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Introduction

Digital technologies have a profound impact on
consumer behavior (Chanias, 2017) and the competitive
landscape (Vial, 2019). They create growth opportunities
as well as existential threats to companies. By providing
the means by which firms can reconfigure their
product/service mix, digital technologies allow for the
creation of new offerings (Yoo et al., 2010). These
technologies can change products and services and
create new business models (Loebbecke & Picot, 2015).
Additionally, they impact the ways consumers interact
with companies and with each other (Karagiannaki et al.,
2017).

Several studies (for example, Günther et al., 2017; Svahn
et al., 2017) have established positive relationships
between the usage of big data, the internet of things

(IoT), analytics, and artificial intelligence, and the
increased efficiency and adaptability of firms. Thus,
balancing traditionally conflicting targets, a vital
capability involving the “ambidexterity” of a firm
(Gibson & Birkinshaw, 2004), can be enabled by the use
of digital technologies (Svahn et al., 2017). Digital
transformation, the “transformations in organizations
that are driven by new enabling [information
technology] IT/ [information systems] IS solutions and
trends” (Heilig et al., 2017), is therefore considered as
key for firms to survive, since it drives operational
performance and enables significant business
improvements (Hess et al., 2016; Agrawal et al., 2019).

Despite acknowledged advantages, the mere
implementation of digital technologies is not sufficient
(Kane, 2014). In a world where talent and valuable know-
how are widely distributed, organizations cannot pursue

This study aims at investigating the impact of digital transformation on the efficiency and
adaptability of a supply chain (SC). It also identifies the role of collaborative innovation as a
catalyst in these relationships. Survey data from Japanese manufacturing companies was
examined using hierarchical multiple regression analysis to test the study’s hypotheses.
According to the results, collaborative innovation with SC members, that is, suppliers and
customers, strengthens the impact of digital transformation on adaptability, but not on
efficiency. In contrast, collaborative innovation with market participants, such as competitors
and partners, reinforces the positive relationship between digital transformation and
efficiency, with no evidence supporting its effect on the innovation-adaptability relationship.
These findings encourage firms to widen the scope of their collaborative innovation activities
to include different types of partners. For firms with limited abilities to conduct such complex
collaboration projects, the findings can assist managers in making well-informed decisions to
include partners that accommodate prioritized organizational goals.
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innovation independently, no matter how large or
capable they are (Burchardt & Maisch, 2019). Firms now
realize the crucial necessity of exploring external sources
of technology and ideas to augment in-house R&D
(Gassmann, 2006). Thus, creating business value
requires firms to open up their innovation processes and
develop capabilities to combine internally and externally
developed technologies (Chesbrough, 2003).

Firms collaborate with external actors, such as suppliers,
customers, competitors, and research organizations, for
several purposes. These may include improving
distribution, broadening the product assortment, and
increasing manufacturing flexibility (Najafi-Tavani et al.,
2018). A firm’s innovation capability can also be
advanced by such collaboration. This is due to improved
knowledge sharing and market knowledge acquisition
that results in the expansion of a company’s knowledge
base (Zhou & Li, 2012). By inviting other parties to
participate in the innovation process, valuable
knowledge and experience can be shared among
different actor networks, which enable companies to
reduce time-to-market and cost, as well as improve
development quality (Laursen & Salter, 2006; Swink,
2006).

Building on the resource-based view, dynamic
capabilities theory, and organizational ambidexterity
literature, we investigate how external collaboration in
innovation can impact the relationship between using
digital technologies and improved SC performance in
terms of efficiency and adaptability. We suggest that the
benefits of using digital technologies to manage a SC and
improve its performance could be limited without
incorporating structural changes of a company’s
network to include real collaborative innovation
activities that transcends its boundaries. We believe this
issue is significantly important since the trend towards
co-innovation and collaboration across organizational
boundaries is intensifying. We thus explore the
moderating role of collaborative innovation in this paper
using two types of partners: SC members, that is,
suppliers and customers, and other participants in the
market, such as logistics service providers, consultants,
or even competitors.

In the following sections, we first review the relevant
literature and touch on the theoretical underpinnings
and rationale for the proposed hypotheses. Next, we
present the methodology used in the study, followed by
an analysis of the results. We conclude with a discussion
and reflection on the practical implications of the
research findings.

Theoretical Background and Hypothesis Development

Ambidexterity in supply chain management
In the field of supply chain management (SCM),
organizational ambidexterity has emerged as an
appropriate theoretical perspective for explaining
innovation and performance improvement (Lee & Rha,
2016). Ambidexterity, that is, the simultaneous
utilization of exploitation and exploration (Gibson &
Birkinshaw, 2004), is a controversial topic in the
organizational theory and strategic management
literature. From a SC perspective, exploration refers to
the continuous search for knowledge and solutions that
address market changes (Abernathy & Clark, 1993),
allowing for enhanced adaptability. In contrast,
exploitation leverages current SC capabilities in search
of efficiency, and improves them to reach lower cost and
greater reliability (Barnes et al., 2004). A SC is deemed
“ambidextrous” when it has the “ability to maintain
daily operations excellence while looking for constant
innovation and the ability to keep balance” (Castorena &
Monroy, 2020). Such a capability as ambidexterity
enables firms to mitigate the negative impact of SC
disruptions and enhance business performance (Lee &
Rha, 2016).

However, exploration and exploitation activities
compete for organization’s scare resources. Thus, some
scholars view them as fundamentally incompatible
(Hannan & Freeman, 1977; Ancona et al., 2001) while
others believe that reconciliation is possible due to the
complementary, rather than competing nature of these
capabilities (Schulze et al., 2008). Since both exploration
and exploitation are vital for firms’ survival and
competitive advantage, two mechanisms, structural and
contextual, have been developed to achieve the desired
ambidexterity. Structural ambidexterity calls for creating
separate organizational structures to deal with
conflicting demands on different units (Duncan, 1976;
Birkinshaw & Gibson, 2004). This approach is promoted
by scholars who support the incompatibility view of
exploration and exploitation as it guarantees that each
division or unit pursues their own direction of need
without pressure to attend to the other direction. In
contextual ambidexterity, rather than creating separate
divisions, the activities of exploration and exploitation
are viewed as complementary and are balanced within a
single division structure (O’Reilly III & Tushman, 2013).

The impact of digital transformation on the SC’s
ambidexterity
The change introduced by technology advancements
brings new opportunities, as well as challenges, for most
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H1: Digital transformation positively impacts SCs’ a)
efficiency and b) adaptability.

The interplay of digital transformation and collaborative
innovation on SC efficiency and adaptability
Although the advantages of digital technologies are
numerous, their mere implementation will produce little
value (Kane, 2014). Based on the resource-based view,
rival firms can easily duplicate investments in
technologies, which impede the creation of sustained
competitive advantage. Scholars and practitioners
acknowledge the significance of internal, cross-
functional collaboration within a firm for successful
digital transformation (Earley, 2014; Maedche, 2016).
According to Chesbrough (2003), firms can also benefit
from harvesting ideas from external parties, and from
sharing their ideas, even with competitors. Thus, for
digitization to succeed in creating and sustaining
competitive advantage, firms must establish agile and
collaborative organizational structures (Desmet et al.,
2015; Selander & Jarvenpaa, 2016). In this manner,
companies can increase the potential to leverage a larger
and more diverse pool of external sources in a rapid,
cost-efficient, and flexible way (Gassmann & Enkel,
2004), which improves business performance through
increased efficient and effective use of external and
internal resources (Monsef & Ismail, 2012). The interplay
of digitalization and collaborative innovation facilitates
access to big data and the rapid processing of this data
using novel tools such as artificial intelligence and
machine learning (Burchardt & Maisch, 2019).

Innovation is the result of an interactive process while
collaborating with external parties is promoted as an
innovation enhancer. In building cooperative networks,
firms usually seek either synergies/complementariness,
or growth and market power (Tether, 2002; Park et al.,
2004). SC cooperation, that is, cooperation with the SC
members such as suppliers and customers, is one of the
most common complementary agreements (Miotti &
Sachwald, 2003). The purpose of these collaborations is
to gain access to various types of assets owned by
different parties by pooling or exchanging the assets
(Arranz & de Arroyabe, 2008). In cooperative agreements
with rivals, where resources and problems are relatively
similar, economies of scale, experience, and risk
diversification are usually targeted to strengthen the
competitive position by improving overall efficiency and
resource management (Arranz & de Arroyabe, 2008).

Despite their benefits, cooperative agreements are

enterprises. The digitalization of the SC offers plenty of
solutions to tackle these challenges and allow firms to
seize opportunities in the changing market. Improved
customer service, more integration with suppliers and
partners, increased sales, and overall business
development are some of the benefits expected when
taking the strategic decision of digital transformation
(Agrawal et al., 2019). As digital transformation is being
actively discussed in recent literature, several definitions
have emerged with essential differences relating to the
types of technologies involved and the nature of the
transformation (Horlacher et al., 2016; Andriole, 2017).
We adopt the definition developed by (Vial, 2019) in
viewing digital transformation as “a process that aims to
improve an entity by triggering significant changes to its
properties through combinations of information,
computing, communication, and connectivity
technologies” (Vial, 2019).

Firms can transform their traditional SC into agile,
customer-driven, and demand-sensitive networks by
applying emerging digital technologies (Büyüközkan &
Göçer, 2018). In this way, firms will be able to improve
the visibility of their operations, leading to reduced costs
and delivery times, and leveraged efficiency
(Büyüközkan & Göçer, 2018; Calatayud et al., 2019).
Previous studies found that operational efficiency can be
achieved through the use of digital technologies. For
example, Pagani (2013) highlighted cost savings as a
result of digital transformation. The optimization of
business processes can also be achieved using IoT and
analytics, which reduce slack resources and improve
efficiency (Du et al., 2016; Gust et al., 2017).

An adaptable SC can be reshaped when necessary
(Ketchen & Hult, 2007). The use of digital technologies
assists firms in this pursuit by sensing and responding
rapidly to the shifts in the market since they increase
customer proximity and enhance scanning for new
consumer trends (Setia et al., 2013; Hansen & Sia, 2015).
The enhanced visibility and coordination generated by
utilizing technologies such as advanced planning
systems (Jonsson et al., 2007) and IT systems (Yoon et al.,
2016) are vital for firms’ ability to achieve adaptability, as
it increases the firm’s capacity for sensing and seizing
opportunities in external environments. Thus, we
consider digital transformation as an antecedent for
improved SC performance in terms of efficiency and
adaptability.

More precisely, we present the following hypothesis:
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usually associated with various challenges, including
communication costs, a potential lock-in effect due to
specific investments (Heide & John, 1990), and
unnecessary knowledge spill-overs (Oxley & Sampson,
2004). Another challenge is choosing suitable partners,
since engaging with different cooperative partners
results in different innovation outcomes (Hyll & Pippel,
2016). Several studies have investigated the impact of
external sources of knowledge on innovation outcomes
(Fritsch & Lukas, 2001; Becker & Dietz, 2004; Hyll &
Pippel, 2016). For example, Becker and Dietz (2004)
found positive effects of engagement with customers
and competitors as sources of knowledge on
technological opportunities, while cooperation between
suppliers yielded adverse effects. In their study, Hyll and
Pippel (2016) found that cooperating with suppliers led
to higher product and process innovation failure, while
cooperating with competitors was associated with
process innovation failure only. Cooperating with
customers, however, was not linked to any innovation
failure.

In line with the discussions of the previous studies, we
thus propose the following hypotheses:

H2: Collaborative innovation with SC members
strengthens the effect of digital transformation on
a) efficiency and b) adaptability.

H3: Collaborative innovation with the market and
industry members strengthens the effect of digital
transformation on a) efficiency and b) adaptability.

The figure below (Figure 1) illustrates the proposed
relationships in this study.

Methodology

Sample and data collection
Data for this research was collected via a survey
instrument from a sample of Japanese manufacturing
firms. Holding the world’s third-largest number of
patents (World Intellectual Property Indicators, 2019),
Japan’s business landscape is an innovation-supported
environment accelerated by its firms’ R&D capabilities
and government regulatory reforms. The Japanese
robotics and IoT markets have witnessed robust and
continuous growth due to the government’s promotion
of Society 5.0, a super-smart society largely dependent
on technology (Evolving Innovation, 2019). These
characteristics qualify the Japanese business
environment as suitable for this specific research topic.

We developed a survey instrument to collect data for this
study. An English version of the questionnaire was
developed first, then translated into Japanese language.
In Japan, the postal service is widely used, and it is
usually preferred over other types of communication,
especially for business transactions. Japanese managers
will probably respond better to post mails than e-mails.
For this reason, we chose postal mail to contact
respondents. We used an address database and random
sampling technique to develop a list of 584
manufacturing firms located in the city of Osaka. Cover
letters, including a link and QR code to the online
questionnaire, were sent by mail to the firms. Three
mails were returned due to wrong/invalid addresses,
resulting in 581 sent by mail. Over a three-week waiting
period, 46 valid questionnaires were filled, yielding
around an 8  response rate. Analysis of the
respondents’ demographic information showed that

Figure 1. Research framework
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50  of the respondents belonged to the top
management level, and 32  had over 10 years of
experience. Most firms (76 ) were of medium size (100 –
999 employees) and 85  of them were established in the
1970s. The firms belonged to various industries, with
petroleum, chemical, and medical (24 ), as well as non-
metallic products (17 ), as the most frequent.

Measures
We used measures pre-validated in extant literature. All
variables were measured based on 7-point Likert scales
(1= strongly disagree/ much worse, 7=strongly agree/
much better). Digital transformation (DigTrans) was
measured using four items adopted from Kim et al.
(2006), Kwak et al. (2018), and Stentoft and Rajkumar
(2018). The respondents were asked to indicate their
agreement with statements reflecting their firms’ usage
of the most advanced enterprise resource planning
(ERP) systems, other advanced IT systems, real-time
tracking technologies, IoT, and artificial intelligence,
over the past three years. SC Efficiency was measured
using three items modified from Sezen (2008), who
adopted them from Beamon (1999). The respondents
were asked, based on personal judgment, to assess their
firms’ performance over the past three years in terms of
the total cost of SC resources, costs associated with held
inventory, and the SC’s return on investments. SC
adaptability was measured using three items adopted
from Pu et al. (2020), who adopted them from Gibson
and Birkinshaw (2004), and Im and Rai (2008). The
respondents were asked, based on personal judgment, to
assess and compare with their closest competitor(s),
their firms’ performance over the past three years in
terms of the ability to adapt SC relationships, business
priorities, and activities responding to different changes
in the market and external environment. Collaborative
innovation was measured using modified items from
Stentoft and Rajkumar (2018). The respondents were
asked to indicate their agreement with statements
reflecting their company’s level of engagement over the
past three years in supply chain collaborative innovation
(SCCI) and market/industry collaborative innovation
(MICI). SCCI was defined as innovation with suppliers
and customers, while MICI included consultants,
logistics service providers, partners, and/or competitors
as innovation partners. The two moderators, SCCI and
MICI, were then transformed into dummy variables by
dividing each into high (one standard deviation above
the mean, coded as one) and low (one standard
deviation below the mean, coded as zero) levels. Finally,
we controlled for the companies’ ages and sizes
(measured by the number of employees). Table 1
presents descriptive statistics and correlations among

the study variables.

Scale reliability and validity
The study constructs were assessed for their reliability,
convergent validity, and discriminant validity. We used
SmartPLS (Ringle et al., 2005) to run this part of the
analysis. The indicator loadings ranged from 0.68 to 0.94
(all significant at the 0.05 significance level). The scores
of Cronbach’s alfa ( ) and composite reliability (CR)
were above the recommended level of 0.70 (Hair et al.,
2019). The average variance extracted (AVE) scores
exceeded the threshold of 0.50 (Hair et al., 2019). These
results confirm the reliability and convergent validity of
the constructs. The discriminant validity was assessed
using the Heterotrait-Monotrait (HTMT) ratio of
correlation (Henseler et al., 2015). All correlations were
below the cut-off value of 0.90, indicating acceptable
discriminant validity.

The variance inflation factor (VIF) values were checked
to detect possible collinearity among indicators and
constructs. All values were below 5, indicating no
presence of collinearity issues. Additionally, the
occurrence of a VIF greater than 3.3 is proposed as an
indication that a model may be contaminated by
“common method bias” (Kock, 2015). None of the
constructs’ VIF scores in our study exceeded the
threshold, indicating that the model is free of common
method bias.

Results

We used RStudio® (RStudio Team, 2020) to run a
hierarchical multiple regression analysis to test the
study’s hypotheses. In Table 2, we present the results of
the analysis. Models 1 and 5 present the base models,
including control variables only. For both models, no
effects were found. In models 2 and 6, we introduced the
independent variable of “digital transformation”. We
found positive effects of digital transformation on
efficiency ( = 0.269 significant at p<0.01) and
adaptability ( = 0.395 significant at p<0.01), which
predicted 30  and 12  (adjusted R2 of 0.301 and 0.120)
of the variance in efficiency and adaptability,
respectively. Thus, H1a and H1b were both supported.

To test the moderation hypotheses, we created dummy
variables by splitting the moderators, SCCI and MICI,
into high values (one standard deviation above the
mean) and low values (one standard deviation below the
mean). This procedure resulted in a reduction in the
sample size because the scores at, and marginally
around the mean were excluded. Models 3 and 7 present
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Discussion

To survive and remain competitive, companies must be
simultaneously efficient and adaptive (Aghina et al.,
2015). Extant literature supports the role of using digital
technologies to achieve such ambidexterity through a
combination of exploring digital innovation and
exploiting existing resources (Raisch et al., 2009). By
using digital technologies, organizations can alter their
value creation processes and uncover new ways to create
value in response to changes in the environment (Huang
et al., 2017). However, digital technologies alone cannot
sustain a competitive advantage and can fall short of
achieving the required outcomes. To reinforce its effects,
the implementation of digital technologies must be
coupled with company changes in strategy, culture, and
structure that emphasize the importance of utilizing
internal and external knowledge sources.

Previous studies have confirmed the impact of digital
transformation impact on several aspects of business
performance, including operational efficiency (Pagani,
2013), innovativeness (Svahn et al., 2017), financial
performance (Karimi & Walter, 2015), and organizational
ambidexterity (Li et al., 2018). This paper contributes to
this stream of literature by providing empirical evidence
of the role of digital transformation in reconciling the
efficiency-adaptability trade-off and achieving
ambidexterity in SCs. We further present an explanation
of how companies can augment a single outcome,
efficiency or adaptability, in conditions where their
current resource availability does not allow for the
simultaneous pursuit of both targets.

This study’s findings have revealed that the interplay of
digital transformation, external cooperation, and search
of knowledge, that is, collaborative innovation, has
varying impacts on SC efficiency and adaptability based

the results of the first set of moderation hypotheses (H2a
and H2b), which tested for the effects of collaborative
innovation with suppliers and customers on a SC’s
efficiency and adaptability. As shown in model 3, no
effect on efficiency was detected ( = 0.413
nonsignificant at p<0.10). Hence, H2a was not
supported. In model 7, however, the moderation effect
was significantly positive ( = 0.518 significant at
p<0.10). This result means that collaborative innovation
with suppliers and customers reinforces the impact of
digital transformation on adaptability, providing
support for H2b.

Models 4 and 8 present the results of the combined
effects of digital transformation and collaborative
innovation with the market and industry members on
efficiency and adaptability (H3a and H3b). The results
show a positive effect on a SC’s efficiency ( = 0.714
significant at p<0.05), while no evidence was found to
support the effect on adaptability ( = 0.413
nonsignificant at p<0.10). Thus, only H3a was supported.

To better understand the moderation results, we plotted
significant results in Figure 2 and Figure 3. Figure 2
illustrates the effect of digital transformation and
collaborative innovation with suppliers and customers
on SC adaptability. The figure shows that, for firms with
high collaborative innovation levels, increased digital
transformation leads to significantly higher adaptability
than firms with low levels of collaborative innovation.
The situation is reversed for firms with higher
collaborative innovation levels with market and industry
members. As shown in Figure 3, these firms exhibit
higher efficiency as their digital transformation levels
increase compared to firms that have low collaborative
innovation levels with the market and industry
members.

Table 1. Descriptive statistics and correlations
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The combined effect of using digital technologies and
collaborating with non-SC members, such as
consultants and competitors, positively impacted SC
efficiency in the companies we studied, with no effect on
adaptability. As discussed above, this is due to the
economies of scale resulting from pooling similar
resources. Because rivals have similar problems and
resources, however, it is unlikely that cooperative
agreements between them will provide the required
knowledge and insights needed to improve adaptability.

Conclusions

Collaborative innovation transforms business
competition and cooperation (Lichtenthaler, 2008) by
emphasizing the idea of widespread involvement and
interdependence between actors at all levels (Lamming,
1993). According to the above discussion, firms can
achieve SC ambidexterity through widening the scope of
collaborative innovation by including different types of
partners. In this way, firms would reap the benefits

on the type of cooperation partners. Specifically,
companies that coupled higher digital transformation
and greater collaboration with their SC partners showed
a significant increase in their SC adaptability compared
to firms with low levels of either digital transformation
or SC collaboration. This result confirms that
collaborative innovation with SC members can augment
and reinforce the positive impacts of digital
transformation on SC adaptability.

Nevertheless, no evidence was found to support the
hypothesis that combining digital transformation and
SC cooperation can improve SC efficiency. This result
can be explained in light of the resource-based view.
According to this view, collaboration agreements that
target cost reduction and economies of scale, or
efficiency, must be based on pooling similar resources
rather than complementary ones. Since the types of
resources usually exchanged in SC cooperation are
complementary in nature, an insignificant impact on SC
efficiency is expected.
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or similar resources to boost efficiency.

Suggestions for Future Research

The findings of this study, as well as its limitations, can
guide some future directions for research on this topic.
Due to the bias inherent in self-reported perceptual
data, we believe a longitudinal study would be necessary
to provide a more in-depth and balanced investigation.
Longitudinal studies are especially encouraged given the
fact that the outcomes of collaborative innovation

associated with the inclusion of each type of partner.
Although the management of several external
cooperation projects with varying types of partners
carries considerable challenges (Heide & John, 1990), the
expected outcomes represented in achieving SC
ambidexterity would certainly remunerate. In instances
where a company’s resources are strictly limited in a way
that complex coordination of projects is not possible,
firms are advised to build cooperative networks with
partners in alignment with the desired objective, using
either complementary resources to facilitate adaptability
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Figure 3.The effects of digital transformation and market/industry collaborative innovation on
supply chain’s efficiency.
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