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This research investigates explicitly how Information technology capability (ITC) can be
tailored to achieve business sustainability via ambidextrous innovation in a turbulent envi-
ronment. Moreover, the moderating factor of a data-driven culture (DDC) is also being
investigated. The research model was built on the theoretical foundations of the resource-
based view (RBV), dynamic capabilities view and existing I'T capabilities literature. Through
a close-ended survey questionnaire from approximately 254 IT personnel in managerial
positions working in the manufacturing industry, partial least squares-structural equa-
tion modelling-artificial neural network (PLS-SEM-ANN) is applied. Notably, the result
indicated that ITC positively influences I'T-enabled dynamic capabilities (ITDC), which
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positively impacts ambidextrous innovations and helps manufacturing firms achieve busi-
ness sustainability. Meanwhile, the moderating role of DDC between ITDC and exploitative
innovation was also found. The results showed that ANN models A, B, C and D are consist-
ent for both analysis. This study provides several novel additions to the literature on opera-
tions management and information systems (IS) researchers. IS researchers should focus
on leveraging ITC to enable and support organisational capabilities rather than the direct
effects of IT expenditures. Additionally, the importance of a DDC has seldom been explored
together previously. Thus, this study fills gaps in existing knowledge, along with signifi-
cant insights, specifically for future I'T implementation. As for practical implications, this
study provides corporate leaders and executives with insights about how to leverage their
resources and customise their ITC in an unpredictable and volatile business environment.

1. Introduction

Environmental uncertainties have resulted in dy-
namic and complicated business environments
(Nejatian et al., 2018). In response, enterprises have
had to rapidly adapt to market challenges and exploit
opportunities in order to survive and grow in a vola-
tile business climate. Along with this, information
technology capabilities (ITC) has grown in relevance
in emerging economies during the last decade (Akram
et al., 2018). Firms rely on ITC to become more in-
volved in innovation (Lowry and Wilson, 2016) and
to respond quickly to external forces (Pavlou and
Sawy, 2010). The rapid change in technology and mar-
ket dynamics have provided much evidence suggesting
that a data-driven culture (DDC) is essential for firms’
ambidextrous innovation (Liu et al., 2017; Iranmanesh
et al., 2021) and subsequently enhancing business sus-
tainability (Akram et al., 2018).

Prior studies have asserted ITC as key facili-
tator for improving a firm’s capabilities, such as
dynamic capabilities (Parida et al., 2016; Mikalef et
al., 2021), knowledge management capability (Akram
et al., 2018), and innovation capability (Ferreira et
al., 2020; Ilmudeen, 2021). Furthermore, the litera-
ture on performance suggested that exploitative and
exploratory innovation might have differing effects on
firms’ adaptability and performance, may be relatively
indirect and requires additional investigation (Ferreira
et al., 2020). Furthermore, little is known about how
ITC affects the underlying processes that enable ambi-
dextrous innovation and subsequently business sus-
tainability, particularly in a tumultuous and fast-paced
environment. It is critical to explore the internal reac-
tion capabilities afforded by firms’ development of IT
solutions because a compromised sensing ability to
detect new opportunities and dangers can have adverse
consequence. For instance, firms would not be able to
exploit the opportunities through coordinated actions
that would otherwise enable them to sustain competi-
tive advantage (Mikalef et al., 2021).
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This study draws on the theoretical perspectives
of the resource-based view (RBV) (Barney, 1991),
dynamic capabilities (DC) view (DCV) (Teece et
al., 1997), and recent IT capabilities literature (Guo et
al., 2021; Ilmudeen, 2021) to expound the effects of
ITC as an enabler of the firm’s overall dynamic capa-
bility via its underlying processes (i.e. IT-enabled
dynamic capability or ITDC), which can then facil-
itate ambidextrous innovation (i.e. exploratory and
exploitative innovation), resulting in improved sus-
tainability performance. The moderating capacity of
a DDC was also introduced to establish a specific
environment that might either enhance or impede the
proposed relationships.

This work significantly advances both theory and
practical knowledge. Theorising dynamic capability
towards ITC and ITDC, this paper first argues that
businesses with excellent ITC can leverage more
of the firm’s innovative capability to accomplish
superior sustainability performance. Next, the inclu-
sion of DDC in this study demonstrates firms real
behaviour, through which managers can make mean-
ingful decisions on resource management during tur-
bulent circumstances. Third, corporate leaders can
devise strategies to develop a firm-wide ITC through
rigorous examination of its business goals rather
than merely investing in IT. The subsequent sections
of this research is structured as follows. The theo-
retical framework is presented in Section 2, and the
hypotheses are developed in Section 3. The research
strategy is narrated in Section 4, while the empirical
analysis and outcomes are discussed in Section 5.
Sections 6 and 7 discuss and highlight the discus-
sions and consequences.

2. Literature review

2.1. Underpinning theories

According to the RBV theory, company resources
are the primary driver of business performance.
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This theory posits that rent-yielding firm-level
resources are valuable, rare, imperfectly imitable
and non-substitutable (VRIN) and can survive com-
petitive imitation (Jeble et al., 2018). IT infrastruc-
ture, trained human resources and relationships
between the IT department and user departments
are important resources viewed as rent-yielding
(Ravichandran and Lertwongsatien, 2005). Existing
IT capability research acknowledges that the abil-
ity to mobilise and deploy IT-based resources may
provide a competitive advantage and help organi-
sations stand out from their competitors (Mikalef
et al., 2020).

Despite that, it is critical for businesses to move
beyond IT-related technology and resources to
focus on other requisite resources for an inimitable
IT competence. A firm’s DC is its capacity to alter
its resource base to detect and capitalise on oppor-
tunities, as well as deal with challenges to enhance
its competitiveness (Zhang et al., 2016). Hence,
DC enables businesses to integrate, create and
restructure resources and competencies in response
to evolving situations (Mikalef and Pateli, 2017;
Senaratne et al., 2021). In today’s volatile envi-
ronment, simply having a collection of resources
is no longer enough to sustain competitive advan-
tage (Wu, 2010). Accordingly, Teece et al. (1997)
expanded the RBV and proposed that businesses
adapt, restructure and remodel their resources and
skills regularly to handle any dynamic environmen-
tal changes (Ilmudeen, 2021).

Additionally, there is strong consensus that
innovation is imperative for organisational sur-
vival, competitiveness and performance (Berraies
and Bchini, 2019; Zuraik and Kelly, 2019). This
notion is characterised as an iterative and multi-
stage process through which businesses effectively
transform ideas into improved or new processes,
products or services that are successfully dissem-
inated to stakeholders (Wong et al., 2017). This
study presents innovation ambidexterity as a cru-
cial DC that allows for the pursuit of both short and
long-term gains, leading to optimal performance
(Wong et al., 2017; Zuraik and Kelly, 2019; Ben
Rejeb et al., 2020).

As per the insights of RBV and DCV, IT capa-
bilities supplement innovative capabilities, help-
ing firms to attain their desired performance and
business sustainability. Additionally, McAfee and
Brynjolfsson (2012) emphasise the significance
of cultivating a data-driven decision-making cul-
ture where managers make judgements based on
insights rather than instinct. According to Mikalef et
al. (2020), firms need to manage their business ana-
Iytics departments and ensure alignment of analytic
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skills with company strategy in their quest to become
data-driven.

2.2. IT capability

ITC, is defined in terms of company’s capacity to
organise its IT-based resources in conjunction with
or in addition to other resources and skills (Mikalef
et al.,, 2020). ITC has been frequently utilised in
attempting to assess the commercial return of invest-
ments. The capacity of a corporation to buy, deploy,
combine and reconfigure its IT resources function
to realise an IT ability to achieve its intended need
is referred to as ITC (Lu and Ramamurthy, 2011).
In line with previous research, ITC in this study is
conceptualised as a composite construct compris-
ing of IT infrastructure flexibility, IT human cap-
ital and IT partnership quality (Ravichandran and
Lertwongsatien, 2005). IT infrastructure flexibility
is the extent to which a company’s IT infrastructure
can supply and integrate various hardware, soft-
ware and communications technologies to quickly
and efficiently deliver technical solutions (Byrd and
Turner, 2000). IT human capital refers to how adept
a company’s IT employees are in terms of business,
technical and managerial competence, as well as
firm-specific knowledge such as a thorough com-
prehension of the company’s business processes,
routines and culture (Guo et al., 2021). Thirdly, the
quality of an organisation’s IT department’s part-
nerships with other functional units, vendors and
IT service providers is referred to as IT partnership
quality (Ravichandran and Lertwongsatien, 2005).
ITC encapsulates the similarity shared by all three
aspects. A company with outstanding ITC is antic-
ipated to excel in all three of the aforementioned
aspects.

2.3. IT-enabled dynamic capabilities

Through ITDC, firms can sense, coordinate, learn,
integrate and reconfigure their resources to address
changing business environments. Sensing includes
researching, investigating customer requirements
and assessing supplier and competitor response
(Roberts and Grover, 2012). In other words, it
encompasses gathering, transmitting and acting
on market signals (Pavlou and El Sawy, 2011).
Coordinating refers to the firm’s capacity to coor-
dinate the deployment of tasks and resources and
the synchronisation of operations with relevant
stakeholders; hence encompassing resource alloca-
tion, task assignment and synchronisation (Pavlou
and El Sawy, 2011; Mikalef and Pateli, 2017). The
firm’s inter-functional and channel coordination
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mechanisms enable it to respond quickly to market
opportunities. Learning is described as the capac-
ity to acquire, integrate, transform and exploit
new knowledge to make informed decisions;
hence knowledge acquisition, assimilation, trans-
formation and use are all included (Mikalef and
Pateli, 2017). Integrating capability entails assess-
ing the firm’s and partners’ resources and capa-
bilities, as well as their ability to incorporate and
utilise them in new or restored operational capaci-
ties (Mikalef and Pateli, 2017). It encapsulates each
input’s contribution, representation and interrela-
tionship with the overall business unit (Pavlou and
El Sawy, 2011). Lastly, reconfiguration refers to
the capacity to recombine and reorganise company
assets and structures as the company expands and
in response to markets and technology dynamics;
as a result, the company gains consistent profitable
growth (Ilmudeen, 2021). In the reconfiguration,
the firm’s ability to execute strategic changes is
enhanced, allowing it to adapt to the changing busi-
ness climate (Mikalef and Pateli, 2017).

2.4. Ambidextrous innovation —
exploratory and exploitative

In management and theoretical discourses, inno-
vation is portrayed as a critical source of organ-
isational  performance, competitiveness and
survival (Berraies and Bchini, 2019; Zuraik and
Kelly, 2019; Heij et al., 2020). To differentiate
itself from the competition, a company generates
new ideas and translates these concepts into new
processes, products or services that are upgraded or
new, in an iterative and multi-stage process (Wong
et al., 2017; Berraies and Zine El Abidine, 2019).
In this context, innovation is classed according to
its intensity, which is determined by whether the
firm uses current knowledge or seeks out new ones.
Indeed, innovation ambidexterity is a fundamen-
tal DC that enables the pursuit of both short- and
long-term innovative capabilities, leading to opti-
mal performance (Wong et al., 2017; Ben Rejeb
et al., 2020). Exploitative innovation is a type of
incremental innovation that involves enhancing
existing knowledge and competences to fulfil the
demands of clients and markets (Berraies and
Hamouda, 2018); while exploratory innovation
allude to significant changes in processes, goods
or services that need new knowledge or a depar-
ture from current knowledge (Jansen et al., 2006)
in order to suit the needs of consumers and markets
(Ben Rejeb et al., 2020). Exploration at the cost of
exploitation and vice versa, might have a negative
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impact on business performance. Companies must
confront the ambidexterity dilemma by presenting
innovative methods that aim to leverage existing
knowledge and abilities while also researching new
performance improvement methods, both short
and long term (Voss and Voss, 2013). Hence, the
balancing exploitative and exploratory must not
be overlooked (Gong et al., 2021). Scholars have
either viewed ambidextrous innovation as a com-
bination of exploitative and exploratory innovation
(Wang et al., 2018); or separates them as distinct
types of innovation (Ko and Liu, 2019). Following
the latter stream, this study differentiates the inter-
active effects of ITDC on exploitative and explor-
atory innovation, respectively (Wang et al., 2021),
to improve business sustainability.

2.5. Sustainability

Sustainability has garnered more attention from
business leaders and has taken centre stage in
many organisations’ strategic goals. It is frequently
associated with Elkington (1994)’s sustainability-
related framework of economic, environmental and
social components, the triple bottom line (TBL)
principle. Typically, the terms ‘TBL’ and ‘sus-
tainability’ are used interchangeably (Yusoff et
al., 2019). Economic sustainability relates to the
organisation’s ability to meet its demands today
and in the future (Fernando et al., 2019). While
social sustainability represents the humanitarian
context of business and focuses on the growth
and fulfilment of people’s needs as well as the
maintenance of long-term social ties (Fernando
et al., 2019). Lastly, environmental sustainabil-
ity, considers the preservation and rejuvenation of
the biosphere for current and future generations
(Fernando et al., 2019). Scholars contend that all
three are equally crucial for a business (Fernando
et al., 2019; Yong et al., 2020).

3. Hypotheses development

3.1. ITC

From a firm’s RBV and DC perspective, this study
posits that enterprises require a combination of
people, infrastructure and partnership resources to
grow IT capability. As such, ITC is conceptualised
as a higher-order notion, consisting of IT human
capital, IT infrastructure flexibility and IT part-
nership quality, in accordance with the classifica-
tion of IT capabilities used by Guo et al. (2021).
The classification of resources into these three
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categories has long been utilised in the literature
of ITC (Lu and Ramamurthy, 2011). To establish a
strong ITC, the firm must invest in all three types
of the aforementioned resources. The study argues
that the value of ITC lies in its DC boosting poten-
tial whereby an ITC increases a firm’s capability to
sense, seize and transform identified opportunities
or threats, leading to stronger innovative capabil-
ities, and eventually assisting a firm in achieving
business sustainability. Parida et al. (2016) backed
this viewpoint by demonstrating how ICT capabil-
ities can influence small enterprises’ DC in order
to function in a turbulent and dynamic environ-
ment. Mikalef et al. (2021) also share this view-
point, arguing that the complementary effects of a
flexible IT architecture and decentralised IT gover-
nance can promote the formation of ITDC, thereby
sustaining competitive performance. The basic
argument is that by enhancing ITC, businesses
improve their capacity to detect new opportuni-
ties and threats, capitalise on opportunities ahead
of rivals, and reconfigure organisational resources
effectively. To remain competitive in today’s mar-
ket, businesses must continually reconfigure and
upgrade their business processes (Guo et al., 2021).
Therefore, firms must be proficient at detecting
emerging threats and opportunities, seize possibili-
ties for growth and survival, and alter current meth-
ods of operations to better meet market demands
(i.e. dynamic capabilities). Based on these, we
anticipate that:

H1 ITC will have a positive influence on ITDC.

3.2. ITDC

While DC may create competitive performance ben-
efits in and of themselves, they may also enable or
strengthen innovative capabilities (Drnevich and
Kriauciunas, 2011). Eisenhardt and Martin (2000)
argued that although DC are required, they may
not suffice for competitive advantage. According to
them, maintaining a competitive advantage is not
dependent on DC in and of themselves, but rather on
the resource configurations provided by DC (Pavlou
and El Sawy, 2006). In this view, ITDC is described
as the ability to systematically address problems
by perceiving opportunities and threats, making
timely judgements and efficiently implementing
strategic choices and adjustments, thus assuring
the right direction (Ferreira et al., 2020). This view
was backed by Ferreira et al. (2020) who proposed
that DC influence competitive advantage by facili-
tating creativity and innovation capability changes.

© 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.
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Mikalef et al. (2019) take a similar stance, indicating
that DC have a favourable influence on incremental
and radical innovation capabilities. Similarly, organi-
sations that cultivate strong DC are better positioned
to recognise new technological advancements early
(Pavlou and EI Sawy, 2011; Mikalef et al., 2020).
The ability to do so is also proposed to provide an
edge in capitalising on such breakthroughs ahead of
competition, resulting in enhanced innovative capa-
bilities. Thus, we can speculate that:

H2 ITDC will have a positive influence on ex-
ploitative innovation.

H3 ITDC will have a positive influence on explor-
atory innovation.

3.3. Ambidextrous innovation and business
sustainability

Organisations can benefit from innovation by gain-
ing new perspectives and ideas, gaining a compet-
itive edge, improving organisational performance
and facilitating organisational development (Gong
et al.,, 2021). Exploitative innovation promotes
the use of available knowledge or technology to
enhance and perfect goods or services, which typ-
ically results in incremental innovation and advan-
tages for the organisation (Jansen et al., 2009).
Exploitative innovation, which is characterised by
low risk and low profitability, decreases the pos-
sibility of making mistakes, resulting in depend-
able product advancements (Yang et al., 2019). As
a result, exploitative innovation can provide the
firm with relatively steady rewards and advantages.
Exploratory innovation, as opposed to exploitative
innovation, encourages departing from current
knowledge and moving towards new knowledge for
breakthrough innovations in areas such as product
design, business expansion and distribution net-
work development (Benner and Tushman, 2003),
thereby creating differentiation to occupy emerging
markets. In contrast, exploratory innovation, fre-
quently involves large uncertainties and high risks,
but it can help businesses close the gap with current
rivals and obtain distinct competitive advantages.
Exploratory innovation enables businesses to leap
from one technology curve to another, which can
result in significant performance improvements.
Exploratory innovation is concerned with a firm’s
long-term development goals, in which its impact
to firm’s performance may not be seen early on.
Nevertheless, if exploratory innovation is effec-
tive, it will result in large returns and enormous
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advantages for the firm (Jansen et al., 2000).
Existing research confirms that both innovations
have significant positive effects on business per-
formance (Berraies and Bchini, 2019; Gong et
al., 2021; Wang et al., 2021), which eventually
enhances sustainability performance. Accordingly,
this study contends that both innovations positively
affects a firm’s sustainability performance, and the
following assumptions are advanced:

H4 Exploitative innovation will have a positive in-
fluence on sustainability performance.

HS5 Exploratory innovation will have a positive in-
fluence on sustainability performance.

3.4. Data-driven culture

Organisational culture is a difficult concept
to define and comprehend. While some argue
that organisational culture encompasses practi-
cally every aspect of a company, others refer to
it as the ‘glue’ that holds it together (livari and
Huisman, 2007). Organisational culture has been
highlighted as a source of long-term company per-
formance in previous management strategy study
(Barney, 1986, 1995). Similarly, current research
in IT/IS/big data suggests that a company’s I[T/big
data initiatives are dependent on its organisational
culture. For example, LaValle et al. (2011) argue
that corporate culture, rather than data charac-
teristics or a lack of technology, is to be blamed
for the failure of big data efforts. According to
Ross et al. (2013), culture can either hamper or
aid an organisation’s profitability potential from
big data. It is crucial for organisations to build a
DDC, which is defined in this study as the extent
to which organisational members (including top-
level executives, middle managers and lower-level
employees) make insightful decisions based on
data (McAfee and Brynjolfsson, 2012; Ross et
al., 2013). Furthermore, as all employees of an
organisation must make decisions, it is critical that
a culture of DDC be cultivated at all levels to facil-
itate good judgements (Gupta and George, 2016).
Organisational culture has been identified in sev-
eral studies as a moderating element that leads
to increased overall performance and innova-
tion in particular (Ghasemzadeh et al., 2019; Jin
et al.,, 2019; Lin and Kunnathur, 2019; Xie et
al., 2019; Iranmanesh et al., 2021). A data-driven
cultural value encourages its members to uti-
lise the extracted data to make decisions, moti-
vating businesses to take risks and developing
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continual creativity in problem-solving (Lin and
Kunnathur, 2019; Iranmanesh et al., 2021). If a
DDC strengthens a company’s capacity to gener-
ate innovation, the impact of ITC on ambidextrous
innovation could be greater in firms with higher
degrees of DDC. The fundamental reason for this
is that a DDC may inspire innovative behaviour
among the organisational members, as such intan-
gible resource is critical in extending decision-
makers’ horizon and increasing their knowledge for
informed judgements (Maroufkhani et al., 2020).
Therefore, it is envisaged that the linkage between
ITDC and the level of ambidextrous innovation
might be moderated by DDC, which has not been
explored in the literature. The study hypothesises
the following based on the above argument:

H6 DDC moderates the relationship between
ITDC and exploitative innovation.

H7 DDC moderates the relationship between
ITDC and exploratory innovation.

Figure 1 illustrates the conceptual framework for
this research which represents the relations between
ITC (i.e. IT human capital, IT infrastructure flexi-
bility, IT partnership quality), ITDC (i.e. sensing,
coordinating, learning, integrating, reconfiguring),
ambidextrous innovations, sustainability (i.e. envi-
ronmental, economic, social performance) and the
moderating variable of DDC.

4. Methodology

4.1. Research design and data collection

Due to its rapid economic expansion, large popu-
lation density and status as the state with the high-
est GDP contribution, Klang Valley Malaysia was
selected as the sample location (Department of
Statistics Malaysia, 2021). The firms were chosen
from the Federation of Malaysian Manufacturers
(FMM) Directory, which served as a sampling
frame for this study. The FMM directory was
chosen since it provides access to 3300 manu-
facturing and industrial service firms of all sizes
(Lim et al., 2021). Thus, the sample chosen can
be regarded as a valid representative of the entire
population. The online questionnaires were admin-
istered to IT staff at the executive level and above
from Malaysian manufacturing firms by a team
of experienced data collectors. These individuals
were chosen as the study’s unit of analysis for their
knowledge of their firm’s I'T capabilities and a clear
understanding of their firms’ innovative capability
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Notes:

Second-order reflective measured construct

Second-order formatively measured construct

Figure 1. Research model.

and sustainability performance. Prior to the distri-
bution of the questionnaire, a pre-test of the ques-
tionnaire was conducted among three academicians
in the fields of IT and operations management to
verify and ascertain that the questions were easily
understood, relevant and meaningful. Regarding
the actual data collection, a total of 254 completed
responses were received. The study needed a min-
imum of 103 respondents using the G*power tool,
and when 254 completed questionnaires were
acquired, the sample size is considered sufficient,
adequate and acceptable (Faul et al., 2007).

4.2. Constructs and measurement
development

The ITC contains three first-order reflective con-
structs, namely IT human capital, IT infrastructure
flexibility and IT partnership quality (Tippins and
Sohi, 2003; Guo et al., 2021), of which each has a
five-item measure, respectively. Meanwhile, the
ITDC has five dynamic capabilities, each with four
items (Ilmudeen, 2021) that are first-order reflective
of their respective capability. The ITDC construct is
a second-order formative construct. Ambidextrous
innovation has a total of 14 items adapted and mod-
ified from Wang and Tsai (2017) and Jansen et
al. (2006). Meanwhile, a 15-item scale derived from
Yong et al. (2020) and Zhu et al. (2008) was used
to measure business sustainability. Additionally, this
study includes DDC as a moderator, with three items

© 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.
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adapted from Jeble et al. (2018). All items in the
questionnaire were validated on a seven-point Likert
scale from ‘Strongly Disagree’ to ‘Strongly Agree’,
except for ITDC (i.e. ranging from 1 = ‘Not Effective’
to 7= ‘Most Effective’) and sustainability (i.e. from 1
= ‘Not at All’ to 7 = ‘“To a very great extent’).

5. Data analysis

5.1. Statistical analysis

The partial Least Squares Structural-Equation
Modelling approach (PLS-SEM) was applied to
check the conceptual model. SmartPLS software ver-
sion 3.2.6 was used to perform the PLS-SEM analy-
sis as it allows for the testing of both reflective and
formative indicators with a higher-order construct
(Kim et al., 2020). Additionally, normality assess-
ment found that the data deviated from the norm
based on Mardia’s multivariate skewness (f=6.526,
P<.001) and kurtosis (f=65.199, P<.001), respec-
tively. Based on both reasons, PLS-SEM is therefore
suitable for this study.

5.2. Common method bias

Since cross-sectional, self-administered surveys
are susceptible to common method bias (CMB),
the study employed a two-approach method as
suggested by Podsakoff et al. (2003) to control
for CMB. Procedurally, the study assured the
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respondents’ anonymity and confidentiality that
their responses would be strictly preserved. In
addition, separate exogenous and endogenous vari-
ables, clear definitions of terminology and direc-
tions were employed in the questionnaire to avoid
confusion (Li et al., 2017). The study then adopted
the statistical method proposed by Liang et al.
(2007) to detect CMV. As shown in Table 1, all sub-
stantive factor loading (Ra) values are significant
at P<.001. In addition, the majority of the method
factor loadings (Rb) were not significant with neg-
ative values. Finally, the average Ra (0.805) was
greater than the average Rb (0.017) indicating that
CMB was not a significant factor in this study.

5.3. Outer measurement model evaluation

Since the conceptual model includes reflectively
and formatively measured constructs, the study
first examined the reliability and both convergent
validity (CV) and discriminant validity (DV) of
first-order constructs. All first-order constructs
achieved reliability as the values of Dijkstra-
Henseler’s rho (rhoA) and composite reliability
(CR) in Table 2 were higher than the required 0.70
thresholds (Loh et al., 2019; Antonetti et al., 2020;
Tuncdogan and Volberda, 2020). Additionally,
average variance extracted (AVE) and factor load-
ings (FL) were adopted to check for CV. All the
AVE values in Table 2 ranged between 0.539 and
0.725 and exceeded the recommended minimum
of 0.50. Additionally, FLs should have at least
0.708 and should only be considered for removal
if the values are below 0.40. Tan and Ooi (2018)
stressed that the FLs between 0.40 and 0.70 should
be retained in the event that AVE can explain about
50% of the construct variance. Table 2 shows that
all FL values are significant at the 0.001 level, with
the exception of ENP5, which was removed due
to poor FL. Based on both results, CV has been
established. As shown in Table 3, the DV for all
the first-order constructs has also been established
as all items are correlated most strongly with their
intended constructs than with any other constructs
as recommended by Wong et al. (2020). This shows
that DV has been identified as every sample con-
struct is statistically distinct. Table 2 also indicated
that reliability, apart from CV, have been achieved.
Finally, DV for the second order has been assessed
with a Hetero-Trait-Mono-Trait (HTMT) ratio. As
the values in Table 4 are below 0.85, DV has also
been established (Henseler et al., 2015).

The first-order formative constructs were assessed
as per Hair et al.’s (2017) recommendation. Table 5
shows that the variance inflation factor (VIF) was

8 R&D Management 2023

below 3.3, suggesting that multicollinearity is not
present in this study. While the outer weights for
CRD and RCF were not significant, the outer load-
ing was significant with P-values < .001, which sup-
ports the retaining of the construct in the formative
measurement model (Ghazali et al., 2020). Thus, the
study confirmed that this formative measurement
model is valid.

5.4. Inner structural model evaluation

Table 6 and Figure 2 show the outcomes of path
coefficient assessment using the 5000 bootstrap-
ping procedure for all the hypothesised relation-
ships in the conceptual model. All the proposed
direct relationships in this study are statistically
significant with a positive relationship. Hence, H1,
H2, H3, H4 and HS were supported. On the moder-
ating effect of DDC, H7 was not supported as DDC
did not moderate the path between ITDC and EXP
(p=-0.057, P>.05). The moderating effect of DDC
between ITDC and EXT was significant, thus sup-
porting H6. The coefficient of determination (R
in Table 7 for BUS, EXP, EXT and ITDC is 0.642,
0.299 0.449 and 0.571, respectively. Additionally,
all the Stone-Geisser Q° values are greater than
zero, as shown in Table 7, suggesting that all the
paths exhibit predictive relevance. Lastly, to assess
the effect size of the constructs, Cohen’s (fg) was
employed and the results in Table 7 show that the
£ values range from weak to strong, respectively
(Cohen, 1988).

5.5. Artificial neural network (ANN)
analysis

While PLS-SEM can detect linear relationships
between exogenous and endogenous constructs, it
cannot detect non-linear relationships and thus can-
not explain the complexity of the human decision-
making process (Hew et al., 2018). To overcome
this, an artificial intelligence approach known as
Artificial Neural Network (ANN) analysis was
conducted to capture linear and non-linear relation-
ships within a non-compensatory model (Wong et
al., 2020). Four ANN models were constructed for
ITDC, EXT, EXP and BUS, as shown in Figures 3—
6. In order to avoid over-fitting, Ooi and Tan (2016)
suggested engaging a tenfold cross-validating pro-
cedure to obtain the root mean square of errors
(RMSE) by allocating 90% of the data for the train-
ing process and the remaining 10% for testing pur-
poses. The RMSE values for training and testing
procedures for ANN models A, B, C and D ranged
from 0.068 to 0.145, which is relatively small. The
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Table 1. Common method bias

Latent Indicators Substantive factor Ra’ Method factor load-  Rb?
construct loading (Ra) ing (Rb)
CRD CRDI 0.705% 0.497 0.143%* 0.020
CRD2 0.869#% 0.755 —0.038N8 0.001
CRD3 0.8907% 0.792 —0.074™ 0.005
CRD4 0.7595: 0.576 —0.040NS 0.002
DDC DDCI 0.679%% 0.461 0.183* 0.033
DDC2 0.758 % 0.575 0.103N 0.011
DDC3 1058 1.119 —0.410%%% 0.168
DDC4 0.805%% 0.648 0.018N 0.000
DDC5 0.787#3% 0.619 0.004N 0.000
ECP ECP1 0.633 % 0.401 0.282%% 0.080
ECP2 0.824:#3% 0.679 —0.040NS 0.002
ECP3 0.900%#% 0.810 -0.101N 0.010
ECP4 0.865% 0.748 —0.081N 0.007
ECP5 0.821 %% 0.674 —0.072N8 0.005
ENP ENPI 0.826% 0.682 0.002N 0.000
ENP2 0.91 1% 0.830 —0.069 0.005
ENP3 0.863 0.745 —0.010N8 0.000
ENP4 0.805%%% 0.648 0.077N 0.006
EXP EXP1 0.640% 0.410 0.173* 0.030
EXP2 0.846% 0.716 —0.094"5 0.009
EXP3 0.858#% 0.736 —0.130% 0.017
EXP4 0.912%% 0.832 —0.114% 0.013
EXP5 0.892:#3% 0.796 —0.072™ 0.005
EXP6 0.733%%% 0.537 0.138* 0.019
EXP7 0.786%% 0.618 0.083N 0.007
EXT EXTI 0.846%# 0.716 —-0.018N 0.000
EXT2 0.884:#% 0.781 —0.037™8 0.001
EXT3 0.936##% 0.876 —0.141%* 0.020
EXT4 0.9247#3% 0.854 —0.065™ 0.004
EXT5 0.877% 0.769 —-0.011™ 0.000
EXT6 0.875%%% 0.766 —-0.017N 0.000
EXT7 0.389#:% 0.151 0.356%* 0.127
INT INTI 0.755%% 0.570 0.083N 0.007
INT2 0.844:%3% 0.712 —0.099NS 0.010
INT3 0.8447#3% 0.712 0.026™ 0.001
INT4 0.812%%x 0.659 —0.0248 0.001
ITHC ITHC1 0.662%%% 0.438 0.153%* 0.023
ITHC2 0.803#% 0.645 —0.020N 0.000
ITHC3 0.833#% 0.694 —0.085™ 0.007
ITHC4 0.833 % 0.694 —0.035™8 0.001
ITHC5 0.885%% 0.783 —-0.112N 0.013
ITHC6 0.777%5% 0.604 0.086™ 0.007
ITIF ITIF1 0.849%#x 0.721 -0.103™ 0.011
ITIF2 0.893#% 0.797 —0.164* 0.027
ITIF3 0.8807%% 0.774 —-0.127 0.016
ITIF4 0.597: 0.356 0.271 %% 0.073
ITIF5 0.620%%% 0.384 0.096™ 0.009
(Continues)
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Table 1. (Continued)

Latent Indicators Substantive factor Ra’ Method factor load-  Rb?
construct loading (Ra) ing (Rb)
ITPQ ITPQI 0.738% 0.545 0.042N8 0.002
ITPQ2 0.896% 0.803 —0.020N 0.000
ITPQ3 0.8443 0.712 0.016N5 0.000
ITPQ4 0.866% 0.750 —0.025™ 0.001
ITPQ5 0.84 4% 0.712 —0.009NS 0.000
LRN LRN1 0.6127% 0.375 0.041N8 0.002
LRN2 0.897 0.805 —0.027™ 0.001
LRN3 0.90 15 0.812 —0.055™8 0.003
LRN4 (.82 0.676 0.052N8 0.003
RCF RCF1 0.864 0.746 —0.138* 0.019
RCF2 10205 1.040 —0.258# 0.067
RCF3 0.683#% 0.466 0.156%* 0.024
RCF4 0.675%%% 0.456 0.201 % 0.040
SCP SCP1 0.683%# 0.466 0.091N8 0.008
SCP2 0.676%%% 0.457 0.118™ 0.014
SCP3 0.8943 0.799 —0.118%* 0.014
SCP4 0.791 % 0.626 —0.020™ 0.000
SCP5 0.756%%% 0.572 —0.061N8 0.004
SNS SNSI 0.5407% 0.292 0.282%x 0.080
SNS2 0.828%#x 0.686 —0.044"8 0.002
SNS3 0.935% 0.874 —0.315% 0.099
SNS4 0.762%%% 0.581 0.012N8 0.000
Average 0.805 0.661 -0.003 0.017
*P <.05. %P < 01. ***P < .001
NSInsigniﬁcant

lower RMSE value in Table 8 implies higher pre-
dictive accuracy and represents an excellent model
fit of the data (Ng et al., 2022). Additionally, the
R’ of the ANN model shows that the ANN model
predicts BUS with an accuracy of 71.815% (Leong
et al., 2020). To determine the normalised relative
importance of these neurons, a sensitivity analy-
sis was performed (Wan et al., 2022). As per the
sensitivity analysis results presented in Table 9,
the single-neuron ANN models of A, B and C
show a 100% normalised importance. In ANN
model D, EXT (100%) is of primary importance to
BUS, whereas EXP (23.574%) is the second most
important predictor. In addition, all the ANN mod-
els in this study have adequate predictive relevance
as the non-zero synaptic weights are connected to
at least one hidden neuron in Table 10. Finally, in
order to compare the results generated in PLS-SEM
and ANN, a ranking comparison was performed
by comparing the path coefficients in PLS-SEM
with the normalised relative importance in ANN.
Table 11 shows that ANN models A, B, C and D are
consistent for both analyses.
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6. Discussion

This study investigates how ITC promotes the emer-
gence of ITDC, which leads to increased ambi-
dextrous innovation, and subsequently, business
sustainability. Building on a sample of 254 IT mana-
gerial personnel and employing PLS-SEM analysis,
we discovered the following conclusions.

First, we provide empirical evidence that ITC
promotes the emergence of ITDC, hence verify-
ing H1. This finding effectively suggests that firms
can build ITDC that are vital for competitive sur-
vival by investing in IT infrastructure flexibility,
IT human capital and IT partnership quality. This
finding is significant since an increasing number of
businesses are adopting IT to support some of their
key activities (Parida et al., 2016; Guo et al., 2021;
Mikalef et al., 2021). For example, big data ana-
lytics and business analytics have allowed organ-
isations to harness their data and gain valuable
insights from it. Externally, firms can leverage on
these IT solutions to detect emerging trends, anal-
yse individual opinions and understand changing

© 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.
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Table 2. Factor loading, Rho (pA), composite reliability and average variance extracted

Items Factor loadings Rho (pA) Composite reliabil-  Average variance
Constructs (FL) (P-levels) ity (CR) extracted (AVE)
First-order
CRD CRD1 0.800%** 0.82 0.881 0.649
CRD2 0.829%#**
CRD3 0.8417%**
CRD4 0.748%**
DDC DDC1 0.8507%%** 0.887 0.896 0.635
DDC2 0.857%#%**
DDC3 0.636%**
DDC4 0.826%**
DDC5 0.796%**
ECP ECP1 0.821#%* 0.868 0.903 0.652
ECP2 0.795%%**
ECP3 0.830%%**
ECP4 0.813%#%**
ECP5 0.776%**
ENP ENP1 0.831%#** 0.873 0.913 0.725
ENP2 0.865%**
ENP3 0.855%**
ENP4 0.854 %%
EXP EXP1 0.775%** 0.915 0.929 0.653
EXP2 0.775%**
EXP3 0.756%**
EXP4 0.821%**
EXP5 0.836%**
EXP6 0.8397%*
EXP7 0.850%**
EXT EXT1 0.831 %% 0.927 0.939 0.687
EXT2 0.8527%*%*
EXT3 0.817%**
EXT4 0.870%**
EXTS5 0.868**7*
EXT6 0.863%**
EXT7 0.688%**
INT INT1 0.815%*%* 0.829 0.885 0.659
INT2 0.786%**
INT3 0.859%#*
INT4 0.785%#*
ITHC ITHC1 0.774%%* 0.886 0.913 0.636
ITHC2 0.785%#*
ITHC3 0.772%%*%*
ITHC4 0.810%**
ITHCS 0.804%#*
ITHC6 0.837%%*
ITIF ITIF1 0.783%%* 0.825 0.875 0.585
ITIF2 0.783%%*
ITIF3 0.776%%*
ITIF4 0.7971%**
ITIF5 0.686%**
(Continues)
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Table 2. (Continued)

Items Factor loadings Rho (pA) Composite reliabil- ~ Average variance
Constructs (FL) (P-levels) ity (CR) extracted (AVE)
ITPQ ITPQ1 0.780%** 0.895 0.922 0.704
ITPQ2 0.8807%#*
ITPQ3 0.855%**
ITPQ4 0.842%#*
ITPQS5 0.835%**
LRN LRN1 0.688%#** 0.829 0.887 0.664
LRN2 0.865%**
LRN3 0.849%**
LRN4 0.846%#*
RCF RCF1 0.772%** 0.818 0.879 0.646
RCF2 0.829%**
RCF3 0.794%**
RCF4 0.819%#*
SCP SCP1 0.848%** 0.957 0.85 0.539
SCP2 0.884%#*
SCP3 0.712%**
SCP4 0.62 1%
SCP5 0.549%#%
SNS SNS1 0.755%*%* 0.755 0.841 0.570
SNS2 0.787%#%%
SNS3 0.697%#%%*
SNS4 0.777%*%
Second-order
ITC 0.894 0.934 0.824
BUS 0.838 0.823 0.630
##5P < 001,

customer preferences. Internally, these capabilities
can assist firms to analyse the likelihood of future
outcomes based on past data. In this manner, organ-
isations can be more confident that they are mak-
ing the most viable and optimal decision possible.
Therefore, the ITC on which these solutions are
based is critical for launching digital solutions to
support vital operations.

Second, our findings indicate ITDC positively
and significantly impacts on ambidextrous innova-
tion, confirming H2 and H3. This is consistent with
the DC theory, in that a firm’s ITDCs hinge on its
capacity to simultaneously sense, coordinate, learn,
integrate and reconfigure its IT capability to build
innovative capacity to gain competitive edge (Pavlou
and El Sawy, 2011; Mikalef et al., 2019; Ferreira
et al., 2020; Mikalef et al., 2020). Businesses are
increasingly relying on technology and integrating
IT resources with firm-level resources and manage-
ment processes to remain competitive and respond
quickly to market developments thereby necessitat-
ing the development of dynamic skills.

12 R&D Management 2023

Third, our findings indicate that manufacturing
firms’ sustainability performance largely depends on
ambidextrous innovation. This highlights the impor-
tance of innovation, which a manufacturing firm
requires to compete in today’s market. Accordingly,
such a finding is consistent with the prior studies
that have demonstrated the positive effects of inno-
vative capability on enhanced corporate success
(Ilmudeen, 2021; Iranmanesh et al., 2021; Wang et
al.,, 2021).

Fourth, weprovideempirical supportforthehypoth-
eses that DDC moderates the link between ITDC and
exploitative innovation but not for exploratory inno-
vation, verifying H6, but not H7. Contradicting many
prior studies that emphasised the significance of such
a culture (Lin and Kunnathur, 2019; Maroufkhani et
al., 2020; Iranmanesh et al., 2021), DDC in our study
was found to weaken the linkage between ITDC
and exploitative innovation. This is mostly owing to
the fact that, while Malaysian businesses have rec-
ognised the need for a modern data culture, many
of these enterprises have a limited digital strategy in
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SNS

ITIF ITPQ LRN RCF SCP
0.491

ITHC
0.413

DDC ECP ENP EXP EXT INT

CRD

0.452

0.579 0.794 0.339
0.819

0.516

0.451

0.335 0.381 0.464 0.543 0.531
0.535

0.588

0.480

RCF3

0.531

0.364
0.848
0.884

0.495 0.598
0.451

0.540
0.381

0.538

0.392
0.197
0.254

0.570 0.650 0.361 0.357

0.382
0.413

RCF4

0.395
0.382
0.350

0.416

0.416 0.338

0.394
0.378

0.377

0.312

0.180 0.254

0.275

0.372

SCP1

0.365 0.313

0.447

0.359

0.363

0.337

0.317

0.431

SCP2

0.421 0.381 0.427 0.405 0.712

0.363

0.418

-0.048  0.026 0.007 0.100
0.036 0.155
0.084

0.371

0.450

SCP3

0.428 0.395 0.453 0.450 0.621

0.401

0.372

0.045

0.027

0.404

0.510

SCP4

0.371

0.549
0.415

0.399 0.308 0.451 0.422
0.578

0.490

0.368

0.334
0.490

0.330 0.027 0.014 0.020
0.466
0.339

0.531

0.424

SCP5

0.755

0.515

0.505
0.462

0.460

0.542
0.380
0.106

0.384

0.386

0.400
0.323

0.042

0.601

SNS1

0.787

0.368
0.397

0.299

0.465

0.434 0.454

0.388

0.438

0.249

0.480

0.519

SNS2

0.697

0.294 0.390 0.400
0.480 0.445

0.431

0.384

0.330
0.468

0.033

—-0.048
0.192

0.336

0.504
0.605

SNS3

0.777

0.514

0.475

0.426

0.294

0.281

0.510

SNS4
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place, capable of driving businesses to achieve more
(Paramasivam, 2016).

7. Implications

7.1. Theoretical implications

Drawing on the RBV and the DC perspective, this
study provided a singular and distinctive model
through which ITC’s effect on ITDC can be evalu-
ated. ITDC’s impact on ambidextrous innovation
and the subsequent sustainability performance of
Malaysian manufacturing firms is also examined.
Further, the moderating effect of DDC on the rela-
tionship between ITDC and ambidextrous innovation
is also empirically examined. First, we conceptu-
alise ITC as a latent construct with three elements
(i.e. IT infrastructure flexibility, IT human capital
and IT partnership quality) (Guo et al., 2021), and
we investigate the influence of ITC at an aggregated
level. This idea is based on the well-known RBYV,
and we underline that ITC is more than a technol-
ogy endeavour; it also requires the development and
coordination of numerous additional non-technical
resources. Secondly, the conceptualization of ITDC
illustrates how IT is entrenched in firm processes that
aid the realisation of improved business performance
(Mikalef and Pateli, 2017; Ilmudeen, 2021). As prior
research claimed that dynamic capabilities are inimi-
table because they are built on the distinctive charac-
teristics of innovation, this paper draws on DC theory
to explicate the importance and uniqueness of ITDC.
Third, based on a DC perspective, this study identi-
fies the impacts of ITDC on ambidextrous innova-
tion for business sustainability. This paper contends
that ITDC encourages exploitative and exploratory
innovation, which consequently improves business
sustainability, an area where attention has been
scant in the past. Lastly, this study contributes to the
body of literature on the moderating role of DDC in
the ITDC-innovation relationship in the context of
Malaysia, where prior research has fallen short.

7.2. Practical implications

This study has significant practical and managerial
implications for practitioners and industry leaders.
First, this study validates the significance of ITC in
promoting ITDC. Therefore, enterprises must develop
and maintain ITC, as well as efficiently leverage such
skills to support and promote ITDC in order to attain
better levels of innovation and business sustainabil-
ity. Firms must also be aware that ITC requires a
flexible IT infrastructure, trained and competent IT
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Table 4. Hetero-Trait-Mono-Trait (HTMT) for second-
order constructs

Constructs BUS DDC EXP EXT ITC ITDC
BUS

DDC 0.545

EXP 0.768 0.522

EXT 0.783 0.635 0.866

ITC 0442 0.783 0.44 0.523

ITDC 0.511 0.777 0.498 0.613 0.762

Table 5. Assessing the formative construct

Variance ~ Outer weight ~ Outer loading

inflation
Formative  factor
indicators  (VIF)
CRD 2.785 0.128"8 0.826%*
INT 2.192 0.271%* 0.830%:**
LRN 1.970 0.369%:** 0.862%:#*
RCF 2.429 0.170N 0.8183#*
SNS 2.520 0.255%* 0.835%%**
*P <.05.
**P < 0l
#EP < 001
NSInsigniﬁcant

Table 6. Hypothesis testing

people, and effective internal and external IT collab-
oration. Second, our findings imply that, albeit indi-
rectly, firm-wide ITC is vital for the generation of
genuine economic yields. This emphasises the need
of investing in the creation of a superior ITC for the
entire company. Firms could, for example, replace
less-skilled workers with trained and competent per-
sonnel who must also obtain an acceptable degree of
ITC to achieve outstanding innovative performance.
Firms can invest in trainings and seminars for their
professional employees in order to enhance their IT
proficiency, which will eventually lead to increased
business sustainability. Third, according to Microsoft
Asia’s Data Culture study (Paramasivam, 2016),
85% of Malaysian Business Decision Makers agree
that having an agile, data-driven business is vital;
yet only 44% have started or have a limited digital
strategy in place. Exorbitant costs, a digital skills
shortage, resistance to change and limited funding
have been cited as the main inhibitors of a success-
ful digital transformation for many Malaysian firms.
Therefore, policymakers should take additional steps
to make it easier for businesses to employ IT capa-
bility. As this study demonstrates, ITC fundamen-
tally influences firms’ operations and performance,

Original Sample Standard T statistics P values Bias-corrected ~ Remarks
sample (O) mean (M) deviation (IO/STDEVI) confidence
PLS path (STDEV) interval
EXP — BUS*** 0.351 0.349 0.094 3.734 .000 0.165  0.533  Supported
EXT — BUS#*** 0.478 0.48 0.096 4.982 .000 0.283  0.657  Supported
ITC — ITDC#s#* 0.756 0.76 0.036 20.729 .000 0.662  0.814  Supported
ITDC — EXP#* 0.265 0.285 0.102 2.612 .009 0.018  0.430  Supported
ITDC — EXT*** 0.343 0.359 0.090 3.829 .000 0.127  0.493  Supported
ITDCxDDC — —-0.080 —0.082 0.026 3.054 .002 —0.131 -0.028 Supported
EXT**
ITDCxDDC — —-0.057 —-0.059 0.034 1.665 .096 —0.120 0.019 Not significant
EXP
##P < .0l
kP < .001.
Table 7. Quality of the structural model
Endogenous Coefficient of determi-  Stone-Geisser (Q2) Exogenous Effect size (fz)
variables nation (Rz) variables
BUS 0.642 0.393 EXP 0.087
EXT 0.160
EXP 0.299 0.283 DDC 0.074
ITDC 0.037
EXT 0.449 0.431 DDC 0.134
ITDC 0.080
ITDC 0.571 0.404 ITC 1.332

16 R&D Management 2023
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Coordinating Integrating Reconfiguring

Exploitative
innovation

Environmental
performance

IT human

capital Ha: +0.478***
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innovation
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Figure 2. Hypotheses testing.

Synaptic Weight > 0
~— Synaptic Weight < 0
mc
ITc H(1:1)
Hidden layer activation function: Sigmoid
Output layer activation function: Sigmoid
Figure 3. ANN model A for ITDC.
Synaptic Weight > 0
~ Synaptic Weight < 0
h exT

ITDC H(1:1)

Hidden layer activation function: Sigmoid

Output layer activation function: Sigmoid

Figure 4. ANN model B for EXT.

including dynamic capability, innovation and overall government has offered grants and loans to qual-
business sustainability. The government can reduce ifying firms through initiatives such as the SME
the cost of IT infrastructure/expenditure to encour-  Digitalisation Matching Grant, the SME Technology
age enterprises to use IT. For example, the Malaysian Transformation Fund, and the Smart Automation

© 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd. R&D Management 2023 17
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Synaptic Weight > 0
— Synaptic Weight < 0

s.”

ITDC

Hidden layer activation function: Sigmoid

Output layer activation function: Sigmoid

Figure 5. ANN model C for EXP.

Synaptic Weight > 0
= Synaptic Weight < 0

Hidden layer activation function: Sigmoid

Output layer activation function: Sigmoid

Figure 6. ANN model D for BUS.

Table 8. RMSE values for ITDC, EXT, EXP and BUS

Model A Model B Model C Model D

Input: ITC Input: ITDC Input: ITDC Input: EXP, EXT

Output: ITDC Output: EXT Output: EXP Output: BUS
N ! Training Testing Training Testing Training Testing Training Testing

eura

network RMSE RMSE RMSE RMSE RMSE RMSE RMSE RMSE
ANNI 0.075 0.047 0.133 0.126 0.145 0.092 0.080 0.075
ANN2 0.073 0.080 0.129 0.104 0.145 0.123 0.071 0.089
ANN3 0.073 0.058 0.129 0.141 0.143 0.133 0.075 0.064
ANN4 0.072 0.064 0.126 0.137 0.157 0.141 0.073 0.079
ANNS 0.075 0.079 0.128 0.114 0.142 0.134 0.079 0.092
ANNG6 0.072 0.074 0.126 0.137 0.145 0.112 0.078 0.084
ANN7 0.078 0.079 0.133 0.125 0.144 0.122 0.074 0.070
ANNS 0.074 0.070 0.127 0.126 0.137 0.176 0.079 0.069
ANN9 0.076 0.055 0.133 0.115 0.141 0.136 0.075 0.066
ANNI10 0.074 0.078 0.132 0.094 0.147 0.139 0.074 0.235
Mean 0.074 0.068 0.130 0.122 0.145 0.131 0.076 0.092
SD 0.002 0.012 0.003 0.015 0.005 0.022 0.003 0.051
18 R&D Management 2023 © 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.
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Table 9. Sensitivity analysis

IT capabilities affect business sustainability

Model A Model B Model C

(output: ITDC)  (output: EXT)  (output: EXP) Model D (output: BUS)
Neural network ITC ITDC ITDC EXP EXT
ANNI1 1.000 1.000 1.000 0.184 0.816
ANN2 1.000 1.000 1.000 0.102 0.898
ANN3 1.000 1.000 1.000 0.221 0.779
ANN4 1.000 1.000 1.000 0.186 0.814
ANNS 1.000 1.000 1.000 0.068 0.932
ANNG6 1.000 1.000 1.000 0.180 0.820
ANN7 1.000 1.000 1.000 0.211 0.789
ANNS 1.000 1.000 1.000 0.159 0.481
ANN9 1.000 1.000 1.000 0.197 0.803
ANNI10 1.000 1.000 1.000 0.331 0.669
Average relative 1.000 1.000 1.000 0.184 0.780

importance

Normalised relative ~ 100.000 100.000 100.000 23.574 100.000

importance (%)

Table 10. Relevance of variables based on non-zero synaptic weight with hidden neurons

Model A Model B Model C Model D
Neural network ITC ITDC ITDC EXP EXT
ANNI1 1 1 1 2 2
ANN2 1 1 1 2 2
ANN3 1 1 1 2 2
ANN4 1 1 1 2 2
ANNS 1 1 1 2 2
ANNG6 1 1 1 2 2
ANN7 1 1 1 2 2
ANNS 1 1 1 2 2
ANNO9 1 1 1 2 2
ANNI10 1 1 1 2 2

Grant, to help firms with technological growth and
adoption. This is in line with the government’s efforts
to drive digitalization of the economy through the
Industry 4.0 National Policy aimed to boost connec-
tivity and technological innovation. Such government
assistance would benefit Malaysian firms’ productiv-
ity and innovation. Additionally, the government can
also help enterprises with IT infrastructure training,
after which firms can fully utilise their ITC to boost
their competitiveness.

8. Limitations and future research
The current study has a number of limitations that

could be addressed in future research. First, this
study examines the impact of ITC on sustainability

© 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.

performance based on the Malaysian experience.
Although the findings might be applicable in Malaysia,
its applicability in other countries, such as developed
countries, is debatable. Future research should con-
sider examining the proposed relationships in a larger
cross-industry sample. Secondly, this research employs
self-reported data gathered from managerial personnel
to examine hypotheses and propositions. Although
extensive efforts are made to assure the validity and
reliability of all variables through data analysis, the
possibility of biases cannot be ruled out (Montani and
Stagliano, 2021). Therefore, future research should
consider sampling multiple respondents inside a sin-
gle organisation in order to assess inter-rater validity
and increase internal validity. Thirdly, the moderating
role of DDC is considered in this study. Other factors,
such as firm size (Parida et al., 2016), entrepreneurial

R&D Management 2023 19
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Table 11. Comparison between PLS-SEM and ANN results

Original sam-  ANN results: Ranking (PLS-SEM)  Ranking (ANN) Remark
ple (O)/path Normalised rela- [based on path [based on normalised
coefficient tive importance coefficient] relative importance]
PLS path (%)
Model A (Output: ITDC)
ITC - ITDC  0.756 100.000 1 1 Match
Model B (Output: EXT)
ITDC — EXT 0.343 100.000 1 1 Match
Model C (Output: EXP)
ITDC — EXP  0.265 100.000 1 1 Match
Model D (Output: BUS)
EXP —BUS 0.351 23.574 2 2 Match
EXT — BUS 0478 100.000 1 1 Match

orientation (Ferreira et al., 2020), and other forms of
environmental factors (Chen et al., 2014) could poten-
tially affect the outcome of the proposed relationships.
Moreover, the relationship of ITC with sustainability
performance may be mediated by business agility (Chen
et al., 2014; Ilmudeen, 2021), knowledge management
capability (Akram et al., 2018; Wu and Ding, 2020),
or other forms of organisational factors (Mikalef et
al., 2020; AlNuaimi et al., 2021). When testing for the
effect of ITC, future studies should include moderators
and mediators in their research models.
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