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ABSTRACT The emergence of big data analytics capability (BDAC) and the development of service
innovation have aroused the interest of scholars and practitioners in exploring the mechanism of BDAC—
service innovation value chain from the inside. The current study adopts the dynamic capabilities view
to examine the effects of the different types of BDAC on service innovation. Our findings from a survey
of 175 organizations in China provide empirical evidence of two positive effects of big data analytics
technical capabilities (BDAT) and big data analytics personnel capabilities (BDAP) on service innovation via
dynamic capabilities. Furthermore, this study illuminates the significant and different quasi-moderating roles
of digital platform capabilities. Such capabilities positively enhance dynamic capabilities and strengthen
the effects of BDAT on dynamic capabilities but weaken the effects of BDAP on dynamic capabilities.
Introduced environmental dynamism aims to examine how the influence of environmental factors negatively
moderates the relationship between dynamic capabilities and service innovation. Our study offers theoretical
and practical contributions.

INDEX TERMS Big data analytics capabilities, service innovation, digital platform capabilities, dynamic

capabilities, environment dynamism.

I. INTRODUCTION

The relationship between big data analytics (BDA) and ser-
vice innovation is gradually becoming a pivotal issue for ser-
vice practice and research. BDA is regarded not only as a new
engine for economic growth and firm development [1], [2] but
also as an important academic area in the border field of dig-
ital innovation [3]. Nowadays, BDA technology is attracting
considerable attention in the service-dominant logic, 75% of
firms and 91% of Fortune 1000 firms have been investing in
big data and related projects [4], [S], and its approbated value
is expected to support additional service innovation [6]— [8].
However, not all firms that apply BDA can gain the success
of service innovation. Most big data investments or projects
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have not acquired benefits because of the failure to take
proper actions to react to the opportunities of extracting
value from data [9]. Moreover, many firms still struggle with
the dilemma of the shift to service orientation and digital
transformation [10]. The rapid development of digital tech-
nology has engendered opportunities for service innovation,
and harnessing quality data to design and deliver state-of-the-
art services will enable novel business models [11], [12], but
the role of digital platforms in the whole BDA value chain
is lacking [13]. Therefore, the internal mechanisms of how
BDA performs within digital platforms must be identified to
generate valuable service innovations.

In consistent with Mikalef [9], the current study views big
data analytics capabilities (BDAC) as the firm’s competence
to utilize data management, infrastructure, and talent to create
competitive advantages and tries to fill several gaps in the
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literature. First, prior studies provide evidence of the positive
effects of BDAC on performance and innovation [12], [14]—
[16], but few scholars have attempted to discover the inner
mechanism. The manner by which different types of BDAC
affect service innovation remains unknown. On the basis of
the resource-based view, different types of resources may
lead to distinctly varied outcomes. Dynamic capabilities view
notes the necessity for an organization to steer various types
of operational capabilities to adapt to the external environ-
ment [17]. Thus, the need for highlighting the influence of
different types of BDAC should be in line with these sig-
nificant theories. Moreover, the different types of BDAC—
big data analytics technical capabilities (BDAT) and big data
analytics personnel capabilities (BDAP)—have many differ-
ent characteristics that may lead to various effects on service
innovation. Though many firms jumping on the bandwagon
of big data and BDA, the unclear issues, such as unfocused
input, could result in the misunderstanding or hype around
BDA [18], the pressure burden on BDA application [15],
and the low yield of big data investment portfolio [19]. The
undesirable aftermath will severely hamper firm growth and
the development of related theories. Thus, this article aims
to bridge this gap by examining the relationships between
BDAT/BDAP and service innovation.

Second, existing studies suggest that the direct driving role
of information technology (IT) capabilities on performance
may diminish due to the absence of an intermediate mecha-
nism [20]. Therefore, a specific perspective must be urgently
drawn to investigate the linkage bridging BDAC and ser-
vice innovation. Although technology-push innovation (e.g.,
BDAC-push service innovation) can generate excellent out-
comes, firms have to endure long and complicated devel-
opment processes and stages [21]. The BDAC value chain
may be excessively long that its positive effect is no longer
evident or even diminishes in value delivery, which may result
in service failure. Specifically, BDAT and BDAP are insuf-
ficient for firms to improve their performance automatically
and directly [22]. Scholars have stated that the dynamic capa-
bilities view, which emphasizes the integration of operational
capabilities, can reasonably redeploy BDAP and BDAT to
produce service innovation [17]. Furthermore, whether the
effects of different types of BDAC on service innovation are
mediated by dynamic capabilities remains untapped in prior
literature, and only a few studies have provided empirical
results [20], [23]. Therefore, the present work adopts the
dynamic capabilities view to address these significant issues
and bridge the literature gap by studying the effects of BDAT
and BDAP on service innovation.

Third, although service innovation is undergoing shifts in
service logic and driving engine and is becoming increas-
ingly digital technology-enabled [24], the role of digital plat-
form capabilities in the BDA—innovation value chain remains
unexplored. Several firms fail to extract value from BDA to
support service innovation because of deficiencies in digital
platform building. For instance, remote specialists, whose
expertise knowledge could be regarded as BDAP, cannot
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promptly offer and transmit consult reports (analysis solu-
tion) without a tele-picture archiving communication system,
a customized digital platform with high performance (in place
of an old system with low efficiency), thereby decreasing
the value of the target service [25]. Furthermore, firms eager
for rapid development should focus on their customers’ real
preferences and demands instead of becoming overdependent
on big data market analytics because digital technology and
BDAC are insufficient to be the center of service innovation
[21]. Thus, the value of a digital platform that identifies
customer demands in real-time is embodied in value/insight
extraction, but the dearth of generic digital platforms remains
a problem [26].

Fourth, the boundary effect of environmental dynamism on
the dynamic capabilities—service innovation linkage remains
unclear. The nature of the view of dynamic capabilities and
the limits of the resource-based view call for considering
exogenous variables and their effects [27], such as environ-
mental dynamism, which is a key situational parameter that
should be underscored in the dynamic capabilities view in
business practice [3]. Ignorance of environmental dynamism
could collapse the service innovation mechanism, given that
the innovation may be unlikely to succeed in a highly
dynamic or turbulent external environment [3]. Moreover,
theoretical debates and even contradictory conclusions exist
about whether dynamic capabilities are valuable and effec-
tive only in turbulent environments [28]. Few articles have
been published on the external factors in the BDAC value
chain and introduced environmental dynamism to examine
its moderating role in the big data environment. Therefore,
the current study intends to address this gap by exploring how
environmental dynamism influences the relationship between
dynamic capabilities and service innovation.

This research aims to investigate the specific inner mech-
anism between BDAC and service innovation by addressing
the following research questions:

1) How do interactions between BDAC and digital plat-
form capabilities affect service innovation via dynamic capa-
bilities?

2) What is the role of environmental dynamism in this
mechanism?

Il. THEORETICAL BACKGROUND

A. BDAC AND SERVICE INNOVATION

On the basis of the service-dominant logic, service innovation
is a rebundling of existing resources to create novel, ben-
eficial resources [8], [11], and it aims to improve existing
services and create new value propositions or service sys-
tems during resource (e.g., information, knowledge, skills)
delivery [1], [6]. Customers participate in the value co-
creating mechanism by approving propositions during these
processes [29]. Service innovation covers a large number
of digital technology-enabled and process-oriented materi-
als [24]. Digital technology plays a significant role in service
innovation not only by enabling resource allocation, new
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resource introduction, and access to resources required for
service exchange [11] but also by allowing firms to under-
stand customer behaviors deeply and commercialize service
innovations [30]. Scholars believe that the huge volumes of
data and information relevant to customers are key sources
to general innovation and create tremendous opportunities
for service innovation [31], [32]. Moreover, the integration
between data and BDA may create novel ways for supporting
customer-oriented service innovation [6], [11]. Firms with
BDA applications allow abundant and accurate ways of gath-
ering, processing, and analyzing large amounts of trace data
from different sources to identify potential customers’ needs
that can be induced and transformed into ultimate customer
purchase behaviors [6].

However, BDA is limited in shaping high levels of capabil-
ities because of difficulties in unstructured data-processing
and business value extraction [15], [19]. The concept of
BDAC, which refers to the ability to provide business insights
in the big data environment by using BDAP, BDAT, and
BDA management capabilities, has been proposed [14].
Most studies focus on the effect of BDAC on firm perfor-
mance or innovativeness and confirm the positive effect via
anecdotal evidence or case studies [14], [16], [23], [33], but
the literature focus on specific innovativeness outcomes, such
as service innovation, has not been discussed deeply, and
the internal mechanism remains unknown [6]. These prob-
lems continue to perplex firm executives, decrease investment
returns on BDA projects, and hinder BDAC development.
Moreover, previous studies generally adopt a holistic perspec-
tive and regard BDAC as a second-order construct. Exploring
the effect of specific types of BDAC on service innovation
seems necessary to understand how BDAC contributes to
superior innovation. Table 1 demonstrates the effects of BDA
on performance or innovation in previous studies, showing
that the research on the mechanism between BDAC and
service innovation remains limited.

In line with the prior research classification of firm
resources [34], we use two dimensions of BDAC, namely,
BDAT (physical capital: technology resource) and BDAP
(human capital: human resource), to conduct further study.
BDAP refers to an analyst’s ability to perform assigned tasks
in the big data environment, which consists of managerial
skills (including business and relational knowledge) and tech-
nical skills (including technical and technology management
knowledge) [6], [14]. BDAT refers to the flexibility of the
BDA infrastructure, which includes the connectivity, compat-
ibility, and modularity within or among differently sourced
data and infrastructures [14]. BDAP and BDAT have varied
characteristics. Compared with BDAP, BDAT is the only
inherent physical feature of the BDA infrastructure that has
a certain degree of stability, and it is a tangible resource
with ready availability for firms [16]. BDAP is the innate
nature of personnel knowledge with human uncertainty and
complexity, which have no clear and visible boundaries,
similar to intangible resources, and it is rare and insuffi-
cient for firms in general [16], [35]. In addition, BDAP may
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become increasingly complex in the value-creating process;
for instance, the effectiveness and efficiency of personnel
knowledge may be affected by the external atmosphere, inter-
nal experience, and mood. Therefore, the effect of BDAT
and BDAP on service innovation is worth studying sepa-
rately. Furthermore, resource and operational abilities cannot
directly create value, and the dynamic capabilities view can
properly bridge the BDAC value chain and service inno-
vation. The interplay of BDAP or BDAT and other digital
capabilities also remains untapped; for instance, the dearth
of digital platform capabilities may be another significant
internal factor in the failure of BDAC building.

B. DYNAMIC CAPABILITIES

Dynamic capabilities refer to an organization’s ability to
integrate, build, and reconfigure internal and external compe-
tences to address rapidly changing environments [41]. Schol-
ars regard dynamic capabilities as a bridge to link BDAC and
firm-level outcomes and to offer a valuable explanation of
BDAC’s influence on innovation [20], [23]. As the extension
of the resource-based view, the dynamic capabilities view
emphasizes purposeful modification not only on tangible
and intangible resources but also on operational capabilities
[17], [42]. In particular, operational capabilities refer to the
competence to execute and coordinate assigned tasks for
performing operational activities [17]. In this view, BDAP
and BDAT can be regarded as a firm’s operational capabilities
governed by dynamic capabilities to derive service innova-
tion. However, a resource base and operational capabilities
cannot provide value extraction alone [43]. Thus, the current
study aims to integrate BDAT and BDAP into a dynamic
capabilities framework to improve service innovation effec-
tively. Prior literature notes that BDAC is the antecedent of
dynamic capabilities, but only a few studies have explored
the specific types of BDAC and discussed the effect of digital
platform capabilities [20], [44], [45]. Furthermore, BDAC
has been confirmed as the valuation of firm performance and
innovation improvement generally by dynamic capabilities
[20], [23], [40]. Tracking the indirect relationship between
BDAP/BDAT and service innovation via dynamic capabilities
seems necessary to clear the BDAC value chain and disclose
its inner mechanism.

C. DIGITAL PLATFORM CAPABILITIES

Digital platform capabilities refer to the competence to
collect customer information and acquire user-generated con-
tent from digital channels, which offer standards, connec-
tivity, rules, and IT competence to coordinate customer big
data production, search, and delivery [13], [44]. Specifi-
cally, such capabilities include two types of platform: one
for connecting to customers to collect customer experience,
opinion, and derived knowledge and another for connecting
to businesses to learn information from institutions around
customers and conducting marketing activities directly to
targeted customer groups [4]. Digital platform capabili-
ties are vital for firm performance and innovation as an
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TABLE 1. Representative literature on BDA.

Author | Type I Independence Mediator Moderator Dependence
[36] Conceptual (Review) BDA -—-- - D]I%] rtf(i)lvzfirgrllce
Empirical, Case Study, . .
[6] mIIJrﬂrti;'?/iewaEreF 4) y BDA -—-- -—-- Service Innovation
- Technology and Industry
Conceptual (Research Value Creation .
[15] Framework) BDAC Mechanisms Context ) Strategic Value
Competitive Dynamics
Empirical, Case Study, . 0 Manufacturing
[37] Interview (n=3) BDA Implementation Agility BDAC Performance
Empirical, survey Environmental Asset Productivity;
[38] (n=161) Top Management Support BDA Use Dynamism Business Growth
Empirical, survey . Market and Operational
[16] (n=232) BDAC (formative) - - Performance
Empirical, survey } Analytics Capability- ]
[14] (n= 1’52) BDAC (reflective) -—-- Business Strategy Firm Performance
Alignment
Empirical, survey . Process-Oriented -
[20] (n=297) BDAC (reflective) Dynamic Capabilitics -—-- Firm Performance
. Tourism
[39] Emp(l;lia;,lszu)rvey CaBBJ/ixli]t\i/[eélsn(ar%?]rgsgie) - Technology Orientation Supply Chain
p Performance
[40] Emp&;lczagos;)rv ey BDAC (formative) Dynaméca;r;giii)g:;anonal -—-- Competitive Performance
. Environment Dynamism :
[23] Empm?l’ survey BDAC (formative) Dynamic Capabilities & Heterogeneity & Incremental and Radical
(n=175) Hostility Innovation

essential resource for survival in the digital era; these
capabilities offer opportunities for new service, technology
development, and increased processing capability with low
cost [45], [46].

In the context of big data, digital platforms enable firms to
develop complementary technologies and services. For exam-
ple, user participation is an effective way for organizations to
mitigate innovation challenges, but they must face the prob-
lems of high costs and uncertainty of customer acceptance;
the connectivity of internal technical platforms can resolve
these issues by improving the effectiveness of identifying
opportunities of service innovation [10]. Although digital
platforms are permeating mainstream information systems
(IS) research and are viewed as a critical study area for future
studies related to organization innovation, the evidence of
its specific role, such as its direct or indirect effects, or its
moderating role is unclear [13], [44], [45]. The interaction
between BDA and digital platforms may trigger innovation.
For instance, firms can perform a real-time perception of cus-
tomer sentiment and then provide demand-oriented service
with the efficient utilization of BDA resource and third-party
digital social media platforms, such as Twitter and Facebook
[47]. BDAC is different from digital platform capabilities; the
former highlights fundamental connectivity and high-level
bridges, whereas the latter emphasizes a firm’s inherent anal-
ysis function. Digital platform capabilities may also produce
different effects when interacting with BDAP and BDAT,
which have different natures [16]. However, to date, few
studies have discussed the relationship between platform gen-
erativity and big data in the context of service innovation, and
the interaction among various antecedents of dynamic capa-
bilities calls for research [45]. Accordingly, the current study
adopts a holistic approach to fill these gaps by investigating
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the effects of digital platform capabilities and the interaction
between BDAT and BDAP on dynamic capabilities.

D. ENVIRONMENTAL DYNAMISM

Environmental dynamism refers to environmental volatility
(rate and amount of change) and unpredictability (uncertainty
of change) [48]. An ongoing core debate exists on whether
dynamic capabilities are valuable only in dynamic environ-
ments [49]. On the one hand, scholars argue that dynamic
capabilities contribute value in relatively stable environments
when facing threats and opportunities [41]. On the other
hand, dynamic capabilities are meaningless in stable and
moderately stable environments and they may even harm
firm performance [28]. Environmental dynamism has been
introduced as a boundary condition to investigate the role
of dynamic capabilities in the firm outcome on the basis
of the dynamic capabilities view to clarify this issue. First,
the interaction is insignificant to a competitive edge; that is,
dynamic capabilities are not effective in the Chinese business
atmosphere [50]. In addition, dynamic capabilities cannot
directly influence market performance regardless of whether
the level of environmental dynamism is high or low [51]. Sec-
ond, environmental dynamism positively moderates the effect
of dynamic capabilities strategy on new venture performance
[52]. Finally, a complex nonlinear effect is emerging in an
increasing number of studies. Dynamic capabilities can pro-
duce a marked effect in relatively stable and highly dynamic
environments (U-shaped) [42], and the dynamic capabilities—
performance relationship shows the strongest positive corre-
lation when environmental dynamism stays at a medium level
(reverse U-shaped) [48]. In our research, dynamic capabil-
ities in an environment with various degrees of dynamism
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FIGURE 1. Proposed research model.

may lead to different outcomes. Therefore, the moderating
role of environmental dynamism in the relationship between
dynamic capabilities and service innovation should be clari-
fied.

Ill. HYPOTHESIS DEVELOPMENT

This study proposes that BDAC, namely, BDAP and BDAT,
has significant effects on service innovation by dynamic
capabilities. Digital platform capabilities are an antecedent of
dynamic capabilities and are introduced as a quasi-moderator
of the relationship between BDAP/BDAT and dynamic capa-
bilities. Furthermore, environmental dynamism acts as a
moderator of the relationship between dynamic capabilities
and service innovation. Fig. 1 presents the hypotheses and
research model.

A. EFFECT OF BDAP AND BDAT ON DYNAMIC
CAPABILITIES

Current literature highlights the facilitating effect of the exist-
ing resource base and operational capabilities on dynamic
capabilities [17]. In line with dynamic capabilities view,
resources and capabilities are antecedents of dynamic capa-
bilities and dynamic capabilities can govern the changes in
ordinary capabilities [53]. Scholars also emphasize that com-
panies are leveraging BDA to utilize the knowledge generated
from massive data in order to guide and improve the sens-
ing, seizing and transforming ability of organizations [15],
[20], [23], [40]. Thus, BDAT and BDAP, as the resource
and capabilities of BDA, may positively influence dynamic
capabilities.

BDAP refers to the technical and managerial skills of
BDA human resources and it can be viewed as a firm’s
mobile information base or knowledge set [14], [16]. Scholars
note that firms must combine endogenous and exogenous
knowledge to acquire dynamic capabilities [54]. Therefore,
knowledge processes could be regarded as an antecedent of
successful dynamic capabilities and BDAP may be helpful
in the creation of dynamic capabilities [20], [54]. Specifi-
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cally, BDAP enables analysts or decision-makers to choose
the proper data sources and processing tool effectively, fur-
ther promoting agile operations on the three dimensions of
dynamic capabilities. The knowledge and skills relevant to
managerial aspects, enables firms to sense external opportu-
nities accurately, generate the customer profile clearly, and
accelerate the business process transforming efficiently [27].
Thus, we propose that:

H1: BDAP positively affects dynamic capabilities.

Furthermore, IT infrastructure flexibility allows firms
to improve their sensing and responding performance by
enhancing their capabilities, such as those of detecting, pro-
cessing, and communicating [55], [56]. In this view, BDAT
provides firms opportunities to apply their knowledge in
addressing changing business conditions with analysis results
and optimal decisions and choices, thus improving dynamic
capabilities. For example, a firm can utilize a flexibility ana-
lytics infrastructure to recognize potential needs by drawing
and visualizing customer data derived from diverse sources,
such as digital platforms, of which they may sometimes not
be aware [6]. Scholars propose that BDAT initially improves
the customer sentiment analysis and non-customer potential
needs (sensing), then drives the dynamic resource alloca-
tion and decision-making processes (seizing), and finally,
the marketing approaches transforming (transforming) [33],
[55]. Therefore, we propose that:

H2: BDAT positively affects dynamic capabilities.

B. QUASI-MODERATING ROLE OF DIGITAL PLATFORM
CAPABILITIES

Digital platform capabilities provide the proper conditions
for dynamic capabilities development; it offers the generation
of digital information and collective wisdom, such as the
experience, opinion, and knowledge among members, includ-
ing individual customers or organizations, in digital platform
ecosystems [4], and information is the basis or resource
needed for quick response and timely decision-making capa-
bilities. Digital platforms enable firms to recognize changes
rapidly in the external environment and respond quickly to
changing customer requirements and increased processing
capabilities with low cost [45], [46]. For instance, Volvo
Cars meet the demand to develop new decision-making capa-
bilities by building a digital platform that collects external
ideas from external developers, end-users, and public author-
ities [3]. Thus, we propose the following:

H3: Digital platform capabilities positively affect dynamic
capabilities.

Scholars propose that the interaction between digital
platforms and enterprise system platforms can trigger firm
innovation, which shows the potential moderating role of
digital platform capabilities [45]. For example, with a digital
interactive platform, Apple Watch Nike Plus utilizes data
analysis to offer a novel co-creating running course [57].
The digital platform allows personnel to interact with cus-
tomers, provides additional support (e.g., customer profil-
ing), and creates a harmonious atmosphere wherein the skill

VOLUME 8, 2020



X. Xiao et al.: How the Interaction of Big Data Analytics Capabilities and Digital Platform Capabilities Affects Service Innovation

IEEE Access

sets, experience and given support jointly operate on inno-
vative service offers [6]. Nevertheless, when a firm’s digital
platform capabilities rise to a high level, the contribution
of BDAP to dynamic capabilities may diminish. Given the
striking characteristics of the ease of connectivity to other
technologies, a large amount of data or information and auto-
analysis needed for a few specialized skills may minimize the
necessity of human resources for market change-sensing [45].
Moreover, the introduction of digital platforms may change
the way people think or work and fail to initiate synergies with
people [58], [59]. Consequently, any established strategy or
plan may encounter implementation problems because of the
intimidating nature of collaboration. Meanwhile, abundant
and complicated data may confuse personnel and result in
difficulties in leveraging their knowledge and skill to discover
truths and relationships among things [3]. When digital plat-
form capabilities are at a low level, personnel have to rely
on their current knowledge and skills to recognize changes,
make decisions, and implement plans. The effect of BDAP
on dynamic capabilities is therefore intensified. Thus, we
propose the following:

H4a: Digital platform capabilities negatively moderate the
relationship between BDAP and dynamic capabilities.

When digital platform capabilities rise to a high level
(large amounts of data need to be processed rapidly), BDAT
becomes particularly valuable, because it can ensure smooth
data processing, decrease the possibility of interruption, and
guarantee the timely improvement of dynamic capabilities.
For example, an infrastructure with excellent compatibility
can enable Amazon to improve collaboration, application
development, and rapid analysis to address changing needs
even when encountering massive data [60]. With good con-
nectivity, firms can combine structured and unstructured data
from various functions and platforms to explore customer
characteristics deeply among transactions and then recog-
nize potential needs [61]. Furthermore, BDAT not only pro-
vides human service actors with new opportunities to deploy
existing resources rapidly but also fundamentally revamps
practices for highly individualized customer needs. For exam-
ple, a telecommunications company in Austria operates a
flexible analytics infrastructure to collect and analyze cus-
tomer behavior and interaction data on an advanced digital
platform—an e-bank portal—to offer tailored content on user
interfaces in a timely manner [6]. When digital platform capa-
bilities are at a low level, BDAT cannot completely reflect
its value because the BDA infrastructure is not operating at
full or high capability. Thus, we propose the following:

H4b: Digital platform capabilities positively moderate the
relationship between BDAT and dynamic capabilities.

C. EFFECT OF DYNAMIC CAPABILITIES ON SERVICE
INNOVATION

Several scholars state that dynamic capabilities have the
power to originate innovative behavior and innovation perfor-
mance [62]. Innovative service delivery is a dynamic process
that requires firms to adapt to evolving customer needs, and
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dynamic capabilities can provide firms with opportunities
to evolve customer demands and market trends by adapt-
ing resources [10], [63]. The success of service innovation
depends on specific dynamic capabilities, given that the iden-
tification and exploration of service innovation opportunities
require firms to build new capabilities in rapidly changing
business environments [64]. Firms with excellent dynamic
capabilities can react effectively and decide promptly and
accurately in ever-changing environments [2]. Existing litera-
ture also verifies this relationship; dynamic relational capabil-
ities enable components of service innovation [65]. In health-
care, dynamic capabilities are the key to the development of
the service innovation concept [66]. Thus, we propose the
following:

H5: Dynamic capabilities positively affect service innova-
tion.

D. MODERATING ROLE OF ENVIRONMENTAL DYNAMISM
The interaction between internal mechanisms and external
environmental variables may moderate the processes within
firms [67]. Firms are required to have the ability to cap-
ture effective customer/market information, analyze data col-
lected from stakeholders in a dynamic environment, and
convey updated information within firms quickly [38], [68],
[69]. Dynamic capabilities can produce a marked effect on
firm outcome by following a predictable and linear path in
moderate environmental dynamism [17]. However, changes
are usually nonlinear and unpredictable in markets [48].
A turbulent external environment may destroy a firm’s critical
capabilities and reduce the value of its dynamic capabilities
[70]. In addition, changes that occur simultaneously and
rapidly in an environment with a high level of dynamism may
neutralize or render obsolete any generated benefits [27], and
firms cannot readily conduct service innovation. The litera-
ture also shows the negative moderating role of environmental
dynamism in the relationship between BDA use and asset
productivity [38]. Thus, we propose the following:

H6: Environmental dynamism negatively moderates the
relationship between dynamic capabilities and service inno-
vation.

IV. RESEARCH DESIGN

A. CONSTRUCT MEASUREMENT

All constructs’ measurement items, which were measured as
reflective, were adopted from previous studies. Our ques-
tionnaire adopted a seven-point Likert scale with options
ranging from 1 (“strongly disagree”) to 7 (“‘strongly agree’”)
to measure all variables, which included BDAP, BDAT, ser-
vice innovation, dynamic capabilities, digital platform capa-
bilities, and environmental dynamism. According to prior
literature, industry, ownership, firm age, and firm size may
influence service innovation and dynamic capabilities to dif-
ferent degrees. Thus, we included these variables as control
variables in our model (Appendix F).
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FIGURE 2. Research methodology.

The questionnaire was developed as follows: First, an
English-language questionnaire was developed and then
translated into a Chinese version by a team of three
researchers from different fields [67]. Two team members are
English majors and have a professional translation certificate
and a professional English graded certificate. A professional
translator (not part of the team) translated the current version
back to the English version, and no semantic discrepancies
were identified between the two versions. Second, a pre-
survey was conducted to assess and refine the question-
naire preliminarily. Twenty-three MBA students from various
industries were selected as the sample. We submitted the
translated questionnaire to these students for additional feed-
back. Then, an interview was conducted after this pre-survey
to collect their opinions. The questionnaire was then adjusted
accordingly to meet the required reliability and validity.
We made several modifications, such as the rearranging of the
questions, the changing of the questionnaire format, and the
deletion of some items. No improper elements remained in
our questionnaire after these manipulations. Finally, the sec-
ond version of the questionnaire was created in paper and
digital forms to perform the following steps. Fig. 2 represents
the research methodology used in current research:

B. SAMPLING AND DATA COLLECTION

We conducted a questionnaire survey to test the proposed
hypotheses in China. This country is an important global
manufacturing base [71] and a large digital market wherein
firms actively engage for value-creating from big data [71],
[72]. Furthermore, the wealth of data generated in China
attracts researchers and practitioners. Thus, the data are rep-
resentative for firm BDAC in China and the corresponding
results are suitable not only for China but also for other
countries [20]. With the help of government authorities in
Big Data Industrial League and Big Data National Engi-
neering Laboratory in China, we generated a contact list
of 400 corporations. First, we made phone calls to get the
permission of firms’ owners or senior managers to participate
in our research. Then we visited their companies and ask
them to fill out the paper questionnaires. During this period,
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we collected 189 paper questionnaires. Second, we sent
emails to the rest of the companies on our list with digital
questionnaires attached. Another 110 digital questionnaires
are collected. However, 124 questionnaires which didn’t meet
the requirement of our research were strictly deleted. Finally,
we collected 175 valid questionnaires with a response rate
of 43.8%. Table 2 shows the demographic characteristics of
the respondents and their firms. We tested the normality of
each scale item. The result showed the absolute values of
skewness and kurtosis were all less than 1, indicating that
all variables are normally distributed. Then, we conducted
an independent-sample T-test to check for differences in the
variables between the paper and digital questionnaires. The
data show the following: BDAT (p =0.63,t= —1.77), BDAP
(p = 043, t = —0.89), digital platform capabilities (p =
0.47,t= —1.20), dynamic capabilities (p = 0.92,t = —1.78),
environmental dynamism (p = 0.64, t = —1.94), and service
innovation (p = 0.22, t = —3.03). These results indicate that
no significant difference exists between most of the core vari-
ables collected by the two channels. As the digital question-
naire represents the late wave in our survey, there is also no
significant difference between early and late responses. Thus,
non-response bias is not a threat to this study. In addition,
we statistically checked the severity and potential influence
of common method bias (CMB) through partial least squares
(PLS) [73], [74]. The results (Appendix C) show that most
method factor loadings are insignificant; the average that
substantively explains the variance of the indicators is 0.662;
the average method-based variance is 0.024 (an approximate
ratio of 28.2:1). Thus, CMB is not a serious problem for this
study.

V. RESULT
A. MEASUREMENT MODE

The hierarchical research models were proposed as follow:
the BDAP, BDAT, SI (service innovation), DC (dynamic
capabilities), ED (environmental dynamism), DPC (digital
platform capabilities), C1 (Industry), C2 (Ownership), C3
(Firm Age), C4 (Firm Size), C5 (Turnover), g (path coeftfi-
cient), ¢ (error).

1) MAIN EFFECT TEST

SI = ag+ B1C1 + B2Ca + B3C3 + B4Cs + BsCs + e(M5)
SI = ap+ B1C1 + B2C2 + B3C3 + B4Cy + B5Cs

+ BeBDAP + B7BDAT + ¢ (M)
Model 5 was conducted to estimate the effects of five control

variables on service innovation. The effects of BDAP and
BDAT on service innovation were evaluated in model 7.

2) MEDIATING ROLE TEST

DC = ap + B1C1 + B2Co + B3C3 + BaCa+B5Cs + e(M1)
DC = apg+ B1C1 + B2Co + B3C3 + B4Cs + B5Cs
+ B¢BDAP + B7BDAT + £(M2)
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TABLE 2. Sample characteristics.

Characteristic | Range | Frequency | Percentage
Software, Information
Technology 19 10.9%
Education, Training 18 10.3%
Industry Bankuslg, Financial 25 14.3%
ervice
Public Administration,
Social Security 14 8.0%
Organizations
Manufacturing 30 17.1%
Wholesale and Retail 6 3.4%
Construction Projects,
Real Estate 14 8.0%
Transportation,
Warehousing and Postal 5 2.9%
Services
Resident Services,
Repairs, and other 16 9.1%
services
Telecommunications,
Electronic Products 8 4.6%
Culture, Sports and
Entertainment 4 23%
Others 16 9.1%
Total 175 100%
State-owned or state- 0
controlled enterprises 98 56.0%
Private Enterprise 61 34.9%
Sino-Foreign Joint o
Ownership Ventures 6 3.4%
Wholly foreign-owned 5 11%
enterprises
Others 8 4.6%
Total 175 100%
<3 12 6.9%
3-6 41 23.4%
7-15 35 20.0%
Firm Age 16-25 45 25.7%
26-40 31 17.7%
>40 11 6.3%
Total 175 100%
<100 20 11.4%
100-500 64 36.6%
Firm Si 501-1000 38 21.7%
(Nﬁgbelrzz ¢ 1001-5000 30 172%
5001-10000 5 2.9%
employees) 10001-30000 9 51%
>30000 9 51%
Total 175 100%
<100 86 49.1.%
100< Turnover <1000 42 24.0%
Tumnover (in 1000< Turnover <10000 13 7.5%
millions RMB) 10000< rumover 29 16.5%
>50000 5 2.9%
Total 175 100%

Note: Others in Industry include travel, accommodation and catering, agriculture forestry,
animal husbandry and fishing, healthcare, and electricity, heat, gas and water production
and supply industries and so forth; Others in Ownership include collective ownership

SI = apg+ B1C1 + B2Ca + B3C3 + BaCs + B5Cs
+ B6BDAP + B7BDAT + BsDC + (M 8)

Model 1 was conducted to estimate the effects of five control
variables on dynamic capabilities. In model 2, we added the
BDAP and BDAT to evaluate their influence on dynamic
capabilities. And in model 8, we added the dynamic capa-
bilities to evaluate its effect on service innovation.

3) MODERATING ROLE TEST

DC = ag+ B1C1 + B2Cr + B3C3 + B4Cq + B5Cs
+ BsBDAP + B7BDAT + BsDPC + & (M3)
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SI = ap+ B1C1 + B2C2 + B3C3 + B4Cs + B5Cs
+ B¢BDAP + B1BDAT + BsDPC + BoDPC
X BDAP + B1oDPC x BDAT + (M 4)

Model 3 estimates the direct effect of digital platform capa-
bilities on dynamic capabilities. Model 4 estimates the effect
of interaction terms between digital platform capabilities and
BDAP/BDAT on dynamic capabilities. Thus, model 3 and
model 4 capture the quasi-moderating effect of digital plat-
form capabilities.

SI = ap + B1C1 + B2C2 + B3C3 + B4Cy + B5Cs
+ BsDC + B1ED + BRED x DC + £(M6)
SI = ag + B1C1 + B2Ca + B3C3 + B4Cy + BsCs
+ B6BDAP + B7BDAT + BsDC + BoED + & (M9)
SI = ap+ B1C1 + B2Cr + B3C3 + B4Cy + BsCs
+ BeBDAP + B7BDAT + BsDC + BoED + B1oED
x DC + s(M10)

In model 6, we estimated the effect of an interaction term
between environmental dynamism and dynamic capabilities
on service innovation. Model 9 estimates the direct effect
of environmental dynamism on service innovation. Model
10 also estimates the interaction terms between environmen-
tal dynamism and dynamic capabilities on service innovation
under the addition of BDAP and BDAT.

The hierarchical research model in this study was estimated
by PLS to improve the suitability and overcome the limits of
multivariate normality, sample size, and model complexity,
among others [75]. Thus, we used Smart PLS to estimate the
related indicators of our research model. We perform higher-
order confirmatory factor analysis to verify the convergent
validity and the first-order hierarchical model of each con-
struct because BDAP, BDAT, and dynamic capabilities are
second-order hierarchical models. Appendix A presents the
factor loadings, Cronbach’s o, composite reliability (CR),
and average variance extracted (AVE). The calculated results
indicate that all item loadings exceed the threshold of 0.70
[76] at p < 0.01. The unidimensionality is supported by the
high average of the item loadings (i.e., loadings > 0.808,
p < 0.01) [77]. Each construct’s Cronbach’s & and CR exceed
0.70 [78]. The AVE for all constructs is greater than 0.50 and
the lowest value is 0.644 [76]. Appendix B shows the cross-
loading results. All items’ cross-loading exceeds 0.707 [78],
and the lowest value is 0.716. The difference between each
item’s loadings with its primary construct and those with
other constructs exceeds 0.1 [79]. The square root of AVE for
all constructs is greater than variable correlations [76], [77].
We also conducted the Heterotrait-Monotrait (HTMT) Ratio
test of the first-order factors to assess the discriminant valid-
ity. Appendix E represents these results. The majority of our
HTMT ratios of all first-order constructs are lower than 0.85.
The exceptions are the ratios of pairs of the same second-
order construct are above 0.85 but still below the threshold
value 0.9. We conducted collinearity diagnostics to evaluate
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multicollinearity. The highest variance inflation factor (VIF)
value is 3.918, which falls below the acceptable common cut-
off value of 5 [14], [20]. Therefore, multicollinearity is not a
problem for this study. These results demonstrate not only the
good discriminant and convergent validity but also the good
measurement properties of our research model.

B. HYPOTHESIS TESTING

A hierarchical regression analysis was developed to examine
the hypotheses in this study (Table 3). In model 1, four control
variables—industry, ownership, firm age, and firm size—
do not significantly affect dynamic capabilities. The data of
model 2 show that BDAP and BDAT have significant and
positive influences on dynamic capabilities (8 = 0.548,
p < 0.01; B = 0.319, p < 0.01, respectively). The explained
variance in dynamic capabilities is 67.6%, 2 = 0.669, and
F = 111.723; the explanatory power is significant. Therefore,
HI1 and H2 are supported. Model 3 indicates that the direct
effect of digital platform capabilities on dynamic capabilities
is significant and positive (8 = 0.168, p < 0.05), and the
explanatory power is significant (R?> = 0.686, f> = 0.031,
F = 5.146). In model 4, the interaction terms of BDAP
and digital platform capabilities are negative and significant
(B = —0.126, p < 0.01), whereas the interaction terms
between BDAT and digital platform capabilities are positive
and significant (8 = 0.057, p < 0.05). The explanatory
power is also significant (R2 = 0.741, f2 = 0.175, F =
28.7). Fig. 3 and 4 display the analysis of simple slope for
each interaction terms on dynamic capabilities. When the
level of digital platform capabilities is high, a high level of
BDAP will yield low dynamic capabilities while high BDAT
results in high dynamic capabilities. H3, H4a, and H4b are
hence supported. In model 5, four control variables have no
effects on service innovation. In model 7, BDAP (8 = 0.388,
p < 0.01) and BDAT (8 = 0.296, p < 0.01) have positive
and significant effects on service innovation. In model 8, the
influence of dynamic capabilities on service innovation is
positive and significant (8 = 0.295, p < 0.01). Thus, H5 is
supported. The data of models 6, 9, and 10 indicate that the
interaction term of environmental dynamism and dynamic
capabilities is negative and significant (8 = —0.102,
p < 0.05). The explanatory power is also significant (R?> =
0.49, f2 = 0.027, F = 4.428). Fig. 5 presents a simple slopes
analysis for service innovation growth, which indicates that
varying in the high level of environmental dynamism, a low
level of dynamic capabilities leads to high service innovation.
Thus, H6 is supported.

We conducted a regression analysis to examine the mediat-
ing effect of dynamic capabilities [78]. The data from models
2,7, and 8 show that the dynamic capabilities have mediating
roles. We retained all settings for the PLS-SEM algorithm,
selected 5,000 bootstrap samples, and selected the complete
bootstrapping option. Appendix E shows the results. BDAP
and BDAT exert significant effects (t = 1.845, p < 0.05;
t = 2.127, p < 0.05) on service innovation, and both indi-
rect effects are significant (t = 2.292, p < 0.05; t = 1.86,
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FIGURE 3. Plot for the interaction effect of digital platform capabilities
and BDAP on dynamic capabilities.
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FIGURE 4. Plot for the interaction effect of digital platform capabilities
and BDAT on dynamic capabilities.
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FIGURE 5. Plot for the interaction effect of environmental dynamism and
dynamic capabilities on service innovation.

p < 0.05); neither of the 95% confidence intervals include
zero. We concluded that dynamic capabilities perform par-
tial mediating roles in two relationships (BDAP and service
innovation; BDAT and service innovation). We implement the
product of values of direct and indirect effects to examine
the type of this partial mediation further. Given a positive
product value (0.228x0.162 = 0.037; 0.199 x 0.094 =
0.019), we concluded that dynamic capabilities represent a
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TABLE 3. Results of regression analysis.

Construct Dynamic Capabilities Service Innovation
M1 M2 M3 M4 M5 M6 M7 M8 M9 MI10
Firm Age -0.124 -0.024 -0.024 -0.032 -0.081 -0.002 0.008 0.015 0.008 0.009
Ownership -0.040 -0.002 -0.007 -0.014 -0.085 -0.066 -0.052 -0.052 -0.061 -0.057
Industry -0.051 0.055 0.071 0.067 0.023 0.049 0.111 0.095 0.075 0.089
Firm Size 0.035 0.002 0.008 0.019 0.047 0.042 0.019 0.018 0.024 0.033
Turnover 0.074 0.164 0.164 0.166 -0.141 -0.158 -0.064 -0.113 -0.100 -0.113
BDAP 0.548%* 0.524** 0.359%* 0.388%* 0.228* 0.213* 0.190
BDAT 0.319%* 0.205* 0.317** 0.296** 0.199* 0.160* 0.179*
Digital Platform Capabilities 0.168* 0.153*
Dynamic Capabilities 0.405* 0.295%* 0.223* 0.190
Environmental Dynamism 0.219* 0.152 0.128
Digital Platform Capabilities 0.126%*
X BDAP
Digital Platform Capabilities %
« BDAT 0.057
EnVlronme.ntal Dynftr.n.lsm X 0.105* -0.102*
Dynamic Capabilities
R? 0.020 0.676 0.686 0.741 0.039 0.455 0.440 0.467 0.476 0.490
AR? 0.656 0.010 0.055 0416 0.401 0.027 0.009 0.014
F? 0.669 0.031 0.175 0.433 0417 0.048 0.017 0.027
F-value 111.723*%% | 5.146** | 28.700** 71.878%*% | 70.473** | 8.016** 2.805%* 4.428**
SRMR(EM) 0.083 0.069 0.068 0.068 0.047 0.067 0.072 0.068 0.067 0.067
Q? 0.011 0.401 0.406 0.435 0.014 0.259 0.256 0.268 0.271 0.278
q 0.394 0.008 0.049 0.248 0.245 0.016 0.004 0.010
Note: *p<0.05, **p<0.01, one-tail test.
TABLE 4. Results of hypothesis testing.
Big Data .
Analytics Environmental
y -
Hypothesis I Results Personnel Dynamism
H1: BDAP — Dynamic capabilities (Positive) Supported Capabilities
H2: BDAT — Dynamic capabilities (Positive) Supported
H3: Plgltal platform capabilities — Dynamic capabilities Supported
(Positive) Digital Dynamic Service
H4a: l??g.ital platfo.rm capabilities x BDAP — Dynamic Supported Platform Cagabilities Innovation
capabilities (Negative) Capabilities
H4b: P}gltal platAf(‘)rm capabilities x BDAT — Dynamic Supported
capabilities (Positive)
HS5: Dynamic capabilities — Service innovation (Positive) Supported
H6: Environmental dynamism x Dynamic capabilities — Big Data Control Variables:
Service Innovation (Negative) Supported Analytics Industry
Technology ()w:vnershlp
Capabilities an A'ge
Firm Size

complementary mediation of the relationship. In addition, we
adopted SPSS Process Procedure 2.13 with the bootstrapping
of 5000 samples to test the mediating role and robustness. The
results indicate the significant indirect effects of BDAT and
BDAP on service innovation via dynamic capabilities (Z =
4.11, p < 0.01; Z = 2.50, p < 0.05). Thus, H7a and H7b
are supported. Finally, Stone-Geissler’s Q> was computed
to examine the research model’s predictive validity [14].
We applied the cross-validity redundancy approach (omis-
sion distance = 8) and gained Q> = 0.435 for dynamic
capabilities and Q> = 0.278 for service innovation. These
findings adequately demonstrate the predictive validity of
BDAP and BDAT on dynamic capabilities and the predictive
validity of BDAP, BDAT, and dynamic capabilities on service
innovation, respectively.

Table 4 demonstrates the test results. H1, H2, H3, H4a,
H4b, HS, H6, H7a, and H7b are supported. Fig. 6 shows the

VOLUME 8, 2020

Turnover

FIGURE 6. Result of research model with parameter estimates.

research results of PLS estimation (the data is from models 4,
8, and 10).

VI. DISCUSSIONS AND IMPLICATIONS

A. THEORETICAL IMPLICATIONS

This study draws on the dynamic capabilities view to dis-
cover the internal influence mechanism between different
types of BDAC and service innovation through an empirical
study. Digital platform capabilities as a quasi-moderator of
the relationships between BDAT/BDAP and dynamic capa-
bilities. Then, we introduce environmental dynamism as a
moderator to investigate the effect of dynamic capabilities on
service innovation. Finally, we examine the mediating effect
of BDAP and BDAT on service innovation. Our research
offers the following theoretical contributions.
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First, this study enriches the existing empirical studies
by assessing the direct and indirect effects of BDAT and
BDAP, as two types of BDAC, on service innovation. As firms
increasingly rely on big data and related analytics technology
to drive performance and innovation, scholars have been
calling for additional in-depth research to investigate the
influence of BDAC [16]. However, few studies focus on inno-
vation, especially service innovation. Therefore, the current
empirical article enriches the relevant literature. Our study
contributes to this part of the literature on digitally enabled
service innovation and enriches the research perspective on
service innovation from the different dimensions of BDAC.
Current studies usually regard BDA as an aggregate factor
(e.g., BDA technology or usage) [15], [38] or as a holistic
view (e.g., third-order BDAC). However, each type of BDAC
has distinct characteristics and effects on firm-level factors.
We identify the direct positive effects of BDAT and BDAP on
service innovation, thereby addressing the gap in the big data—
innovation link. In addition, our empirical results demonstrate
that the different dimensions of BDAC are the bases of ser-
vice innovation, which enriches the resource-based view. The
finding also provides evidence of the necessity and require-
ment of BDAP and BDAT for driving service innovation.

Second, our study responds to the call for examining
the interactions among the antecedents of dynamic capabil-
ities by introducing digital platform capabilities as a quasi-
moderator. Scholars have set a research direction for dynamic
capabilities and have emphasized the significance of fully
developing the dynamic capabilities view by investigating the
interaction among its antecedents, especially the unexplored
ones [17], such as digital platform capabilities. However,
only relatively few relevant studies offer empirical evidence.
We enrich this part of the literature by identifying the different
degrees of coordination of digital platform capabilities with
BDAT and BDAP. On the one hand, our study reveals digital
platform capabilities’ direct and positive role in dynamic
capabilities. This finding suggests that digital platform capa-
bilities could act as a new antecedent to dynamic capabilities,
filling the gap concerning unexplored antecedents [17] and
extends the scope of dynamic capabilities enabler. On the
other hand, the current study tests the different interaction
effects of digital capabilities with BDAP and BDAT; specif-
ically, digital platform capabilities positively moderate the
relationship between BDAT and dynamic capabilities but
negatively moderate the same with BDAP. This phenomenon
shows that BDAT performs well at a high level of digital
platform capabilities, but this high level does not strengthen
the relationship between BDAP and dynamic capabilities.

These results may be attributed to the supplementary
relationship or the synergism between digital platforms and
BDAT/BDAP, which may affect the final benefit outcomes
and be conducive to determining the inner mechanism.
The positive moderation is ascribed to the fact that BDAT
meets the requirement of a high level of digital platform
capabilities (collected massive data and information), which
guarantees smooth data processing and reduced interruption
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and downtime. Then, BDAT and digital platform capabilities
jointly embody a synergistic effect on developing dynamic
capabilities. However, the relation between BDAP and digital
platforms tends to be substitutional. When digital platform
capabilities rise to a high level, the contribution of BDAP
to dynamic capabilities building may diminish. This finding
is consistent with the opinion that an increasingly powerful
platform does not require excessively many talents and skills
to leverage firm dynamic capabilities [13], [45]. Furthermore,
the progressiveness and auto-processing of digital platforms
may modify personnel’s mode of thinking and work, resulting
in their high dependence on historical data and given solu-
tions instead of their own knowledge; ultimately, the contri-
bution to dynamic capabilities is reduced [58], [59]. More-
over, the excessively complicated unstructured data brought
by a high degree of the digital platform may perplex big data
analysts because the whole human resource relevant to BDA
still stays at a relatively low level and infancy stage with limi-
tations [16]. For instance, at the early stage of digital transfor-
mation, design engineers cannot utilize and coordinate with
digital platforms and communities with customers or other
design participants in the same platform ecosystem [3]. These
phenomena show that the development of digital platforms
requires managers to focus on the adverse effects and strive to
diminish them promptly. Meanwhile, firms have to maintain
and strengthen the existing favorable effects purposefully.
This result may stimulate researchers’ interest in further
exploring the mechanism and relationship between digital
platforms and human resources related to BDA.

Third, this study responds to the debate on the moderating
role of environmental dynamism, that is, the interaction’s
influence between dynamic capabilities and environmental
dynamism on service innovation, by introducing environmen-
tal dynamism as a moderator on the basis of the dynamic
capabilities view. Prior literature shows different positive and
nonlinear moderating roles, but only a few studies investi-
gate the influence of the interaction on service innovation.
Our research fills this gap in the dynamic capabilities—
service innovation link and enriches the literature on dynamic
capabilities and service innovation. Our findings demon-
strate that environmental dynamism negatively moderates
the relationship between dynamic capabilities and service
innovation. When environmental dynamism is at a high
level, dynamic capabilities perform poorly, and the possibility
of enabling the role in service innovation decreases. This
finding distinctly differs from that of mainstream literature
that indicates a positive moderating effect of environmental
dynamism. When a firm’s external environment becomes
acute and fluctuant, for firm-level innovation, even dynamic
capabilities cannot maintain a stable contribution to service
innovation because of the drastic, ever-changing environment
and customer preference. This result reflects the intensive
and dramatic influence of the China-US trade war on Chi-
nese enterprises.

Fourth, the literature examining the mediating role of
dynamic capabilities between various types of BDAC, such
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TABLE 5. Reliability.

Factor

Second-order

Factors Reflective Construct Items Loadings ‘ t-value ‘ Cronbach’a ‘ CR ‘ AVE ‘ factor loading
TK1 0.843 32.339
Technical Knowledge TK2 0.902 33.612
(TK) R3S 0510 <7350 0.882 0.919 0.740 0.859
TK4 0.882 19.358
Technology ™1 0.854 30.809
Big Data Analytics Management T™2 0.916 36.258 0.856 0.912 0.776 0.880
Personnel Knowledge (TM) TM3 0.871 88.177
Capability (BDAP) ) BK1 0.846 32.198
Business Knowledge BK2 0.363 50.841 0.739 0.851 0.658 0.808
BK3 0.716 14.615
Relationshi RK1 0.881 51.613
K clatonsiip RK2 0.844 24.417 0.836 0.901 0.753 0.867
nowledge (RK) RK3 0.877 34.516
CNI 0.893 55.623
. . Connectivity (CN CN2 0.900 51.926 0.882 0.927 0.809 0.899
Big Data Al“aly““ Y (N N3 0.905 56.136
celino 0gy CMI 0915 72.931
Capability (BDAT) | ¢ 1 oatibility (CM) M2 0.831 20.988 0.852 0.91 0.772 0.878
CM3 0.888 45.257
MDI 0.844 32.652
Modularity (MD) il s = 0.879 0.917 0.734 0.856
MD4 0.847 29.789
Strategic-sensing SSC1 0.779 11.237
SsSC2 0.853 7451 0.791 0.878 0.707 0.839
SSC3 0.886 23.500
Dynam Timedecision Maki TDCI 0.905 68.838
ynamic ime-decision Vaking TDC2 0.867 44.835 0.858 0.914 0.780 0.883
Capabilities (DC) (TDC) TDC3 0876 37,543
o CICI 0.887 44.320
implemen?:t%g;l CIC) CIC2 0.894 23.211 0.860 0.915 0.782 0.884
CIC3 0.871 50.328
EDI 0.766 19.392
Environmental Environmental ED2 0.765 14.598
! Dynamism (ED) ED3 0.867 43.694 0.867 0.904 0.654
Dynamism (ED) ED4 0.312 23.489
ED5 0.829 22.560
Platforms to Connect ngé 8332 gggg
Digital Platform to Consumers DPC3 0.812 20.707 0912 0932 0.695
Capabilities (DPC) DPC4 0.872 44.156 : : :
Platforms to Connect DPC5 0.802 51.963
to Business DPC6 0.821 37.194
St 0.783 16.454
Service I . S 0.825 23.838
emce(gl‘;"va ton SI S13 0.833 26.481 0.862 0.900 0.644
SH4 0.791 24.362
S5 0.779 19.518

as BDAT and BDAP, on service innovation is scarce. Few
studies explore these roles through empirical data and merely
propose research frameworks or method case studies [6],
[15], which require additional data verification. Hence, our
study addresses this gap by introducing dynamic capabil-
ities as a mediator to establish a linkage on the basis of
data gathered from Chinese firms. Our results present that
dynamic capabilities perform a partially mediating role in
the relationship between BDAT and service innovation and in
the relationship between BDAP and service innovation, thus
further enriching the application range and scenarios of the
dynamic capabilities view. With this connection of dynamic
capabilities, the relationships between BDAP/BDAT and ser-
vice innovation become further explicit and spur practition-
ers to place further attention on dynamic capabilities and
then improve the whole competence for resisting uncertain
risks.
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B. PRACTICAL IMPLICATIONS

This study has several implications for business practition-
ers. First, practitioners should commit a sustainable invest-
ment in developing digital platform capabilities. Digital
platform capabilities are an antecedent of dynamic capa-
bilities, which directly affect organizations’ dynamic capa-
bilities. Hence, building a digital platform and shaping
related capabilities, such as platforms for customers and
businesses, will bridge the distance between firms and cus-
tomers or businesses and will more clearly develop dynamic
capabilities as an alternative option, which generally man-
ifests as an abstract concept. Additionally, the absolutely
reverse moderating role of digital platform capabilities in
the effect of BDAT and BDAP on service innovation seems
to contradict, given that organizations decide whether to
build or further invest in digital platforms. Nonetheless, con-
sistently investing is worthwhile and farsighted for firms
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TABLE 6. Cross-loading.

BK CM CN MD RK TK ™ DPC SIC SSC | TDC ED SI
BK1 0.846 | 0.602 | 0.557 | 0.584 | 0.621 | 0.651 | 0.629 | 0.526 | 0.518 | 0.572 | 0.545 | 0.530 | 0.433
BK2 0.863 | 0.593 | 0.533 | 0.654 | 0.713 | 0.671 | 0.663 | 0.592 | 0.616 | 0.569 | 0.614 | 0.605 | 0.530
BK3 0.716 | 0.421 | 0407 | 0463 | 0452 | 0.482 | 0.464 | 0.378 | 0.401 | 0418 | 0.397 | 0.479 | 0.442
CMI 0.633 | 0915 | 0.752 | 0.707 | 0.605 | 0.668 | 0.556 | 0.659 | 0.551 | 0.630 | 0.585 | 0.553 | 0.494
CM2 0.518 | 0.831 | 0.629 | 0.636 | 0.467 | 0.510 | 0.421 | 0.578 | 0.525 | 0.400 | 0.475 | 0.465 | 0.416
CM3 0.615 | 0.888 | 0.708 | 0.720 | 0.583 | 0.668 | 0.541 | 0.667 | 0.567 | 0.645 | 0.650 | 0.543 | 0.501
CN1 0.568 | 0.677 | 0.893 | 0.713 | 0.599 | 0.716 | 0.583 | 0.685 | 0.533 | 0.586 | 0.593 | 0.490 | 0.466
CN2 0.503 | 0.713 | 0.900 | 0.693 | 0.513 | 0.628 | 0.463 | 0.613 | 0.497 | 0.493 | 0.483 | 0.472 | 0.454
CN3 0.603 | 0.753 | 0.905 | 0.698 | 0.593 | 0.651 [ 0.593 | 0.690 | 0.591 | 0.608 | 0.629 | 0.532 | 0.513
MDI1 0.585 | 0.656 | 0.647 | 0.844 | 0481 | 0.595 | 0.495 | 0.631 | 0.543 | 0.531 | 0.536 | 0.574 | 0.538
MD2 0.600 | 0.674 | 0.677 | 0.860 | 0.526 | 0.597 | 0.469 | 0.644 | 0.535 | 0.553 | 0.560 | 0.603 | 0.481
MD3 0.625 | 0.697 | 0.705 | 0.875 | 0.637 | 0.749 | 0.603 | 0.704 | 0.513 | 0.620 | 0.582 | 0.641 | 0.579
MD4 0.613 | 0.657 | 0.641 | 0.847 | 0.540 | 0.655 | 0.578 | 0.603 | 0.470 | 0.560 | 0.590 | 0.612 | 0.390
RK1 0.680 | 0.552 | 0.597 | 0.591 | 0.881 | 0.721 | 0.642 | 0.553 | 0.590 | 0.573 | 0.655 | 0.587 | 0.510
RK2 0.614 | 0.489 | 0.466 | 0.508 | 0.844 | 0.635 | 0.636 | 0.427 | 0.552 | 0.509 | 0.543 | 0.506 | 0.363
RK3 0.645 | 0.600 | 0.579 | 0.561 | 0.877 | 0.652 | 0.577 | 0.520 | 0.639 | 0.586 | 0.656 | 0.488 | 0.504
TK1 0.550 | 0.578 | 0.600 | 0.605 | 0.621 | 0.843 | 0.575 | 0.500 | 0.477 | 0.501 | 0.512 | 0.492 | 0.468
TK2 0.654 | 0.626 | 0.687 | 0.695 | 0.704 | 0.902 | 0.702 | 0.578 | 0.544 | 0.569 | 0.596 | 0.511 | 0.552
TK3 0.679 | 0.634 | 0.614 | 0.636 | 0.650 | 0.810 | 0.682 | 0.650 | 0.559 | 0.652 | 0.642 | 0.578 | 0.552
TK4 0.688 | 0.582 | 0.637 | 0.668 | 0.678 | 0.882 | 0.703 | 0.557 | 0.534 | 0.624 | 0.618 | 0.586 | 0.577
TMI 0.578 | 0.497 | 0.538 | 0.508 | 0.614 | 0.648 | 0.854 | 0.464 | 0432 | 0.512 | 0.509 | 0.381 | 0.396
™2 0.705 | 0.531 | 0.549 | 0.581 | 0.695 | 0.742 | 0.916 | 0.531 | 0.562 | 0.569 | 0.600 | 0.493 | 0.443
T™3 0.641 | 0.501 | 0.518 | 0.564 | 0.569 | 0.656 | 0.871 | 0.578 | 0.500 | 0.493 | 0.555 | 0.481 | 0.485
DPC1 0.490 | 0.601 | 0.598 | 0.652 | 0.428 | 0.495 | 0.378 | 0.848 | 0.496 | 0.537 | 0.516 | 0.553 | 0.465
DPC2 0.484 | 0.585 | 0.597 | 0.663 | 0.454 | 0.558 | 0.433 | 0.846 | 0.451 | 0473 | 0.482 | 0.528 | 0.513
DPC3 0.455 | 0.529 | 0.564 | 0.542 | 0.391 | 0.493 | 0.457 | 0.812 | 0427 | 0441 | 0.409 | 0.462 | 0.423
DPC4 0.582 | 0.632 | 0.683 | 0.631 | 0.531 | 0.556 | 0.559 | 0.872 | 0.510 | 0.555 | 0.534 | 0.506 | 0.465
DPC5 0.540 | 0.638 | 0.600 | 0.619 | 0.515 | 0.584 | 0.552 | 0.802 | 0.520 | 0.559 | 0.563 | 0.499 | 0.426
DPC6 0.560 | 0.623 | 0.635 | 0.652 | 0.551 | 0.629 | 0.583 | 0.821 | 0.590 | 0.584 | 0.585 | 0.513 | 0.479
CIC1 0.559 | 0.547 | 0.516 | 0.562 | 0.552 | 0.541 | 0.516 | 0.501 | 0.887 | 0.617 | 0.701 | 0.580 | 0.480
CIC2 0.576 | 0.548 | 0.524 | 0.508 | 0.662 | 0.546 | 0.530 | 0.548 | 0.894 | 0.627 | 0.711 | 0.569 | 0.474
CIC3 0.563 | 0.560 | 0.554 | 0.524 | 0.600 | 0.546 | 0.461 | 0.548 | 0.871 | 0.690 | 0.689 | 0.551 | 0.467
SSC1 0.423 | 0.433 | 0445 | 0446 | 0.440 | 0.469 | 0.438 | 0.495 | 0.562 | 0.779 | 0.564 | 0.464 | 0.402
SSC2 0.600 | 0.622 | 0.561 | 0.586 | 0.570 | 0.614 | 0.500 | 0.558 | 0.616 | 0.853 | 0.696 | 0.602 | 0.521
SSC3 0.595 | 0.553 | 0.564 | 0.622 | 0.596 | 0.629 | 0.560 | 0.543 | 0.657 | 0.886 | 0.737 | 0.626 | 0.496
TDCl 0.621 | 0.600 | 0.583 | 0.600 | 0.635 | 0.642 | 0.640 | 0.539 | 0.719 | 0.718 | 0.905 | 0.657 | 0.522
TDC2 0.571 | 0.564 | 0.541 | 0.575 | 0.665 | 0.576 | 0.536 | 0.547 | 0.709 | 0.682 | 0.867 | 0.563 | 0.494
TDC3 0.527 | 0.562 | 0.551 | 0.578 | 0.589 | 0.610 [ 0.492 | 0.562 | 0.671 | 0.710 | 0.876 | 0.610 | 0.528
EDI1 0.492 | 0.466 | 0.504 | 0.557 | 0.470 | 0.546 | 0.428 | 0.537 | 0478 | 0.525 | 0.570 | 0.766 | 0.436
ED2 0.471 | 0.400 | 0.362 | 0.468 | 0.387 | 0.409 | 0.408 | 0.399 | 0421 | 0445 | 0.467 | 0.765 | 0.437
ED3 0.563 | 0.531 | 0.460 | 0.609 | 0.485 | 0.504 | 0.410 | 0.516 | 0.548 | 0.587 | 0.605 | 0.867 | 0.477
ED4 0.530 | 0.454 | 0432 | 0.571 | 0.561 | 0.520 | 0.395 | 0.445 | 0.538 | 0.553 | 0.557 | 0.812 | 0.483
ED5 0.627 | 0.544 | 0.480 | 0.653 | 0.548 | 0.567 | 0.439 | 0.578 | 0.595 | 0.611 | 0.591 | 0.829 | 0.496
SI1 0.440 | 0.447 | 0453 | 0431 | 0426 | 0.516 | 0370 | 0.495 | 0.395 | 0437 | 0.392 | 0.350 | 0.784
SI2 0.501 | 0.416 | 0407 | 0.487 | 0462 | 0.518 | 0.452 | 0.487 | 0.467 | 0452 | 0475 | 0.518 | 0.825
S13 0.450 | 0.389 | 0.348 | 0.421 | 0.387 | 0.463 | 0.375 | 0.397 | 0443 | 0477 | 0491 | 0.425 | 0.831
S14 0.455 | 0453 | 0472 | 0498 | 0.465 | 0.543 | 0.419 | 0.450 | 0487 | 0.483 | 0.491 | 0.456 | 0.790
SI5 0.466 | 0.446 | 0447 | 0487 | 0.381 | 0.469 | 0.384 | 0.395 | 0.351 | 0418 | 0487 | 0.553 | 0.781

because of the improvement in dynamic capabilities and
enhancement of the contribution of BDAT to dynamic capa-
bilities. Personnel’s knowledge and capabilities should be
upgraded (e.g., equipment with competitive artificial intel-
ligence knowledge, skill, and even Al capabilities). These
areas are the future development directions that firms must
develop and combat via successful staff training and corre-
sponding knowledge or skills equipment considering their
empiricism, dependence, and routinization to digital plat-
forms. Human resources can be arranged to a position
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with creative requirements in order to acquire additional
benefits.

Second, our research results provide executives with an
explicit direction to implement BDAC building programs.
Our finding demonstrates that BDAT and BDAP perform
as a basis in developing dynamic capabilities, which are
positively related to service innovation. Firms should focus
on investment in technical infrastructure and staff training
in the BDA field to improve the efficiency and effective-
ness of their dynamic capabilities building. Specifically, the
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TABLE 7. Common method bias analysis.

Construct Second Order | Indicator ‘ SulI)Js‘::git;\; (llialc)tor ‘ R12 ‘ l\;lj)t:(;)i(rilgF?l(‘\:tzo)r R22
™1 1.070%* 1.143 -0.349* 0.122
™ T™M2 1.170** 1.362 -0.347** 0.120
T™M3 0.810** 0.654 -0.055 0.003
TK1 0.700%* 0.493 0.039 0.002
TK TK2 0.810%** 0.656 0.031 0.001
TK3 0.480%** 0.230 0.339* 0.115
BDAP TK4 0.770%* 0.591 0.069 0.005
BK1 0.690%** 0.477 0.065 0.004
BK BK2 0.620%* 0.383 0.191 0.036
BK3 0.470%* 0.220 0.114 0.013
RK1 0.770%* 0.594 0.042 0.002
RK RK2 1.030** 1.055 -0.298* 0.089
RK3 0.610%* 0.368 0.166 0.028
CNI 0.761%* 0.579 0.064 0.004
CN CN2 1.166** 1.360 -0.372%* 0.138
CN3 0.784** 0.615 0.063 0.004
CM1 0.849%** 0.721 -0.004 0.000
BDAT CM CM2 0.986** 0.972 -0.260 0.068
CM3 0.731%* 0.534 0.105 0.011
MDI1 0.754** 0.569 0.033 0.001
MD MD2 0.835%* 0.697 -0.031 0.001
MD3 0.559%* 0.312 0.295%* 0.087
MD4 0.715%* 0.511 0.075 0.006
DPC1 0.918%* 0.843 -0.082 0.007
DPC2 0.904** 0.817 -0.067 0.004
DPC3 0.991%* 0.982 -0.204** 0.042
DPC DPC DPC4 0.876" 0.767 -0.002 0.000
DPC5 0.683%* 0.466 0.138 0.019
DPC6 0.628%** 0.394 0.220%* 0.048
CIC1 0.876** 0.767 -0.084 0.007
CIC CIC2 0.864** 0.746 -0.059 0.003
CIC3 0.914** 0.835 -0.111 0.012
TDCl1 0.787%* 0.619 0.072 0.005
DC TDC TDC2 0.832%* 0.692 -0.013 0.000
TDC3 0.810%* 0.656 0.010 0.000
SSC1 0.763%* 0.582 -0.091 0.008
SSC SSC2 0.611** 0.373 0.187 0.035
SSC3 0.755%* 0.570 0.072 0.005
SI1 0.799** 0.638 -0.016 0.000
SI2 0.797%** 0.635 0.034 0.001
SI ST SI3 0.924** 0.854 -0.116* 0.013
Si4 0.724** 0.524 0.083 0.007
SI5 0.764%* 0.584 0.019 0.000
EDI1 0.702** 0.493 0.083 0.007
ED2 0.909°%* 0.826 -0.176* 0.031
ED ED ED3 0.915%* 0.837 -0.055 0.003
ED4 0.812%* 0.659 -0.006 0.000
ED5 0.706%* 0.498 0.150 0.023
Average - - 0.800 0.662 0.000 0.024
TABLE 8. Heterotrait-Monotrait ratio (HTMT) ratio of the first-order factors.
BK CM CN DPC ED MD RK SI SIC SSC TDC TK ™
BK -
CM 0.775 --
CN 0.699 | 0.895 -
DPC 0.676 | 0.780 | 0.789 -
ED 0.786 0.644 0.564 0.622 --
MD 0.809 0.892 0.868 0.811 0.754 --
RK 0.893 0.685 0.681 0.586 | 0.639 | 0.663 -
SI 0.648 0.561 0.531 0.537 0.589 0.588 0.534 --
SIC 0.741 0.661 0.636_| 0604 | 0679 | 0613 0.758 0.500 -
SSC 0.797 0.718 0.684 0.620 0.743 0.726 0.723 0.593 0.784 -
TDC 0.750 | 0.723 0.705 0.613 0.779 | 0.691 0.765 0.598 0.849 | 0.898 -
TK 0.880 | 0.777 | 0.825 0.697 | 0.661 0.830 | 0.868 0.626 0.636 | 0.778 0.768 -
™ 0.857 0.640 0.693 0.642 0.524 0.674 0.804 0.498 0.643 0.682 0.733 0.872 --

connectivity, compatibility, and modularity of BDA infras-
tructure should be enhanced to strengthen the flexibility of
BDA infrastructure wholly. Regular staff training that focuses
on knowledge and skills are required: 1) fundamental internal
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knowledge or skills related to
and manage BDA software and hardware and 2) external
knowledge related to clear organization plans, functions,
existing business trends, and know-how for implementing

BDA and how to operate
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TABLE 9. Test of mediating role.

Path Direct Effect congﬁs:i)/eonce t value Sig. Indirect c0n9ff(;/e0nce t value Sig.
interval (p=<0.05) Effect interval (p<0.05)

BDAP ->SI 0.228 (0.021,0.429) 1.845 0.033 0.162 (0.056, 0.287) 2.292 0.011

BDAT ->SI 0.199 (0.042,0.351) 2.127 0.017 0.094 (0.028, 0.189) 1.860 0.031

cross-department collaboration. Firms should utilize BDAT
and BDAP to develop service innovation comprehensively.

Third, managers should focus on the BDAC’s value deliv-
ery mechanism and take targeted strategies to adapt to envi-
ronmental changes. Our results indicate the mediating role
of dynamic capabilities during the value delivery process
and highlights how BDAT, BDAP, and digital platform capa-
bilities can be leveraged as a source of service innovation.
Managers should consider dynamic capabilities building by
investing in antecedents because doing so will significantly
contribute to service innovation improvement if the environ-
ment is in a proper situation (the literature shows that the
result of dynamic capabilities should be in a proper range).
Meanwhile, the monitoring of current industrial and business
environments becomes particularly crucial for firms. At a
high level of the dynamic environment, the innovation risk
increases, and managers should adopt the conservative devel-
oping plan and moderately decrease blind or bold invest-
ment or projects related to innovation. In a low-dynamism
environment, key decision-makers should put more atten-
tion to the fist-mover advantages and increase investment
in human resources and infrastructure related to BDA and
digital platforms.

VII. LIMITATIONS AND DIRECTIONS FOR FUTURE
RESEARCH

This study has the following limitations: First, the size of
this investigation sample is relatively small, and the sam-
ple range is relatively narrow. Future research should be
increased for enhanced statistical power and resulting gen-
erality by expanding the effective quantity and range, such as
by gathering more than 250 samples from different countries.
Second, the survey is not based on a pairwise design. Future
studies can design a paired questionnaire survey wherein
BDAT, BDAP, and digital platform capabilities are assessed
by IS or IT managers and dynamic capabilities, service inno-
vation, and environmental dynamism are evaluated by CEOs
to solve the problem of social desirability. Third, the mea-
surement in the questionnaire belongs to cross-sectional data
that cannot solve the temporal lag problem with causality. The
dynamic process research model, combined with financial
and operational data, can be developed in future research
design.

Future research directions are as follows: First, researchers
should focus on the moderating roles of other factors, such
as organization technical orientation. Firms with high-level
technical orientation require a high quantity and quality
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of BDA resources and investment for developing dynamic
capabilities. Therefore, the fit between BDAT/BDAP and
technical orientation should be examined. Second, additional
intermediate variables, such as organization improvising
competence, customer agility, and knowledge management
capabilities, can be investigated. Firms in different indus-
tries require various aspects of capabilities to enable service
innovation. For instance, manufacturers can rely on impro-
vising competence to produce different types of products.
Knowledge-intensive industries may rely on knowledge man-
agement capabilities to integrate an organization’s existing
knowledge and skills into service delivery. The entertainment
industry may rely on customer agility to create innovative
service in the market. Third, future research should focus
on the relationship between several specific capabilities rel-
evant to BDA (e.g., BDA decision capabilities) or artificial
intelligence (e.g., Al capabilities) and examine their rela-
tionship with dynamic capabilities, service innovation, and
value creation. These studies may enrich the literature in
the digital innovation area and deliver novel perspectives to
leverage big data resources. Correspondingly, these topics are
also significant and proactive strategic issues for organization
development and business competition in the future. Finally,
digital innovation or digital service innovation should be
regarded as the outcome of BDAC because they may sup-
port organizations in extracting additional value from BDA
resources; moreover, related literature in the private sector is
scared [80], [81].

VIil. CONCLUSION

This study draws on the dynamic capabilities view to conduct
an integrated analysis of BDAP, BDAT, digital platform capa-
bilities, and service innovation. Specifically, digital platform
capabilities are observed as an antecedent of dynamic capa-
bilities and a quasi-moderator of the BDAT-digital platform
capabilities and BDAP—digital platform capabilities relation-
ships. These findings respond to the call for research on the
interaction of dynamic capabilities’ antecedents. Moreover,
digital platform capabilities positively moderate the rela-
tionship between BDAT and dynamic capabilities, thereby
emphasizing the fit and coordination of BDA infrastructure
and digital platform. By contrast, digital platform capabili-
ties negatively moderate the relationship between BDAP and
dynamic capabilities; this result reminds managers to note
the personnel overdependence on digital platform functions,
eliminate stagnation, and upgrade knowledge and skills.
Moreover, this study investigates the negative moderating

VOLUME 8, 2020



X. Xiao et al.: How the Interaction of Big Data Analytics Capabilities and Digital Platform Capabilities Affects Service Innovation

IEEE Access

TABLE 10. The constructs and measurement.

Construct Items Resource
SI1: Our company has developed new services.
. S12: Our company has improved and promoted existing services.
Service — -
Innovation S13: Our company has repackaged and promoted existing services. [
SI4: Our company has extended and promoted existing service lines.
SIS: Our company has introduced new services that competitors do not offer in the market.
ED1: The modes of production/service change often and in a major way.
. ED2: The environmental demands on us are constantly changing.
Environmental - —— - -
Dynamism ED3: Mar}(etlng practices in our 1nd|.-1stry are constantly F:hanglng. [48]
ED4: Environmental changes in our industry are unpredictable.
EDS5: our environment, new business models evolve frequently
Platforms to Connect to Businesses
DPCI1: We have built databases that contain information about consumers and their behaviors that
businesses can use to reach a target group.
DPC2: We have developed digital platforms to launch direct digital marketing programs for businesses.
DPC3: We have developed digital platforms that make it easier or more affordable for businesses to
.. reach their prospects.
Dlg;tg;;lﬁg::n Platforms to Connect to Consumers [44], [45]
DPC4: We have built databases that contain extensive local information that consumers need for
everyday- life decisions.
DPC5: We have developed digital platforms for consumers to share prior experiences, knowledge, and
expertise.
DPC6: We have developed digital platforms for consumers to share news and information and engage in
community dialogue and conversation.
Strategic Sensing capacity
SSC1: We often have meetings to discuss the market demand
SSC2: We have a perfect information management system
SSC3: We have good observation and judgment ability.
Timely decision-making capacity
Dynamic TDC1: We can quickly deal with conflicts in the strategic decision-making process [50], [53]
Capabilities TDC2: Under many circumstances, we can make timely decisions to deal with strategic problems ’
TDC3: We can reconfigure resources in time to address environmental change.
Change implementation capacity
CIC1: Our strategic changes can be efficiently carried out
CIC2: Good cooperation exists among different functions
CIC3: We help each other with strategic change implementation
Connectivity
CN1: Compared to rivals within our industry, our organization has the foremost available analytics
systems
CN2: All remote, branch, and mobile offices are connected to the central office for analytics.
CN3: Our organization utilizes open systems network mechanisms to boost analytics connectivity.
Compatibility

Big Data CM1: Software applications can be easily transported and on across multiple analytics platforms.

Analytics CM2: Our user interfaces provide transparent access to all platforms and applications [14], [20]
Technology CM3: Analytics-driven information is shared seamlessly across our organization, regardless of the ?
Capabilities location.

Modularity

MD1: Reusable software modules are widely used in new analytics model development.

MD2: End-users utilize object-oriented tools to create their own analytics applications.

MD3: Object-oriented technologies are utilized to minimize the development time for new analytics
applications.

MD4: Applications can be adapted to meet a variety of needs during analytics tasks.

Technical Knowledge

TK1: Our analytics personnel are very capable in terms of programming skills

TK2: Our analytics personnel are very capable in terms of managing project lifecycles.

TK3: Our analytics personnel are very capable in the areas of data and network management and
maintenance.

TK4: Our analytics personnel create very capable decision support systems driven by analytics.
Technology Management Knowledge

TM1: Our analytics personnel show a superior understanding of technological trends.

Big Data TM2: Our analytips personnel show superior ability to learn new technologips. i

Analvti TM3: Our analytics personnel are very knowledgeable about the role of big data analytics as a means,

nalytics

Personnel not an end. [14], [20]
Capabilities Business Knowl;dge — — -

BK1: Our analytics personnel understand our organization’s policies and plans at a very high level.
BK2: Our analytics personnel are very knowledgeable about business functions.
BK3: Our analytics personnel are very knowledgeable about the business environment.
Relational Knowledge
RK1: Our analytics personnel are very capable in terms of planning and executing work in a collective
environment.
RK2: Our analytics personnel are very capable in terms of teaching others.
RK3: Our analytics personnel work closely with customers and maintain productive user/client
relationships.
K . Does your firm outsource the data analytics business?”” with the options of “Yes”, “No, (Please
ey Question _

indicate the outsource percentage)”
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role of environmental dynamism between dynamic capabil-
ities and service innovation. The findings remind firms of
the risk of performing service innovation in uncertain envi-
ronments. Our results also show that dynamic capabilities
partially mediate the effects of BDAT (BDAP) on service
innovation. These findings advance and enrich the literature
on the BDA value chain, dynamic capabilities linkage, digital
platform construction, and service innovation enablers.

APPENDIXES
APPENDIX A
See the Table 5.

APPENDIX B
See the Table 6.

APPENDIX C
See the Table 7.

APPENDIX D
See the Table 8.

APPENDIX E
See the Table 9.

APPENDIX F
See the Table 10.
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