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ARTICLE INFO ABSTRACT

Keywords: A technical standards alliance (TSA) is a collection of firms organized for a common goal: developing, revising,

Staﬂd‘%rdizaﬁ‘m ) and promoting technical standards. A firm may participate in standardization through one or more TSAs: its TSA

;eihmc;‘l standards alliances network. However, little is known about the influencing factors and their boundary conditions for gaining firm-
etwor!

level benefits from such involvement. This study fills this gap. Drawing on a network perspective on standard-
ization, we examine the effect of the firm’s TSA network and its absorptive capacity. Using a sample of 437
Chinese IT and automotive industry firms participating in non-governmental Chinese standardization groups, we
find positive impacts of participation. A firm’s central position and relationship strength within a TSA network
positively affect firm performance, and absorptive capacity contributes to this effect. Environmental uncertainty
acts as a moderator in the relationship between absorptive capacity and firm performance. These findings add to
the literature on the impacts of standardization and are informative for companies that consider participating in

Absorptive capacity
Environmental uncertainty
Firm performance

standardization.

1. Introduction

The integration of technologies induces increasingly complex sys-
tems. Firms need agreed-upon interfaces between system parts and
increasingly decide to participate in standardization alliances. Together
with other stakeholders, they develop and promote common technical
standards (Wen et al., 2020). A committee within a formal standardi-
zation organization, such as the International Organization for Stan-
dardization (ISO) and its national member bodies, is a specific form of a
technical standards alliance (TSA). Firms can participate in ISO tech-
nical committees, working groups, and the national mirror committee
providing national input for this ISO work. They may also participate in
other technical committees with working groups and in an overarching
ISO policy committee. Standards consortia differ in access rules, voting,
and decision-making procedures (Egyedi, 2001). They may have less
variation in participating stakeholders, allowing a firm to better control
its standardization efforts, outputs, and strategy (Kamps et al., 2017).
Standardization is a social coordination mechanism (Kwak et al., 2011).
Both types of standards developing organizations can be seen as an
alliance: a partnership between firms (and sometimes other stakeholders

as well). A firm’s TSA network covers a set of relationships formed by
cooperation among stakeholders included in the development, revision,
and promotion of technical standards (Blind et al., 2012).

Participation in standardization may bring benefits (Menon Eco-
nomics, 2018) such as the possibility to influence standards, network
with other experts, and gain early information, which provides the
possibility to anticipate changes. In a sample of German manufacturing
companies, Blind and Mangelsdorf (2016) mention three other reasons:
designing industry-friendly regulations, enforcing own content, and
preventing formal standards that conflict with own interests. For SMEs
in German industry, R&D intensity exhibits an inverse U-shaped rela-
tionship on the likelihood of joining alliances. SMEs exceeding a certain
threshold of R&D activity are reluctant to participate because their
knowledge is too essential to disclose to competitors (Blind and Man-
gelsdorf, 2012). A similar effect was found in Japan (Tamura, 2015).
However, according to De Vries and Veurink (2017), academic research
pays more attention to the impact of standards than to the effects of TSA
involvement. These latter studies tend to focus on the macro-economic
or sector level (Blind and Mangelsdorf, 2012; Wakke et al., 2015)
rather than the firm level (Wen et al., 2020).
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Participation in TSAs can be beneficial. A firm may access markets by
influencing the interoperability, quality, and safety enabled by technical
standards towards its preferred specifications (Blind and Mangelsdorf,
2016) and learn from other participants (Blind and Mangelsdorf, 2012;
Wakke et al., 2015). However, these studies do not identify the factors
influencing the benefits of such participation: under which conditions
can a firm obtain more benefits? Some case studies try to open the black
box of companies (De Vries, 2006; De Vries and Wiegmann, 2017; Hurd
and Isaak, 2008), but most of these studies are qualitative instead of
quantitative. An exception is a study by Wen et al. (2020) based on data
about 170 Chinese car manufacturers involved in formal standardiza-
tion. They confirm that a firm’s position in a standardization alliance
network can affect its introduction rate and time to market of new
products.

A TSA is a specific form of a strategic alliance (Blind and Man-
gelsdorf, 2016; Wen et al., 2020), but research on the network
perspective mainly focuses on other alliance contexts rather than stan-
dardization, for instance, R&D alliances (e.g., Caner et al., 2014; Cohen
and Caner, 2016; Lin et al., 2012). Essentially, most standards are so-
cially constructed during complex and lengthy interactions, so exam-
ining network relationships may help to understand firm performance
(Van den Ende et al., 2012). It is unclear to which extent network theory
developed for alliances also applies to TSAs. What benefits can firms get
from participating? Why does the effect on performance differ among
allied firms? Therefore, we need to clarify factors influencing firm per-
formance. We do this by taking a network perspective, but different than
done by Wen et al. (2020). They discuss the effect of some structural
characteristics of standardization alliance networks on new product
outcomes based on archival data from formal standards. We integrate
network structure and relationship dimensions and adopt survey data
from informal standardization to explore the impact of TSA networks on
firm performance. The effectiveness of TSA networks may also be
affected by the firm’s characteristics i.e., the firm’s capabilities. We
therefore examine the role of absorptive capacity in the impact of TSA
networks on performance. In doing so, this study makes several
contributions:

First, we include two important aspects of a firm’s participation in
TSA networks: centrality and relationship strength. This allows us to
investigate the extent to which this participation is beneficial for the
firm and if the benefits depend on centrality and relationship strength.
Taking firm performance as the outcome to analyze the impacts of
participation in standardization on the firm itself, we show that partic-
ipation is indeed beneficial, and benefits increase when a firm is at the
center of the network and maintains strong relationships within the TSA
network. In this way, we extend current standardization literature that
tends to focus on influencing the content or market adoption of stan-
dards and expand network research to the TSA situation.

Second, we examine the effect of absorptive capacity on firm per-
formance and identify its moderating role on the relationship between
TSA participation and performance. Participation in TSA networks al-
lows a firm to acquire and utilize external knowledge resources. By
addressing this intersection of standardization and knowledge man-
agement, we contribute to a better understanding of the mechanisms
behind the business effect of participation in TSA networks.

Third, we consider an essential characteristic of the external envi-
ronment faced by allied firms, namely uncertainty, and study its
moderating effect on the relationship between absorptive capacity and
performance. We argue that firms need absorptive capacity to notice and
understand the environmental changes and take appropriate measures
to leap at opportunities, to achieve better performance.

The remainder of the paper is organized as follows. Section 2 pre-
sents a literature review and derives hypotheses. Section 3 articulates
the research methodology, including the research context, questionnaire
design, data sources, and variable measurements. This is followed by a
presentation of our empirical results in Section 4. Section 5 discusses the
findings and finally Section 6 summarizes the paper.
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2. Literature review and development of hypotheses
2.1. TSAs and TSA networks

Technical standards are established in cooperation between inter-
ested parties involved in a TSA. TSAs can be seen as interfirm arrange-
ments to develop, promote, and maintain technical standards together
(Blind and Mangelsdorf, 2012, 2016). Other stakeholders may partici-
pate as well. TSAs have some unique features compared with other
strategic alliances. First, the main purpose of a TSA is to develop and
promote technical standards. Participants are expected to contribute to
this common achievement (Blind and Mangelsdorf, 2012). Second, TSAs
often have a broader scope than other alliances as the technology
innovation output from one or more technology alliances may be needed
for one technical standard. Third, firms are supposed to play a key role in
the standardization process. A limited number of companies and other
stakeholders develop technical standards within a TSA, whereas many
firms advocate these standards as adopters (Keil, 2002; Oshri and
Weeber, 2006). Sometimes government involvement is needed to ensure
alignment between stakeholders and regulators, or because govern-
mental inspection bodies are future standards users.

Technical standard-setting includes several levels (e.g., interna-
tional, national, and industry sector level), so firms may participate in
one or more standard-setting alliances at various levels (Axelrod et al.,
1995). However, they may play a proactive role in only a few of them.
Besides, cooperation is needed among various TSAs to align activities
and stimulate the adoption of technical standards (Delcamp and Lei-
ponen, 2014). This makes standardization processes even more com-
plex. A firm is linked to other participants through the TSAs it
participates in, and its TSA network comprises all interorganizational
ties that arise from these standardization partnerships (Wen et al.,
2020).

2.2. TSA networks and firm performance

The social dimension of standardization is relevant to the parties
involved, who must reach consensus on a standard. The success proba-
bility depends on the characteristics of the network (Van den Ende et al.,
2012). According to social network theory, centrality and relationship
strength may explain how firms capture social capital from embedded
resources (Freeman, 1979; Granovetter, 1973), essential for interorga-
nizational coordination.

Network centrality. Network centrality is the positional advantage of
the firm in TSA networks (Freeman, 1979; Wen et al., 2020). A central
position in the TSA network increases the possibilities to influence the
standards’ contents (Blind et al., 2012; Leiponen, 2008) and may help to
shape or modify alliance routines such as procedures to regulate the
standardization activities of other participants. This can ensure the
achievement of the alliance target and improve the speed and quality of
their own standardization work (Maggetti and Gilardi, 2011).

Standardization is a negotiation process of cooperation and
compromise (Schueler et al., 2008). Central positions such as the
chairperson or secretary of a standardization committee have to balance
the parties’ needs. The chair is assumed to have a neutral position, which
may hinder proposing arguments that favor his/her firm’s position.
However, if the chair’s firm has a special interest in the standards to be
developed, sometimes it may tip the committee’s balance in its direction
(De Vries and Simons, 2006). Thus, despite neutrality, central firms are
positioned better than peripheral firms to influence the content of
technical standards in line with their proprietary interests, which may
be a driver of higher performance.

Network centrality provides firms with a vast array of knowledge
sources that are essential for developing new technical standards or
innovative ideas (Blind et al., 2012; Caner et al., 2014; Wen et al., 2020).
Central firms are located at the nexus of numerous knowledge resources
within the TSA network. Such a positional advantage allows them to
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enjoy more alternative paths to access the unique knowledge, informa-
tion, and social connections than other members, which is needed for
knowledge integration and knowledge creation (Lee and Kim, 2011;
Slowak, 2008). Central firms can also partly steer the knowledge flow
within the TSA network and influence the conversion from tacit
knowledge to explicit knowledge, which promotes standardization
output because the standard itself is a form of explicit knowledge (De
Vries and Van Delden, 2011). They can gain knowledge spillovers and
reduce the costs of implementing technical standards. They can also
make a difference in the market adoption of the standard through a
richer understanding and a better evaluation of future changes in the
standards, the technology, and the market (Axelrod et al., 1995; Chel-
lappa and Saraf, 2000; Lai and Weng, 2013), and thus gain additional
benefits by seizing first-mover advantage (Wen et al., 2020).

We assume that a central position of a firm within a TSA network
may contribute to standardization outcomes that meet the firm’s in-
terests, leading to higher firm performance. This leads us to the
following hypothesis:

Hypothesis 1a. The closer a firm is to the center of a TSA network, the
better firm performance will be.

Relationship strength. As a social mechanism for coordinating
different actors, relationship strength is a relevant feature of social
networks (Lee and Kim, 2011). In line with Wen et al. (2020), we define
the relationship in a TSA network as a set of linkages between a firm and
manufacturers, consumer associations, governmental agencies, research
institutes, and other stakeholders in the standard-setting process. At the
TSA level, strength refers to the frequency of interaction, including time
spent in a relationship and the depth of the relationship (Granovetter,
1973; Marsden and Campbell, 2012). Coordination between the par-
ticipants is a prerequisite for fruitful standardization. Based on their
experience in international standardization, De Vries and Simons (2006)
argue that it is essential that participants in standardization committees
attend all meetings to be effective. Because an open exchange of opin-
ions and interests is needed for developing common standards, it is
necessary to maintain close relationships within the TSA network — both
during and in between meetings, formally and informally.

Standardization is associated with a combination of certain knowl-
edge and skills shared by participants (e.g., academic level, standardi-
zation expertise, strategic vision). Network relationships provide an
opportunity to intensify R&D cooperation and enhance productivity,
rather than just developing and promoting a specific standard (Leipo-
nen, 2005). Participants are given access to heterogeneous knowledge
sources beyond the scope of a single firm (Ranganathan and Rosenkopf,
2014), benefiting from the complementarities among participants to
solve the actual or potential problems together in a good manner (Lei-
ponen, 2005). As the relationship strength increases, the resource pro-
tection of participants may decrease and further generate the
enthusiasm of tacit knowledge transfer (Eisingerich et al., 2010). As a
result, this knowledge creates potential value for firms, increasing their
chances of success.

The relational characteristics of TSA networks influence organiza-
tional action. A cohesive network may help participants experience
ongoing commitment, trust, and common understanding among stake-
holders (Baloglu et al., 2010), making it easier to reach agreements
(Kenis and Knoke, 2002). Although firms have different motivations to
participate in TSAs and possibly opposing interests, the technical stan-
dards developed are an acceptable compromise that more or less fulfills
all actors’ requirements (De Vries and Verhagen, 2016; Farrell et al.,
2012; Maggetti and Gilardi, 2011), and reduces the likelihood of
opportunistic behavior among participants (Eisingerich et al., 2010).
Most notably, the efficiency of standardization may be enhanced by
intensifying the interaction within a TSA network (Delcamp and Lei-
ponen, 2014), which has a positive effect on improving the common
benefits of participants. These findings lead to the following hypothesis:
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Hypothesis 1b. The stronger the relationship with other participants
within a TSA network, the better firm performance will be.

2.3. Absorptive capacity and firm performance

Standardization is considered as a knowledge-sharing and
knowledge-creating activity (Blind et al., 2012). In most cases, technical
standards do not only arise from the knowledge developed by a single
company, but rather from the resources and capabilities possessed by
several cooperators. More in general, absorbing external knowledge is
an indispensable element in a firm’s innovation and adaptation to
changes in its competitive environment (Liu et al., 2018). Therefore,
some recent studies focus on the role of absorptive capacity in value
creation within a firm (e.g., Gkypali et al., 2018; Santoro et al., 2018).

The dynamic capability to generate, combine, recombine, and
exploit knowledge is a critical source of performance (Xie et al., 2018).
Cohen and Levinthal (1990) define absorptive capacity as the dynamic
capability of a firm to identify and evaluate the value of new external
knowledge and promote the development of the organization by
digesting, absorbing, and integrating it. In TSA networks, influencing
standard-setting is core but acquiring knowledge from other involved
stakeholders is another important reason to participate (Blind et al.,
2012). For developing technical standards, an integration of various
forms of knowledge is necessary. Firms with different levels of knowl-
edge stocks cooperate through TSAs, absorb external knowledge, and
internalize this. Higher levels of absorptive capacity allow firms to gain
more benefits from participation in standardization (Lin et al., 2012),
and are conductive to more effective identification and knowledge re-
sources such as technical specifications and commercial products from
network partners (Flatten et al., 2011), and further generate new ideas
to drive the standard-setting process. Thus, absorptive capacity is
all-important to a firm’s knowledge reserve and contributes to the goal
fulfillment of participants.

Participating firms use knowledge resources to prepare technical
standards and to learn from each other. The effectiveness of inter-firm
organizational learning depends on the external knowledge firms
absorb and use in standardization. Through diversified external sources
within TSA networks, absorptive capacity promotes innovation output
directly and enhances knowledge value through R&D cooperation
(Gkypali et al., 2018). It also enables a firm to acquire new knowledge
and information related to development opportunities (Engelen et al.,
2014) and improves a firm’s standardization capabilities due to
learning-by-doing (Hesser et al., 2010). This flexibility allows standards
to keep pace with changing requirements, thereby shaping a firm’s
competitive advantages and contributing to its performance. This per-
formance partly relates to the standard itself, to which extent it will meet
company requirements, and partly relates to other corporate interests
such as innovation and marketing.

Accordingly, examining the role of absorptive capacity may partly
explain why participants who are exposed to the same external knowl-
edge sources within a TSA network differ in the benefits they acquire.
This leads us to the following hypothesis:

Hypothesis 2. Higher levels of absorptive capacity lead to increased firm
performance.

2.4. Interaction between TSA networks and absorptive capacity

Social networks enable the creation of new knowledge among or-
ganizations (Grant, 2015). The interaction between alliance network
and absorptive capacity plays a critical role in knowledge sharing within
organizational networks (Tsai, 2001). A productive TSA network gives
participants more opportunities for collaborative learning. It contributes
to balancing the distribution of knowledge resources among stake-
holders and enabling a firm to develop cutting-edge technical standards
(Leiponen, 2005). However, strong complementarities with external
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knowledge sources require a significant absorptive capacity to increase
firms’ knowledge base through exploiting the absorbed or co-generated
knowledge (Blind et al., 2012). The better a firm’s absorptive capacity,
the more it may apply external knowledge to standardization activities
in the future, increasing its corporate intelligence and contributing to
better standardization outcomes.

Firms that occupy a central position in a TSA network have better
access to standardization-related knowledge and practices of other
participants (Srivastava et al., 2015). Close connectedness among par-
ticipants also provides the benefit of acquiring external knowledge.
However, although a firm gains new opportunities and knowledge by
connecting with other stakeholders, knowledge is distributed unevenly
within a TSA network, so the outcome of knowledge transfer across
organizations varies (Tsai, 2001). If an allied firm lacks sufficient
absorptive capacity to internalize the generated knowledge and codify
this in standards, it will be less able to improve its performance (Wakke
et al., 2015). Firms with a certain level of absorptive capacity to learn,
implement, and disseminate new knowledge internally are likely to
apply expertise and other resources necessary to properly implement
standards (Cohen and Levinthal, 1990; De Vries et al., 2009).

To conclude, an allied firm with a certain level of absorptive capacity
is likely to benefit more from TSA networks, not only by exploiting the
opportunities presented but also by boosting the effects of standardi-
zation. This leads us to the following hypotheses:

Hypothesis 3a. The centrality of a firm’s position in a TSA network is
more positively related to firm performance when the firm has a high rather
than a low absorptive capacity.

Hypothesis 3b. The relationship among participants in a TSA network is
more positively related to firm performance when the firm has a high rather
than a low absorptive capacity.

2.5. The moderating effect of environmental uncertainty

Technical standards bring stability and allow firms to cope with
uncertainty. Organizational research distinguishes between two types of
environmental uncertainty: objective and perceptual (Hoffmann et al.,
2009; Milliken, 1987; Parnell et al., 2015). The former reflects the state
of the organizational environment, and the latter describes the state of
organizational managers who perceive themselves to be short of vital
information about the environment (Milliken, 1987). Decisions in or-
ganizations are made in uncertainty (Jalonen, 2011). A standard is
perceived as optimal or at least acceptable by the TSA developing it.
Thus, for the purpose of this study, we use perceptual environmental
uncertainty. This uncertainty is inherent to standardization (Jalonen,
2011; Roca and O’Sullivan, 2020) because of the perceived inability to
predict the organization’s external environment (Hoffmann et al., 2009;
Milliken, 1987; Song et al., 2016). Technical uncertainty and market
uncertainty are two primary sources of environmental uncertainty
(Jalonen, 2011; Lu and Yang, 2004; Song et al., 2016). The contents of
most standards relate to technology, although the standard is used in a
business context, so both forms of uncertainty are relevant.

Technical uncertainty is caused by technological developments and
insufficient knowledge of new technology details or the shortage in
knowledge needed for new technology application (Jalonen, 2011). This
uncertainty becomes stronger with increasing technical complexity and
development (Song et al., 2016). Facing high technical uncertainty,
firms may become more actively involved in the standardization process
(Slowak, 2008; Su et al., 2010) because they may find themselves
lacking the broad range of skills and resources needed to remain
competitive in the changing environment (Srivastava and Frankwick,
2011). They can absorb relevant technical knowledge from network
partners to vitalize and expand their knowledge stock and improve the
accuracy of judging emerging opportunities to consolidate their tech-
nical level and status (Lee, 2014; Wakke et al., 2016).
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Technical standards are developed and implemented to meet market
demand, and only those with broad market prospects are valuable
(Delcamp and Leiponen, 2014). The emergence of market uncertainty is
due to the unforeseen changes in the relationship between firms and
customers and/or unpredictable changes in the relationship between
competitors, which give rise to new markets (Jalonen, 2011). When
facing high market uncertainty, firms are more likely to continually
optimize their technical standards to proactively respond to customers’
changing preferences and demands (Blind et al., 2017; Su et al., 2010).
Thus, to ensure they understand the market better than competitors,
firms are likely to put more effort into absorbing knowledge relevant to
the market success of technical standards, and their performance will
largely depend on their ability to absorb the latest knowledge about
market developments via TSA networks (Engelen et al., 2014).

During the standardization trajectory, firms’ adaptive responses to
the environment depend on their internal conditions, especially on the
resources they control (Eisingerich et al., 2010). A firm will maximize
performance when resources and capabilities match the external envi-
ronment (Srivastava and Frankwick, 2011). Environmental pressure
may urge a firm to reevaluate its resource disadvantages and seek re-
sources and capabilities for future actions (Garcia-Sanchez et al., 2018).
The more turbulent the environment, the more need to do so.

To conclude, superior absorptive capacity enables firms to proac-
tively seize opportunities to achieve self-renewal and regeneration in an
uncertain environment. When allied firms lack the necessary resources
and skills, they must develop a higher absorptive capacity to obtain
them from the external environment to overcome resource constraints or
to exploit emerging opportunities. This leads us to the following
hypothesis:

Hypothesis 4. The positive effect of a firm’s absorptive capacity on its
performance is moderated by environmental uncertainty; as the extent of
uncertainty increases, the positive effect of firms’ absorptive capacity on its
performance is strengthened.

Based on the above theoretical analysis and hypotheses, Fig. 1 shows
the conceptual framework of this paper and describes the relationship
between TSA networks, absorptive capacity, environmental uncertainty,
and firm performance.

3. Research methodology

To empirically test our hypotheses, we used a survey to collect firm-
level data. Surveys are often used to investigate incidents of firm per-
formance (Chu et al., 2018; Garcia-Sanchez et al., 2018), especially
when the strategic-alliance information is not readily accessible from
secondary sources (Arino, 2003). We developed a structured question-
naire to collect primary data from allied firms participating in TSAs,
which is a common practice in strategic-alliance and resource-based
research (Dess and Robinson, 1984; Newbert, 2008).

3.1. Research context

We collected most of the empirical data from high-tech companies in
China’s Information Technology (IT) industry. The People’s Republic of
China is the biggest emerging economy. Participating in the develop-
ment of international technical standards has become an important way
to strengthen technology leadership and market power (Williams et al.,
2011). Chinese high-tech companies increasingly participate in TSAs to
facilitate the internationalization of the Chinese IT industry. Standards
are a prerequisite for ensuring interoperability within and between IT
systems (De Vries et al., 2003). High-tech firms participating in TSAs
develop common IT standards to deal with the dynamic and turbulent
environment and strengthen their market position through new tech-
nical breakthroughs, products, and services. Therefore, TSAs related to
the IT industry are appropriate for our research, and China provides a
rich and proper context.
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Fig. 1. Conceptual framework and hypotheses.

China’s manufacturing industry ranks first in the world. It is grad-
ually integrating with the new generation of the IT industry, for
example, by developing intelligent manufacturing. Our setting is a
traditional manufacturing industry: the automotive industry. The rapid
progress in car technology benefits from the IT industry, and prolific
alliances in the automotive industry have been established to develop
technical standards related to compatibility between components, soft-
ware architecture, energy safety, environmental issues etc. (Traub et al.,
2017; Wen et al., 2020). Thus, the target group comprises these two
industries.

Traditionally, most standards in China are developed by govern-
mental agencies and are obligatory. However, the new China Stan-
dardization Law published in 2017 and implemented on January 1,
2018, gives more room for market-driven standards next to government-
led standards (see the link below). Firms are encouraged to participate in
voluntary standardization to develop market-driven standards, espe-
cially in important industries, strategic emerging industries, common
key technologies etc. Through self-declaration disclosure and a super-
vision system, enterprises shall disclose the number and name of stan-
dards they implement. They shall organize production and business
activities according to standards. The products they make and the ser-
vices they provide shall meet the technical requirements of the stan-
dards that they have disclosed. Firms are expected to develop enterprise
standards according to their own needs or jointly develop group stan-
dards with other enterprises voluntarily. This new category of Chinese
standards is flexible, experimental, and unofficial (Van de Kaa et al.,
2011). Unlike government-led standards, government agencies do not
set administrative licensing for group standards. Representatives of
producers, operators, users, consumers, educational and scientific
research institutions, testing and certification bodies, government de-
partments, and other relevant parties are involved in the development of
group standards to fully reflect the relevant interests. Group standards
with positive implementation fects can be further transformed into local
standards, sector standards, or national standards. Standardization
administration departments and relevant administrative departments of
the people’s governments at or above the county level shall, in accor-
dance with their statutory duties, guide and supervise the formulation of
group standards, and supervise and inspect the implementation of group
standards. Despite this governmental involvement, the formulation of
group standards is open to the market players. Next, the market can
choose standards independently, and in case of competing standards the
fittest will survive. Each group standard is prepared in a group-based
TSA. A firm may participate in the development of one or more group
standards. This leads to partnerships with various stakeholders: a TSA
network. Therefore, Chinese firms participating in an alliance to develop
common voluntary standards are appropriate for this study.

3.2. Questionnaire design

We followed a comprehensive approach to pretest, refine, and vali-
date the scales (Sarkar et al., 2001). First, we generated the questions by
making full use of the literature on standardization and alliance net-
works, identifying mature methods, and developing new ones. Taking
into account language differences, we translated the original question-
naire measurements into Chinese and then carefully checked the
translation accuracy by using the back-translation technique. Second,
we invited two experienced researchers to evaluate the questionnaire
design and measurement indicators. Third, we verified whether the
questionnaire items were suitable for real standardization conditions
(Wang et al., 2018). A research team including the first author and five
PhD candidates majoring in business management, all with extensive
knowledge of standardization, each conducted three interviews with
managers familiar with their firm’s cooperation practice in standardi-
zation. The PhD candidates received pre-interview training, including
instructions and practice on the exact meaning of each question in the
questionnaire. Thus, when respondents filled out the questionnaire,
team members could help to answer any questions. Each recorded
interview lasted an average of sixty minutes. The interviewees were
allowed to consult with other managers when in doubt. The first author
did two interviews by phone because he was not in China. Thanks to the
previous project contacts, we communicated with corporate managers
familiar with standardization practices in the IT and automotive in-
dustries, and asked them to make suggestions during the questionnaire
filling process. Before distributing the questionnaire on a large scale,
through an online survey, we conducted a series of early pretests with 30
high-tech IT firms and 30 automotive firms (not in the final target
sample) to verify the clarity of questions in the questionnaire (pilot
study). We combined their feedback with our research purpose and
context, made minor wording modifications, and removed vague de-
scriptions to enhance content validity.

3.3. Sample and data collection

Considering the significant regional differences in China, the tar-
geted sample of this study included firms in Beijing, Guangdong, Zhe-
jiang, Jilin, and Heilongjiang province. Local economic development
and innovation capabilities are relatively advanced in the first three
areas, but not so in the Jilin and Heilongjiang provinces. This provides
variety in the sample to minimize the bias caused by the area-specific
characteristics (Su et al., 2010). We focus on the new form of stan-
dardization added in the new China standardization law: standards
developed by groups of companies. These standards are voluntary, and
in that sense, they deviate from the national standards. We identified
target firms via the China Group Standard Information Disclosure Plat-
form. The information available includes group name, standard number,
standard name, and drafting unit. To get a large sample based on the
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information provided by the China Enterprise Standard Information
Public Service Platform, we contacted some companies disclosing their
enterprise standards via this platform. Because these firms actively
develop enterprise standards, they may also participate in TSAs. Based
on industry (IT or automotive) and disclosure of group standard infor-
mation, we initially formed a list of allied firms.

For inclusion in our sample, firms should have participated at least
one year in the relevant TSAs in our target sample to ensure that re-
spondents had at least one year of experience (Muthusamy and White,
2006). Each firm should be linked to at least two other firm-level co-
operators to be considered a TSA network member (Eisingerich et al.,
2010). In fact, firms may be involved in multiple TSAs to develop one or
more standards, thereby embedded in an informal collaborative stan-
dardization network with other firm-level stakeholders through many
direct and indirect ties (Kenis and Knoke, 2002; Ranganathan and
Rosenkopf, 2014).

The questionnaires were distributed via different channels to gather
more data and reduce risks such as non-response and respondent bias
(Roy et al., 2001). First, thanks to a government-funded research project
(Chinese National Key Research and Development Project), we received
help from two government departments: Jilin Institute of Scientific and
Technical Information and the Heilongjiang Science and Technology
Resource Sharing Service Center. They issued and collected the ques-
tionnaires by email with a cover letter emphasizing the purpose and
significance of the present study. Governmental backing is likely to in-
crease the response rate to some extent. Specifically, based on our se-
lection criteria, we searched and identified the basic information (e.g.,
the name, contacts, and industry) of firms in the government database
and sent questionnaires to the target TSA firms that met the re-
quirements. We requested key informants acquainted with their stan-
dardization practice to complete and return them within two weeks. The
list provided by the government included the company’s name and
contact information. We contacted each selected company by telephone
in advance to confirm their willingness to participate, enabling the
research team to carry out additional field research visits to collect data
face to face. Second, we used the network of Jilin University’s MBA and
EMBA programs. We sent questionnaires to both current and former
students, all of whom are in corporate management positions across
China. Third, we hired a qualified and reputable data service agency to
send the questionnaires to the target firms in their database. This agency
had a comprehensive list of TSA firms and their contact information and
had previous experience in similar research, which provides confidence
in the quality of the collected survey data. Through the strict control of
these data sources, each allied firm only received one questionnaire.

Knowledgeable respondents included main decision-makers and
standardization experts such as product, technology, or project man-
agers who had worked for the company for at least one year. These
managers are expected to be familiar with their firm’s standardization
process in each standardization community (Keil, 2002). Several ex ante
procedural remedies can limit the potential common method bias
(Engelen et al., 2014; Podsakoff et al., 2003). Specifically, we separated
the order of independent and dependent variables by using unrelated
questions. This reduces the impact of contextual cues and checks the
attention of the respondents’ when filling out the questionnaire. Also,
we promised that the data collected would only be used for this research,
and that respondents would be anonymous. Besides, we encouraged
respondents to answer according to the reality of standardization in
their companies, and emphasized that there were no right or wrong
answers. Informants could receive a summary of the results if they were
interested. We thus made every attempt to have an acceptable response
rate and high-quality feedback.

As shown in Table 1, 525 of the 800 firms participating in TSAs
completed our survey. A total of 437 valid responses were collected from
three sources, yielding a valid response rate of 54.6%. Table 2 shows the
characteristics of the sample, including industry type, firm ownership,
firm age, firm size, network size, number of standard-setting projects,
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Table 1

Results of data sources.
Source TSA(s) participants Non-participants Total
Source 1 336 119 455
Source 2 95 37 132
Source 3 369 95 464
Total 800 251 1051

Return: N = 525; Properly filled out: N = 437 (Source 1: 183; Source 2: 58;
Source 3: 196).

Table 2
Sample profiles.
Classification Item Number  Percentage
(%)
Industry IT industry 303 69.3
Automotive 134 30.7
industry
Ownership State-owned 39 8.9
Privately owned 332 76.0
Joint venture 55 12.6
Foreign owned 11 2.5
Firm age (years) <5 7 1.6
6-10 96 22.0
11-15 146 334
16-20 89 20.3
> 20 99 22.7
Number of employees <100 12 2.7
101-300 127 29.1
301-500 116 26.5
501-1000 70 16.0
1001-2000 32 7.4
> 2000 80 18.3
Number of alliance partners 2-4 150 34.3
5-10 215 49.2
11-20 51 11.7
> 20 21 4.8
Number of standard-setting 1 3 0.7
projects 2-3 118 27.0
4-6 212 48.5
7-9 75 17.2
>10 29 6.6
Government support Never 4 0.9
In some cases 281 64.3
In most cases 152 34.8
Patents Never 3 0.7
In some cases 227 51.9
In most cases 207 47.4

government support, and patents. The IT and automotive industry
accounted for 69.3% and 30.7%, respectively. In terms of ownership,
76% of the sample was composed of private-owned firms and 98.4% of
the firms had been operating in related industries for more than five
years. More than half (55.6%) of the firms had between 100 and 500
employees, and 49.2% of firms had five to ten alliance partners. The
number of standard-setting projects mainly ranged from four to six, most
firms received government support, and slightly more than half the firms
(51.9%) have essential patents for the standard-setting process in one or
more cases.

3.4. Variables and measures

3.4.1. Dependent variable

Firm performance describes to what degree a firm’s alliance goals are
achieved (Das and Teng, 2003; Lunnan and Haugland, 2008). As par-
ticipants usually have multiple goals (Gravier et al., 2008), we adopt
subjective measurements to capture firm performance, which is a
common practice in studies in the field of strategic alliances (Chris-
toffersen et al., 2014). We collect assessments from allied firms’ in-
formants and assess firm performance from the fulfillment of specific
financial and non-financial goals that reflect the firm’s benefits gained
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through TSAs, aiming at combining both short-term and long-term levels
(Arino, 2003; Townsend, 2003). Based on this, we measure firm per-
formance using seven items on a five-point scale ranging from ‘strongly
disagree’ to ‘strongly agree’. All items are developed based on the
literature to guarantee the scale’s content validity (Simonin, 1997; Zollo
et al., 2002).

3.4.2. Independent and moderating variables

TSA networks. We distinguish two critical dimensions for alliance
networks: centrality and relationship strength (Lee and Kim, 2011).
Centrality refers to a firm’s leadership in standardization in terms of, for
example, influence, prestige, independence, and control in the TSA
network. We measure network centrality using five items adapted from
the literature (Leiponen, 2008; Tsai, 2001), capturing the position of a
participant within the TSA network. Network relationships are related to
participants’ subsequent allied behavior. We adopt measures for rela-
tionship strength developed from previous studies (Eisingerich et al.,
2010; Sarkar et al., 2001) and use five indicators to reflect the intensity,
frequency, stability, and trust of interactions among participants within
the TSA network.

Absorptive capacity. The efficiency of accessing external knowledge
resources depends on the level of absorptive capacity, which is impor-
tant for an allied firm to create value and obtain and maintain
competitive advantages of technical standards. Following Zahra and
George’s (2002) model of absorptive capacity, this construct is divided
into potential absorptive capacity and realized absorptive capacity. The
former is more concerned with acquiring and assimilating external
knowledge, and the latter provides evidence of a firm’s ability to
transform and exploit adopted external knowledge. Focusing on these
dimensions, we use 11 questionnaire items from Engelen et al. (2014),
Flatten et al. (2011) and Flor et al. (2018) to measure this construct.

Environmental uncertainty. Researchers widely use technical and
market uncertainty to measure environmental uncertainty (Song et al.,
2016). Forecasting technology changes accurately provides opportu-
nities for firms to develop common technical standards. Based on Lee
(2014) and Lu and Yang (2004), we use three items to measure technical
uncertainty in terms of the amount and unpredictability of changes in
the technologies related to technical standards. Besides, allied firms
need to frequently develop and revise technical standards to satisfy
customer demand in a highly dynamic market (Van den Ende et al.,
2012). We adopt three items from Lu and Yang (2004) and Su et al.
(2010) to capture the difficulty of anticipating changes in the
marketplace.

3.4.3. Control variables

Several other factors may affect organizational performance at the
network and firm level. We measure them as control variables to partly
eliminate alternative antecedents of firm performance.

Network size is an important contributor to the firm’s innovation
outcomes because a firm with numerous cooperators in its network can
gain more access to external resources and utilize them to develop
common standards (Phelps, 2010). For a target firm embedded in TSA
networks, the firm’s network size can be operationalized by four ordinal
values (1 = 2 - 4 to 4 = ‘> 20/, measuring the total number of co-
operators cooperating with the firm (Wang et al., 2018; Xie et al., 2016).

Alliance experience. More alliance experience may help allied firms
develop more knowledge and capabilities that will contribute to stan-
dards development (Gilsing et al., 2016). Diverse knowledge sourcing
and learning opportunities may also be provided so that these firms are
likely to gain more benefits. We measure alliance experience by an
ordinal variable with five values: the average number of cooperative
standard-setting projects the firm has participated in each year in the
past three years (1 = ‘1’ to 5 = ‘> 10').

Patents may play a role in standards development (Blind et al., 2012).
Companies with a patent that is essential for the standard have more
bargaining power (Leiponen, 2005). These patents are more likely to be
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cited by other stakeholders in subsequent patents, which is important for
developing technical standards (Delcamp and Leiponen, 2014). We
control whether the firm has any essential patents with an ordinal var-
iable (never = ‘0’, in some cases = ‘1’, in most cases = ‘2/).

Industry type. Standardization activities are highly sector specific.
Therefore, we control for the effects of the industry sector as a dummy
variable (IT industry = ‘1’, Automotive industry = ‘0’).

Firm ownership and the level of government support affect the level of
resources and capabilities to participate in standardization (Xie et al.,
2018). We divide this variable into state-owned, privately-owned, joint
venture, and foreign-owned enterprises. As a dummy variable, owner-
ship is set as ‘1’ for state-owned enterprises and O for others.

Firm age and size. Previous research shows that, on average, an aging
firm has higher productivity, profits, and equity and lower debt ratios so
that firms may improve with age (Coad et al., 2013). Macaulay et al.
(2018) believe that the firm size affects access to resources, whereas
SMEs may face barriers to benefit from standardization (Blind and
Mangelsdorf, 2012; De Vries et al., 2009). We measure age by taking five
ordinal values, that is, in years from the date of creation of the firm (1 =
‘<5 to 5= ‘> 20'), and use the total number of employees in the firm to
measure size, via six ordinal values (1 = ‘< 100’ to 5 = ‘> 2000’).

3.4.4. Adequacy of the measures: reliability, validity, and common method
bias

We adopted Cronbach’s alpha () to judge reliability. As shown in
Table 3, the o value of each scale is higher than the threshold value of
0.70, indicating that the reliability of the measurement results of this
scale is good with a high internal consistency degree. We used confir-
matory factor analysis (CFA) to test validity, and the results demonstrate
that the measurement model fits the data well (x>=667.216, p = 0.000,
x2/df=1.319, IFI=0.978, TLI=0.976, CFI=0.978, GFI=0.919,
RMSEA=0.027), proving that the model is well constructed. All items
loaded on the corresponding latent constructs significantly, and all the
standardized loadings were higher than 0.60. The average variance
extracted (AVE) is > 0.50 (ranging from 0.541 to 0.662), and the
composite reliability (CR) also exceeds the critical value of 0.70 (ranging
from 0.837 to 0.911), demonstrating that convergent validity is ensured
in our sample. Moreover, in Table 4, the square roots of AVE values on
the diagonal are all greater than the correlation coefficients among the
variables, thus providing strong evidence for discriminant validity.
Additionally, following Podsakoff et al. (2003), we used Harman’s
one-factor analysis to examine the common method bias and conducted
exploratory factor analysis for all the variables using the principal
component method. The results show that the first factor explains the
total variance of 22.716%, less than the critical value of 40%. We also
conducted a CFA, restricting all items of the model to a common single
factor. The fit index result shows that the model cannot fit the data well
(X2 /df =9.915, IFI=0.362, TLI=0.318, CFI=0.359). Therefore, we
found no significant common method bias in the data and subsequently
tested out hypotheses.

4. Results

Table 4 presents the descriptive statistics, including the means,
standard deviations, and correlations among the variables. All correla-
tions between variables are less than 0.7, within the acceptable
thresholds. The results indicate that network centrality, relationship
strength, and absorptive capacity positively correlate with firm perfor-
mance. To match the regression model, we tested the normality of the
main independent variables (Song et al., 2016). We found that the
skewness and kurtosis of each variable do not have a serious non-normal
distribution (for network centrality, skewness is -0.014 and kurtosis is
-0.911; for relationship strength, skewness is 0.030 and kurtosis is
-0.990; for absorptive capacity, skewness is 0.117 and kurtosis is -0.837;
for environmental certainty, skewness is -0.090 and kurtosis is -0.394).
To check for multicollinearity, we calculated the variance inflation
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Table 3
Construct measurement model and CFA.

Item description summary

Standardized
loading

AVE

CR

Network centrality (e« = 0.866)

Our firm’s products and technical capabilities
are recognized by allied partners

Allied partners often communicate with us
about technical standards

We have better access to different
information and knowledge relevant to the
market
success of the standard

In the collaborative standard-setting process,
our firm has a certain power to influence or
determine the contents of standards

We provide powerful information regarding
standardization to allied partners

Relationship strength (e = 0.861)

Our firm often drafts standards together with
allied partners

Our firm and allied partners are willing to
dedicate the necessary resources to make
technical
standards a success

There is intense contact with allied partners
(e.g., visits to each other’s firms,
standardization meetings, written and
telephone communications)

We frequently share standardization
information with allied partners

Our firm has honest and truthful
relationships with allied partners

Absorptive capacity (e« = 0.854)

Potential absorptive capacity (¢ = 0.851)

We collect industry information through
informal means (e.g., lunch with industry
friends,
talks with trade partners)

In our firm, ideas and concepts are
communicated cross-departmental

New opportunities to serve our clients are
quickly understood

We are slow to analyze and interpret shifts in
market demands®

We quickly recognize the usefulness of new
external knowledge to existing knowledge

Realized absorptive capacity (¢ = 0.884)

Our employees can structure and use
collected knowledge

Our employees successfully link existing
knowledge with new insights

Employees record and store newly acquired
knowledge for future reference

We thoroughly grasp the opportunities new
external knowledge offers our firm

Our firm has difficulty implementing new
knowledge to products and services
effectively®

Our firm regularly reconsiders technologies
and adapts them accordant to new
knowledge

Environmental uncertainty (o« = 0.787)

Technical uncertainty (« = 0.849)

Our industry is characterized by rapidly
changing technology

It is difficult to acquire the latest technologies
due to rapid technical changes

If we don’t keep up with changes in
technology, it will be difficult for us to
remain
competitive

Market uncertainty (¢ = 0.835)

Changes in customers’ product preferences
are difficult to predict

It is difficult to know customers’ needs

0.680

0.835

0.756

0.700

0.792

0.704

0.882

0.668

0.763

0.692

0.704

0.794

0.681

0.769

0.723

0.703

0.864

0.732

0.726

0.699

0.780

0.811

0.876

0.748

0.815

0.751
0.815

0.570

0.556

0.541

0.567

0.662

0.631

0.868

0.861

0.854

0.886

0.854

0.837
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Table 3 (continued)

Item description summary Standardized AVE CR
loading
1t is difficult to understand competitors’
strategies
Firm performance (o = 0.908)
Allied standardization cooperation 0.898 0.596 0.911

contributes to our firm’s market share

Allied standardization cooperation helps our ~ 0.815
firm generate additional profits

Our firm’s competitive advantages have been ~ 0.755
enhanced by participating in allied
standardization cooperation

Our firm’s ideas are incorporated in the 0.748
alliance standard(s)

Allied standardization cooperation has 0.795
created new opportunities for our firm

Allied standardization cooperation provides 0.746
an effective medium of learning exchange

Allied standardization cooperation 0.618
contributes to the knowledge accumulation
of our
firm

Model fit index

¥ %2 =667.216, p = 0.000, % /df =1.319, NFI=0.915, IFI=0.978, TLI=0.976,
CFI=0.978, GFI=0.919, RMSEA=0.027

Notes: ®: Indicates items were reverse-coded; Scale ranging from 1 (strongly
disagree) to 5 (strongly agree).

factor (VIF) for all variables. All are below the threshold of 10
(maximum VIF is smaller than 2), indicating that the regression models
do not exhibit multicollinearity.

Table 5 provides a hierarchical regression analysis of control vari-
ables, TSA networks (including centrality and relationship strength),
absorptive capacity, environmental uncertainty, and firm performance.
We introduced control variables in Model 1, which explain 12% of the
variance in firm performance. Regarding the regression coefficients of
control variables, we found a significant positive correlation between
network size and firm performance in all models. As expected, allied
firms are likely to gain more benefits from large TSA networks than
small networks.

We used Model 1 and Model 2 to examine the effect of network
centrality and relationship strength on firm performance. Model 1 only
includes control variables. Model 2 has an R? of 0.180 (the adjusted R%is
0.163) and an F-value of 10.408 (P < 0.001) and adds the primary effect
of network centrality and relationship strength. Allied firms may ach-
ieve greater firm performance due to the critical position they occupied
within TSA networks. The results of Model 2 show that network cen-
trality is positively correlated with firm performance (8 = 0.193, p <
0.001). Thus, we find support for Hla. H1b is also supported, that is,
relationship strength has a significant positive effect on firm perfor-
mance (f = 0.127, p < 0.01).

To test H2, we introduced the primary effect of absorptive capacity
based on Model 1 and thus obtained Model 3. Model 3 has an R? of 0.228
(the adjusted R? is 0.214) and an F-value of 15.830 (P < 0.001) and
shows the effect of absorptive capacity on the dependent variable. The
results in Model 3 indicate that absorptive capacity is positively corre-
lated with firm performance (p = 0.343, p < 0.001). Hence, H2 is sup-
ported. Then, to test the moderating effect of absorptive capacity, taking
firm performance as the dependent variable, we introduced network
centrality, relationship strength, and absorptive capacity in turn, and
finally added the interaction term based on Model 4. Model 5 has an R?
of 0.365 (the adjusted R?is 0.347) and an F-value of 20.337 (P < 0.001)
and presents the effect of the interaction term between absorptive ca-
pacity and network centrality as well as the interaction term between
absorptive capacity and relationship strength on firm performance.
Before the construction of the interaction term, we mean-centered the
independent and moderator variables to reduce the potential effects of
multicollinearity. The results indicate that the moderating effect of
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Table 4
Descriptive statistics and correlation matrix.
Variables 1 2 3 4 5 6 7 8 9 10 11 12
1. Network size
2. Alliance experience
3. Patents 1.000
4. Industry type 0.015
5. Ownership 0.012 1.000
6. Firm age 0.138%* 0.291** 1.000
7. Firm size 0.104* 0.365** 0.631** 1.000
8. Network centrality 0.075 -0.053 0.122* 0.098* 0.755
9. Relationship strength 0.044 -0.001 0.000 0.062 0.281" 0.746
10. Absorptive capacity 0.027 0.018 0.054 0.103* 0.217° 0.101* 0.745
11. Uncertainty 0.011 0.081 0.195** 0.119* 0.230° 0.082 0.222%* 0.804
12. Firm performance -0.012 0.043 0.056 0.108* 0.300%* 0.212%* 0.404** 0.275%* 0.772
Mean 1.467 0.089 3.405 3.510 3.344 3.506 3.433 3.476 3.732
S.D. 0.513 0.285 1.110 1.499 0.729 0.713 0.546 0.607 0.757
Notes: The square root of the AVE values is shown on the diagonal (in bold).
N = 437 allied firms.
" p < 0.05 level.
" p < 0.01 level.
Table 5
Results of regression analysis.
Variables Dependent variable (DV): Firm performance
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
Control variables
Network size 0.158** 0.169"* 0.161** 0.169** 0.145** 0.126*
Alliance experience 0.1497* 0.138* 0.082 0.107* 0.115* 0.158**
Patents -0.069 -0.057 -0.065 -0.067 -0.051 -0.042
Industry type 0.038 0.000 0.017 0.006 0.012 0.019
Ownership 0.042 0.018 0.038 0.006 0.015 0.034
Firm age -0.098 -0.087 -0.074 -0.076 -0.101 -0.078
Firm size 0.059 0.041 0.028 0.030 0.052 0.052

Independent variables
Network centrality
Relationship strength
Absorptive capacity 0.343%**
Environmental uncertainty

Interaction terms

Absorptive capacity x Network centrality

Absorptive capacity x Relationship strength

Absorptive capacity x Environmental uncertainty 0.357%%*
R? 0.120 0.180 0.228 0.269 0.365 0.245 0.368
Adjusted R? 0.106 0.163 0.214 0.251 0.347 0.229 0.354
F-value 8.378%** 10.408%** 15.830%** 15.638%** 20.337%%* 15.417%** 24.846 "

Notes: N = 437 allied firms.
" p < 0.05 level.
" p < 0.01 level.
" p < 0.001 level.
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Fig. 2. The moderation of absorptive capacity.
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absorptive capacity on the relationship between network centrality and
firm performance is positive and significant (8 = 0.198, p < 0.001), so
H3a is supported. Similarly, absorptive capacity also has a significant
positive moderating effect on the relationship between relationship
strength and firm performance (8 = 0.192, p < 0.001), supporting H3b.

To better demonstrate the moderating effect of absorptive capacity
on network centrality and firm performance and the relationship be-
tween relationship strength and firm performance, we plotted their re-
lationships as the level of absorptive capacity varies in Fig. 2. According
to Fig. 2, as the absorptive capacity increases, the positive relationship
between the TSA networks and firm performance becomes stronger,
confirming the hypotheses. However, this relationship tends to weaken
for allied firms with little absorptive capacity.

We also examined the moderating effect of environmental uncer-
tainty on the relationship between absorptive capacity and firm per-
formance. Given the independent variable, Model 7 included the control
variables, absorptive capacity, environmental uncertainty, and the
interaction term between absorptive capacity and environmental un-
certainty. The R? for Model 7 indicates that this model explains 36.8% of
the variance in the dependent variable of firm performance (R? = 0.368,
adjusted R? = 0.354, F-value = 24.846, p < 0.001). Fig. 3 demonstrates
that the moderating effect of environmental uncertainty on the rela-
tionship between absorptive capacity and firm performance is positive
and significant ( = 0.357, p < 0.001), providing support for H4. As the
extent of uncertainty increases, the positive effect of firms’ absorptive
capacity on its performance is strengthened.

Given that the data are from multiple regions in China, we further
test the robustness of the results by area-specific differences (developed/
underdeveloped). In Table 6, grouping regression results shows that the
relationship between TSA networks and firm performance varies in
different regions. In developed regions, network centrality and rela-
tionship strength have a significant positive effect on firm performance
(#=0.183,p < 0.01; p = 0.152, p < 0.01). However, this relationship is
not significant in underdeveloped regions (4 = 0.105, p > 0.05; g =
0.111, p > 0.05). Thus, firms in developed regions can better mobilize
network resources to serve standardization and achieve superior
performance.

5. Discussion and implications

Firms increasingly participate in TSAs to jointly develop common
standards. This should be beneficial for the participating company.
However, in standardization practice, not all firms can achieve the
intended benefits. From the extant standardization literature, it is
difficult to know which factors contribute to achieving better firm-level
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Fig. 3. The moderation of environmental uncertainty.
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Table 6
Results of grouping regression analysis.

Variables Dependent variable (DV): Firm performance
Developed region Underdeveloped region
Model 8 Model 9 Model 10 Model 11
Control variables
Network size 0.188* 0.139* 0.124 0.174*
Alliance experience 0.204+* 0.066 0.277** 0.112
Patents -0.050 -0.029 -0.066 -0.097
Industry type 0.033 0.019 -0.002 0.008
Ownership 0.072 0.090 -0.095 -0.066
Firm age -0.087 -0.025 -0.155 -0.115
Firm size 0.072 0.034 0.090 0.007
Independent variables
Network centrality 0.105
Relationship strength 0.111
Absorptive capacity 0.335%%*
R? 0.132 0.124 0.254
Adjusted R? 0.107 0.089 0.211
F-value 5.299%%* 3.569* 5.918%*

Notes: N (Developed region) =252 allied firms, N (Underdeveloped region)
=185 allied firms.

" p < 0.05 level.

" p < 0.01 level.

" p < 0.001 level.

outcomes from participating in standardization. Seeking empirical evi-
dence from participating firms, this paper examines the influence of
participation in a TSA network and the role within this network on firm
performance while exploring the mechanism of absorptive capacity and
environmental uncertainty in this link. By doing so, this paper extends
network literature to the field of standardization. It provides empirical
evidence for better firm performance due to participation in standardi-
zation. These empirical findings from China confirm the literature that
has mostly studied a Western context. This suggests the generalizability
of our findings, including additional factors that influence company
benefits from participation in TSA networks.

5.1. Theoretical implications

This study finds a positive correlation between participation and firm
performance. This confirms at form level what earlier research (e.g.,
Blind and Mangelsdorf, 2016; Wakke et al., 2015, 2016) found at
macro-economic level. Firm-level studies are needed because of the
huge diversity between firms and their objectives, and between stan-
dards. Therefore, we asked the respondents about the achievement of
their firm’s goals and objectives. We took a network and found that firms
closer to the center of a TSA network can take advantage of this influ-
ential position to better achieve their targeted alliance goals. Wen et al.
(2020) and Van de Kaa (2018) took a network perspective as well. Wen
et al. (2020) focus on market introduction rates and time to market only.
Van de Kaa’s (2018) unit of analysis is the TSA (in his terms: the indi-
vidual standards organization). He relates this to the firm level by means
of board positions in the consortium. He finds that a standards organi-
zation’s influential position in a TSA network (in his terms: an
industry-wide standards network) positively affects the chances that its
standard achieves dominance. Our results are in line with his findings
that central positions in a TSA network contribute to success. However,
our approach is different, including the definition of centrality, and the
category of standards — his study is limited to compatibility standards
that compete with other standards for acceptance in the market. Such
battles do not apply to most standards. We measure success as perceived
benefits at the firm level, constituted by seven items measured on a
five-point scale, whereas his measure of success is related to the stan-
dards — winners or losers.

Second, we address some factors that influence the relationship be-
tween involvement in TSAs and firm performance. We find that close-
knit interactions among participants within a TSA network have a
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positive impact. This finding is consistent with Delcamp and Leiponen
(2014) and confirms the positive effects of such connections among
firms shown in non-standardization literature.

Third, this paper not only demonstrates the direct positive effect of
absorptive capacity on firm performance, but also the positive effect of
the interaction between absorptive capacity and TSA networks on per-
formance. This finding improves our understanding of standardization
from a knowledge perspective. TSA networks enable allied firms to ac-
quire knowledge, but its effects on performance depend on firms’
capability to absorb such knowledge. Firms with strong absorptive ca-
pacity can use external knowledge sources more effectively and, as a
result, achieve higher performance. In this way we extend prior stan-
dardization literature — Blind et al. (2012) and Blind and Mangelsdorf
(2016) suggested that external knowledge sourcing is an important
motivation for a firm to participate in standardization and identify
absorptive capacity as a source for producing important organizational
outcomes but they did not provide any empirical evidence. De Vries and
Van Delden (2011) expounded the role of knowledge management in
standardization.

Fourth, this research pays attention to the changing environmental
conditions confronting an allied firm. Alignment between standardiza-
tion strategy and the firm’s environment is essential for a firm to
improve its performance (Parnell et al., 2015). The absorption of
external knowledge related to standardization has become a common
basic element for allied firms to innovate and adapt in a dynamically
changing environment (Slowak, 2008; Wiegmann, 2019). The pressure
of environmental uncertainty may cause firms to reevaluate their
resource disadvantages and seek new resources or capabilities for future
standardization practices (Engelen et al., 2014; Garcia-Sanchez et al.,
2018). This paper suggests that the more uncertain the environment, the
more firms benefit from active involvement in standardization. Our
findings highlight the value of absorptive capacity for allied firms in
developing standardization strategies to resolve high uncertainties in
technology and market areas.

Finally, this study is the first to find evidence of the added value of
the new category of market-driven Chinese standards. Wen et al. (2020)
used older data about formal standards in China.

5.2. Managerial implications

Our findings provide several important insights for practitioners.
First, participation in standardization tends to bring benefits to the
company. Such participation should be well managed. Taking central
positions, managing interactions in the TSA network, and strengthening
external knowledge acquisition ability leads to increased benefits. A
standardization committee includes a secretary, chairperson, and
‘normal’ members. Firms that occupy a central position, e.g., the
chairperson or secretary, can increase their power to influence the
contents of technical standards: a standard that better reflect their in-
terests, enhances innovation opportunities and brings competitive
advantage. These firms also are in a better position to obtain knowledge.
Standardization outcomes do not only depend on the firm’s position in a
community but also on the strength of relationships among participants.
Our findings show that a cohesive TSA network enables participants to
exchange and share information and knowledge across organizational
boundaries. Maintaining close cooperation with alliance partners is
essential to ensure the stable operation of the TSA and its long-term
development. Our findings confirm that a firm’s network size posi-
tively impacts firm performance. Participation allows firms to establish
extensive cooperative networks with other companies and stakeholders
such as the government, scientific research institutes, universities, and
conformity assessment bodies. They primarily facilitate the develop-
ment of common standards together — often to enable interoperability,
demonstrate certain characteristics such as quality or safety attributes,
and test methods related to quality or safety. However, due to resource
capacity constraints, a large TSA network may sometimes fail to help
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participants achieve better performance. Although firms may participate
in multiple TSAs, they should maintain a limited number of valuable
networks to avoid distraction.

Second, the higher the absorptive capacity, the better the perfor-
mance. It thus makes sense to improve absorptive capacity. This ca-
pacity is closely related to the efficient utilization of knowledge obtained
from external sources, which can help acquire heterogeneous knowledge
from the TSA network more effectively. Firms internalize knowledge
from TSAs and other external sources and use it as input for their
standardization cooperation and other company activities such as R&D.
This knowledge dynamics may be particularly important for SMEs
(Blind and Mangelsdorf, 2012; De Vries et al., 2009). Besides, firms
should consider the industry characteristics of the knowledge they are
exposed to in the TSA. For example, manufacturing firms in traditional
sectors can choose to participate in alliances across industries, absorb
advanced knowledge from high-tech industries, and provide input for
the standards in their sector, thereby paving the way for industrial
transformation and upgrading.

Third, firms need to place greater emphasis on the available alliance
environment. The environment is uncertain, technology development
and market changes bring opportunities as well as challenges. Firms
must improve their perception of the external environment and formu-
late reasonable standardization strategies. They should rely on devel-
oping their absorptive capacity to adjust and optimize technical
standards to respond to environmental changes sensitively (Xie et al.,
2018). Specifically, to enter and open markets, firms should develop and
promote technical standards that meet users’ needs. It may also be
necessary to conduct pre-normative research to provide contents for
technical standards that can solve emerging problems (Gauch, 2007;
Narula, 2002). So, managers should consider both external networks
and internal capabilities to prepare for a firm’s standardization
practices.

Our empirical data relate to standardization projects in China. Most
of these standards are drafted to meet the needs of a particular region or
industry. The standards are voluntary. Despite this, the Chinese gov-
ernment supported most standard-setting cooperation projects in our
sample. This can be the government at the national, provincial, or local
level in the Chinese context. It thus makes sense for firms to establish
and maintain close contacts with the local government to receive their
assistance in the standard-setting process (e.g., funding, policies, and
services). This also helps to further promote and diffuse standards. This
recommendation does not necessarily apply to other countries. But due
to the significant benefits, policymakers in any country should create an
atmosphere conducive to standardization cooperation that encourages
non-participants, including SMEs, to join TSAs and help them break
down barriers to entry (De Vries et al., 2009; EIM, 2006).

5.3. Limitations and further research directions

Our approach was helpful to examine the influence of participation
in TSA networks on firm performance. However, this research also has
several limitations, which may provide reasons for future research.

First, our results were based on survey data collected from China’s IT
and automotive industry, whereas our hypotheses were developed based
mainly on Western literature. As mentioned earlier, China’s standards
system is not the same as in other countries. However, as our hypotheses
were confirmed, we assume that our findings can be generalized to other
countries. Replication studies can test this.

Second, we used cross-sectional data collected in the same period, so
the model cannot fully reflect the whole process of standardization
cooperation. Strictly identifying the causality between variables may be
limited. However, this concern can be dispelled for the following rea-
sons: (1) The results of previous studies support the logic that TSA
networks enhance standardization outcomes instead of the reverse
(Wen et al., 2020); (2) The regression analysis provides convincing
support for our theory. Nonetheless, further research extending the
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application of the model to various emerging countries or industries,
using longitudinal research designs to confirm the direction of causality,
may test our findings.

Third, our target sample comprised a diverse set of firms from two
sectors. Each firm may have various motivations for participating in
TSAs, leading to differences in standardization strategies and practices.
Therefore, to better open the black box and provide more detailed evi-
dence, future research could choose specific case companies to reveal
the characteristics of their standardization practices. A comparative
multiple case study addressing both participants and non-participants
could yield interesting results.

Fourth, this study examined the role of absorptive capacity between
TSA networks and firm performance at an internal level. However, we
can reasonably expect that other factors may affect the network-
performance relationship as well. For example, organizations need to
seek stakeholder support and approval, so legitimacy may be needed to
get standards that are acceptable in the market and acceptable to au-
thorities, and this could help to make the firm’s innovative products
acceptable. At the individual level, managers’ leadership styles and
participant characteristics may also affect standardization cooperation
outcomes.

6. Conclusions

The purpose of this paper was to study the firm-level effects of
participation in standardization depending on network centrality and
relationship strength. We added absorptive capacity and environmental
uncertainty as moderating factors. Through survey data collected from
437 IT and automotive firms in China, we found a positive relationship
between participation and firm performance. However, this depends on
two aspects of TSA networks: centrality and relationship strength.

TSA networks also provide a platform for allied firms to access
external knowledge resources. Our findings indicate that the firm’s
absorptive capacity can positively influence firm performance, both
directly and via its participation in TSAs. These relationships depend on
the level of environmental uncertainty. Absorbing external knowledge
in a turbulent environment reduces the risks, improves the effectiveness
of standardization cooperation, and increases firm performance.
Furthermore, the positive effect of participation in TSA networks on firm
performance is enhanced through increased absorptive capacity: an al-
lied firm with higher absorptive capacity is more likely to benefit from
standardization cooperation.
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