can take 
different forms, from strictly commercial relationships to high integration, passing 
through various degrees of collaboration. 

This study analyses the role of SC integration collaboration and knowledge sharing in 
promoting SC resilience using a positivist approach that draws on network-based 
perspective theory. The study findings confirm that knowledge sharing is a significant 
factor in promoting SC resilience. However, this does not mean SC integration and 
collaboration are not significant factors. Today’s most demanding SC challenges involve 
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integration and collaboration processes inside and outside the company. However, any 
SC integration process reveals that the difficulties for cross-functional integration lie in 
effective knowledge-sharing practices. The study concludes that the high levels of 
competition in international markets have led to the conclusion that it is no longer enough 
for SCs to improve operational collaboration or integrate their internal functions to 
survive and succeed in more aggressive environments. However, it is necessary to go 
further and initiate effective relationships to exchange information and share knowledge. 
In turn, knowledge sharing will enhance SC integration and collaboration and promote 
the entire SC’s resiliency capacity. 

This study contributes to the network-based view theory arguing that SC management 
is nothing more than the management system that establishes and controls the SC, a 
system that cannot be the traditional authoritarian one but must be a system that includes 
all components of the chain in all its magnitude and manage the chain as a whole. In this 
system, knowledge sharing is a critical success factor for achieving the absolute 
involvement of all the SC components. The objective of knowledge sharing must be to 
seek the benefit of the entire chain, in which each component benefits individually. If this 
premise is met, the application of SC collaboration, integration, and resilience will be 
feasible in principle. 

From practical implications, today’s business challenge is to manage and mitigate that 
risk by creating more resilient SCs. SC managers strive to achieve the ideals of fully 
integrated, efficient, and effective SCs capable of surviving and prospering. To this end, 
our findings suggest that SC managers must share knowledge with more open 
information flows within and between organisations. Therefore, deploying a knowledge 
management system in the SC is critical to achieving effective integration and resilience. 

Finally, our results are helpful for a broader context of SCs where data were collected 
from large populations. Nevertheless, this study has some limitations, the most important 
of which is the deep identification of the challenges facing SCs in sharing knowledge. 
Future studies can study these challenges through qualitative research methods to explain 
the importance of knowledge exchange in SCs, the challenges facing knowledge 
exchange, and how to get over them. 
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Purpose – Business excellence relies heavily upon sustainable innovation. Still, sustainable innovation is an
emerging concept in business practices and has yet to reach a common perception among small- and medium-
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concern for economic, social and environmental elements (Nasiri et al., 2021). Sustainable
innovation primarily focusses on innovation in products, processes and management
practices, intending to attain competitive advantages in an environmentally friendly way
(Mousavi and Bossink, 2017). The increased awareness of, and interest in, sustainable
innovation has changed how companies operate (Dana et al., 2021b). Several forces have
resulted in a surge in interest in sustainable innovation. First, in today’s highly competitive
environment, business innovation has become the workhorse of organizations (Dana et al.,
2021a). Second, dynamic changes, globalization, fierce competition, digitalization,
disruptions, distractions and a wide variety of customer needs are critical challenges for
organizational change and development (Goffin and Mitchell, 2016; Marotta et al., 2017).
Third, the incredible growth of emerging economies as attractive manufacturing centres has
also prioritized the search for sustainable practices (Royer and Bradley, 2019). Finally,
organizations are forced to continuously innovate, changing how they think about products,
processes and business models (Tullio and Tarquinio, 2021). An increasingly important way
for companies to address these challenges is through sustainable innovation (Georgiou et al.,
2020).

Today, sustainable innovation should be fully integrated into the corporate culture as
part of the company’s strategy and operating system (Charoensukmongkol, 2020). Today,
SMEs must innovate by reforming their business models, creating new products or services,
interpreting the market, marketing and selling (Perretti, 2020). In addition, SMEs must re-
innovate production activities to provide unique value and excellence in customer service
(Zighan, 2020). While sustainable innovation should be embedded in SMEs’ operations
systems to help them succeed in the current dynamic market (Widya-Hasuti et al., 2018),
sustainable innovation is a relatively new concept (Schaltegger et al., 2012; Verbong et al.,
2019).

Despite a growing body of research on sustainable innovation, little emphasis has been
placed on understanding the underlying factors driving sustainable innovation within
SMEs (Abbas et al., 2020; Weidner et al., 2020). Nasiri et al. (2021) argue that an in-depth
understanding of sustainable development in SMEs requires knowledge about factors
driving sustainable innovation. Therefore, this research aimed to explore empirically and
gain more profound knowledge about sustainable innovation in SMEs and understand
underlying factors related to sustainable innovation within the SMEs context. The study
sought to answer the question:

Q1. What factors drive sustainable innovation in SMEs?

Investigating this question contributes to the research stream and fills the known literature
gap about the emerging concept of sustainable innovation, particularly in the context of
SMEs and Jordan.

2. Innovation
During the past decade, academia and practitioners have expanded their knowledge about
innovation to understand how advanced technologies enable more innovative ideas.
Innovation is the process of doing something new or traditional under a new protocol or
strategy (Maklan et al., 2008; Zighan and Ahmed, 2020). Innovation significantly impacts
economic growth (Gërguri-Rashiti et al., 2017), as well as an organization’s long-term
success (Ramadani et al., 2019). However, in applying the innovation concept to business, it
is important not to lose sight of the dimension of improvement. Business innovation is not
only doing something different or differently but doing something much better (Mazzucato
et al., 2020). Therefore, business innovation entails continuously developing new products or

JEC



improving existing technologies, processes, designs and marketing to solve problems that
may arise during growth and reach new customers (Dana et al., 2021a; Thrane et al., 2010).
Rexhepi et al. (2019) argued that innovation uses knowledge to build a new path, leading to a
particular goal. Each innovation process matches a specific case and will likely not address
other challenges (Zighan, 2021). Therefore, it is not easy to define an exact innovation
method. According to Geissdoerfer et al. (2016), teams, ideas, implementation and value
propositions are the primary elements to consider in business innovation processes; they
mark the success or failure of the business innovation process. Biju et al. (2017) argued that
it is impossible to develop business innovation efficiently without a good team willing to
implement appropriate changes. Bruns (2013) emphasized the role of collaboration, arguing
that the collaborative process encompasses more than working together to think together
and acting in a synchronized way.

However, regardless of the different business innovation methods today, the continuing
changes in the business environment, such as digital transformation, imply that innovation
is becoming the key focus of many types and sizes of business organizations.

2.1 Business innovation methods
Depending on the type of business and its available capabilities, there are different
categories of business innovation (Herrera, 2016). However, according to Reichstein and
Salter (2006), the most frequent categories are as follows:

� Incremental innovation to gradually increase the value of existing products and
services based on small improvements.

� Process innovation to refine manufacturing and delivering processes to enhance
organizational productivity, efficiency, effectiveness, capabilities or product quality.

� Service innovation enhances the customer journey and experience by improving
customer relationships, the channel of interaction and after-sales services.

� Business model innovation to reinvent the value-creation model and value
proposition.

� Resources innovation to do more with less by developing minimalist techniques and
trends to take advantage of resources and create new products or services without
significant capital investment.

These different types of business innovation are applicable depending on the business
sector. A company does not have to implement all types of business innovation
simultaneously but will seek commercial excellence through innovation (Bucherer et al.,
2012). Ramadani et al. (2017a, 2017b, 2017c) found that innovative activities significantly
affect organizational performance. According to Berisha et al. (2020), some of the effects
resulting from innovation include positive behaviour and performance by employees.
Gërguri-Rashiti et al. (2017) argued that high employee performance in the USA is
attributable to better innovation activities. Recently, the terms “innovation” and
“sustainability” have been integrated to create the concept of sustainable innovation (Nasiri
et al., 2021). This sustainable innovation that creates environmentally friendly products,
services and processes should be integrated into an organization’s innovation system, from
idea generation to development and commercialization (Geissdoerfer et al., 2016).

2.2 The concept of sustainable innovation
Sustainable innovation involves environmental, social and financial factors (Mousavi and
Bossink, 2017). It is a twofold process. First, innovation is an ongoing, long-term process
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within the organization. It aims to eliminate the harmful impacts of a dynamic environment
(Adams et al., 2016). Bossink (2013) defined sustainable innovation as the development of
new initiatives at the firm “to sustain, improve and renew the environmental, social and
societal quality of its business processes and the products and services these business
processes produce”. Sustainable innovation is a continuous process. Abbas et al. (2020)
argued that sustainable innovation is “the continuous process of perceiving, exploring and
learning, which enables enterprises and business organizations to innovate new
procedures in business organizations, and new markets and improved products and
services.

Boons et al. (2013) asserted that sustainable innovation differs from traditional
innovation in purpose and direction. Sustainable innovation requires integrated thinking
and incorporates a broader range of considerations in the innovation processes, including
social and environmental concerns. Traditional innovation emphasizes only the financial
perspective (Ketata et al., 2015). Recently, companies have begun to treat sustainability as a
frontier for innovation. Indeed, more organizations now focus on sustainability, which forces
them to reconsider products, technological processes and business models (Ayuso et al.,
2011). Thus, adopting sustainable innovation is accelerating within firms (Kılkıs�, 2018).
Sustainable innovation can occur at the product level through the design of sustainable
products and services, at the production level by making value chains more sustainable, or
at the organizational level by creating new forms of management or structures or by
developing new business models (Rosca et al., 2017). As a result, sustainable innovation is
emerging as a significant force for change in business and society, owing to its potential to
transform technology, markets and products (Le Bas, 2016).

Traditionally, innovation has been a short-term process; sustainable innovation
emphasizes continuous long-term innovation (Rauter et al., 2017). Earlier studies have
focussed primarily on opportunities that sustainable innovation can bring, including cost
reduction, newmarket opportunities, enhanced brand reputation and competitive advantage
(Ketata et al., 2015; Nidumolu et al., 2009). However, sustainable innovation may not result in
immediate financial benefits. Instead, its payoffs are often related to a firm’s long-term
objectives. In addition, sustainable innovation may be more expensive than conventional
innovation because it often requires investment in different technologies, exceeding a
company’s existing technological capabilities (Ketata et al., 2015). Consequently, companies
may fear that sustainable innovation leads to market failure or cannibalization of existing
products (Geels et al., 2008). The research on sustainable innovation has expanded rapidly
during the past decade, increasing our understanding (Geissdoerfer et al., 2016);
nevertheless, there is still no conceptual consensus regarding sustainable innovation
(Adams et al., 2016; Boons and Lüdeke-Freund, 2013; Schiederig et al., 2012).

A myriad of terms has been used interchangeably and synonymously with the term
sustainable innovation: eco-innovation, eco-friendly innovation, environmental innovation,
environmentally sustainable innovation, green innovation, sustainability-driven innovation,
sustainability-enhancing innovation, sustainability-focused innovation and sustainability-
oriented innovation (SOI; Adams et al., 2016; Arnold and Hockerts, 2011; Carrillo-Hermosilla
et al., 2010; Hansen et al., 2009). Furthermore, it has been argued that sustainable innovation
goes beyond eco-innovation, environmental innovation or green innovation, as it
incorporates a social dimension (Boons et al., 2013; Schiederig et al., 2012). Furthermore,
Ketata et al. (2015) argued that sustainable innovation is a broad and multidimensional
concept linked to sustainability’s holistic and long-term objectives. However, there remains
a dearth of empirical studies addressing sustainable innovation in the context of SMEs and
the factors influencing sustainable innovation development (Veronica et al., 2020).
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2.3 Importance of sustainable innovation to small- and medium-sized enterprises
SMEs must innovate to stay competitive and succeed in changing markets and
environments (Rexhepi et al., 2019). As sustainable innovation becomes increasingly
important for businesses (Paramanathan et al., 2004; Roome, 1994; Sharma, 2002; Wagner
and Schaltegger, 2003), its triple bottom line may be most important. To create effective
long-term sustainable solutions, economic, ecological and social factors must all be
addressed. Therefore, SOI strives to improve or create new product concepts based on
economic, ecological and social objectives (Hansen et al., 2009).

SMEs are more oriented towards innovation (Toska et al., 2021); according to Ejupi-
Ibrahimi et al. (2020), there are two major reasons why sustainable innovation is important
to SMEs. The first reason is strongly related to increasing pressure for environmental
regulation from stakeholders to address their sustainability-related concerns. As
consumer and regulatory pressure mounts, businesses are progressively compelled to
operate more sustainably (Werbach, 2009). In support of Werbach (2009), Klewitz and
Hansen (2011) argued that SMEs’ sustainable innovation occurs due to external pressure
and consumer demand and is frequently focused on new product development, market
possibilities or competition. In SMEs, sustainable innovation may include, for example,
switching to more environmentally friendly raw materials and using more sustainable
business methods that meet, if not exceed, consumer and regulatory criteria (Klewitz and
Hansen, 2011).

SMEs can adapt rapidly to market demand and provide a greater range of products in
line with market trends, such as ecological alternatives because they are smaller and
nimbler. Larger firms benefit from economies of scale (Martin-Tapia et al., 2010) find this
adaptation more difficult. The second major reason sustainable innovation is important to
SMEs is that sustainable innovation helps generate competitive advantage through more
cost-efficient production, business relationships and access to resources.

Acknowledging that sustainable innovation is complex and requires resources, much of the
existing research has more often addressed large companies that command more resources in
terms of time, money and personnel. Endowed with fewer resources, SMEs have been said to be
limited to adopting a more reactive approach towards sustainable innovation. Most existing
literature on sustainability and innovation focusses on large, mature, global corporations, with
few studies on sustainable innovation in SMEs (Bos-Brouwers, 2010; Klewitz and Hansen, 2014;
Ukko et al., 2019). Schaltegger and Wagner (2011) argue that sustainable entrepreneurs treat
environmental issues as their primary business, as there is a significant correlation between
financial success and environmental performance.

The present body of knowledge on sustainable innovation in SMEs is dispersed throughout
many studies based on qualitative interviews, case studies and larger quantitative surveys. Few
prior studies have focused on pooling sustainable innovation expertise in SMEs. In Jordan,
several older literature reviews (e.g. Del Brio and Junquera, 2003) cover many investigations.
However, only a few recent reviews (Tranfield et al., 2003) have focused on barriers and drivers
for SOI in SMEs (Walker and Devine-Wright, 2008), as well as on policy interventions that
facilitate SOI in SMEs (Parker et al., 2009). While these systematic studies provide a clear picture
of the antecedents of SOI in SMEs, they are less useful in demonstrating actual SOI practices or
suitable solutions to support SMEs. Thus, the present study aimed to present findings regarding
the underlying factors driving sustainable innovation in SMEs.

3. Research design
An exploratory study was conducted to gain insight into the emerging concept of
sustainable innovation in the SME context. This exploratory study approach is considered
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to be an acceptable investigatory method (Tellis, 1997). It helps generate an in-depth
understanding based on comprehensive data regarding the research topic (Toska et al.,
2021). As the aim was to understand sustainable innovation and the underlying factors
driving sustainable innovation at the firm level, a case study methodology was considered
appropriate for this research. According to Ejupi-Ibrahimi et al. (2020), the qualitative
research method offers researchers the opportunity to analyse additional facets of the topic
and provides greater depth of explanation than the quantitative method. Ramadani et al.
(2017a, 2017b, 2017c) maintain that the qualitative method enables learning via direct
engagement with the study topic, helping researchers avoid mistakes such as asking
improper questions or addressing an erroneous issue.

Qualitative case studies are encouraged in exploratory research for their considerable
ability to generate answers to “why”, “how” and “what” questions (Yin et al., 2009). Five
cases were selected representing the construction, telecommunications, IT, fashion and
furniture industries. These choices were based on prior knowledge that the companies
would be willing to participate in the study and provide information that would benefit the
study’s aims.

Following Gammelgaard’s (2017) guidelines, the data collected included interviews and
written sources, such as company documents and reports on sustainable innovation. In this
way, rich information was gathered with which it was possible to capture the concept of
sustainable innovation better and identify the underlying factors that encourage its
development. Empirical data were collected primarily through semi-structured interviews
with managers within the selected case study firms. A total of 25 interviews were conducted.
A convenience sampling technique (Emerson, 2015) was adopted. The study respondents
were general managers, operations managers, marketing managers, R&D managers and
supply chain managers. The interview lasted approximately 45minutes. The demographics
of the participants can be seen in Table 1.

The interview questions addressed two primary topics: the meaning of sustainable
innovation in the context of SMEs and the factors underlying drives towards sustainable
innovation in SMEs. The primary data collected through interviews were recorded and
transcribed, allowing accurate quotes to be collected and compared data between
respondents in the data analysis. Transcripts were read thoroughly to understand how each
firm engaged in sustainable innovation. After the transcripts were produced, the key points
emerging from the interviews were summarised. The summaries allowed the researchers to
grasp the overall meaning and significance of the data provided and to become more
familiar with the principal themes of the interviews. These themes were grouped and
structured (Braun and Clarke, 2006).

4. Findings
4.1 Concept of sustainable innovation in small- and medium-sized enterprises
Compared to innovation in general, sustainable innovation is different. By integrating
sustainability into the innovation concept, SMEs can create products, services and processes
that are good for the organization and society. Most respondents claimed that sustainable
innovation was a new area of interest and that their companies were transitioning, learning
more effective ways of engaging in this field. For instance, a General Manager said,
“sustainable innovation is more disruptive because it can result in different business models,
processes and create new market segments”. An Operations Manager argued that
“sustainable innovation is challenging and requires support and commitment from all
organizational levels”. A Marketing Manager added, “sustainable innovation is costly and
requires support from the market and society”.
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All of the companies in this study indicated that sustainable innovation was linked to the
corporation’s sustainability strategy and set the priorities that would receive focus in the
upcoming years. However, Sustainable Innovation includes two popular terms but rather unclear
terms. The study found that companies interpret sustainable innovation in their ownway.

For instance, a Project Manager from the construction industry defined sustainable
innovation as “innovating for sustainable productivity”. For IT, sustainable innovation was
closely linked to a sustainable society. A General Manager stated that “every new idea with
the potential to impact one of the sustainable development goals of a firm is regarded as
sustainable innovation automatically”.

Table 2 summarizes the different interpretations of sustainable innovation according to
the industry.

Regardless of these different understandings of sustainable innovation, the three main
factors, i.e. economic, social and environmental, remain the main focus of sustainability.
Furthermore, the study finds that sustainable innovation plays a more significant role in the
construction industry than in previous periods. Within their resource-intensive industry is
the opportunity to innovate and transform industry standards to build a more sustainable
future. Construction strategy consists of lifecycle construction projects intended to increase
efficiency and help customers adapt to an increasingly resource-restricted world. From an
industrial standpoint, sustainable innovation was associated primarily with eco-design and
how companies design products and implement processes in an eco-efficient manner. For
instance, A General Manager reported three primary drivers for sustainable innovation:
“corporate responsibility to contribute to a better world, legal demands and legislation, and
a genuine drive to work toward a better future”.

In the IT industry, companies use technology solutions to address global challenges and
positively impact their stakeholders, including employees, customers, shareholders and
society.

In the fashion industry, sustainable innovation was reported to mean using the
sustainability perspective to change the way fashion products are made and the processes
behind them. A respondent stated that sustainable innovation was a tool for the company to
use to reach the highest level of innovation, targeting 100% circular production where all

Table 2.
The different
interpretations of
sustainable
innovation

Industry Interpretations of sustainable innovation

Construction Sustainable innovation in the construction industry means the effective use of
recyclable and renewable materials, reducing cost, waste and energy consumption
and maintaining the project’s durability

Telecommunications Sustainable innovation in the telecommunications industry means offering more
Smart products and solutions, working more efficiently, using advanced technology
to reduce costs and industrial emissions and reducing energy consumption

IT Sustainable innovation in the IT industry involves bringing into common usage of
ideas, concepts, practices and products that contribute to the ecological
environment, social cohesion and economic viability

Fashion Sustainable innovation means sourcing, manufacturing and designing clothes that
maximize the benefits to the organization and society through the use of recyclable
materials

Furniture In the furniture industry, sustainable innovation means the improvement of
products’ lifecycle, usage and recycling. It also includes the use of renewable raw
materials, reduced waste and recovery

Source:Authors work
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products must be designed and produced to be fully recyclable. Sustainable innovation is
related primarily to materials and how a company can create new and alternative materials
with credentials. A respondent explained that the need to innovate from a sustainability
perspective stems from limited resources, a limitation that forces companies to change the
way they operate and become more resource-independent to survive in the future. The
respondent added that companies are actively engaged in sustainable innovation because
“not enough is happening in the fashion industry. The company wants to change that
perception by developing additional innovation projects and adding more value. However,
another respondent said that innovation is a rolling target”. What is considered a
sustainable choice today might change in a few decades. Thus, more sustainable innovation
is needed.

Finally, in the furniture sector, sustainability has long been an integral part of a
company’s business model; it has been identified as a significant driver of innovation. One
respondent’s company decided to use sustainability as a base for innovation and
transformation of their business and set up a team with specific tasks to drive sustainable
innovation. Another respondent explained that his/her company’s sustainable innovation
was strongly connected to sustainability strategy via three pillars: inspiring customers to
live more sustainable lives, becoming more resource-independent and ensuring favourable
business operations for people and the community. This company strived to bring the most
sustainable solutions to the market. They invested in developing sustainable innovation to
become a leading force in the industry and positively transform people and society. The
company’s strategic focus on sustainable innovation was also stated explicitly in the
company’s corporate strategy.

4.2 Factors for sustainable innovation
Data analysis identified several factors that underlie sustainable innovation in SMEs. These
factors were categorized as external and internal factors.

4.2.1 External factors for sustainable innovation. Regulations and market demand were
twowidely mentioned external factors influencing sustainable innovation development.

4.2.1.1 Regulation. Regulation appeared to be a predominant external factor in adopting
sustainable innovation in SMEs. Respondents stressed that enforcing laws and rules on
social and environmental issues can increase the pressure to innovate. Higher levels of
control by government regulatory bodies led to a higher probability of investment in new
equipment and technology and, thus, a higher probability of successful sustainable
innovation. Respondents further emphasized that perceived pressure from regulatory
stakeholders boosts sustainable innovation and is instrumental in stimulating R&D policies
and creating leading markets for sustainable innovation. As a firm responds to regulatory
mechanisms, sustainable innovation becomes a chosen and mandatory capability. One
respondent contended that small- and medium-sized companies are late to learn about new
regulations because they do not have the resources to keep up with the most current rules
and dare to become the prime mover.

4.2.1.2 Market demand. In data analysis, market demand refers to the needs of various
stakeholders, including suppliers, partners, customers, competitors, consultants and non-
governmental organizations. Data analysis in this study found that the impact of market
demand was threefold. First, stakeholders increasingly demanded that products be
produced sustainably, using eco-efficient processes, consuming less energy and resources,
mitigating hazardous impacts on the environment and improving employee health and
safety conditions in local communities and society. Second, stakeholders demanded more
cost-effective production and efficient use of organizational resources. Finally, market
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demand also led to additional collaboration with external stakeholders, through which
companies gain knowledge and competence through joint projects, partnerships and multi-
stakeholder cooperation. These collaborations serve as crucial mechanisms for fostering
sustainable innovation. Hence, SMEs benefit greatly from interaction with various
stakeholders, as the stakeholders and interactions can help the companies predict,
understand and respond faster to rapid changes in the business environment.

The study’s data analysis found that customers play an essential role, as sustainable
innovation depends on consumers’ willingness to buy innovative goods and services.
According to one respondent, today’s customers have particular needs related to improved
environmental performance and process innovations that increase material efficiency and
reduce energy consumption, waste and dangerous substances. Thus, responding to
customer requirements serves the company’s interests. Furthermore, as customers become
more sensitive to sustainability issues, they may react aggressively to firms’ unsustainable
conduct by boycotting products or services. Conversely, customers’ loyalty may increase if a
company is known to conduct business sustainably.

4.2.2 Internal factors for sustainable innovation. While external factors are beyond
organizations’ control, internal factors are not. Therefore, SMEs must focus on internal
factors to achieve more sustainable innovation.

4.2.2.1 Searching for new business opportunities. All study respondents emphasized
that sustainable innovation delivers opportunities for their companies; it is a strategic
direction for the future. From a broader perspective, sustainable innovation will help
transform the company, leading it in a more sustainable direction when business, as usual,
is not considered sustainable. The following statements, or similar ones, were made by
respondents from each company, emphasizing the relevance of sustainable innovation:

Sustainable innovation will change the world.

Sustainable innovation represents a significant opportunity.

Going forward, we should only be innovating if sustainability is an element of every idea.

This will help transform us and our industry in a more sustainable fashion.

According to these respondents, sustainable innovation enables companies to reduce costs
by continually improving their processes to minimize resources and energy consumption.
Respondents further noted that reducing energy consumption delivers benefit in short term.
Some respondents brought up the need to balance product development costs and
sustainability. For example, furniture companies start by identifying parts that need to be
included and finding a balance between price and sustainability to develop sustainable
products. Sustainable innovation focusses on finding new ideas and creating sustainable
products in a cost-efficient manner.

Sustainable innovation allows a company to enhance its brand and create a competitive
advantage. A respondent explained that through the company’s engagement in sustainable
innovation, customers credit the company as being more responsible while at the same time
perceiving that the company was not merely complying with demands but actively driving
efforts to create a positive impact. According to one respondent, moving towards
sustainable innovation put the company in a better position than its competitors and helped
it gain a leading role in the industry.

Despite recognizing new business opportunities, study respondents also noted associated
challenges. Respondents stated that sustainable innovation could be difficult to justify in a
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business case, despite it appearing worthwhile and positively impacting society. Claiming
that sustainability is sometimes considered a “best effort”, respondents said there is a clear
need for improved evaluation of sustainable innovation so that it is not characterized as
philanthropy. Respondents also stressed that it is difficult to see customer gains and
profitability prospects from sustainable innovation in the short term. It is also difficult to
know if sustainable innovation could and will work. A company cannot rely on one solution.
These concerning factors lead to frustration. As a result, sustainable innovation is
sometimes not (yet) a top priority. For business-driven companies, profits are still the core of
their businesses.

4.2.2.2 Inter-functional collaboration. Companies must develop various forms of inter-
functional collaboration to integrate sustainable innovation within firms. All respondents
stated that inter-functional collaboration was vital to enabling sustainable innovation. A
respondent emphasized the need to harvest employees’ ideas for innovation, explaining that
innovation does not occur in one place at one time. A company needs a strategy to deploy
significantly empowered staff members to different parts of the organization to collaborate.
Doing so increases the chance of capturing new ideas and developing innovations.
Respondents stated that collaboration is the critical cornerstone of fostering and collecting
new and innovative ideas and driving sustainable innovation in SMEs. According to study
respondents, collaboration happens within cross-functioning. Generally, companies succeed
only if sustainability is integrated into areas where decisions are made. Inter-functional
collaboration brings people with diverse competencies, backgrounds, knowledge and
experience.

However, inter-functional collaboration can be impacted by how an organization is
structured. For example, study respondents raised one challenge: a complex structure could
hinder efficiency in executing sustainable innovation. More specifically, a respondent
claimed that centralization and bureaucracy could affect the capacity for sustainable
innovation, slowing the innovation process and potentially killing innovation.

4.2.2.3 Management commitment. In all of the case studies, it was evident that
management commitment served as a driver for sustainable innovation. Top management
can demonstrate long-term commitment and help spread awareness of sustainable
innovation within the company. For example, a respondent stated that management support
is vital because, while the sustainable innovation team can carry out the pilot phase, the
entire organization needs to scale innovation up. The process requires full management
support to execute a sustainable innovation strategy successfully. Respondents shared that
clear long-term direction from top management, acknowledging the need for innovation and
a strong personal commitment to sustainability from the company founder is vital. The
commitment of leaders andmanagers is crucial to achieving sustainable growth.

Data analysis also found that long-term commitment from management allows the
company to work on sustainable innovation in the long term. However, as managers of
the study’s case study companies expressed their commitment to pursuing sustainable
innovation, they also pointed out the need for financial support to execute sustainable
innovation ideas. For example, a respondent claimed that an internal discussion is held to
determine the budget for every innovative idea. There would be no opportunity for
sustainable innovation without financial support. Similarly, another respondent
acknowledged that access to financing could be a barrier to creating sustainable innovation
in SMEs. According to respondents, a funding structure should be in place to maintain
sustainable innovation’s speed.

4.2.2.4 Knowledge management. Knowledge and information are the foundations of
innovation. Study respondents argued that people are often unaware of how much they
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know or can create due to a scarcity of motivation, time and tools to use as guides in this
increasingly complex and challenging practice. Although the role of knowledge
management in innovation is not known definitively or beyond any debate, it has been
shown that innovation leads to the production of new knowledge. This data analysis
found that considerable investment in knowledge management is crucial for SMEs.
Respondents said that internal tools and communication systems should encourage
employees to share their ideas, knowledge and innovation experience. They reported that
SMEs are building innovation platforms to use the entire organization’s internal
knowledge, gather ideas and then evaluate and act on the knowledge and ideas. However,
the challenge is ensuring that employees engage with available tools and internal
platforms. A respondent claimed that informal networks through personal relationships
are more important than tools and programs. Most respondents stated that most of the
ideas selected for consideration came from informal networks rather than established
channels, such as IT tools or formal programs. The process is more about people being
creative, feeling empowered, entrepreneurial and energized and then sharing ideas.
Informal, soft elements in terms of tools that are available in logical and natural locations
in the right place drive innovation.

One primary reason to use internal tools is to disseminate information and awareness of
sustainable innovation. One case study respondent reported the development of
communication materials over previous years that provided information about sustainable
innovation; employees need to learn about sustainable innovation. Regarding employee
training, most respondents across all case study companies mentioned that their
companies provided information and education about corporate sustainability strategy but
no specific training related to sustainable innovation. Respondents shared that their
companies encouraged “on-the-job” experience, time and opportunity for employees to
explore possible avenues of sustainable innovation and develop their capabilities
accordingly.

4.2.2.5 Corporate culture. All respondents stated that corporate culture influenced the
way the company innovated. They said a company should embed core principles, driving
general innovation and sustainable innovation through its culture. According to one
respondent, “There is always a better way” suggests that this person’s company
continuously innovates and seeks new and better solutions. The majority of respondents
explained that the encouragement of employees characterizes company culture to pursue
their passions and belief in an entrepreneurial spirit. According to a respondent, culture is
an enabler of creativity, as it drives people to seek new solutions and ways of doing things.
In these circumstances, innovation can thrive everywhere in the company. Similarly,
another respondent said, “One way to spur innovation is through diverse teams involving a
variety of perspectives, experiences and references”.

Respondents argued that the specific characteristics of corporate culture that spur
innovation also apply to sustainable innovation. An additional factor connected to
sustainable innovation in SMEs is cost consciousness. A cost-conscious culture aims to
create a significant impact with small outputs of resources, a philosophy that forces people
to be creative and find new ways to do things less expensively. This factor can be
considered a driver of sustainable innovation. According to a respondent, however, cost
consciousness can also be a barrier in the short term, inhibiting a company from investing in
sustainable innovation.

Another reported value within a corporate culture that drives sustainable innovation is a
moral obligation. Empirical findings demonstrated that corporations respond to global
challenges they have identified as a moral obligation, leading them to act and, thus, engage in
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sustainable innovation. All respondents in this study claimed that sustainable innovation is
driven by the company’s acknowledgment of global challenges, such as climate change and
resource scarcity, as the world uses more resources than it can reproduce. Therefore,
companies must strongly react to challenges of this kind to ensure they remain relevant to
their customers. This business model does not worsen situations but goes beyond the current
bare minimum demands to become a positive force for society.

5. Discussion
This study examined the circumstances under which SMEs are likely to engage in
sustainable innovation. Due to the similarity in understanding sustainable innovation
in different contexts, this study clarified the role of internal and external environments in
SMEs’ sustainable innovation.

5.1 Sustainable innovation concepts
The literature suggests that more companies are starting to integrate sustainability
dimensions into their innovation process and engage in sustainable innovation (Boons and
Lüdeke-Freund, 2013; Hansen et al., 2009; Nidumolu et al., 2009). Rexhepi et al. (2019)
contend that SMEs are more active in open innovation than larger organizations. According
to Toska et al. (2021), SMEs are geared towards developing an entrepreneurial attitude and
have developed innovation after entering the family firm.

In line with the literature, the empirical findings of this study showed that all of the
companies that provided data for this study were committed to pursuing sustainable
innovation and convinced that driving sustainable innovation can transform their
businesses and industries (Kılkıs�, 2018). However, the extent they engage in sustainable
innovation varies depending on the industry. All case firms linked sustainable innovation
with sustainability strategy and broader corporate strategy to guide their work in this field.
These results support Ketata et al.’s (2015) argument that sustainable innovation is strongly
connected to its holistic and long-term objectives. Moreover, SMEs often have a long-term
perspective on sustainability and identify tremendous societal pressure to engage in
sustainability-related activities.

Despite an increasing interest in the field, sustainable innovation is still an emerging concept
that lacks a general conceptual consensus (Adams et al., 2016; Boons and Lüdeke-Freund, 2013;
Schiederig et al., 2012). As a result, sustainable innovation remains a vague concept with no clear
definition or authoritative guidance about how a company should work with sustainable
innovation. Each case examined in this study had a different way of understanding and defining
sustainable innovation, leading to their approaches. Their varying foci in their sustainable
innovationwork could be explained by the fact that they operate in different sectors.

According to this study, sustainable innovation for SMEs refers to how environmental,
social and financial innovation are integrated into company strategy and operating system.
The integration starts with idea generation and extends through research and development
to commercialization. Sustainable innovation applies to products, services, technologies,
new businesses and organization model development.

5.2 Factors for sustainable innovation
Currently, firms feel increased pressure to engage in society, and some feel greater
responsibility. In line with this trend, companies have begun to investigate sustainable
innovation. However, the concept has been discussed using many different terms, resulting
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in a lack of conceptual consensus in the literature (Le Bas, 2016; Silvestre and T� îrc�a, 2019).
Therefore, a combination of internal and external factors is required for SMEs to foster
sustainable innovation. The combination is presented in Figure 1.

The external factors of significance found in this study were regulations and incentives or
pressures from various stakeholders to which companies respond. Internal factors were related to
companies’ internal preconditions and features and the extent to which they facilitated
sustainable innovation. External factors were categorized into regulations and market demand.
Regulations represent the “push factor”, driving SMEs to act at the forefront of new regulations
and innovativeness. Market demand comprises different stakeholder requests that force
companies to invest in sustainable innovation and collaboration. Customer preferences are crucial
because corporations need to respond to their increasing demand for sustainable solutions.

Internal factors also play a substantial role in promoting SMEs’ sustainable innovation
(Berisha, et al., 2020). For instance, Ejupi-Ibrahimi et al. (2020) argue that small enterprises are
motivated to protect and preserve their legacy business for the next generation. In addition, Toska
et al. (2021) argue that the next generations are also motivated to continue their family businesses.
In this study, five primary internal factors were identified as essential enablers of sustainable
innovation. First, searching for new business opportunities relates to the sustainable innovation
benefits of cost reduction, differentiation, competitive advantage and new market opportunities.
Second, inter-functional collaboration considers cooperation among different business units to
strengthen a company’s innovation capacity. Third, management commitment plays a significant
role in providing the company vision, competencies and clear directions for sustainable innovation.
Fourth, investment in knowledge management must also be emphasized. Managing knowledge
means formalizing the processes, policies and tools to manage and develop the organization’s
intellectual assets, transforming the accumulated knowledge into value and tangible benefits for
the organization and its stakeholders. Finally, an innovation-friendly and sustainability-driven
culture are essential factors to motivate employees to invest their time and energy into sustainable
innovation.

6. Conclusion
The scientific relevance of this study lies in integrating sustainable innovation research in
the context of SMEs. Previous research has examined sustainable innovation and how it can
change the way companies operate and the business landscape, especially in the face of
increasing global challenges such as climate change, humanitarian crises and resource
scarcity. However, there has been limited exploration of how SMEs perceive and engage in
sustainable innovation and the factors that drive sustainable innovation development

Figure 1.
Underlying factors
impacting
sustainable
innovation in SMEs
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outside of large firms. This study empirically explored the concept of sustainable innovation
in the context of SMEs to understand underlying factors related to sustainable innovation.

It has been found that sustainable innovation requires broad perspectives and extensive change
in the organization. The literature does not elaborate onwhat types of changemust bemade in that
transition. However, empirical findings suggest that transitioning towards sustainable innovation
requires a mindset change for employees, customers and the industry. Although sustainable
innovation will be an important topic in the future, it is not yet a fixed and static concept with clear
boundaries. SMEs now work with sustainable innovation using their own methods and under
different frameworks. As a result, the concept of sustainable innovation in SMEs will continue to
evolve; how the industry defines and engages in sustainable innovation will likely influence other
companies in the same industry. However, a lack of a common understandingwill arguably inhibit
the overall popularisation of the sustainable innovation concept.

Finally, the study identified several factors that influence sustainable innovation in the
context of SMEs. Some of these factors are external and beyond the control of SMEs. Other
factors are internal; SMEs can control and manage these factors. Organizational culture is
one of the main factors driving sustainable innovation in SMEs. Innovation in SMEs
depends on the capabilities of the firms and their employees, including integrated work
teams, cooperation, conditions favourable to achieving consensus, articulation of activities,
commitment to the company’s objectives, coherence and planning.

6.1 Theoretical contribution
In conducting a qualitative multiple case study, this research developed an understanding of
sustainable innovation and the underlying factors driving sustainable innovation in SMEs. Some
crucial insights enrich the knowledge in this field. The study’s theoretical framework identified
five internal factors that drive sustainable innovation. Although these factors are separate, they
are found to harmonize with and enhance each other.While SMEs cannot control external factors,
they do influence SMEs; SMEsmust adapt to and copewith these factors’ effects.

The study’s contribution is the addition of more in-depth knowledge about how each
internal and external factor affects sustainable innovation development within SMEs. A
clear vision and strong commitment from management can influence the allocation of
organizational resources to this goal. The pursuit of sustainable innovation is also
recognized as a moral obligation, where large companies are driven to act upon global
challenges and adapt their business operations accordingly. The moral obligation is
integrated into corporate culture and can extend to SMEs.

6.2 Managerial implications
Some managerial implications have also been suggested. To make a clear and strong business
case for sustainable innovation, firms must develop a strong culture that motivates them to
engage and collaborate cross-functionally. The organization’s culture is the key to enabling the
development of sustainable innovation, encouraging an open and entrepreneurial culture so that
employees across the organization adopt the mindset that sustainable innovation requires.
Moreover, SMEs should try to reduce centralization, delegate more power to foster better cross-
functional collaboration and enhance the speed of sustainable-innovation implementation.
Developing more effective tools and platforms to improve knowledge flow for sustainable
innovation tomotivate employees is also recommended.

6.3 Limitations and suggestions for further research
The primary limitation of this study is the possibility of generalization beyond this research
context. Since firms operate in different industries, results cannot be generalized on statistical
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grounds. Instead, the focus has been on understanding SMEs’ general drivers of sustainable
innovation. Another limitation is that the study data were collected and captured at a specific point
in time. However, sustainable innovation is a process from a long-term perspective; longitudinal
data may be needed to explore this field thoroughly. Future research could test quantitatively the
factors identified in this study to expand the study’s scope. Depending on the company’s size,
identified factors may have different effects on driving sustainable innovation. It would be
interesting to test the factors identified by this study in the context of large organizations.
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Abstract

During the coronavirus disease 2019 (COVID‐19) pandemic, the demand and supply

for many products fluctuated. Thus, many companies around the globe have

repurposed their operations and reconfigured their supply chains (SCs) to switch

production and produce new products. Literature provided various models and

frameworks to explain the concepts of supply chain resilience. However, it remains

unclear how companies could quickly and temporarily repurpose their SCs and what

are the required capabilities during the COVID‐19 crisis. Therefore, this study

investigates the role of developing dynamic capabilities such as manufacturing,

logistics, production capacity and procurement in facilitating production changeover.

Based on 36 semistructured interviews conducted with multinational corporations,

the study findings demonstrate four specific capabilities known as the 4Rs: retooling,

repurposing, recalibrating and reconfiguring. Hence, the study provides a conceptual

framework of operational resilience to understand how production changeover

could be achieved. In addition, this 4Rs framework helps decision‐makers to improve

SC resilience and capabilities when facing a crisis such as COVID‐19.

K E YWORD S

capabilities, coronavirus (COVID‐19), retooling, repurposing, recalibrating, reconfiguring,
supply chain resilience

1 | INTRODUCTION

In January 2020, the World Health Organization (WHO) declared a

‘Global Emergency’ regarding the Coronavirus pandemic, commonly

called coronavirus disease 2019 ‘(COVID‐19)’. COVID‐19 is different

from other previous shocks such as September 11 in the United States,

the Great Recession of 2008 and the 2011 tsunami in Japan. While the

similarities in economic decline, the COVID‐19 was more impactful in

terms of supply chain (SC) disruptions and on a larger scale around the

globe due to borders closure, factories closure and other governmental

procedures. Many manufacturing companies suffered significant disrup-

tions concerning material flow caused by lockdown and border closures in

many countries (Zighan, Abualqumboz, et al., 2021).

Moreover, the exponential increase in cases and death rates

triggered different containment measures worldwide to stop the virus's

spread (Caduff, 2020). Governments' variant suppression measures

affected SC and logistics operations (Ivanov & Dolgui, 2020). The

restrictions on movement during the lockdown caused a significant drop

in demand for certain goods (e.g., car production, car fuel, fashion, etc.),

resulting in a suspension of production, redundancies and bankruptcy

fears (Harbour, 2020). In the meantime, demand has exponentially

increased for other goods, such as food, facemasks and sanitizer products,

which the current SCs could not meet (Paul & Chowdhury, 2020). In

response to this disruption, many companies have repurposed their

operations to join national and international efforts to fight the pandemic

through switching operations to produce different products or deliver
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different services (Araz et al., 2020). Companies turned to operational

repurposing not only to survive but also to reap the benefit of investing

and producing severely demanded products (Falcone et al., 2021).

In the United States, General Motors, for example, switched

operations from producing cars to producing ventilators. In Sweden,

Volvo (a multinational manufacturer of luxury vehicles) started to produce

personal protective equipment (PPE). Jaguar Land Rover produced 3D‐

printed protective visors for the NHS in the United Kingdom. In France,

Louis Vuitton Moët Hennessy switched its production of perfumes and

cosmetics to sanitizers. In Japan, Sharp has adapted existing production

facilities to make surgical masks despite being a corporation designing and

manufacturing electronic products. In China, car suppliers switched from

producing textiles to making facemasks (BBC, 2020). Likewise, many

airline companies switched their aviation services from passenger flights

to cargo flights by changing their aircraft operations and layout. These

companies relied on their distinctive competencies and operational

capabilities, such as innovation and operational resilience, to manage the

operational shift and SC repurposing (Betti et al., 2020). While arguably

there could have been trade‐offs between efficiency and effectiveness,

how quickly and in what capacities the repurposing of international

companies' SCs has been successful remain unanswered. That said,

production changeover brings complexities and uncertainties such as

temporary value creation, switching suppliers, regulatory approvals and

upskilling of staff. Several research endeavours (e.g., Ponomarov &

Holcomb, 2009; Scholten et al., 2019; Yilmaz Borekci et al., 2015) discuss

the concept of organizational resilience for organizations to overcome the

disruptions related to their operations and SCs. Following this line of

inquiry, this study argues that organizational resilience is crucial to enable

manufacturing companies to repurpose their operations and SC.

Developing organizational resilience could be achieved through

several strategic and tactical approaches (Zighan, Abualqumboz,

et al., 2021). However, despite the growing body of research on

organizational resilience during COVID‐19, none, as noticed, has

explored resilience from an operational repurposing perspective, and

therefore empirical and conceptual gaps remain. The empirical gap

arises from the few studies investigating organizational resilience

from a short‐term perspective. For example, some organizations

repurposed their operations. In contrast, many others struggled to

cope, lagged behind their counterparts, or had to close down due to

the inability to grasp the huge changes in the business environment

(Ivanov & Dolgui, 2020; Zighan, Abualqumboz, et al., 2021). The

other research gap is related to the conceptualization of SC

resilience. The literature about SC resilience primarily focuses on

the challenges that organizations faced during the pandemic and how

organizations bounced back, explaining the key characteristics,

structures, resources and processes that organizations have devel-

oped to achieve resilience (see, e.g., Abualqumboz, 2021; Dubey

et al., 2021; Modgil et al., 2021; Zighan & Ruel, 2021).

Against this backdrop, this study complements current research

on organizational resilience by unpacking the capabilities that

organizations have developed or leveraged throughout the opera-

tional changeover. Thus, this study explores how companies

reconfigured their SC to change their production lines quickly to

adapt to new emerging demands throughout the pandemic. Primarily

the study addresses two research questions:

Q1: What capabilities enabled quick production changeover and

thus resilience?

Q2: How could organizations develop these changeover capabilities?

The study proposes a conceptual framework that includes four

main capabilities: retooling, repurposing, reconfiguration and recalibrat-

ing. This study will also empirically validate the proposed framework and

explore the subcapabilities necessary for each primary capability.

2 | LITERATURE REVIEW

Resilience is the capacity to overcome a critical moment and adapt

after experiencing an unexpected and unusual situation (Zighan,

Al‐Kalha, et al., 2021). It also indicates a return to normality after

suffering significant damage following natural disasters, health crises

or security risks (Leitch & Bohensky, 2014). The resilience concept

has been used in different contexts; it emerged in ecology to measure

system tenacity, absorb environmental change and maintain relation-

ships in the ecosystem (Jones & Tanner, 2017). Likewise, psychology

discussed resilience to study the emotional recovery from loss and

trauma (Bonanno, 2004). Later, the concept of resilience received

considerable attention in business management due to the dynamic

business environment (Zighan & Dwaikat, 2020).

Organizational resilience is a strategic imperative to thrive in

today's dynamic and interconnected world (Alkalha et al., 2019). It is

noticeable that many manufacturing firms had to implement

manufacturing‐level strategies to adopt production changeover

caused by the pandemic to maintain their SC resilience and thus

survive (Amui et al., 2017). Depending on the incident that causes SC

disruptions, resilience strategies can be categorized into two main

dimensions: proactive and reactive (Jia et al., 2020).

Proactive strategies can be defined as procedures, actions and

capabilities that the focal company develops before disruptions occur

(Tang, 2006). Extant literature highlights several proactive tools and

frameworks that have been used in production changeover. For

example, the single‐minute exchange of die (SMED), total productive

maintenance (TPM), and 5S method are among the most well‐

recognized approaches (Horzela & Semrau, 2021). On the other hand,

reactive strategies are procedures, actions and capabilities that the

focal company develops after disruptions occur (Elluru et al., 2019).

The following subsections review the literature by highlighting

the main concepts, previous contributions and frameworks related to

resilience and organizational resilience, including resilience, SC

resilience, resilience capabilities and production changeover.

2.1 | Organizational resilience

Organizational resilience is the capacity to anticipate, prepare,

respond, adapt, survive and thrive throughout disruptions (Williams
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et al., 2017). Authors including Lengnick‐Hall et al. (2011) and Kantur

and İşeri‐Say (2012) used the concept of organizational resilience to

refer to the organizational ability to cope with change and ‘bounce

back’ to normal. Whereas other authors, including Somers (2009),

Parsons (2010), Bhamra et al. (2011), and Duchek (2020), used the

concept of organizational resilience to refer to the organization's

ability to anticipate disruptions, where resilience would be an

indicator of the potential of renewal and development of organiza-

tional capabilities. Pede (2020) argues that this potential is qualified

as proactive resilience, while reactive resilience is a postevent state

that draws on decisions and actions.

According to Ponomarov and Holcomb (2009), resilience enables

companies to recover from adversity such as turmoil and disasters.

This is because it allows the system to absorb changes while

maintaining the established order (Duchek, 2020). This underlines

that organizational resilience is much broader than the simple ability to

rebound after a crisis (Wieland & Durach, 2021). According to Coutu

(2002), resilient companies are characterized by three aspects: (1) they

are pragmatic and realistic, without showing excessive optimism; (2)

they have a robust system of shared values that gives significance to

the difficulties or challenges encountered; (3) they are ingenious in that

they know how to use their resources to cobble together new

solutions to face disruptions. Thus, resilience presupposes combining

both (1) a defensive approach—considering precautionary and down-

stream risk management measures that make it possible to cope with

the shock when it occurs—and (2) a proactive approach—being

ingenious and creative to see new solutions and take actions to

regenerate (Williams et al., 2017). Resilience, therefore, involves five

intertwined capacities: (1) an absorption capacity, allowing the

company not to collapse in the face of shocks; (2) a capacity for

renewal through which it can build new futures; (3) a capacity for

appropriation; (4) dynamic capacity and (5) change capacity. These

capacities will be detailed in Section 2.3. Accordingly, to reach an

organizational resilience level, companies need to build their internal

capabilities and SC resilience (Yilmaz Borekci et al., 2015).

2.2 | Supply chain resilience

Disruption results from SC uncertainties, followed by panic‐induced

demand volatility, where the supply fails to meet the soaring demand

(Meqdadi et al., 2020). This creates further problems in the

distribution of networks, such as the failure to deliver finished goods

to customers within standard lead times. (Ivanov & Dolgui, 2020).

Recently, many research endeavours have focused on SC resilience

from an upstream perspective, such as studying the performance,

response, SC characteristics, risk mitigation capabilities and severity

of SC disruptions (Yu et al., 2019). For example, Craighead et al.

(2007) argue that SCs are inherently risky, and SC disruptions are

unavoidable where SC with more critical nodes is more vulnerable to

disruptions than that with few critical nodes. Hence, the severity of

SC disruptions is related to (1) three SC design characteristics

(density, complexity and node criticality) and (2) the company's SC

mitigation capabilities (recovery and warning).

Similarly, Thun and Hoenig (2011) analyse the internal and

external vulnerability of SC risk management practices in the German

automotive industry by analysing their likelihood to occur and their

potential impact on the SC. Their results show that using a reactive

approach towards SC risk management leads to higher disruption

resilience and reduces the bullwhip effect (Thun & Hoenig, 2011). In

contrast, preventive SC risk management is beneficial for flexibility or

safety stocks (Chan et al., 2017). Leflar and Siegel (2013) focus on the

strategic requirements of a resilience management system in the SC,

such as creating transparency on multilevel SCs, establishing a list of

critical components, determining the supply source and identifying

alternative sources.

The aforementioned studies investigate supply chain resilience

as a strategy to enable companies to synchronize the changes with

their routines (Alkalha, Al‐Zu'bi, et al., 2021; Thun & Hoenig, 2011;

Yu et al., 2019). For instance, Brandon‐Jones et al. (2014) conclude

that information sharing and connectivity enhance SC resilience in

manufacturing companies. Similarly, Scholten and Schilder (2015)

highlight the importance of collaborative activities within the SC to

improve the resilience of the food processing industry. Later,

Polyviou et al. (2019) reveal the importance of internal social capital

in interpersonal relationships in facilitating SC resilience. Thus, the

current understanding of SC resilience during the changeover in

production is limited, which begs further research (Betti et al., 2020;

Modgil et al., 2021).

2.3 | Resilience capabilities

Extant literature advocates three key responses that characterize

organizational resilience: (1) capabilities that proactively prepare

companies for disruptions before they occur, (2) the efficiency and

effectiveness in dealing with disruptions when they occur, and (3) the

ability to recover from disruption and to learn lessons (Pettit

et al., 2019). However, Burnard et al. (2018) argue that predicting

disruptions or risks is not possible in some situations, and it is not

rational to guarantee that minimizing risk makes an organization

resilient. Instead, increasing flexibility and adaptability reduces

vulnerability and increases resilience (Dwaikat, 2016; Pereira

et al., 2014). Thus, to develop organizational resilience capabilities,

companies need to develop organizational resilience through the

whole value chain, emphasizing SC resilience and organizational

operations (Babich & Hilary, 2020; Ivanov & Dolgui, 2020; Olsen &

Tomlin, 2020; Tang & Veelenturf, 2019). As suggested earlier,

resilience can be grouped into five categories: operational resilience,

dynamic capacity, the capacity for renewal, appropriation capacity

and change capacity. The previous studies investigate these

capabilities in companies' regular production lines (Polyviou

et al., 2019; Scholten & Schilder, 2015). Thus, there is a need to

understand the role of these capabilities in facilitating resilience
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during production changeover and how organizations develop these

capabilities (Bag & Rahman, 2021; Betti et al., 2020).

2.3.1 | Operational resilience

At the organizational level, operational resilience can be defined as an

organization's ability to pursue its mission and seize opportunities,

even in adverse circumstances such as a security incident or financial

crisis (Craig et al., 2018; Frost et al., 2000). The fundamental purpose

is to maintain business processes and services that directly support

the organization's mission (Gruchmann et al., 2019; Jiang et al., 2019).

Operational resilience focuses on an organization's ability to continue

offering products and services after adverse events by anticipating,

preventing, recovering and adapting to the circumstances imposed by

such events (Gulati, 2010). Operational resilience is a complex

concept in the literature. Previous operations management studies

reveal that the following terms are used interchangeably: operational

resilience, responsiveness, agility and flexibility (Bernardes & Hanna,

2009). Thus, several studies have been carried out to investigate the

overlapping notations of these concepts (Bernardes & Hanna, 2009;

Dwaikat et al., 2018; Purvis et al., 2014). The common notion among

these concepts is acting quickly to uncertainty in business settings

such as market volatility, demand and supply changes (Javed et al.,

2021). Therefore, there are similarities between these terms, but also

there are differences. For instance, agility is a higher level strategy

than flexibility and refers to a company's ability to rapidly reconfigure

its system to adapt to uncertainty in the business environment

(Bernardes & Hanna, 2009).

2.3.2 | Dynamic capability (DC)

DCs refer to companies' abilities to integrate, create and reconfigure

internal and external competencies to cope with changes in the

business environment (Teece, 2018). Capabilities are companies'

abilities to coordinate different tasks to transfer input to output

(Yung & Lai, 2012). The main components of DCs follow the

managerial process of sensing, seizing and configuring resources

(Teece, 2007) as follows: (i) sensing: learning activities that transfer

knowledge to DCs (Chien & Tsai, 2012), (ii) seizing: the integration of

suppliers and customers to identify customers' needs and ways to

achieve these needs (Teece, 2007), (iii) resources configuration:

maintaining the required routine to adopt change and reconfigure

assets and structure according to these changes (Teece, 2007, 2018).

Therefore, both substantial resources and routines are helpful to

create DCs. According to Teece et al. (1997), this depends on;

(i) technical fitness, referring to the routine that enables companies to

do the job effectively and efficiently; (ii) evolutionary fitness,

referring to capabilities that create, extend and change resources to

deal with changes. Hence, previous studies argue the need for

renewal capacity, change and appropriation capacity (Cavaco &

Machado, 2015; Lengnick‐Hall et al., 2011).

2.3.3 | Capacity for renewal

In major disruptions beyond the capacity to resist, organizations must

adapt quickly and envisage new solutions to disruptive events

(Lengnick‐Hall et al., 2011). This is called the ‘capacity for renewal’,

whereby the company seeks to develop new activities, reconsider

existing ones, or experience new ways of doing things (Folke

et al., 2003). This capacity is in line with the firm's entrepreneurial

orientation and strategic regeneration processes. This makes it

possible to focus on (1) proactivity in seeking opportunities,

(2) aspirations beyond their current capacities and (3) the mobilization

of the leadership and management team. Given the ‘tense’ context,

these elements are accompanied by close attention to utilizing

available resources and limiting risk‐taking, given the ‘tense’ context

(Volberda & Lewin, 2003).

2.3.4 | Capacity for appropriation

A resilient organization must learn from the shocks it faces that grow

out of it and learn independently (Cavaco & Machado, 2015).

Gherardi (2009) emphasizes that capitalizing on failures means

recognizing their contribution to learning rather than ignoring or

denying them. Mokline and Ben Abdallah (2021) argue that

awareness of the crisis and its impacts is essential to put practices

and routines into perspective: it is possible to carry out ‘postcrisis

learning’ to better prepare for the future. However, this dimension of

resilience capacity remains challenging to be witnessed. Whereas

learning requires time for reflection that managers often do not have

when a destabilizing shock torments them. This exacerbates the

degree of urgency for those managers' decisions (Ley et al., 2020).

However, the lived experiences are transformed and reinterpreted

before reintegrating and repeated in the actors' narrations (Ngoc Su

et al., 2021). In this way, organizational memory is continuously being

developed, expanded and reified through time (Abualqumboz

et al., 2020). Therefore, one must look at the stories repeated and

told over time to find the sedimentation of past events inscribed in

the management principles and the culture underpinning how a

company operates (Gherardi, 2009).

2.3.5 | Change capacity

According to Crick and Bentley (2020), resilient companies face

four challenges: (1) cognitive challenge because they need to be

resilient in the face of change and be aware that it will affect the

organization, (2) strategic challenge that requires the ability to

envisage new strategic options instead of the declining strategy,

(3) political challenge that requires reallocating resources to

support promising activities for the future and to abandon those

of the past, (4) an ideological challenge which requires instilling a

proactive attitude and focuses on the continual search for new

opportunities.
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2.4 | Production changeover

Production changeover entails adapting to the new situation by

switching production to different products. Singh et al. (2018)

emphasize that manufacturing firms respond quickly to new demand.

The changeover's speed of response depends on the following

capabilities: Retooling, repurposing, reconfiguration and recalibrating.

Retooling is considered a part of lean manufacturing approaches,

where machines can overcome the limited flexibility of manufactur-

ing companies by increasing productivity, eliminating errors, improv-

ing the operators' safety, organizing workspace, reducing costs,

reducing the elimination of errors—reducing inter‐operational stocks

and improving quality (Kochańska & Burduk, 2019). For instance,

quick retooling of machines and production lines can reduce the lead‐

time and enable manufacturing firms to be more responsive to SC

disruptions, thus creating more resilient operations. In addition,

several studies emphasize that automation as part of the retooling

strategy can enable SC resilience. For instance, Stewart and Kelley

(2020) emphasize that retooling enables manufacturing firms to

connect to suppliers and customers digitally.

Repurposing is defined as the ability to change products'

functionality, allowing reuse opportunities with high displacement

potential (Zink et al., 2014). The authors argue that repurposing

facilitates production changeover. In this regard, in response to strict

social distancing during the pandemic, Malik et al. (2020, p.3) suggest

‘repurposing existing non‐ventilator (e.g., aeroplane, jet engine, car,

digger or vacuum cleaner) production to ventilator production’ using

robots. As new product lines are produced, repurposing requires dealing

with new customers and suppliers and setting new operations and SC

strategies. In addition, it may require a new layout and facility design.

Reconfiguring is the ability to reconfigure machines or produc-

tion lines. Various studies define the concept from different

capability perspectives. For instance, Hoellthaler et al. (2019)

highlight the importance of reconfigurable machines, while other

studies (Gkournelos et al., 2020) focus on flexible production

systems. However, such studies have viewed the reconfiguration

capability from a stable operations perspective, not a disruptive one.

This begs to question how manufacturing firms could develop a set of

reconfiguration competencies to switch production from a current

product to a new product in response to an emerging situation.

Recalibrating is also an essential enabler of production change-

over. It involves fine‐tuning production function parameters to

include adaptive parameters in response to the emerging disruption.

This is essential, as recalibrating production functions ensure

accuracy and consistency for quality assurance (Javed et al., 2021).

Therefore, recalibration can improve flexibility and ensure smooth

material flow in SC (Bag & Rahman, 2021).

In summary, the literature on SC resilience capabilities can be

categorized into two perspectives: response strategy and timeframe.

First, the response strategy can be proactive or reactive. Proactive

response strategy refers to the firm's capability to take the necessary

steps before the actual occurrence of a problem through risk

assessment and prediction and thus builds resilience capabilities

proactively. In contrast, reactive response strategy refers to the firm's

ability to respond to an incident through audits and evaluations to

discover the cause of the problem and thus build resilience

capabilities. Second, timeframe refers to the timespan for developing

resilience capability. It can be short‐term or long‐term capabilities.

Nevertheless, the literature has not investigated the required

capabilities for temporal switching to new products (i.e., production

changeover) as a short‐term proactive strategy. This gap in the

literature has driven the investigation of these SC resilience

capabilities concerning production changeover. Therefore, the 4Rs

framework provides an in‐depth understanding of the necessary

capabilities for production changeover as an organizational resilience

strategy. In addition, it provides a short‐term strategy to deal with

major SC disruptions such as disruptions caused by the COVID‐19

pandemic. The authors argue that these four capabilities enable

manufacturing firms to switch production quickly. For example, many

manufacturing firms were forced to switch production to new

products during the pandemic, which required new reactive

capabilities.

3 | RESEARCH METHOD

This study utilized a qualitative research methodology in which 36

semistructured interviews were conducted with multinational com-

panies. Which allowed explore companies' opinions that have

managed to tune their operations and SCs during COVID‐19. The

semistructured interviews facilitate collecting individual viewpoints

from participants through open‐ended questions (Zighan & Ahmed,

2020; Adams, 2015).

3.1 | Data collection

The evidence was collected using semistructured interviews. The

interview questions are constructed based on the main concepts of

operational resilience literature. Follow‐up questions were asked

whenever necessary for clarity. The snowball sampling technique was

used to reach respondents. The data were collected when themes

became visibly repetitive, which marked the saturation level, in which

incoming data provided little or no new information to answer the

study's questions (Guest et al., 2006).

In total, 18 multinational companies were interviewed, 36 inter-

views from the textile, automotive, perfume and cosmetics, plastic and

clothing industries. The interviews were conducted and transcribed to

maintain reliability (Yin, 2011). Interviews averaged between 60 and

90 min. Table 1 below provides an overview of the interviews.

3.2 | Data analysis

The analysis process was conducted sequentially between the

authors in two phases; the first phase involved an individual analysis
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TABLE 1 Summary of interviewees and company profiles

Interviewee
number

Interviewee job title
Company main
business

Size (SMEs,
large)

Production changeover
(in response to
COVID‐19)

General
manager/CEO

Operations
manager

Procurement
manager

Logistics/SC
manager

A1 X Textile SMEs Face mask

A2 X

B1 X Textile SMEs Face mask

B2 X

C1 X Textile SMEs Face mask

C2 X

D1 X Automotive Large Ventilators

D2 X

E1 X Automotive Large Ventilators

E2 X

F1 X Automotive Large Ventilators

F2 X

G1 X Machinery SMEs Ventilators

G2 X

H1 X Machinery SMEs Ventilators

H2 X

I1 X Machinery SMEs Ventilators

I2 X

J1 X Perfume &
cosmetics

SMEs Hand sanitizer

J2 X

K1 X Perfume &
cosmetics

SMEs Hand sanitizer

K2 X

L1 X Perfume &
cosmetics

SMEs Hand sanitizer

L2 X

M1 X Plastic Large Face protection shield

M2 X

N1 X Plastic Large Face protection shield

N2 X

O1 X Plastic Large Face protection shield

O2 X

P1 X Clothing SMEs Overall protective

clothing
P2 X

Q1 X Clothing SMEs Overall protective
clothing

Q2 X

R1 X Clothing SMEs Overall protective

clothing
R2 X

Total

36 7 11 10 8

Abbreviations: COVID‐19, coronavirus disease 2019; SME, single‐minute exchange.
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by each author separately, followed by all‐authors discussion of

the analysis where similarities and differences were marked. Then the

filtered data were employed according to the study aim. Next, the

template analysis approach was used to analyse the interviews

scripts. Template analysis is a type of thematic analysis in which

themes are summarized, and a template is designed to discover the

pattern (King, 2012). This method allowed to set predefined themes

to guide the analysis of key areas of the research and link multiple

concepts together (Brooks et al., 2015; King, 2012). Drawing on King

(2012), the analysis was conducted through the following steps:

1. The analysis started by reading the transcripts so that the

researchers became familiar with the data.

2. Preliminary coding was used to identify the relevant data using

priority themes identified in advance.

3. Emerging themes were clustered, and relationships between

themes/clusters were identified.

4. Each author developed an initial copy of the coding template

based on a subset of the data.

5. Then, each author reviewed the analysis and modified redundant

codes/themes.

6. The analysis and templates were finalized.

Finally, the themes' were based on the literature or as agreed by

the participants (Saldaña, 2015), as shown in Table 2.

The following section summarized and discussed findings based

on responses analysis.

4 | FINDINGS

Despite the different sectors studied, this study focuses on the

similarities between companies facing COVID‐19 disruptions through

production changeover. In answering RQ1, the following findings

have been drawn.

4.1 | Production changeover capabilities

There is no doubt that the pandemic has significantly disrupted

the economy. The data were collected from participants regard-

ing their companies' resilience. According to participant H2: ‘The

grief over COVID‐19 is complex and can become pathological if it

is not worked on’. Likewise, according to participant A1: ‘The

crisis we are experiencing today, and all the challenges we will

have to overcome collectively cannot be compared to any

situation that has occurred for more than a century. Still, we

have to cope and survive’. The data analysis finds that survival

activities require effective and integrated actions at all organiza-

tional levels on a large scale. To achieve favourable and

sustainable results, participant M2 argues: ‘It is essential to

monitor the direct and indirect effects of each intervention

carefully, to ensure the relevance of response measures at all

levels’. In answering RQ1, the following findings have been

drawn.

The participants stress that stabilization and recovery plans must

be considered. The challenge is to make a strong organization and

quickly respond when broken. According to participant G1: ‘We must

all show precaution, resilience, flexibility, and courage to adapt to the

situation and find the best solutions’. In this context, the need for

responses and support must be commensurate with the companies'

operations.

The study has identified several capabilities facilitating the

organizational resilience strategy that must be developed. These

capabilities were grouped into four fundamental capabilities; manu-

facturing capabilities, production capacity capabilities, logistics

capabilities and procurements capabilities.

4.1.1 | Manufacturing capabilities

The study finds that survival's primary means is to allow the

production system to produce according to market demands. This

could require a change in the manufacturing system. According to

participant N2, ‘This time requires a customer‐driven production with

greater flexibility to produce goods at the rate demanded by

customers and meet changing demands’. Thus, organizational

resilience depends greatly on developing a flexible production

system. According to participant Q2: ‘Resilience is the result of the

ways of doing work, creativity, and ingenuity to produce new

products allowing us to reposition ourselves in the market’. According

to participant E2: ‘Today, there is a need for manufacturing cells,

integrated and automated production lines capable of allowing quick

changes’.

The manufacturing capabilities include analysing the essential

elements that affect the operations system seeking simplification and

standardization of production activities. According to participant F1,

‘One of the important activities that make up the production process

is the change of format (also called change of tools). This change of

tools is the set of operations carried out on the production

equipment, preparing them, and producing the new product that will

enter the new productive phase. This activity must be carried out and

controlled under the parameters of efficiency and effectiveness’.

4.1.2 | Capacity management capabilities

Company survival largely depends on the decisions made by

managers. Organizations have taken short‐term actions to pursue

stability and have made long‐term strategic decisions looking at a

new promising future. Participant H1 said, 'The current and future

viability depends on the leaders' action. We all face a cycle of short‐

term actions for stability and strategic moves that will create new

futures for businesses and industries'. Operational restrictions,

shortage of containers for maritime transport, and a decrease in

the supply of flights for cargo transport are two of the most
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substantial impacts on international cargo transport. According to

participant I1, ‘It depends on the consequences of the crisis in terms

of inventory availability in some industries and the decline in

economic activity, driven by the decline in consumption’.

According to participant P2: ‘For decades, we have put

efficiency at the centre of strategy ‐ we have run operations as

close to full capacity as possible…. To survive times of crisis and

prosper in the long‐term, companies will have to shift their

strategic thinking from “just in time” to “just in case”’. In times of

crisis, it is important to develop recovery and growth mecha-

nisms. The lessons learned from the COVID‐19 crisis signpost

how companies could better position themselves to take advan-

tage of growth and resilience. According to participant R2:

‘Reposition the operation system and evaluate where the crisis

will leave the company, including the need for sustained capacity

that an organization should have at any time to execute on what it

needs to do, and how efficient it can be at that execution’.

According to participant D2 this includes, ‘Ongoing repurposing

decision, deciding what should be paused, what should be

organized and what should be stopped’. While repurposing seems

to have offset the adversities of the current pandemic, it may

serve the company on the long run. According to participant J2,

‘While some changes are temporary, other things will never be

the same ‐ the new normal will be “never normal”’.

4.1.3 | Logistics capabilities

To achieve resilience while maintaining competitiveness, organiza-

tions have to understand logistics as a strategic tool that reduces the

impact of adverse situations. According to participant K1, ‘All eyes

are on the logistics activities, carried out in total anonymity by several

companies and collaborators globally; whether in production plants,

packaging plants, distribution centres, salesrooms, or ports airports

worldwide’. The findings show that one key adversity in operations

and logistics was the transport delay. This was caused by the lack of

operators, cancellations of a weekly ship, suboptimal inspections,

delays in routes, blank sailings, smaller scale port operations, factories

operating at less than 50% capacity, and logistics offices operating

with less than 50% reduced staffing. According to participant C1: ‘At

present, influential countries worldwide have applied health mea-

sures restricting the habitual movement of individuals, measures of

social isolation that have had a great impact on a social, productive

and consumer level; impacting on a commercial and logistical level to

various industries’. According to the study interviewees, logistic

resilience largely depends on national infrastructure, where current

restrictions have increased logistics costs and complicated opera-

tions. Therefore, the logistics activities should be refocused on

adapting to change, taking advantage of the environmental difficul-

ties to be more competitive, and proactively forecasting activities.

According to participant O1, ‘Resilience in logistics is the capacity

that organizations have to be strengthened in all trade operations,

whether national or international. It should also be refocused on

analysing risks and a vision for the future to face adverse situations

such as COVID‐19’.

According to the study participants, challenges to logistics can be

met with careful and measured response coupled, occasionally, with

SC redesign. Besides, organizations will have to create more

predictive models for demand schedules, consider risk factors and

implement cutting‐edge technology to provide transparency. Partici-

pant Q1 said, ‘It is a fact that the situation we are experiencing will

force many companies and entire industries to rethink and transform

their logistics model. Those that invest in mapping the supply

networks so as not to operate blindly will be the best prepared to

cope with a crisis since they will have better visibility of their logistics

structure’. Also, according to participant M1: ‘In the future, key

performance indicators related to logistics recalibrating should be

considered in addition to cost, quality, and delivery’.

4.1.4 | Procurement capabilities

One of the initial reflections of the research participants on the

pandemic was the decision to diversify suppliers. Many companies

accelerated this decision and restructured their supply processes to

avoid existing supplier dependency. However, many of these

initiatives have been reactive. The data analysis finds that the

pandemic accelerated this trend towards less globalized supply and

encouraged domestic supplies. According to participant N1: ‘The

production chain could become regional again with the need for an

industry close to the place of consumption. Global trade was

perceived as a source of savings; however, it is now seen as the

source of unbearable costs’.

Our research participants revealed that their companies sought

alternative approaches such as:

• Contracting services from tertiary providers to compensate for the

lack of delivery from primary providers.

• Advancing visibility into the SC to obtain information on critical

components as quickly as possible.

• Redefining inventory strategies to avoid shortages.

• Restructuring production systems to make different products

(diversification). Some companies have dedicated themselves to

developing products to mitigate the spread of the virus.

• Leveraging technologies such as the Internet of Things, Artificial

Intelligence, Robotics and 5G to anticipate and face future

challenges.

The findings reveal that operational resilience capabilities are the

set of actions, measures and decisions before (proactive/preventive)

or after (reactive/corrective) an incident may have taken place at one

or more nodes in the SC network to adapt to a new situation or

switch production to new products (changeover). This depends on

the product complexity and response agility, upon which the

following framework has been proposed and validated with study

participants, as shown in Figure 1.

DWAIKAT ET AL. | 289



The framework consists of two dimensions: product complexity

and response speed. Switching for less complicated products can be

efficiently implemented. For example, participant L1 argued that a

detergent or perfume factory could easily switch production to

produce hygiene products and sensitisers. Textile factories can also

easily switch production from clothing to facemask products.

Participant A1 confirmed that products with less complexity require

quick response (i.e., rapid shift of production) and high logistics

capabilities to deliver the new products to the market in a short time.

However, switching to complex products is relatively complicated.

For example, participant F2 explained that car manufacturers such as

General Motors might need more adjustments in their equipment and

production lines to produce ventilators. In addition, vacuum machine

producers require high adjustment capabilities to produce ventilators.

Therefore, such factors require high manufacturing capabilities, such

as a flexible manufacturing system.

In answering RQ2, the following findings have been drawn.

4.2 | The development process of production
changeover capabilities

Resilience is the organizational ability to anticipate critical events

related to emerging trends, constantly adapt to change and recover

quickly after disasters and crises. Based on the thematic analysis in

Table 2 and interviews transcripts, the study participants outlined

several measures to develop an organization's resilience. These have

been grouped into four primary measures: Retooling, Repurposing,

Recalibrating, and Reconfiguring.

• Retooling is the most frequently mentioned approach to achieving

manufacturing capabilities among the CEO participants. For

instance, according to participant H2, ‘Retooling works best when

factories are already equipped with smart, flexible manufacturing

systems and machinery automation’. Therefore, it can be referred

to as equipping a factory with new or adjusted tools, machines and

equipment to temporarily switch production from one product to

another in response to the SC disruption. In addition, participant

B3 stressed that a flexible manufacturing system and automation

were the main two important manufacturing capabilities that

enabled their firm to switch production through retooling quickly.

Therefore, a flexible manufacturing system and Smart Manufac-

turing/automation are the main manufacturing capabilities for

retooling.

• Repurposing is the most frequently mentioned approach to

achieving production capacity among the operations manager

participants. For instance, according to participant E2, ‘Repurpos-

ing works best when factories can readjust production capacities,

which means can manage demand uncertainty of the new

products, and also manage material and information flow, ensuring

the availability of safety stock and inventory buffers, so they

target new markets and new customers quickly’. Thus, repurposing

can be referred to as the business temporarily switching from the

existing products and markets to a new or different one (that has

not been produced before in the factory) in response to the SC

disruption. Thus, managing demand, materials and information

flow are key capabilities for repurposing.

• Recalibrating is the most frequently mentioned approach to

achieving logistics capability among the operations manager

participants. For instance, according to participant R1, ‘Logistics

capability requires recalibrating the SC to be able to deliver

products in different quantities, different products, and to

different destinations’. Recalibrating can be referred to as

optimizing the logistics system to enable the company to minimize

the total delivery time by utilizing efficient modes of transport,

closeness to suppliers and delivery flexibility. Thus, delivery time

and transportation modes are the main logistics capabilities for

recalibrating.

• Reconfiguring is the most frequently mentioned approach to

achieving procurement capabilities among the participants.

According to participant B2, ‘Reconfiguring procurement is

becoming essential to maintaining maximum control over key

raw materials and operations inputs, thus internalizing core

competencies as a competitive advantage’. Besides, participant

A2 highlighted that ‘The pandemic demonstrated the potentially

catastrophic dangers of just‐in‐time strategy, and have highlighted

the need for a strategy that could best be called by case, that puts

much more emphasis on resilience and fast reconfiguration’. In this

context, participant M1 confirmed that ‘Today we have to think

about sourcing in ways that involve a focus on building resilient

multi‐relationship networks rather than linear SCs’. According to

participant G1, ‘In the coming years, this will profoundly change

the nature of procurement between the global and domestic

suppliers’. Reconfiguring can be referred to as redesigning SC

planning to respond to high supply‐demand volatility and increase

SC responsiveness. Supply and demand fluctuations are wide-

spread when the SC is exposed to colossal disruption, such as the

lockdown caused by the pandemic. Therefore, companies need to

secure a smooth supply of their incoming material, plan for and

F IGURE 1 Operational resilience capabilities framework
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engage with multiple suppliers, switch to local suppliers and

minimize the number of SC tiers. Hence, reconfiguring requires an

efficient and rapid procurement process to easily switch from

current suppliers to others. Therefore, SC redesign and SC

network optimization are the main procurement capabilities for

reconfiguring.

Figure 2 below depicts the matching between the four

capabilities and the 4Rs as drawn from thematic analysis and findings.

5 | DISCUSSION AND CONCLUSION

The COVID‐19 pandemic required robust, resilient SCs to deal with

the interruptions and fluctuations in supply and demand using the

power of adaptability, responsiveness and flexibility. In this regard,

resilience is a term with multiple interpretations, depending on the

science or discipline that applies it; however, in its etymological

sense, it means ‘returning to normality, to the natural state,

especially after some critical and unusual situation’. Similarly, in

management, resilience is part of the change management pro-

cesses. The study complements the literature on organizational

resilience given DC that are typically deployed in rapidly changing

environments. While Teece's DCs focus on the long‐term capabili-

ties, they are utilized in this study within the 4Rs perspective to

conceptualize them in the short‐term resilient SC. The study argues

that the 4Rs better understand the temporal capabilities required

for production changeover. It also explores the required capabilities

for companies during the changeover, such as manufacturing

capabilities, production capacity capabilities, logistics capabilities

and procurements capabilities.

This study provides decision‐makers with a framework for

increasing their SC resilience and coping capabilities when facing a

crisis such as COVID‐19. It also introduces the 4Rs framework,

which encompasses four concepts: retooling, repurposing, recali-

brating and reconfiguring. First, retooling is a tactical strategy for

increasing firm responsiveness through flexible manufacturing

systems. This may entail hybrid manufacturing approaches (e.g.,

combining conventional mass production and additive manufactur-

ing techniques) (Babich & Hilary, 2020). Second, repurposing is

identified as a tactical strategy for increasing production capacity

capability. Third, recalibrating is a tactical approach to increasing a

firm's responsiveness in terms of delivery flexibility, such as the

logistical capability to reduce delivery times and utilize alternative

modes of transportation. Finally, reconfiguring is a tactical approach

for increasing a firm's procurement responsiveness. This requires a

redesign of the SC and optimization of the SC network to establish

new partnerships and alliances with suppliers that facilitate the

purchasing process.

In this study, the researchers argue that manufacturers should

develop more adaptable SC and logistic capabilities to maintain

adequate responsiveness to demand and supply. In this line of

argument, the study's contribution lies in the conceptualization of

production changeover as a means to resilience that draws on four

capabilities, that is, 4Rs. The 4Rs framework enables an in‐depth

understanding of the capabilities required for production changeover

as an organizational resilience strategy. In addition, it enables rapid

response to major SC disruptions, such as those caused by the

COVID‐19 pandemic.

This study has a few limitations that should be considered in

future research. First, a limited number of companies participated in

the study due to lockdown when conducting the study. Therefore, it

is highly recommended to conduct a large‐scale study. Second, this

study could not include any financial implications of production

changeover due to difficulties accessing financial results. Hence,

future research is recommended to investigate the financial implica-

tions of production changeover.
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