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Abstract: This article examines the role of communication
during supplier involvement for building supply chain
resilience. Based on the construal level theory, our model
proposes the influence of supplier involvement in product
development on supply chain resilience and, in turn, on
company performance through the mediating effect of
communication.The results of the empirical analysis, a
computer-assisted telephone interviewing (CATI) method
conducted on 500 manufacturing companies operating in
Poland, confirm the mediating role of communication. The
authors used the mediation effect, because the research aim
was to recognize the mediating role of communication, and
not it’s another impact at different levels, which is assumed
by the moderation effect. To demonstrate the mediation
effect, the structural equation model was used. This
research extends the literature on supplier involvement in
product development by examining how communication
during supplier involvement can impact supply chain
resilience and company performance. It also contributes to
the construal level theory by suggesting a new antecedent
of communication. The research shows that the best
practices performed under the supplier involvement in
product development increase supply chain resilience only
when the proper supplier-buyer communication occurs. We
explain the specific influence of collaborative activities on
supply chain resilience from the perspective of supplier
involvement.
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development (NPD). Researchers have
explored the impact of supplier involvement

Supplier involvement in product development
(SIPD) has been the subject of research for
many years. Previous studies have looked at
various aspects, though they were primarily
focused on how integrating suppliers into the
customer’s R&D affects new product
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on the general outcomes of NPD projects
(Ragatz et al., 2002; Ye et al., 2018), on time
(Danese & Filippini 2010; Langerak &
Hultink 2008), costs (Feng & Wang, 2013;
Yu et al. 2019), and design quality (Petersen
et al., 2005). One of the most frequently
studied issues is communication in the
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supplier—customer relationship during the
product development process. It has been
observed that intensive and frequent
communication (e.g. a large volume of
information/knowledge is exchanged) has a
positive impact on SIPD results, mainly by
increasing the technical quality of developed
products, reducing development costs
(Takeishi, 2001) and development time
(Langerak & Hultink 2008; Najafi et al. 2013;
Ragatz et al. 2002). However, there is a lack
of research on how the communication during
supplier involvement in product development
influences firm’s operational performance
during regular production, including net
profit or sales growth.

The research problem is that in the literature,
not many publications have also presented
studies on the relationship between supplier
involvement in product development and
supply chain risk or resilience, and if, they are
qualitative one. The motivation of this study
is to take an attempt to fill this gap by
presenting the statistical relations between
SIPD and supply chain resilience (SCRES).
Khan et al. (2008) in the qualitative research,
considered linking product design, supply
chain operational performance, and risk
management. They explained that joint
product development is a chance for effective
supply chain risk mitigation. A case study on
Boeing revealed the importance of product
development activities for designing supply
chains that are less vulnerable to disruptions.
Tang et al. (2009), based on case study,
advised that supply chain risks should be
managed as early as in the design stage of the
product, whereas Tang and Nurmaya (2011)
listed early supplier involvement as the one
qualitative solution to product and process
design risk, production capacity risk and
operational disruption. Finally, Melnyk et al.
(2014) based on Boeing’s experiences,
pointed out that resilience is determined by
the stage of product and supply chain design.
The 2001 terrorist attacks became the key
starting point for intensive research into
security in global supply chains (Closs &
McGarrell, 2004). Since then, risk and
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business continuity issues have become the
topics of thousands of scientific publications
(Gibb & Buchanan, 2006; Jiittner et al., 2003;
C. S. Tang, 2006; Zsidisin et al., 2005; Julia
Acevedo-Urquiaga et al., 2021). A few years
later, the world was hit by the financial crisis,
which revealed strong dependencies in
supplier—customer relationships confirming
the reality of the butterfly effect and the
domino effect (Bagdo et al., 2012; Choi &
Douady, 2012; Giunipero & Eltantawy, 2004;
Jiittner & Maklan, 2011; Kambil & Mahidhar,
2005). Since then, the research on supply
chain risk management (SCRM) has
intensified and become a subject of interest of
supply chain specialists and managers
(Blome & Schoenherr, 2011; Y. Fan &
Stevenson, 2018; Ho et al., 2015; Manuj &
Mentzer, 2008; Pfohl et al., 2010; Torabi et
al., 2016). In the last decade, the global
economic situation has started to stabilise.
However, at the turn of 2019 and 2020, the
COVID-19 epidemic began, which showed
that managers cannot neglect to anticipate the
continuity risk even when they enjoy
optimistic sales forecasts. The infectious
disease caused by this coronavirus revealed
an urgent need to look at contemporary global
supply chains. Their feature is increased
sensitivity to disruptions, what generates an
increased level of risk. One of the lessons that
emerge very clearly from global crises is that
disruptions are less severe in resilient supply
chains.

Over the past 20 years, the new concept
supply chain resilience (SCRES) appeared
that sets the framework for anticipating risk,
responding to disruption, and recovering after
crisis  situations (Ali et al., 2017;
Tukamuhabwa et al., 2015). According to the
international standard (ISO 31000:2018,
2018), risk is the ‘effect of uncertainty on
objectives’. It can be defined as the
combination of the probability of an event
and its consequences (ISO/IEC Guide 73).
Business objectives may be not achieved
because of the appearance of adverse events.
Risk impacts the strategic and operational
performance of a company by affecting value
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creation or preservation (COSO, 2004). In the
event of a disruption, companies should be
able to perform value-adding processes at
least at the minimum required level. To
minimise the consequences of acute shocks, it
is recommended that business continuity
plans be implemented (Lam, 2002; Zsidisin et
al., 2005).

SCRES consists of many different abilities.
One of them is flexibility (Hohenstein et al.
2015). It is defined as ‘ability to respond
quickly and efficiently to changing customer
and consumer demands’(CSCMP, 2013).
There are four main types of flexibility in
relationship with suppliers: product, volume,
time, and mix flexibility (Fantazy et al.,
2009). This epidemic has shown that they
have become crucial in responding to the
crisis successfully and their main source is
close cooperation with suppliers in the area of
product development and manufacturing,
based on effective information exchange.
Some companies had to meet demand that
was several times higher (e.g. manufacturers
of protective masks or logistics companies
offering courier services), while others in turn
suffered from a drastic decrease in demand
(e.g. clothing manufacturers, restaurants, and
hotels). Further, the global crisis has shown
that the ability to start manufacturing
different products is an opportunity to keep
jobs and financial liquidity during crisis time.
For example, automotive companies have
started producing respirators and oil industry
corporations or breweries have started
producing disinfectants. Communication is
one of the key enabling factors for joint
product development (Lee & Wang, 2012;
Sjoerdsma & van Weele, 2015). Another
experience from the epidemic is that
maintaining continuity of supply chain
processes is possible mainly thanks to well-
developed supplier-buyer communication.
For  example, remote work and
videoconferences via Zoom or Skype, have
become indispensable tools in times when
people are unable to work at the company’s
location or use passenger transport.

The ways supply chains have been observed
to react to the epidemic and the important role
of communication in the effective response to
global disruption have prompted researchers
to consider how supplier involvement, and
especially supplier—customer communication
during product development, impacts supply
chain resilience. This article is designed to
meet this contemporary challenge.

The main objective of this article is to
examine the role of communication during
supplier involvement for building supply
chain resilience. The manuscript makes three
specific contributions to the literature. First, it
develops a theoretical model on SIPD,
communication, and resilience. Then, it
verifies the proposed model with the use of
several statistical methods. The empirical
data were collected in a survey of 500
manufacturing companies and were the input
to the structural equation modelling, which is
the main method used in the research. Finally,
based on the observations, it forms several
conclusions that contribute to theory and
practice.

A dynamic capability approach can be used to
address the considerations on supplier
involvement in product development and
building supply chain resilience. It is defined
as ‘the firm’s ability to integrate, build, and
reconfigure internal and external
competences to address rapidly changing
environments’ (Pereira et al., 2014; Teece et
al., 1997). This study also follows the
resource-based view (RBV), as it has become
a complementary element in studies focusing
on both SIPD and supply chain resilience.
RBYV is the most commonly used theory in
articles presenting the issue of risk and
resilience (Tukamuhabwa et al., 2015). It is
also the accepted approach in research on
supplier involvement in product development
(Carretal., 2008; Luo et al., 2010; Menguc et
al., 2013).

The following section of the article describes
the theoretical background of the study,
including the theoretical model and the
hypothesis. ~ Section 3  presents the

975



Kedzia & Staniec, The impact of supplier involvement in product development on supply chain resilience:
the mediating role of communication

methodology which was used. The results are
presented in Section 4 of the paper, whereas
the discussion on the findings is conducted in
Section 5. The final section of the paper
provides conclusions with implications.

2. Theoretical background

2.1. Supplier involvement in product
development

SIPD describes a situation in which a
customer integrates a supplier within their
R&D area, especially in designing new
products or redesigning the customer’s
existing products (Carr et al., 2008). This
practice entails giving the supplier some
responsibility in the NPD process (Chien &
Chen, 2010). The degree of involvement
depends on various factors, e.g. the item’s
complexity or the supplier’s impact on the
design and specifications (Kamath & Liker,
1994; Petersen et al., 2005). One of the latest
definitions for SIPD calls it ‘a process of
managing the involvement of suppliers in the
development of (new) products/services/
processes/technologies for the chosen
category’ (Luzzini et al., 2015). The supplier
can be included at any stage of the process
(Handfield et al.,, 1999). A particularly
common situation is the inclusion of a partner
at the initial stages of NPD, and even while
generating ideas. Early supplier involvement
(ESI) allows product design, process design,
and supply chain design to be linked together
(Petersen et al., 2005) through joint strategic
planning and supply and demand planning or
continuous improvement projects (Kdhkonen
et al., 2015). Thus, it is also considered to be
the source of the greatest benefits for the
customer. SIPD requires a mature decision
regarding the stage of inclusion of the
supplier and the responsibility transferred to
the partner. Therefore, it is particularly
important to properly select the supplier
(Biiyiikozkan & Gorener, 2015; Hoegl &
Wagner, 2005; Wagner & Hoegl, 2006). As
SIPD is based on close cooperation, one of the
most significant aspects is the strategic fit,
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expressed in the alignment of goals or the
similarity of the business culture, for example
(Hong et al., 2011; Ragatz et al., 2002; Spina
et al., 2002). Some authors also highlight the
role of mutual commitment and trust (Parker
etal., 2008). A supplier—customer partnership
during  product development entails
communication and sharing information
(Jayaram, 2008), knowledge sharing (Le Dain
& Merminod, 2014), and sharing other
intellectual, physical, and human assets
(Ragatz et al., 1997) as well as external
integration (Parker et al., 2008). Thus,
effective SIPD involves cross-functional
teams, co-location and stimulating partners
(Bozdogan et al., 1998). Fan et al. (2000)
highlighted the role of supplier development,
among other things, for NPD performance.

2.2. Communication during supplier
involvement

During cooperation on product development,
processes, and supply chains, different
methods and communication channels are
used. Especially in the case of ESI, they are
implemented very early, which provides for
excellent information exchange at various
levels of management (Mclvor et al., 2006;
Najafi et al., 2013). Cicmil and Marshall
(2005) presented conditions of
communication flow as factors, that increase
mutual trust, allow building relations between
them, as well as increase faith in the adequacy
of activities and common competences.
Mature communication has been an important
topic of previous studies. First of all, it has
been suggested to develop internal
integration, which supports communication
between company departments and enhances
concurrent development (Dowlatshahi, 1997;
Parker et al., 2008). Secondly, supplier
involvement requires external integration
(Johnson & Filippini, 2009), which is related
to communication between the supplier and
the customer. According to Littler et al.
(1995), frequent communication is one of the
factors of SIPD success. Ragatz et al. (2002)
advised that suppliers’ employees be included
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in the NPD team, cooperate with the supplier
in the same location, and communicate with
the partner frequently. Hoegl& Wagner
(2005) considered the frequency and intensity
of communication between members of the
two organisations. In turn, Takeishi (2001)
observed several benefits of frequent
communication and direct contact, mutual
visits, and conversations between partners’
employees in the construction, sales, and
production departments. Companies use
various methods of communication, mainly
including traditional methods such as the
telephone and face-to-face meetings, but they
also use Internet for emails and
teleconferences/videoconferences (Birou &
Fawcett, 1994; Culley et al., 1999; Hartley et
al., 1997). Along with the development of
ICT, companies are using more and more
advanced communication methods in NPD,
such as EDI (Mclvor & Humphreys, 2004) or
customised software (Huang & Mak, 2003;
D. Tang et al., 2004). In turn, Chuang and
O’Grady (2001) observed the benefits of
using e-commerce technology in the NPD
process. To sum up, communication is
described by many features that determine its
maturity, scope, and effectiveness. In this
study, these characteristics were combined
into a wide term, which is ‘communication
during supplier involvement’ (CSI).

2.3. Suppy chain resilience

Supply chain resilience (SCRES) is a very
broad approach that has developed over the
past two decades, combining the issue of
proactive risk management and the
preparation for and response to disturbances.
Many articles have appeared on this topic, so
some authors decided to carry out a
systematic review of the literature. In this way
they provided a comprehensive framework
for this concept. One of the newest definitions
explains that supply chain resilience is

“the ability to proactively plan and design a
supply chain network for anticipating
unexpected disruptive (negative) events,
respond adaptively to disruptions while

maintaining control over structure and
function and transcending to a post-event
robust state of operations, if possible, more
favourable than the one prior to the event,
thus gaining competitive advantage. (Ponis &
Koronis, 2012) .

Generally, SCRES refers to the three phases
of disruption: pre-disruption (readiness),
during-disruption (responsiveness), and post-
disruption (recovery and growth) (Ali et al.,
2017; Tukamuhabwa et al., 2015). Each
phase requires the implementation of
appropriate proactive, concurrent, or reactive
strategies (Ali et al, 2017). The
implementation of these strategies is possible
thanks to a number of elements. Hohenstein
et al. (2015) identified key elements of
SCRES and ordered them for each phase
according to the most frequently mentioned in
the literature on the subject. Among the
recognised elements, ‘flexibility’ was the first
for each phase. Other elements are as follows:
redundancy, agility, collaboration,
information sharing, and capacity. Lima et al.
(2018) called these elements enabling factors
and added information security, trust,
sensing, supply chain risk culture, leadership,
innovation (understood as ‘reach[ing] beyond
the organisation’s boundaries and striv[ing]
to continuously transform knowledge and
ideas into new products’), and reengineering.
In turn, Kochan & Nowicki (2018)
considered SCRES according to context-
interventions-mechanisms-outcomes (CIMO)
logic. A resourced-based theory is mentioned
as the most common mechanism used to
explain SCRES in previous studies. It was
explained that it ‘provides a basis to explore
relationships among specific  resources,
capabilities, and performance’ in the SCRES
literature (Kochan & Nowicki, 2018).

2.4. Development of the theoretical model
and hypotheses

Based on the literature presenting both
quantitative and qualitative studies, a
theoretical model (Figure 1) is proposed to
evaluate the importance of communication
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during supplier involvement for building
supply chain resilience. The three individual
relationships are expressed in the form of

hypotheses, the justification of which is
presented in figure 1.

Supplier involvement
in product development |~
(SIPD)

HI | Supply chain resilience H3
(SCRES)

Company performance
> (€P)

Al

Communication
during supplier involvement in
product development
(CSI)

Figure 1.Theoretical model

2.4.1. The relationship between supplier
involvement in product development (SIPD)
and supply chain resilience (SCRES)

Supplier involvement in product development
allows for more effective achievement of
NPD goals in the form of shorter product
development time, lower product launch
costs, and better product quality and
compliance (Handfield et al., 1999; Mikkola
& Skjoett-Larsen, 2003; Ragatz et al., 1997).
It can be assumed, that such effects are
enabled by reducing the general risk that
occurs when designing products, processes,
and supply chains.

The main source of joint product
development benefits are some specific
practices. Firstly, cross-functional
coordination and internal integration have a
positive impact on NPD performance (Chien
& Chen, 2010; Feng & Wang, 2013). Next,
technology and cost information sharing
during product development determine the
overall satisfaction of partners with achieving
the NPD objectives (Petersen et al., 2003).
Finally, buyer—supplier collaboration based
on trust, commitment, and mutual training is
a desirable supply chain practice (Hoegl &
Wagner, 2005). Above all, SIPD may
improve the processes of both partners (Carr
et al., 2008; Flynn et al., 2010; Najafi et al.,
2013; Von Haartman & Bengtsson, 2015),
such as procurement or manufacturing
(Dowlatshahi, 1998; Jiao et al., 2008). Thus,
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according to the qualitative research, the
supplier involvement in product development
may be considered as a way to avoid or
minimise various risks related to the supply
chain (Smeltzer & Siferd, 1998; C. S. Tang et
al., 2009; Zsidisin & Smith, 2005). These can
be, e.g. human risks (e.g. errors) or system
failures (e.g. production machines, IT), which
are listed as one of the main types of
operational risk (“Directive 2009/138/EC,”
2009). Interestingly, one of the three pillars of
SCRES is risk anticipation aimed at reducing
the likelihood of adverse events.

Further, the company’s decision on SIPD is
based on multi-faceted assessment criteria
such as the product and process knowledge,
production system quality, and capabilities or
financial  situation of the  supplier
(Biiyiikozkan & Gorener, 2015; Handfield et
al.,, 1999). This allows the customer to
increase their confidence in choosing a
reliable partner and to avoid some supply risk.
Simultaneously, the supplier proximity is also
important for the success of cooperation
(Birou & Fawcett, 1994; Wagner & Hoegl,
2006). Mainly, a local supplier increases the
chances of an agile response to environmental
uncertainty. This enhances flexibility, which
is the main element of SCRES, especially of
concurrent  strategies (Hohenstein et al.
2015).

It can be noted that some items used in SIPD

construct thematically overlap with the
SCRES factors. For example, collaboration
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understood as cooperation, joint-decision
making, and knowledge sharing, is regarded
as a key element of both proactive and
reactive resilient strategies (Hohenstein et al.
2015). Similarly, improving suppliers’
effectiveness through various incentives (e.g.
education) is pointed to as one strategy that
mitigates supply chain disruptions (C. S.
Tang, 2006).

In the light of the above considerations, the
following hypothesis was built:

H1: There is a statistically significant direct
effect of SIPD on SCRES.

2.4.2. The relationship between
communication during supplier
involvement (CSI) and supply chain
resilience (SCRES)

Supply chain resilience (SCRES) is based on
preventive actions as well as prepared and
active responses to disruptions. In both cases
communication plays a fundamental role.
Supply chain risk management aimed at
anticipation and risk analysis requires not
only internal  interactions  (between
employees of a single company), but also
external interactions (between the company,
its suppliers, and clients) (Waters, 2007, p.
86; Zeng & Yen, 2017). Thus, supply chain
risk management is strengthened by effective
business-to-business and business-to-
government information sharing (G. Li et al.,
2015). Communication with learning is the
centre of risk management (Keegan, 2004, p.
13). For example, according to FERMA’s
guidelines, communication is important,
especially for identifying and reporting risk
(“FERMA,” 2003). Also, reacting to
disruptions is facilitated by effective
communication in the supply chain. Multiple
communication channels, and especially
online environment support managing crisis
at its every stage (Coombs, 2010). In
particular, new technologies should be used
to improve communication in crisis
management (Sheffi, 2001). Steelman and
McCaffrey  (2013) point out that
communication before and during a crisis

allows for greater strategic flexibility in
responding to disruptions. Consequently, all
business continuity plans are based on well-
organised and tested communication (ISO
22301:2019, 2019). Wieland and Wallenburg
(2013) recognised that communicative and
cooperative relationships have a positive
effect on resilience. Seville et al. (2008) stated
that resilience is often related to intangible
assets such as trust and good communication,
including in relationships with stakeholders
(e.g. suppliers and customers) that support the
company’s recovery from disruption. Internal
communication and information and
communication tools are regarded as factors
that lead to SCRES in various supply chain
areas — in relationships with suppliers, for
example (Pereira et al., 2014). Blackhurst et
al. (2011) observed that well-defined
communication networks together with
prepared communication protocols are
positively related to supply resiliency. It was
also noted that communication and
information sharing determine visibility and
agility which enhance SCRES (Rwakiraetal.,
2015). In light of all these observations, it is
recognized that there is still a lack of
statistical studies on how supplier-buyer
communication during NPD affects SCRES.

An extending communication with suppliers
may positively influence new product
development. Thus, it is advised that
communication during supplier involvement
should be intense and frequent and should
include cross-functional teams (Hoegl &
Wagner, 2005; Ragatz et al., 2002; Takeishi,
2001), traditional communication methods
(Birou & Fawcett, 1994; Hartley et al., 1997),
and advanced tools (Huang & Mak, 2003;
Mclvor & Humphreys, 2004). Therefore,
these aspects were included in the CSI
construct.

In this study, it was assumed that SIPD
practices implemented alone are not
sufficient to build supply chain resilience,
since the literature shows that communication
plays a key role in the successful product
development as well as risk management and
business continuity management. Therefore,
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the following hypothesis was put forward:
H2: There is a statistically significant indirect

effect of SIPD on SCRES through
communication (CSI) as a mediating
variable.

2.4.3.  The relationship between supply

chain resilience (SCRES) and company
performance (CP)

‘Resilience is the heart of current supply
chain management thinking’(Melnyk et al.,
2014). Thus, whilst designing products,
processes, and supply chains, managers
should consider risk anticipation and
reduction (e.g. transfer or avoidance) as well
as the main SCRES elements such as
flexibility (e.g. flexible suppliers and flexible
production) and redundancy (e.g. safety
stocks and back-up suppliers). All this can
ensure the expected performance level of both
the company and its business partners, even
in the face of a sudden disruption.

Adverse events bring various losses. They
can be linked to such consequences as
financial, reputational, legal and regulatory,
contractual, or occupational health & safety
(ISO/TS 22317:2015, 2015; Jennison, 2007,
p. 41). Losses appear due to the inability to
carry out processes in accordance with legal
requirements, customer requirements, or
corporate regulations, for example. Thus,
operational and strategic risks negatively
affect company performance—especially
when they are not properly managed
(Hendricks & Singhal, 2003). Risk in the
supplier—customer relationship may also
affect objectives related to the triple bottom
line (Pagell et al., 2010). The business impact
of disruptions is assessed in terms of
consequences and time, as the losses increase
along with the duration of the disturbance
(“BCL” 2018). The key to success is therefore
not only to anticipate, but also to respond to
crisis effectively. Sheffi and Rice (2005)
considered SCRES to be ‘the firm’s ability to
absorb disruptions [which] enables the supply
chain network to return to state conditions
faster and thus [it] has a positive impact on

980

firm performance.” Resilient supply chains
deal with risks by reducing the likelihood of
encountering adverse events and preparing a
range of response options aimed at slowing
down the rate of disruption and thereby
mitigating losses. The proactive strategies
require additional and sometimes costly
investments, which increases the operating
costs of supply chains. On the other hand, an
adequate response to a specific interruption
allows the company to run processes at a level
that ensures financial liquidity as well as a
quick return to normal performance after an
interruption. Certainly, SCRES determines
‘the ability to maintain control over
performance variability in the face of
disturbance’, among other things (Priya Datta
et al., 2007). Hohenstein et al. (2015), based
on the systematic literature review suggested
to recognize the dependencies between some
resilient practices (e.g. collaboration) and a
firm’s performance. As shown by qualitative
studies, the collaborative practices realized
during supplier involvement in product
development may increase SCRES (). In light
of these findings, the relations between
SCRES and performance still require in-
depth research and statistical confirmation.
Therefore, Hypothesis 3 was formulated:

H3: There is statistically significant direct
effect of SCRES on company performance.

3. Research methodology

Operationalisation of the presented approach
(Figure 1) required that each area is expressed
with an adequate construct. The measurement
of SIPD and CSI were proposed following the
results of a systematic literature review
(Wieteska, 2019). SIPD is expressed by ten
items, and CSI with six items (Appendix 1).
In this research, the SCRES construct was
adopted from Ponomarov(2012, p. 76),
whereas the CP measurement follows from
several publications; however, all four items
were used by Tipu and Fantazy (2014) in their
research on company strategy
(innovative/customer-oriented/follower

strategy), flexibility, and performance.
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In the questionnaire each area was expressed
through statements based on previous studies.
Each statement represented one observable
variable measured with a five-point Likert
scale, where a value of 5 indicated ‘strongly
agree’ and a value of 1 represented ‘strongly
disagree’. First, a preliminary assessment of
the questionnaire was conducted. The
questionnaire was submitted to academicians
and supply chain managers for review and
was pre-tested among a sample of twelve
companies. This was done to assess the
questionnaire in terms of its content and
structure, and the collected comments and
remarks were incorporated into the revised
version of the questionnaire. The key to
ensuring the credibility of the answers is
whether the vocabulary wused is not
understandable only to researchers, but
primarily to the business practitioners to
whom the questionnaire is addressed.

The data were collected using a computer-
assisted telephone interviewing (CATI)
method from small, medium-sized, or large
manufacturing companies in Poland. The
research included both domestic and
international companies from six industries.
Their capital varied, i.e. domestic, foreign, or
mixed. The source of contact details of
potential respondents was the Bisnode
Database (www.bisnode.pl). The statistical
sample included 10,051 companies, with
responses being obtained from 500
companies. The number of companies
representing each sector was calculated by
taking into account the principle of
‘probability proportional to size’.

Purposive sampling was adopted for the
sample selection. The selected companies
were only those entities that develop products
with suppliers. The main filter question was
whether the respondent was responsible for at
least one SIPD project in the past. The
respondents were CEOs, board members,
business owners, and managers responsible
for purchasing and supply chain management.
The survey was conducted between June and
July 2019.

4. Research results

Before analysing the data, we pre-examined
responses following the guidelines of (Byme,
2001; Hair et al., 2020) in terms of missing
data, response patterns, outliers, and data
distribution.  Accordingly, the  results
indicated that there were no observations with
missing values. Furthermore, no suspicious
response patterns or significant outliers were
observed, though the data were to some extent
abnormal because several items were found
with skewness or kurtosis statistics slightly
higher than 1. However, since the deviations
were not significant (Byme, 2001), there was
no need to exclude the items.

In order to test the hypotheses and assess the
conceptual model, we used structured
equation modelling with AMOS 21 software.
The presentation of the results is organised as
follows: first, we examine the common
method variance (CMV); then, we present the
measurements of reliability and validity as
well as the quality of the measurement
model’s fit; and finally, we assess the
structural model and test our hypotheses.

4.1. The common method variance

In the theory of constructing (Podsakoff et al.,
2003), particular attention is paid to the fact
that common variance methods may increase
or decrease the observed relationships
between constructs, which can lead to both
type I and type Il errors. Studies such as ours,
in which all data were collected using the
same questionnaire in the same period of
time, are particularly sensitive to them
because the common method variance is
attributed to the measurement method, and
not to individual measurement scales, i.e. no
systematic measurement error is related with
a deviation of estimates from the true
relationship between theoretical constructs.
One verification method to check for the
presence of a common variance effect is
Harman’s single factor test (Podsakoff et al.,
2003). For this purpose, all 15 items were
introduced to exploratory factor analysis.
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Using principal component analysis and
varimax rotation, it was determined that the
number of factors necessary to account for the
variance of items is 4 with an eigenvalue
greater than 1.0. Identifying four factors
together explained 70.752% of the total
variance; the first factor did not constitute a
majority of the variance, though, as it was
only 20.465%; two factors constituted
40.770%, and only three factors constituted
57.414%. Thus, no single factor was
identified and one general factor was not
responsible for most of the covariance
between items. Although the results of these
analyses do not exclude the possibility of a
common variance (CMV), they suggest that
CMV is not a problem; therefore, it is unlikely

to interfere with the interpretation of the
results obtained (Podsakoff et al., 2003).
Additionally, it is worth noting that in the
study described, independent and dependent
variables were presented separately (Akbar et
al., 2016; Nguyen et al., 2020).

4.2. Reliability and validity

The reliability of the measures in this study
was assessed by two commonly used
measures: Cronbach’s Alpha and Composite
Reliability (CR) (Kline, 2015). Using both
reliability criteria (Table 1), we see that all
constructs meet typical requirements-values
greater than 0.7 are suggested (Kline, 2015;
Nguyen et al., 2020).

Table 1. Descriptive statistics and reliability of measures

Construct Mean SD Cronbach’s CR AVE
alpha

SIPD 2.639 0.896 0.791 0.884 0.565

Csl 4.217 0.450 0.778 0.862 0.567

SCRES 3.954 0.403 0.855 0.907 0.712

CP 3.575 0.502 0.820 0.869 0.638

For each construct, the average variance
extracted (AVE) is greater than 0.5 (Kline,
2015; Nguyen et al., 2020); consequently, we
can confirm the convergent validity (see
Table 2).

Concerning the discriminant validity (see
Table 2), the Fornell-Larcker criterion
suggests that the root square of each
construct’s AVE should be higher than the
correlation with any other construct (Fornell
& Larcker, 1981).

Table 2.Discriminant validity

SIPD CsSlI SCRES CP
SIPD | 0.752
CSI | 0.257**| 0.753
SCRES | 0.096* | 0.189** | 0.844
CP_ 10.269**| 0.080 | 0.256** | 0.799

* Correlation is significant at the level of 0.05 (2-tailed)
** Correlation is significant at the level of 0.01 (2-tailed)

Numbers on the diagonal are square roots of
AVE for constructs; numbers off-diagonal are
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correlations between them.

Another popular approach for establishing
discriminant validity is to assess cross-
loadings. In our research, each measurement
item correlated weakly with all other
constructs except for the one to which it is
theoretically associated (Gefen & Straub,
2005).

Finally, our results show that the fit index for
our measurement model is an approximate fit
(x2 =322.305 (df = 71), p <0.0001 — reject the
model; x2/df = 4.54<5 - good fit;
GF1=0.929>0.9 — good fit; AGFI=0.901>0.9
— good fit; TLI=0.908>0.9 — good fit;
CF1=0.911>0.9 — good fit; PGFI=0.611>0.5 -
good fit; RMSEA=0.076<0.08 — fair fit;
SRMR=0.0666<0.08 — good fit). If the chi-
squared test rejects the model but
SRMR<0.08 and all standardised residuals
are small (i.e. there are no large residuals),
then we can claim the model fits
approximately well (Asparouhov & Muthén,
2018).
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4.3. Structural model

First of all, note that the model explains 5.4%
of CSI’s variation, 2.8% of SCRES’s
variation, and 5.5% of CP’s variation (see
Fig. 2). Regarding the model fit, our
conceptual model matches an approximate fit

of the data (x2 = 336.562 (df = 73), p<0.0001
— reject; y2/df=4.61<5 — good fit;
GFI1=0.936>0.9 — good fit; AGFI1=0.919>0.9
— good fit; TLI =0.910>0.9 — good fit;
CFI=0.928>0.9 - good fit;
RMSEA=0.076<0.08 - fair fit; and
SRMR=0.078<0.08 — good fit).

0.09(ns) ?52(?;;*
(0.180) SCRES '
cpP
R2=0.028 ’ R2=0.055
- 0.039* x
\\ (2.390) -7 0.166*
csl
R2=0.054

Figure 2. Empirical assessment of the structural model (n = 500)
Note: ** p <0.001; * p < 0.01; ns = not significant; critical ratio in parentheses

Our results show that SIPD does not have a
direct effect on SCRES (p = 0.09; p = 0.857).
Consequently, H1 is rejected. The other
results show a significant positive effect of
SIPD (B =0.233; p < 0.001) on CSI, which in
turn has a significant effect (B = 0.166; p <
0.01) on SCRES. Firstly, the indirect effect
for SIPD on SCRES is statistically significant
(B =0.039; p<0.01). Secondly, the bootstrap
test with a minimum of 5,000 resamples
offers clear evidence of significant mediation
if the 95% confidence intervals do not include

Table 3. Test of hypotheses

the value 0 (Nguyen et al., 2020), indicating
that SIPD has a significant positive indirect
effect on SCRES (B = 0.039; p < 0.01; 95%
CI: 0.019, 0.18; excluding 0). These results
suggest that CSI totally mediates the effect of
SIPD on SCRES, and we can validate H2.
Our results show that SCRES has a
significant positive direct effect on CP (§ =
0.235; p = 0.001). Consequently, H3 is
confirmed. All of the results are presented in
Table 3.

Hypothesis Independent Dependent Coefficient p-value Results
variables variables standardised
H1 SIPD SCRES 0.09 0.857 Not supported
H2 SIPD via CSI SCRES 0.039 0.009 Supported
H3 SCRES CP 0.235 <0.001 Supported
5. Discussion Luzzini et al., 2015; McGinnis & Vallopra,

According to previous research, supplier
involvement at the early stages of the NPD
process determines process and supply chain
design in particular (Dowlatshahi, 1998;

1999; Petersen et al., 2005). Therefore, the
lack of direct impact of SCRES on SIPD
(unconfirmed H1) might be explained by the
fact that among the companies surveyed, an
integrated and mature approach for SIPD
(Rauniar et al., 2017; Van Echtelt et al., 2008;
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Wynstra et al., 2001) has not been fully
implemented. Thus, the supplier—client
cooperation was rather limited to providing
the supplier with detailed requirements and
technical specifications as in the case of arm’s
length or routine development (Staniec, 2018;
Wynstra & Pierick, 2000). Simultaneously,
the cooperation with partners or black box
suppliers, which is based on the joint
development of detailed design, early
involvement, and a high degree of supplier
responsibility, might have been a rare
situation (Kamath & Liker, 1994; Le Dain et
al., 2010). This explanation can be confirmed
by the fact that some of SIPD variables aimed
at strategic alliances, although identified in
the literature, were removed after CFA or
EFA from the construct, e.g. cooperation with
the supplier was based on partner
relationships or on jointly set goals
(Appendix 1).

Despite the lack of an advanced partnership
approach to supplier—customer relationships,
our empirical research has confirmed the
opinion that the cooperation between a
company’s employees and the supplier’s
employees was very close and was
concentrated on product and process success.
For example, product development involved
cross-functional teams (l. S. Fan et al., 2000),
there was mutual support in terms of
improvement (Birou & Fawcett, 1994; Ragatz
et al., 2002), and SIPD involved various
levels of management (Fleming et al., 2014;
Mclvor et al., 2006). Nevertheless, such good
practices of SIPD do not have an impact on
supply chain resilience, unless the
communication is implemented (H2
confirmation). The condition, however, is that
the communication is frequent and intensive
(Hartley et al., 1997; Hoegl & Wagner, 2005;
Jayaram, 2008), and takes place in a friendly
atmosphere (Wagner & Hoegl, 2006). In the
light of previous considerations, such
communication certainly allows
comprehensive risk identification and mutual
reporting of any problems that emerge.
Mainly, communication is important at every
stage of disruption management (Coombs,
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2014, pp. 18-26; Pereira et al., 2014; Wieland
& Wallenburg, 2013).

Our empirical research confirmed the opinion
that the communication was based on
traditional methods e.g. telephone, fax, or
meeting in person (Birou & Fawcett, 1994;
Culley et al., 1999; Hartley et al., 1997), and
not using advanced ICT (Huang et al., 2003;
D. Tang etal., 2004). This may be because the
surveyed companies prefer traditional
methods during SIPD or because ICT
technologies are still rarely used in their
country of operation, despite the fast pace of
development today.

In the opinion of Ponomarov (2012, p. 76)
supply chain resilience (SCRES) creates 6
items. However, our empirical study have not
confirmed two of them: ‘our firm’s supply
chain can move to a new, more desirable state
after being disrupted’ and ‘our firm’s supply
chain is well prepared to deal with financial
outcomes of supply chain disruptions’. As
these two items, which are related to supply
chain flexibility have been removed, it was
impossible to see how the SIPD affects them
(Mikkola & Skjoett-Larsen, 2003; Ragatz et
al., 1997).

As an analysis of the literature shows, the
issue of building resilient supply chains is
very broad and involves three dimensions of
time, i.e. before, during and after the
disturbance. However, the SCRES construct
used in this study includes variables aimed

mainly at responding to disruptions.
Presumably, SIPD determines individual
elements of resilient supply chains

differently. This may concern flexibility, for
example. On the one hand, companies prefer
to select responsive suppliers who provide
flexible supplies and effectively adjust to the
changing needs of the client (Handfield et al.,
1999; Wagner & Hoegl, 2006). On the other
hand, SIPD reduces purchasing flexibility,
making it difficult to move to a new supply
chain configuration during or after the
disruption. According to the previous
research, SIPD primarily enhances single
sourcing (Asmus & Griffin, 1993). This is
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partly because the investment in the
relationship increases the costs of switching
(Sjoerdsma & van  Weele, 2015).
Furthermore, single sourcing and strategic
partnerships are associated with strong
dependences and risks, which is particularly
indicated by the  supplier—customer
relationship portfolio models (Kraljic, 1983;
Wieteska, 2014; Wynstra & Pierick, 2000).
Therefore, in the face of supply chain
disruptions, the consequences of single
sourcing are very difficult to deal with
(Norrman & Jansson, 2004).

Contrary to what we initially posited in our
hypothesis, SIPD does not directly impact
SCRES, but rather it increases the importance
of CSI, which in turn positively influences
SCRES. Thus, we are able to propose CSI as
the underlying mechanism that explains the
effect of SIPD on SCRES and CP. Finally,
our empirical research confirms that
communication with suppliers positively
influences SCRES (Birou & Fawcett, 1994;
Hartley et al., 1997). The results from our
study provide empirical evidence for the
significant role of SIPD within CSI and its
influence on SCRES and CP (Priya Datta et
al., 2007; Tukamuhabwa et al., 2015).
Interestingly, the relationship between SIPD
and SCRES is not partially mediated by CSl,
but it appears to be fully mediated by it
(Khaddama et al., 2020).

According to the results, there is a direct
relationship  between SCRES and a
company’s performance (H3 confirmed). Our
empirical research has confirmed the opinion
that SCRES has a positive impact on all four
items: net profit, sales growth, lead time, and
customer satisfaction. Thus, although a
resilient supply chain requires various
investments, it is robust enough to cope well
with the costs of risk. This conclusion
coincides with the previous observations
from qualitative studies (Khan, Christopher,
and Burnes 2008; Tang and Nurmaya 2011;
Tang et al. 2009).

6. Theoretical and practical
implications

This empirical study attempted to fill the gaps
created by trajectory- and resource-based
perspectives in interorganisational supply
chain resilience. This study extends the
research discourse on supply chain resilience
and disruption management with a focus on
the supplier-buyer communication during
product development. The results of this
study indicate that businesses should involve
suppliers in product development in order to
strengthen supply chain resilience, but a
proper communication must become the
foundation of such joint  product
development.

Such a conclusion certainly translates into the
currently observed crisis. During the Covid-
19 pandemic, an increase in communication
and collaborations leading to new ventures
was observed. This was evidenced by
chemical companies diversifying their
product portfolio and  demonstrating
versatility and responsiveness in developing
new products to respond to local and national
demand (e.g. PKN Orlen or Organika).
Companies forged alliances united against the
Covid-19  threat, and thanks to
communication they have increased their
supply chain resilience, responsiveness, and
flexibility.

SIPD favours cooperation with local and
flexible suppliers, and the epidemic has
shown that today, the reconfiguration from
global to national supply chains is becoming
urgent. Product, volume, time, and mix
flexibility in supply chains is critical for
meeting reduced demand in the long term
(e.g. the automotive sector), markedly higher
demand (food or the chemical sector), or to
introduce new products to seize an
opportunity on the market. In the latter case,
having procedures, resources, and experience
in the field of supplier-buyer communication
and joint product development will certainly
aid rapid prototyping in the new supply chain.
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It should also be emphasised that ESI in
particular is based on single sourcing, which
can lead to an increase in dependency risk.
Therefore, even in the face of SIPD,
companies need to remember not to limit
themselves to this sourcing strategy. The
pandemic has shown that even in national and
local supply chains businesses should
implement information and communication
tools and test resources and competences for
remote communication. Although SIPD is
still based mainly on traditional methods (e.g.
face-to-face meetings), developing such
capabilities in supplier—customer
relationships allows for efficient response in
crisis  situations which preclude direct
contact.

7. Conclusions

This study demonstrates that, along with the
severity of the disruption scenario, the effect
of communication must also be considered
when analysing the benefits of resilience
practices implemented by a company.
Appropriate  communication accompanying
joint product development can help to smooth
out the effects of global disruptions. To
mitigate negative consequences better, the
company must act proactively with adequate
communication  practices, which also
connects to the importance of better supply
chain resilience and company performance.

This study suffers from the same
methodological limitations typical of most
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Appendix 1
Table 4. Research instrument: survey questions and references
Construct Item | References Loading
Question: To what extent do you agree with the statement
below?Scale: 1-5. Answers: 1 — strongly disagree; 5 — strongly
agree
Cooperation with the (Hoegl & \_Nagr;er,
SIPD 1* | supplier was based on 2005{ S. Lietal, Reject EFA
partner relationships 2010; Wagrer,
2012)
(Hoegl & Wagner,
Cooperation with the 2005; Kdhkonen et
SIPD 2* | supplier was based on al., 2015; Parker et Reject EFA
jointly set goals al., 2008; Wagner,
2010)
Cooperation with the
supplier was based on (Primo &
SIPD 3 mutual willingness to Amundson, 2002; 0.695
develop a long-term Song et al., 2011)
relationship
Cooperation with the
« | supplier was based on (McGinnis & .
SIPD 4 equitable risk and reward | Vallopra, 1999) Reject EFA
sharing
Supplier Cooperation with the g%ggangecrg’
involvement in supplier was based on Wa r,wer 2805,
product SIPD 5 sharing Ja gram, 2008,' 0.668
development technical/technological yaram, '
(SIPD) knowledge McGinnis &
Vallopra, 1999)
(Chien & Chen,
Cooperation with the \2/810’ Hoeg! &
. agner, 2005;
SIPD 6 supplier was based on i 0.692
sharing cost information Jayar_ami 2008;
McGinnis &
Vallopra, 1999)
Cooperation with the (Birou & Fawcett,
supplier was based on 1994; Bozdogan et
SIPD 7* | sharing physical assets, al., 1998; McGinnis | Reject EFA
for example, a plant or & Vallopra, 1999;
only equipment Parker et al., 2008)
Cooperation between the
company’s employees and
the supplier’s employees
eyt i | s e,
SIPD 8 ! 2000; Primo & 0.797

functional product
development team
consisted of employees of
both the company and the
supplier.

Amundson, 2002)
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Cooperation with the
supplier was based on
mutual support in
improving, e.g. quality or

(Birou & Fawcett,

use of advanced
information and
communication tools

D. Tang et al., 2004)

SIPD 9 production capacity, 1994; Ragatz et al., 0.66
through specific activities: | 2002)
educational and training
programmes, evaluations,
or audits
Cooperation with the (McGinnis &
supplier involved various | Vallopra, 1999;
SIPD 10 levels of management, Mclvor et al., 2006; 0.955
e.g. strategic and Van Echtelt et al.,
operational 2007, 2008)
Question: To what extent do you agree with the statement
below?Scale: 1-5. Answers: 1 — strongly disagree; 5 — strongly
agree
(Culley et al., 1999;
L Hartley et al., 1997;
Csi1 fCrgcr;:Jr:rl]Jtmcatlon was Hoegl & Wagner, 0.791
2005; Jayaram,
2008)
ﬁ?g’r‘]rs’:\‘jg'(ceago’;ﬁ?;e (Flynn et al., 2010;
- Hoegl & Wagner,
CSI2 volume of s e 0.777
. . 2005; Najafi et al.,
information/knowledge
2013)
was exchanged)
Communication took
CsSI3 place in a friendly %\gat%ner & Hoegl, 0.687
L atmosphere
Communication (Birou & Fawcett
during supplier Communication involved 1994 Dowlatshar;i
involvement employees from various ! X
(CsI) departments of the 1998; Lakemond et .
CSl4* company and employees al., 2006; Maffin & Reject EFA
. Braiden, 2001;
from various departments .
of the supplier Parker et al., 2008;
Swink, 1999)
Cooperation with the
supplier was based on (Birou & Fawcett,
communication using 1994; Culley et al.,
CSI5 traditional methods, e.g. 1999; Hartley et al., 0.595
telephone, fax, or face-to- | 1997)
face meetings
Cooperation with the
supplier was based on
CSI6* communication with the (Huang et al., 2003; Reject EFA
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Question: To what extent do you agree with the statement
below?
Scale: 1-5
Answers: 1 — strongly disagree; 5 — strongly agree
Our firm’s supply chain
is able to adequately
SCRES1 | respond to unexpected 0.895
disruptions by quickly
restoring its product
Our firm’s supply chain
SCRES? | c@n _quickly return to .its 0916
original state after being
disrupted
Our firm’s supply chain
« | can move to a new, more .
Supply chain SCRES3 dgsirable state after being Reject EFA
resilience disrupted -
(SCRES) Our firm’s supply chain Construct adopted
is well-prepared to deal from (Ponomarov,
SCRES4* | with the financial 2012, p. 76) Reject EFA
outcomes of supply chain
disruptions
Our firm’s supply chain
has the ability to
maintain a desired level
SCRESS of control over structure 0.854
and function at the time
of disruption
Our firm’s supply chain
has the ability to extract
SCRES6 meaning and useful 0.692
knowledge from
disruptions and
unexpected events
Question: How well does your organisation perform relative to
major competitors in terms of...?
Scale: 1-5. Answers: 1 — very badly; 5 — very well
(Flynn et al., 2010;
CP1 Net profit Tipu & Fantazy, 0.972
2014)
Company (Petersen et al.,
CP2 Sales growth 2005; Tipu & 0.887
performance
(CP) Fantazy, 2014)
Lead time for fulfilling | (ynn etal, 2010;
CP3 customers’ orders Tipu & Fantazy, 0.789
2014)
(Flynn et al., 2010;
CP4 Customer satisfaction N.ajaf' etal., 2013; 0.445
Tipu & Fantazy,
2014)

* |tem dropped after analysis
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