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This study investigates how to leverage information technology (IT) capability to build

organizational agility in the context of product innovation. A moderated mediating model

is proposed from the capability-building processes perspective. The data collected from

194 senior executives of firms in China show that knowledge management capability par-

tially mediates the relationship between IT capability and organizational agility.

Innovative climate also positively moderates the indirect relationship between IT capabil-

ity and organizational agility in the context of product innovation. Discussion,

implications, and direction for future research are offered at the end of this paper.

1. Introduction

The product innovations of firms are suffering

from a high failure rate of approximately 40%

(Castellion and Markham, 2013). An increasing num-

ber of practitioners and scholars have attributed such

failures to the lack of focus on the continuous changes

in the marketplace (Jalonen, 2011; Gaubinger et al.,

2015). Berends et al. (2014), for example, suggested

that firms should constantly monitor the marketplace

and adjust their product innovation based on current

market trends. Accordingly, organizational agility,

which reflects a firm’s ability to sense and respond to

market changes, has been widely regarded as the key

capability for quickly and appropriately adjusting

product innovation activities to seize emerging oppor-

tunities (Pavlou and El Sawy, 2006; Lu and

Ramamurthy, 2011). This agility not only makes firms

sensitive to the timely and valuable market informa-

tion for decision making regarding product innovation

(Sambamurthy et al., 2003; Najafi Tavani et al., 2013)

but also facilitates their efficient execution of new

innovation plans (Cooper and Kleinschmidt, 2007;

Chakravarty et al., 2013). For example, Apple quickly

invested in the smartwatch when it sensed the poten-

tial of the wearable devices market and released the

Apple Watch in 2 years, thereby obtaining 75.5% of

the global smartwatch market share (Rawassizadeh

et al., 2015). However, attaining such agility is diffi-

cult for most firms (Lu and Ramamurthy, 2011; Lee

et al., 2015). Meanwhile, extant understanding on

how to develop organizational agility in product inno-

vation remains limited (Pavlou and El Sawy, 2006;

Chakravarty et al., 2013).
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Existing literature has widely identified informa-
tion technology (IT) capability as an indispensable

enabler of organizational agility (Overby et al., 2006;

Tallon, 2008; Lee et al., 2015). IT capability refers to

a firm’s ability to leverage IT resources to support

business strategies and work processes (Tippins and

Sohi, 2003; Lu and Ramamurthy, 2011). Scholars

have reported various benefits provided by IT capa-

bility to agility, such as speeding up information

processing, controlling business processes, and creat-

ing digital options (Sambamurthy et al., 2003;

Chakravarty et al., 2013; Chen et al., 2014). Simi-

larly, the importance of IT capability is recognized

by product innovation research (Nambisan, 2003;

Durmuşo�glu and Barczak, 2011). They demonstrate

the supportive role of IT capability in managing

knowledge resources, which improves the speediness

and market performance of new products (Pavlou

and El Sawy, 2006; Barczak et al., 2007).

Despite the aforementioned merits, IT capability

has recently been suspected as the trigger of

rigidity and unexpected barriers to agility (Lu and

Ramamurthy, 2011; Chakravarty et al., 2013). For

example, although IT capability could improve the

information processing capacity of a firm, it may

lead to information overload for decision makers,

thus resulting in failure of firms to respond in a

timely manner (Seo et al., 2014). Meanwhile, inte-

grated enterprise systems generated by IT capability

are claimed as the biggest barrier to the reengineering

initiatives of business processes to address market

changes (Rettig, 2007; Lu and Ramamurthy, 2011).

Owing to these inconclusive findings, scholars began

to question the simplistic relationship between IT

capability and agility, thereby calling for studies to

investigate the underlying intermediating mecha-

nisms and boundary conditions in such relationship

(Bi et al., 2013; Lee et al., 2015). Moreover, it is sug-

gested that agility studies should be based on a spe-

cific context (e.g., supply chain management, new

product development, and strategic management) to

generate insightful findings (Roberts and Grover,

2012; Bi et al., 2013; Shin et al., 2015). Hence, the

goal of the current study is to address this issue by

identifying and testing the mediator and moderator in

the relationship between IT capability and agility

based on the context of product innovation.

Product innovation is a knowledge-intensive activ-

ity that requires effective knowledge integration from

many disparate specialists (Grant, 1996b; Luca and

Atuahene-Gima, 2007). Developing agility in this

context thus needs the effective deployment of a

wide range of knowledge resources, such as market

knowledge on customer preference and technical

knowledge on product engineering (Mao et al., 2015;

Cegarra-Navarro et al., 2016). Accordingly, knowl-
edge management (KM) capability is claimed to

directly address such need in developing agility in

product innovation because it represents the ability of

a firm to create, transfer, integrate, and leverage

related knowledge (Tanriverdi, 2005; Pitt and

MacVaugh, 2008; Chang et al., 2014). Meanwhile,

the literature indicates that KM capability may bridge

the gap between IT capability and agility by trans-

forming raw information to knowledge resources that

can be readily used to develop new products for mar-

ket changes (Tanriverdi, 2005; Song et al., 2006; Mao

et al., 2016). Although KM capability is not a new

concept, it is scarcely mentioned in the research on

the contradictory relationship between IT capability

and agility in product innovation (Mao et al., 2015).

The current study examines the mediating role of KM

capability in the link between IT capability and agility

to advance the understanding of the intermediating

mechanism of such relationship. Therefore, the first

research question is as follows:

RQ1. How does KM capability mediate the rela-

tionship between IT capability and organizational

agility in the context of product innovation?

However, the extent to which KM capability mediates

the relationship between IT capability and agility may

depend on the climate of the firm in supporting inno-

vation. Innovative climate, an organizational context

promoting creative ideas and behaviors, is widely

acknowledged as an important factor in product inno-

vation (Cooper and Kleinschmidt, 2007; Parry et al.,

2009; Oke, 2013). This climate encourages employ-

ees to engage in knowledge-related works not only by

creatively utilizing advanced IT tools to support KM

but also by proactively participating in various KM

activities to develop agility (Acur et al., 2010; Roberts

et al., 2012; Mao et al., 2015). Hence, an innovative

climate may motivate employees to actively apply the

IT functionalities in KM practices (Jasperson et al.,

2005; Hsieh and Wang, 2007; Ke et al., 2012). This

climate could also prompt employees to apply various

KM tools to share new ideas and voice out different

opinions when innovating products to address market

changes, which is conducive to the positive link

between KM capability and agility (Bock et al., 2005;

Chen et al., 2010). Thus, in firms with a high innova-

tive climate, KM capability may be effective in trans-

mitting the benefits of IT capability to agility due to

the involvement of employees in KM activities (Chen

and Huang, 2007; Kang et al., 2015). Notwithstanding

the facilitating role of an innovative climate, most

firms do not have a specific focus on cultivating such

climate for product innovation (Kahn et al., 2012).

Furthermore, the existing literature has not provided
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any empirical evidence on the role of innovative cli-

mate in developing agility. Hence, the current study

aims to address the second research question below:

RQ2. How does innovative climate moderate the

relationship among IT capability, KM capability,

and organizational agility?

To untangle the above research questions, a moder-

ated mediating model is proposed based on the

capability-building processes perspective. This theo-

retical perspective provides guidance on how to

develop higher-order capabilities (e.g., organizational

agility) in the support of fundamental and process-

based capabilities (e.g., IT and KM capability) (Grant,

1996a; Rai et al., 2006). The model also incorporates

the context of developing capabilities (e.g., innovative

climate) as the contingency (Lee et al., 2015). Data

were collected from the senior executives in 194 firms

in China who lead product innovation to examine this

research model. This study attempts to elucidate how

KM capability mediates the IT–agility relationship

and how such a mediating effect is contingent on the

presence of an innovative climate in the context of

product innovation. This research is expected to

enrich the existing literature in three aspects. First,

this research addresses an important but overlooked

topic – building agility in the context of product inno-

vation – which focuses on rapidly and creatively

developing new products to respond to market

changes. Second, this research investigates the media-

ting role of KM capability to clarify mixed findings

on the link between IT capability and agility, thereby

highlighting the importance of deploying knowledge

resources in developing agility. Third, this study

offers a nuanced understanding of this topic by inves-

tigating the moderating role of innovative climate,

which aims to show that the mediating role of KM

capability is contingent on the climate that encourages

the explorative behavior and creative thoughts of

employees.

2. Theoretical background and
literature review

2.1. Organizational agility in product
innovation

Organizational agility, defined as a firm’s ability to

address unexpected changes via rapid and innovative

responses, is widely recognized as the critical capabil-

ity that helps firms adjust production innovation to

current market trends (Cooper and Kleinschmidt,

2007; Lu and Ramamurthy, 2011; Chakravarty et al.,

2013). Prior studies have identified two dimensions of

agility according to their different focuses (Lu and

Ramamurthy, 2011). Market capitalizing agility
reflects the ability to take advantage of market

changes and focuses on the up-front planning of prod-

uct innovation to effectively target customer prefer-

ence (Ledwith and O’Dwyer, 2009; Chakravarty

et al., 2013). Operational adjustment agility refers to

the ability to cope with market changes physically

and rapidly with internal business processes, and con-

cerns the execution of a product innovation plan to

materialize new product design (Pavlou and El Sawy,

2011).

In the context of product innovation, organizational

agility generates benefits to firms in terms of sensing

and responding to market changes. Specifically, agile

firms have a solid market knowledge base and aware-

ness of the current market trend (Overby et al., 2006;

Roberts and Grover, 2012). Firms thrive and improve

when creative thoughts on product innovation are

aligned to the current market changes (Richtn�er and

L€ofsten, 2014). Agility also represents the prompt

responding ability which helps firms adjust its internal

operations to perform actions based on market

changes (Sambamurthy et al., 2003; Tallon, 2008).

With this ability, firms effectively adjust their product

innovation processes to create and commercialize

new products to address disruptions or specific market

demands (Hock et al., 2016). Although the benefits

are salient, it is reported that firms still fail to be suffi-

ciently agile when encountering market changes

(Huang et al., 2012; Wang et al., 2014). The investiga-

tion of agility remains scarce in product innovation lit-

erature. This research aims to bridge this gap by

examining the development of organizational agility

in the context of product innovation.

2.2. Development of organizational agility
in product innovation

Owing to the benefits and difficulties of developing

agility, extant studies have placed considerable efforts

in investigating its antecedents (e.g., Wang et al.,

2014; Mao et al., 2015; Cegarra-Navarro et al., 2016).

Scholars suggest the capability-building processes

perspective as a theoretical framework to analyze the

development of agility (Chakravarty et al., 2013; Lee

et al., 2015). This perspective considers organiza-

tional agility as a higher-order capability that requires

the support of fundamental capabilities (Teece et al.,

1997; Rai et al., 2006; Lee et al., 2015). Numerous

agility studies posit that IT capability is a fundamental

capability that enables organizational agility (Lu and

Ramamurthy, 2011; Chakravarty et al., 2013). IT

capability refers to a firm’s ability to effectively uti-

lize IT resources to support business strategies and

Developing organizational agility in product innovation

R&D Management 00, 00, 2017 3VC 2017 RADMA and John Wiley & Sons Ltd



work processes (Tippins and Sohi, 2003). Such capa-

bility provides technical support for agility in terms of

information acquisition, collaborative communica-

tion, and process adjustment (Roberts and Grover,

2012; Chen et al., 2014; Lee et al., 2015). For exam-

ple, with Internet-based CAD/CAE applications,

product innovators can concurrently design new prod-

ucts regardless of their geographical positions, which

ensures the efficient exchange of diverse ideas to keep

up with market changes (Durmuşo�glu and Barczak,

2011).

While empirical research postulates the positive

role of IT capability in agility development, an

increasing number of studies present opposing argu-

ments that question their direct relationship (Rai et al.,

2006; Seo and La Paz, 2008) (See Supporting Informa-

tion Appendix A for an illustrative review). For exam-

ple, Lu and Ramamurthy (2011) demonstrate that a

globally integrated IT infrastructure may lead to rigid-

ity in addressing local changes. Chakravarty et al.

(2013) report that IT capability has a negative effect

on entrepreneurial agility in highly dynamic environ-

ments. Based on these controversies, scholars recently

called for a better understanding of the intermediating

mechanism that explains how IT capability promotes

organizational agility (Drnevich and Croson, 2013;

Chae et al., 2014). Moreover, initial evidence indicates

that the relationship between IT capability and organi-

zational agility might be more complex than previ-

ously depicted. For example, Huang et al. (2012)

report that the effect of IT capability on operational

agility is mediated by information processing effi-

ciency and effectiveness. Bi et al. (2013) propose the

mediating role of supply chain capability in the IT–

agility relationship. Lee et al. (2015) find that IT capa-

bility supports agility through the development of

operational capabilities. However, the role of IT capa-

bility in developing organizational agility still remains

unclear, especially in the context of product innovation

(Pavlou and El Sawy, 2006; Lee et al., 2015).

As suggested by the capability-building processes

perspective, the higher-order capability is embedded

in the organizational processes and requires process-

based capabilities to transmit the benefits of funda-

mental capabilities (Grant, 1996a; Lee et al., 2015;

Rai et al., 2006). KM capability is proposed as an ideal

process-based capability to transfer the technical sup-

port provided by IT capability to the development of

agility in the context of product innovation (Rai et al.,

2006). KM capability reflects a firm’s ability to mobi-

lize and deploy knowledge resources to achieve goals

and gain business values (Tanriverdi, 2005; Mao

et al., 2016). This capability includes multiple proc-

esses that complement and support each other and

help firms efficiently create, transfer, integrate, and

leverage knowledge (Tanriverdi, 2005; Miranda et al.,

2011).

Extant literature offer some clues which indicate

the possible mediating role of KM capability in the

relationship between IT capability and organizational

agility. For example, a few scholars propose that IT

capability supports KM capability by providing

real-time external information, facilitating cross-

department communication, and offering efficient

knowledge storage and retrieval (Song et al., 2006;

Mabey et al., 2015). Others argue that given a high

level of knowledge quality, richness, and complexity,

firms can modify their product innovation process

according to the current marketplace and develop

new products that address market changes (Pitt and

MacVaugh, 2008; Durmuşo�glu, 2013; Kim et al.,

2013). Therefore, further investigation is necessary

with regard to how KM capability mediates the rela-

tionship between IT capability and agility in the con-

text of product innovation.

Finally, the capability-building processes perspec-

tive contends that the building process of higher-order

capability could be leveraged by a firm’s environmen-

tal context (Chakravarty et al., 2013; Lee et al., 2015).

The literature further indicates that although KM

capability is conducive to the development of organi-

zational agility, how to fully leverage its benefit is still

under discussion (Mao et al., 2016). As Alexander

et al. (2003) claim, the major problem in utilizing KM

capability is the participation of employees. Scholars

further contend the innovative climate is the chief

environmental factor encouraging employees to

engage in knowledge exchange activities (Chen et al.,

2010). Innovative climate reflects the shared percep-

tions of employees regarding the practices, proce-

dures, and behaviors that promote the generation of

new ideas, the experimentation with creative

thoughts, and the acceptance of changes (Bock et al.,

2005; van der Vegt et al., 2005; Acur et al., 2010).

Such climate offers a collective understanding of

what is socially acceptable, thus regulating the atti-

tude and behavior of employees (Chen and Huang,

2007; Bertels et al., 2011).

Existing product innovation literature suggests the

moderating role of innovative climate by claiming

that KM capability is better supported by IT capability

and in turn more effective in improving agility in such

climate. On one hand, it is argued that employees

working within an innovative climate tend to search

for and experiment with new, sophisticated, and pos-

sibly risky IT tools to accomplish tasks, thereby sig-

nificantly improving KM capability (Barczak et al.,

2007). On the other hand, scholars claim that innova-

tive climate increases the engagement and enthusiasm

of employees and motivates them to use KM
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mechanisms to share and embody creative thoughts

for product innovation (Parry et al., 2009; Acur et al.,

2010; Chen et al., 2010). Accordingly, the moderating

role of innovative climate requires theoretical reason-

ing and empirical testing.

3. Hypothesis development

The current study proposes a moderated mediating

model to explain the development of agility in the con-

text of product innovation. Specifically, this research

posits that KM capability serves as a mediator in the

relationship between IT capability and organizational

agility. Meanwhile, innovative climate is proposed to

moderate the relationship among IT capability, KM

capability, and organizational agility. Figure 1 displays

the conceptual model with hypotheses.

3.1. Mediating role of KM capability

The literature indicates that IT can enhance the reach

and richness of a firm’s knowledge, thereby allowing

the firm to rapidly react to market changes (Overby

et al., 2006; Tallon, 2008; Lee et al., 2015). Accord-

ingly, we propose that KM capability mediates the

relationship between IT capability and organizational

agility in the context of product innovation. On one

hand, KM capability is supported by the digitalized

and integrated platforms provided by IT capability,

thereby achieving high efficiency in deploying and

mobilizing knowledge resources (Lee and Choi,

2003; Tanriverdi, 2005; Mehta et al., 2014). For

example, KM systems are capable of coding and stor-

ing the best practices of product innovation, which are

useful as the knowledge base for future business

activities (Alavi and Leidner, 2001). In addition, IT-

enabled transactive memory systems support firms in

building knowledge maps, through which employees

can locate the relevant expertise required for a specific

product innovation task (Huang et al., 2013; Dai et al.,

2016). Social media tools, such as enterprise social

network services and enterprise wikis, contribute to

the sharing of innovative ideas by operating knowl-

edge communities (von Krogh, 2012). According to

recent studies, digital tools for KM are still emerging,

along with the development of IT (Sultan, 2013;

Pedro and Juan-Gabriel, 2016), which manifests a

strong support of IT capability toward KM capability.

On the other hand, KM capability is beneficial to

organizational agility. For market capitalizing agility,

KM capability assists firms in assimilating market

knowledge as the intellectual base of developing

market-oriented products (Gold et al., 2001). With

such intellectual base, creative ideas are generated

and applied in product innovation through knowledge

flow and refinement (Lee and Choi, 2003; Swink and

Song, 2007). For operational adjustment agility, KM

capability is conducive to the development and imple-

mentation of operation schedules (Sher and Lee,

2004; Aboelmaged, 2014). When developing sched-

ules, the domain knowledge from different depart-

ments can be integrated by KM activities to create

flexible and robust schedules (Inkpen and Tsang,

2005; Tanriverdi, 2005). Meanwhile, when imple-

menting schedules, unexpected problems can be

solved by effective idea exchange and cross-unit col-

laboration, which ensures the prompt execution of

operation schedule even in unpredictable environ-

ments (Huber, 1991; Darroch, 2005). Based on the

preceding discussion, we propose the mediating role

of KM capability.

Figure 1. Conceptual model with hypotheses.
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Hypothesis 1 (H1): KM capability mediates the
relationship between IT capability and (a) market
capitalizing agility and (b) operational adjustment
agility.

3.2. Moderating role of innovative climate

Product innovation is a dynamic field where an

increasing number of new technologies, ideas, and

processes emerge (Durmuşo�glu and Barczak, 2011).

Product innovation requires a high level of innovative

climate to help employees overcome their concerns

regarding learning efforts and unpredictable changes,

thereby facilitating the development of agility (Chen

and Huang, 2007; Oke et al., 2013; Sung and Choi,

2014). We first propose that innovative climate can

amplify the positive relationship between IT capabil-

ity and KM capability. Specifically, an innovative cli-

mate promotes creative ideas and thoughts in the

workplace, which enables employees to seek novel

ways of utilizing IT to support knowledge-related

business processes (van der Vegt et al., 2005; Acur

et al., 2010; Liang et al., 2015). KM processes and

activities are reconfigured by innovative IT usage,

which leads to concerns regarding potential risks gen-

erated by such changes (Ke et al., 2012; von Krogh,

2012). The innovative climate bestows employees

with a positive attitude to treat changes as opportuni-

ties, which is helpful for fully leveraging IT to

improve KM capability (Kim and Kankanhalli, 2009).

Hypothesis 2 (H2): An innovative climate positively
moderates the relationship between IT capability
and KM capability, such that this relationship is
stronger under a high innovative climate and is
weaker under a low innovative climate.

We also propose that an innovative climate may

strengthen the positive relationship between KM

capability and market capitalizing agility. As market

capitalizing agility requires KM capability to provide

market and product knowledge to develop market-

oriented products, an innovative climate satisfies this

requirement by encouraging employees to engage in

generating and applying relevant knowledge for prod-

uct innovation (Chen and Huang, 2007; Bertels et al.,

2011). Specifically, this climate enhances the willing-

ness of employees to adopt KM tools to communicate

with others to absorb new ideas and thoughts (Sandha-

walia and Dalcher, 2011; Liu and Deng, 2015). By

integrating a wide range of knowledge from multiple

sources, they can develop innovative mindsets and

systematic market cognitions, which enable the for-

mulation of creative and market-oriented ideas on

product innovation (Smith et al., 2005; Luca and

Atuahene-Gima, 2007; Bianchi et al., 2015). Such

ideas can be fully utilized by employees to develop

new products which satisfy the marketplace, because

an innovative climate alleviates their concern regarding

the possible failure of innovation (Choi, 2007; Sung

and Choi, 2014). Based on the preceding discussion, an

innovative climate facilitates the use of KM capability

in terms of idea generation and application to support

product innovation in response to market changes.

Hypothesis 3a (H3a): An innovative climate posi-
tively moderates the relationship between KM
capability and market capitalizing agility, such
that this relationship is stronger under a high
innovative climate and is weaker under a low
innovative climate.

We further hypothesize that an innovative climate

could serve as a catalyst in the relationship between

KM capability and operational adjustment agility.

Given that operational adjustment agility requires the

support of KM capability in terms of cross-unit coor-

dination to develop and execute operation schedules,

an innovative climate can facilitate such process by

motivating employees to leverage KM initiatives for

learning and collaboration (van der Vegt et al., 2005;

Wong and Wong, 2011; Kandemir and Acur, 2012).

When developing operation schedules, product

designers and line managers learn from each other

and reach a consensus in terms of quality and cost

control, which leads to a balance of product quality

and manufacturing efficiency (Chen and Huang,

2007). In implementing schedules, accuracy and punc-

tuality can be ensured against disruptions, because

employees are willing to leverage KM tools to jointly

seek for solutions to accidents (Barczak et al., 2007;

Cooper and Kleinschmidt, 2007; Oke et al., 2013). By

encouraging learning and collaboration across units,

an innovative climate enables employees to better

leverage KM capability for designing and executing

operation schedules to adjust internal operations for

materializing new product design.

Hypothesis 3b (H3b): An innovative climate posi-
tively moderates the relationship between KM
capability and operational adjustment agility, such
that this relationship is stronger under a high
innovative climate and weaker under a low inno-
vative climate.

Based on the preceding hypotheses, we further

assume the contingent role of an innovative climate in

the agility building process, which leads to a moder-

ated mediating model. An innovative climate

strengthens the mediating role of KM capability by

motivating employees to participate in KM activities

with the support of IT tools to develop new products
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to serve the market (Chen and Huang, 2007; van der

Vegt et al., 2005). Specifically, an innovative climate

encourages employees to propose new ideas and

thoughts in achieving agility (Acur et al., 2010). To

put forward creative ideas, employees need to absorb

and integrate knowledge from various sources with

the assistance of IT tools provided by firms (Nonaka

and Toyama, 2003; Smith et al., 2005). Moreover, an

innovative climate is task-oriented and aims to guide

employees to leverage new ideas to solve problems

and complete tasks, thereby highlighting the role of

KM activities, including knowledge integration, trans-

fer, and application (Anderson and West, 1998; Alavi

and Leidner, 2001; Wang and Rode, 2010). Essen-

tially, the intermediating role of KM capability is

salient in an innovative climate, because employees

are willing to perform knowledge-related activities to

realize the benefits offered by IT capability in achiev-

ing agility. Based on the preceding arguments, we

propose the moderated mediating effect as follows.

Hypothesis 4a/b (H4a/b): An innovative climate
positively moderates the mediating effect of KM
capability in the relationship between IT capability
and (a) market capitalizing agility and (b) opera-
tional adjustment agility, such that this mediating
effect is stronger under a high innovative climate
and is weaker under a low innovative climate.

4. Research method

4.1. Sample and data collection

We conducted a questionnaire survey in China for this

research. China recently emerged as a valuable global

player in product innovation, and many international

firms operate R&D centers in the country. To obtain

valid and reliable responses, we collaborated with an

educational institution that is well known for its exec-

utive training programs, including those in the field of

innovation management, information systems, and

KM. A sample pool of 300 eligible firms was identi-

fied. These firms belong to a number of industries,

including machinery and equipment manufacturing,

electronic and optical product manufacturing, finan-

cial and insurance services, wholesale and retail trade,

and information services industry.

We identified one senior executive responsible for

product innovation from each firm to serve as a key

informant. These senior executives were selected

because they are knowledgeable in product innova-

tion, IT, and KM, which is helpful in understanding

the questionnaire items. As active product innovation

executives, these executives have a significant respon-

sibility for shaping the scope and direction of IT, KM,

agility, and product innovation in their firms.

Although the use of a single respondent may not be

ideal for firm-level studies, the method is acceptable

in recent studies (e.g., Mehta et al., 2014).

We distributed questionnaires with the assistance

of the educational institution. We made follow-up

phone calls and sent reminder emails to encourage

responses. We received 228 questionnaires, of which

34 were incomplete and thus discarded. Finally, 194

valid questionnaires were used for the analysis, with a

response rate of approximately 64.67%. Following

Armstrong and Overton (1977), we evaluated the

non-response bias by comparing the first 25% and

the final 25% of the responses on all variables using

the chi-squares. The results indicated no significant

differences, thereby suggesting that the non-response

bias is not a critical issue in this study. Table 1

presents the demographic information of the sample.

4.2. Measures

A Chinese questionnaire was required because the

study was conducted in China. We developed an Eng-

lish questionnaire based on existing validated

Table 1. Sample demographic information

N Percentage N Percentage

Industry Ownership

Manufacturing industry 111 57.22 State-owned 87 44.85

Service industry 83 42.78 Privately owned 90 46.39

Number of employees Foreign-controlled 17 8.76

Less than 100 51 26.29 Firm history

100–299 50 25.77 1–5 years 31 15.98

300–499 14 7.22 6–10 years 47 24.23

500–999 20 10.31 11–25 years 73 37.63

1,000–1,999 18 9.28 26–50 years 21 10.82

More than 1,999 41 21.13 More than 50 years 22 11.34
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measures and then translated it into Chinese with the

aid of a team of three researchers from different fields

(Van de Vijver and Leung, 1997). A professional

translator who has no knowledge regarding this study

was then employed to translate the Chinese question-

naire back to English. We carefully compared the

translated English version with the original and found

no semantic discrepancy between the versions. Con-

sequently, we were able to use the Chinese question-

naire to represent the original English one. All items

in the questionnaire were measured in the context of

product innovation based on five-point Likert scales

ranging from ‘strongly disagree’ to ‘strongly agree’.

The questionnaire provided an instruction for

respondents to rate the items based on the conditions

of product innovation in their firms. Respondents were

notified that all the measurement items in this ques-

tionnaire were embedded in the context of product

innovation. Supporting Information Appendix B dis-

plays the scale of each construct. Specifically, IT capa-

bility was operationalized as a reflective second-order

construct with the dimensions of IT objects, IT knowl-

edge, and IT operations. The measures for these

dimensions were adopted from Tippins and Sohi

(2003). We also adopted measures from Tanriverdi

(2005) to test the KM capability. Based on the existing

studies and the fitness of the measurement model, we

took a process-based view to measure KM capability,

which was treated as a second-order construct with the

dimensions of knowledge creation, transfer, integra-

tion, and leverage. We adopted the scale from Lu and

Ramamurthy (2011) to measure market capitalizing

agility and operational adjustment agility. Innovative

climate was measured using the scale adopted from

Bock et al. (2005).

Industry and ownership types and firm size were

considered to be control variables. We categorized the

industries into manufacturing and service industries

based on whether a firm provides physical goods.

According to these criteria, machinery and equipment

manufacturing, electronic and optical product manu-

facturing, textile mill, chemical, automotive, and food

industries were included in the manufacturing indus-

try. The service industry included financial and insur-

ance services, wholesale and retail trade, and

information services industry. We utilized a dummy

variable to represent the industry type. The ownership

type includes state-owned, privately owned, and

foreign-controlled firms. Two dummy variables were

employed to identify the ownership type. The number

of full-time employees was regarded as the represen-

tation of firm size.

5. Analysis and results

Common method bias posed a threat to the validity of

this study because all data were simultaneously col-

lected from a single source. We conducted Harman’s

post hoc single-factor analysis and marker variable

analysis to test this bias. The results of both methods

indicated that common method bias is not a serious

issue in the current dataset. Supporting Information

Appendix C contains the details.

5.1. Measure validation

We evaluated the construct reliability and validity of

the measurement. Specifically, we assessed the

reliability using Cronbach’s alpha as suggested by

Fornell and Larcker (1981). One item of innovative

climate was dropped due to low reliability. The

Cronbach’s alpha of most constructs was finally

higher than the recommended value of 0.70, thereby

indicating good reliability. Although the Cronbach’s

Table 2. Standardized loadings, Cronbach’s alphas, composite reliability, and AVEs

Construct Items Loading Cronbach’s alpha Composite reliability AVEa

IT object 4 0.64–0.91 0.82 0.88 0.66

IT knowledge 4 0.86–0.93 0.93 0.95 0.82

IT operations 6 0.78–0.87 0.91 0.93 0.69

Knowledge creation 3 0.77–0.83 0.70 0.84 0.64

Knowledge transfer 3 0.72–0.81 0.63 0.80 0.57

Knowledge integration 3 0.79–0.84 0.76 0.86 0.68

Knowledge leverage 3 0.80–0.89 0.80 0.88 0.72

Market capitalizing agility 3 0.87–0.89 0.86 0.92 0.79

Operational adjustment agility 3 0.87–0.92 0.89 0.93 0.82

Innovative climateb 2 0.89–0.89 0.73 0.88 0.79

AVE, average variance extracted.
aLoading, standardized loading
bOne item was dropped because of low reliability.
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alpha of knowledge transfer is 0.63, it is also accepta-

ble because the recommended threshold for the con-

textualized construct is 0.60 as suggested by

innovation management scholars (Li et al., 2011;

Marion et al., 2012). We further tested the convergent

validity with the loadings of each item and the aver-

age variance extracted (AVE) from each construct.

Table 2 shows that the loadings ranged from 0.64 to

0.93 at a significance level of 0.001, which were

higher than the threshold of 0.60. The AVE scores

varied from 0.57 to 0.82, which were above the sug-

gested benchmark of 0.50 (Fornell and Larcker,

1981). The overall fit of the measurement model is

acceptable according to the result of LISREL 8.70

(v2 5 1043 on 470 d.f., RMSEA 5 0.079, CFI 5 0.95,

IFI 5 0.95, NFI 5 0.92, NNFI 5 0.94).

We used a second-order confirmatory factor analy-

sis with LISREL 8.70 because IT and KM capability

are second-order constructs. The results indicated an

acceptable fit (v2 5 135 on 64 d.f., RMSEA 5 0.076,

CFI 5 0.99, IFI 5 0.99, NFI 5 0.98, NNFI 5 0.98 for

IT capability; v2 5 68 on 34 d.f., RMSEA 5 0.072,

CFI 5 0.99, IFI 5 0.99, NFI 5 0.97, NNFI 5 0.97 for

KM capability). The loadings of each dimension on IT

and KM capability were positive and significant, rang-

ing from 0.60 to 0.94. Thus, these dimensions con-

verged on the corresponding second-order construct.

We also evaluated discriminant validity by compar-

ing the correlations among the constructs and the cor-

responding square root of AVEs (Paulraj et al., 2008).

As shown in Table 3, none of the correlations between

constructs were higher than the square roots of AVE,

thereby satisfying the requirement of discriminant

validity. We performed a multicollinearity test

because several inter-construct correlations in Table 3

were higher than 0.60. The results showed that the

highest VIF was 2.60, which is below the threshold of

10.00; the lowest tolerance value was 0.39, which is

above the benchmark of 0.10 (Dormann et al., 2013).

Thus, multicollinearity was not a significant problem

in this dataset.

5.2. Hypotheses testing

We applied the bootstrapping sampling method

(bootstrap sample size 5 5000) recommended by

MacKinnon et al. (2004) to test the mediating effect

using IBM SPSS Statistics 19. Asymmetric confi-

dence intervals (CIs) were generated for the indirect

relationship. The estimation accuracy provided by

the bootstrapped approach of CIs was higher than

that by the other methods because the former could

correct the non-normality of the sampling distribu-

tion (Gong et al., 2013). Table 4 demonstrates that

the relationships between IT and KM capabilityT
ab
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(b 5 0.19, p< 0.01), KM capability and market capi-

talizing agility (b 5 0.45, p< 0.01), and KM capabil-

ity and operational adjustment agility (b 5 0.42,

p< 0.01) were significant. The indirect relationship

between IT capability and market capitalizing agility

was 0.08 with 95% CI of (0.03, 0.15), excluding

zero, while, the indirect relationship between IT

capability and operational adjustment agility was

0.08 with 95% CI of (0.03, 0.14). Thus, the media-

ting role of KM capability proposed by H1a/b was

supported. Furthermore, the mediating effect of KM

capability was partial in both relationships because

the direct relationships between IT capability and

market capitalizing agility (b 5 0.50, p< 0.01) and

operational adjustment agility (b 5 0.35, p< 0.01)

were significant.

We used hierarchical regression analysis to test

Hypotheses 2 and 3 using IBM SPSS Statistics 19.

Table 5 indicates that the relationship between IT

capability and KM capability was positively moder-

ated by innovative climate (b 5 0.19, p< 0.01),

which supported Hypothesis 2. Furthermore, the posi-

tive relationship between KM capability and market

capitalizing agility was positively moderated by inno-

vative climate (b 5 0.20, p< 0.01), thereby support-

ing Hypothesis 3a. However, the relationship between

KM capability and operational adjustment agility was

not significantly moderated by innovative climate

Table 4. Results of bootstrapping method for mediation

IV M DV Effect of
IV on M
(a)

Effect of M
on DV (b)

Direct
effect
(c’)

Indirect
effect
(a 3 b)

Total
effects
(c)

95%
CI

IT
capability

KM
capability

Market
capitalizing
agility

0.19** 0.45** 0.50** 0.08** 0.32** 0.03–0.15

IT
capability

KM
capability

Operational
adjustment
agility

0.19** 0.42** 0.35** 0.08** 0.27** 0.03–0.14

*P< 0.05.
**P< 0.01.

Table 5. Results of hierarchical regression analysis for moderation

KM capability Market capitalizing agility Operational adjustment
agility

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9

Control variables

Dummy_ Manufacturing 0.17* 0.17* 0.14* 20.21** 20.17* 20.17** 20.13 20.09 20.09

Dummy_ State-owned 0.14 0.14 0.14 20.31* 20.28* 20.26* 20.11 20.08 20.07

Dummy_ Privately owned 0.21 0.20 0.21 20.08 20.06 20.04 0.09 0.11 0.12

Firm Size 20.03 0.00 0.01 0.10 0.12 0.12 0.15* 0.17* 0.17*

Independent variable

IT capability 0.33** 0.25** 0.26**

KM capability 0.44** 0.36** 0.36** 0.40** 0.32** 0.32**

Moderator

Innovative climate 0.19** 0.20** 0.29** 0.30** 0.31** 0.31**

Interaction terms

IT capability
3 innovative climate

0.19**

KM capability
3 innovative climate

0.20** 0.04

R2 0.11 0.15 0.18 0.27 0.35 0.39 0.21 0.30 0.30

Adjusted R2 0.09 0.12 0.15 0.25 0.32 0.36 0.19 0.27 0.27

F change 4.83** 6.97** 7.58** 13.95** 21.28** 12.45** 10.11** 22.43** 0.46

*P< 0.05.
**P< 0.01.
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(b 5 0.04, p 5 0.50). Hence, Hypothesis 3b was not

supported. We also performed the robustness check

for hierarchical regression analysis as shown in

Supporting Information Appendix D.

In addition, we analyzed the moderating effects

using a graphical procedure (Aiken and Stephen,

1991). Specifically, we assigned values of one stand-

ard deviation above and below the means to the con-

struct of innovative climate and plotted the

corresponding effects. Figure 2A shows that the rela-

tionship between IT capability and KM capability in a

high innovative climate was significantly positive

(b 5 0.43, P< 0.01). However, this relationship

became insignificant in a low innovative climate

(b 5 0.09, P 5 0.39). The slope regression line in Fig-

ure 2B suggests that the effect of KM capability on

market capitalizing agility was significant when inno-

vative climate was high (b 5 0.55, P< 0.01).

Although weakened, this effect remained significant

in a low innovative climate (b 5 0.18, P< 0.05).

To test Hypothesis 4, we followed the technique rec-

ommended by Preacher et al. (2007) and generated the

results in Table 6. The indirect effects were calculated

at three different levels of innovative climate. As

shown in Table 6, the indirect relationship between IT

capability and the market capitalizing and operational

adjustment agilities shared a common trend. In the low

innovative climate, the indirect relationships were

insignificant. However, both indirect relationships

became significant in the medium innovative climate

and were strengthened in the high innovative climate.

Accordingly, the moderated mediating effects pro-

posed in Hypotheses 4a and 4b were supported. Table

7 summarizes the results of the data analysis.

6. Discussion

The results of this study revealed the partial mediating

role of KM capability, which indicates that IT

capability could be associated with agility via two

approaches. One approach is consistent with the

hypothesis which claims that IT capability contributes

to agility through the provision of fundamental

Figure 2. Regression plots of moderating effects of innovative climate.

Table 6. Results of bootstrapping method for moderated mediation

Value Indirect effect SE Z P> |Z| Lower Upper

Conditional indirect effect on market capitalizing agility at range of values of innovative climate

21 SD 0.00 0.01 0.23 0.82 20.03 0.06

20.5 SD 0.02 0.02 1.37 0.17 20.01 0.08

M 0.06 0.02 2.50 0.01 0.01 0.13

10.5 SD 0.11 0.03 3.09 0.00 0.03 0.20

11 SD 0.16 0.05 3.19 0.00 0.06 0.33

Conditional indirect effect on operational adjustment agility at range of values of innovative climate

21 SD 0.01 0.02 0.25 0.81 20.05 0.07

20.5 SD 0.03 0.02 1.41 0.16 20.01 0.09

M 0.05 0.02 2.36 0.02 0.01 0.11

10.5 SD 0.07 0.03 2.58 0.01 0.03 0.15

11 SD 0.09 0.04 2.30 0.02 0.03 0.21
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technical support for the effective deployment of

knowledge resources (Sher and Lee, 2004; Tanriverdi,

2005). The other approach demonstrates that IT capa-

bility remains valuable in directly improving agility

by creating digital options (Sambamurthy et al., 2003;

Huang et al., 2012). These findings complement pre-

vious arguments on either non-mediated (Lu and

Ramamurthy, 2011) or mediated relationships (Lee

et al., 2015) between IT and agility.

It was shown that innovative climate facilitates the

agility building process by amplifying the positive

effect of IT and KM capability. In particular, IT capa-

bility can better support KM capability in a highly

innovative climate, which echoes the argument that

the innovative use and application of technology are

necessary to materialize the value of IT (Ke et al.,

2012). Moreover, the positive relationship between

KM capability and market capitalizing agility is

strengthened by innovative climate, which validates

the viewpoint that realizing the value of KM activities

requires an appropriate climate to motivate employees

to contribute their embedded knowledge for firms

(Chen et al., 2010).

Interestingly, we did not find evidence for the pro-

posed moderating effect of an innovative climate on

the relationship between KM capability and opera-

tional adjustment agility. A plausible explanation for

such finding is that an innovative climate encourages

employees to leverage KM mechanisms to propose

disruptive ideas to enhance operations, because crea-

tive ideas and open thoughts are appreciated in such a

climate (van der Vegt et al., 2005; Chen et al., 2010).

However, the disruptive ideas generated in an innova-

tive climate are hardly applied (Oke et al., 2013),

because operational adjustment agility focuses on the

refinement and incremental improvement of existing

business processes (Lu and Ramamurthy, 2011).

Therefore, this moderating effect is unsupported.

The results further validated the proposed moder-

ated mediating model, which suggests that the media-

ting role of KM capability is strengthened by an

innovative climate. In a low innovative climate, IT

capability is related to agility through the direct

approach, as Sambamurthy et al. (2003) suggested.

The mediating role of KM capability is significant

when the innovative climate is high, which is consist-

ent with the argument of Lee et al. (2015). The finding

indicates that KM capability should be jointly devel-

oped with innovative climate. The finding also veri-

fies the argument that without an appropriate climate,

knowledge resources cannot be effectively leveraged

to support organizational processes to create value

(Chen et al., 2010).

7. Implications, limitations, and future
research

7.1. Theoretical implications

The current study has three theoretical implications

for the existing research. First, this study enriches

product innovation literature by discussing an impor-

tant but overlooked topic on how to develop agility to

Table 7. Summary of hypothesis testing

No. Hypothesis Result

H1a KM capability mediates the relationship between IT capability and market capitalizing
agility.

Support

H1b KM capability mediates the relationship between IT capability and operational adjustment
agility.

Support

H2 Innovative climate positively moderates the relationship between IT capability and KM
capability, such that this relationship is stronger under high innovative climate and weaker
under low innovative climate.

Support

H3a Innovative climate positively moderates the relationship between KM capability and market
capitalizing agility, such that this relationship is stronger under high innovative climate
and weaker under low innovative climate.

Support

H3b Innovative climate positively moderates the relationship between KM capability and
operational adjustment agility, such that this relationship is stronger under high innovative
climate and weaker under low innovative climate.

Unsupported

H4a Innovative climate positively moderates the mediating effect of KM capability in the
relationship between IT capability and market capitalizing agility, such that this mediating
effect is stronger under high innovative climate and weaker under low innovative climate.

Support

H4b Innovative climate positively moderates the mediating effect of KM capability in the
relationship between IT capability and operational adjustment agility, such that this
mediating effect is stronger under high innovative climate and weaker under low
innovative climate.

Support
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make new products suitable to the current market

demand. Although scholars have highlighted the

necessity to adjust product innovation to market

changes, few have directly presented and investigated

the concept of agility in such a context (Richtn�er and

L€ofsten, 2014; Hock et al., 2016). We introduce this

concept into product innovation research and describe

its role in the up-front planning and execution

(Ledwith and O’Dwyer, 2009; Pavlou and El Sawy,

2011). Based on the knowledge-intensive feature of

product innovation (Pitt and MacVaugh, 2008), this

study identifies and validates the mediating role of

KM capability and the moderating role of innovative

climate to offer guidance for agile product innovation.

Second, embedded in the context of product inno-

vation, this study contributes to agility research by

validating the mediating role of KM capability to

solve the inconsistent findings on the relationship

between IT capability and agility. IT capability has

long been identified as a key influencing factor of

agility (Sambamurthy et al., 2003; Tallon and

Pinsonneault, 2011), but its effect was recently under-

mined and questioned by scholars addressing the

rigidity and inflexibility created by IT (Lu and

Ramamurthy, 2011; Chakravarty et al., 2013; Chae

et al., 2014). Based on previous research which high-

light the role of knowledge not only in product inno-

vation but also in building agility (Pitt and

MacVaugh, 2008; Mao et al., 2016), we incorporate

KM capability as the mediating mechanism to offer

additional insights to this contradiction. Our study

opens up the ‘black box’ of associating IT capability

with organizational agility in the context of product

innovation by validating the intermediating role of

KM capability (Pavlou and El Sawy, 2006; Luca and

Atuahene-Gima, 2007).

Third, this study provides evidence on the contin-

gent role of innovative climate, thereby generating

nuanced findings on developing agility in the context

of product innovation. Our investigation addresses the

climate inside an organization, which affects the

effectiveness of the employee’s use of IT tools and

KM mechanisms (Acur et al., 2010; Ke et al., 2012).

Our study compensates the extant literature consider-

ing IT flexibility (Tallon and Pinsonneault, 2011),

spending (Lu and Ramamurthy, 2011), and environ-

mental dynamism (Chakravarty et al., 2013) as con-

tingencies in the IT–agility relationship. Therefore,

we can contribute to the increasing number of evi-

dence in product innovation research regarding the

facilitating role of innovative climate (Sung and Choi,

2014). By validating the role of innovative climate,

this research further highlights the importance of crea-

tive thoughts and behaviors of employees in develop-

ing agility. This interplay between IT and KM

capability and innovative climate also emphasizes the

critical role of employees in effectuating technology

usage and knowledge strategy in product innovation

(Pitt and MacVaugh, 2008; Acur et al., 2010). Our

study reinforces existing assertions on the importance

of an innovative climate among employees to achieve

the desired outcomes for product innovation success

(Oke, 2013).

7.2. Practical implications

Our findings have several major implications for man-

agement. First, the results of this study suggest that

managers should realize that justifying IT investments

based only on the immediate relationship between IT

capability and organizational agility is inappropriate.

Except for the immediate effect, IT investment may

produce high agility if firms leverage their IT capabil-

ity to achieve superior process-based KM capability.

Second, managers are advised to focus on KM ini-

tiatives when building agility as regards product inno-

vation. Currently, a set of IT artifacts and operational

processes was established to ensure the speed of

developing new products. However, managers still

encounter difficulties in determining the appropriate

development of products even with efficient respon-

sive mechanisms. KM capability serves as the intel-

lectual pillar for product innovation by providing the

content of new products. With a solid knowledge

base, firms could respond in an appropriate and inno-

vative way, thereby capturing the opportunities gener-

ated by market changes.

Third, the current study cautions product innova-

tion managers to note the critical role of innovative

climate in the relationships among IT capability, KM

capability, and organizational agility. Managers

should adapt their capability deployment to reflect the

internal innovative climate. When innovative climate

is low, IT capability does not necessarily support KM

capability. We also remind managers of the various

moderating roles of innovative climate. That is, in the

context of product innovation, although encouraging

innovative climate effectively transfers KM capability

into market capitalizing agility, it is less useful for

transferring KM capability into operational adjust-

ment agility.

7.3. Limitations and future research

This study has several limitations that can be

addressed in future research. First, we only considered

KM capability and innovative climate as the mediator

and moderator, respectively. Future studies can

extend our model by exploring other mediators or

moderators, such as other capabilities, leadership
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styles, and environmental factors, in the context of

product innovation.

Second, we utilized a single respondent as the

source of the survey data. Although all the informants

were senior executives for product innovation, their

perception of the firm’s IT capability, KM capability,

and organizational agility might not fully reflect real-

ity. Meanwhile, employees and managers may have

various understandings of innovative climate. Thus,

collecting data from multiple informants could pro-

vide strong empirical evidence for the relationships

and help reduce the common method bias.

Third, we collected subjective data in the current

research. Although subjective perceptual measures are

widely validated and have been found to strongly cor-

relate with objective measures, collecting objective

data can contribute to a better alignment of perception

and reality (Tanriverdi, 2005; Lu and Ramamurthy,

2011; Liu et al., 2016). Therefore, we suggest that

future research improve the research design and col-

lect both subjective and objective data to measure IT

capability, KM capability, and organizational agility.

Finally, the respondent demographics of this study

may limit the generalizability of the findings because

the informants were from firms in China. Although

China is an ideal representative of an emerging econ-

omy, its unique features may cause bias in the result.

Hence, future studies should be conducted with sam-

ples from more countries and informants with more

diverse backgrounds.
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