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ABSTRACT To date, discussions on standards and standards-relatedmarket issues havemainly been focused
on market influence, such as a company’s performance, trade, and technological innovation. Despite the
fact that many studies have been conducted with a focus on technology standards, the ways in which
primary actors of standards affect the market are yet to be fully investigated in extant studies. In this study,
we investigate the primary actors in technology standardization by carrying out a systematic review and
constructing a conceptual framework and concept maps of primary actors. Based on our analysis, we cat-
egorize primary actors, according to their roles and timing of engagement in standardization, as follows:
Technology producers, standard-setters, regulators, and technology users. We illustrate each actor’s detailed
actions, motives, and difficulties with concept maps that are structured based on the SAO/P model, in order
to elucidate why primary actors participate in standardization and how they act to achieve their goals or
resolve difficulties. Based on our findings, we derive implications in terms of the strategic management of
standardization activities in the manufacturing industry.

INDEX TERMS Technology standards, standardization, technologymanagement, concept map, competitive
strategy.

I. INTRODUCTION
Standards are used in a wide variety of areas, including
product standards and service standards, to enhance lives by
establishing uniform criteria for goods and services [1], [2].
Traditionally, standards have been studied from a multidis-
ciplinary perspective. For example, studies on standards have
been spread over various fields, such as Economics, Business
Management, International Studies, and other areas where
the influence of standards is typically emphasized, including
technological change and innovation in industry, global trade
flow, and even sustainable development in developing coun-
tries, as standards are closely related to capitalism and the
market economy [3]–[10].

However, at present, the strategic value of standards has
attracted attention from scholars in business-related areas,
due to their applicability as an effective tool to achieve
competitive advantage in the market [1], [11]–[14]. Scholars
have focused on the influence of standards in the mar-
ket, such as examining the bilateral interplay of standards
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and elements associated with standards, including a
company’s performance, competitive strategy, and global
trade [11], [12], [15]–[20]. This is particularly relevant to
product standards, which is the main focus of this study.
These standards have been associated to a number of aspects,
including innovation, environmental impact, safety, and
energy efficiency, that can influence the market in various
ways [21], [22]. In terms of the strategic management of
companies, standards are not simply constraints that need to
be complied with; they have strategic value that companies
need to leverage, by exploring all aspects of standards to
improve their competitiveness in the marketplace [21].

Despite there being several articles on technology stan-
dards, there is little knowledge on how companies can man-
age and leverage technology standards from a technology
management perspective, as most articles have focused on the
economic aspect, such as their impact on trade [2], [23]–[29].
For this reason, the way in which companies manage and
leverage standards still has substantial room for exploration.
In association with this, some articles have attempted to
elucidate the relationships among actors in standardiza-
tion by focusing on how actors influence and interact with

101886
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/ VOLUME 9, 2021

https://orcid.org/0000-0002-5131-1007
https://orcid.org/0000-0002-2796-6126


S. Moon, H. Lee: Primary Actors of Technology Standardization in Manufacturing Industry

each other [30]–[32]. According to existing studies, five
actors are frequently mentioned when discussing technology
standardization: Users, manufacturing companies, comple-
mentary goods suppliers, standard-setting organizations, and
governments [31]–[36]. Extant studies have discussed the
relationships among these actors in technology standardiza-
tion [31], [32], [34]–[36]. Markard and Erlinghagen [31] used
the five groups of actors to describe the interplay in the smart
meter technology industry. However, they did not explicitly
define the concept of actors in their study. Wiegmann et
al. [32], who studied multi-mode standardization based on
the existing literature, also used the term ‘actor’ to describe
players in standardization.

In the context of these studies, the term ‘actor’ is used
to denote participants who play a central role in technology
standardization. These studies have attempted to explain the
industry or business environment in connection with stan-
dards based on the main subject [30]–[32]. Hence, studies on
the technology management aspect of technology standards
in the market—such as primary actors, their actions, and
the motives of their actions, in terms of standards-related
issues—are needed to broaden our understanding of stan-
dards by filling the research gaps in the standards-related
research field.

In this study, we attempt to understand the interests of pri-
mary actors based on existing discussions, by using a concept
map and a Systematic Literature Review (SLR). By studying
the complicated interests of primary actors, we expect to
discover meaningful implications for companies, specifically
strategic insights focusing on technology standards and stan-
dardization.

Using the concept of primary actors, who have interests
and participate in standardization and standard-related activ-
ities, we synthesize current discussions on standards and
standardization by understanding how standards affect the
market and how companies can leverage the advantages of
standards. Based on this, we derived three research questions:

• RQ 1: Who are the primary actors and what are the
relationships that exist among them?

• RQ 2: What is the purpose of their actions, in terms of
the goals they want to accomplish and the difficulties
they face?

• RQ3:How can primary actors utilize standards and stan-
dardization to achieve or sustain a competitive advantage
in the market?

To answer these questions, we used a SLR as the basis
for our analysis, as this structure has been used in several
exploratory studies to build frameworks, as well as to orga-
nize and integrate research themes based on extant stud-
ies [37]–[43]. Considering that several studies have used
SLR to discover new opportunities or to better synthesize
the results of extant studies, we expect to fill in some of the
gaps in extant studies on technology standards by applying
SLR [44]–[46]. As the continuous development of technology
through R&D is not an absolute solution for the current fierce

competition being experienced in the market, it is important
to understand the nature of standards, in order to properly
assess the corresponding industrial change. Understanding
the nature of standards can help companies to prepare stan-
dardization strategies and, thus, maintain a competitive edge
in the market.

This paper is organized as follows: The second section
presents the theoretical background based on existing dis-
cussions on standards with a focus on major actors (i.e.,
companies, standard-setting organizations, and users). In the
third section, we introduce the research framework and the
details of research method, including the data collection
and data analysis. The fourth section presents a conceptual
framework, which shows the overview of primary actors in
technology standardization, and concepts maps of primary
actors. Finally, the implications and limitations of this study
will be discussed in the last section.

II. THEORETICAL BACKGROUND
Standardization is generally defined as an activity or process
of establishing a set of requirements guiding the prerequisite
of a given good or service, with the aim to diffuse it in the
market, expecting that they will be repeatedly used during a
certain period of time by the players in a given field [47], [48].
According to International Organization for Standardization
(ISO), a standard is a document that is established through the
consensus of relevant experts and approved by a recognized
body that provides guidance on the performance and design
of products, processes, services, and systems [47], [49].
In terms of standards and standardization, there exists no
well-defined categorization for actors of standardization,
although actors such as companies, Standard-Setting Organi-
zations (SSOs), and users are often mentioned in the related
literature [1], [50]–[52]. Kauffman and Tsai [50] categorized
actors involved in standardization processes according to
the cascading effect of each actor’s participation, such as
company-level, industry-level, and society-level. As such,
in this study, we discuss the three most-frequently mentioned
actors, according to the cascading effect of their participation
in the standardization process.

A. COMPANIES (COMPANY-LEVEL)
In the case of companies, they tend to focus on standards
and standardization processes that are closely related to
their core business [53]–[55]. The core value of standards
is to set technical specifications, such as quality, perfor-
mance, and safety requirements, that products should fulfill
in order to enter the market; therefore, technology standards
compliance is necessary for companies to be able to com-
pete in the market [1], [13], [14], [56], [57]. Particularly,
compliance with technology standards can enhance busi-
ness performance by guaranteeing product quality to con-
sumers [11], [12], [14], [58]–[61].

Companies also benefit from participating in standard-
ization processes by reflecting their company-level specific
interests in a certain standard, while also suggesting that their
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technology serves as a standard in the market [28], [30],
[62]–[70]. According to Chiesa, Manzini, and Toletti [65],
companies previously implemented an ex-post standardiza-
tion strategy that corresponded with standards; however, they
currently use an ex-ante standardization strategy by taking
pre-emptive actions with regard to standardization. This indi-
cates that standards can also serve as an effective tool to
strengthen a company’s competitive position in the market
by leveraging various factors associated with standards, such
as network effects and Standard Essential Patents (SEPs)
[17], [71]–[81]. In terms of SEPs, their importance in the ICT
(Information and Communication Technology) sector is to
drive companies to focus more on IPR when designing and
implementing their business strategy [82]–[84]. Pohlmann,
Neuhäusler, and Blind [79] stressed that it is important to link
standardization and patent strategies, in order to maximize
the positive influence of essential patents. Patenting of the
company’s own technology gives it a chance to gain addi-
tional profits from licensing patents and licensing technology,
which has a positive influence by helping to create market
dominance [82]. Therefore, managing essential patents in
connection with standardization activities is crucial across
manufacturing businesses in the ICT sector, as owning patents
can give companies a competitive edge [78], [80].

For these reasons, companies sometimes organize standard
alliances, which are coalitions among companies in similar
or related industries, to pre-empt the market by reflecting
their interests in standards [85], [86]. This has been sup-
ported by van de Kaa and Greeven [54], who studied LED
standardization cases in developing countries. Their analy-
sis result showed that developing countries in Asia actively
participated in standardization more, in order to attain an
advantageous position in the market.

B. STANDARD-SETTING ORGANIZATIONS
(INDUSTRY-LEVEL)
In the case of SSOs, they develop standards that provide a
guarantee to consumers: that they will only receive prod-
ucts or services that have reached that set standard [87].
The standard-setting process differs, depending on the
SSO; however, standards development typically involves
five stages: Submission of a proposal to the SSO; prepa-
ration of a draft; comments and ballot; approval; and pub-
lication [1], [48], [88]–[90]. SSOs include various entities,
such as national, regional, and international SSOs, standard
alliances (industry consortia), and governmental administra-
tive agencies [49], [57].

In general, national standards bodies are the sole member
of ISO, as ISO allows only one member per country [91].
National standards bodies develop and publish national
standards; for example, the American National Standards
Institute (ANSI) in the United States, Deutsches Institut für
Normung (DIN) in Germany, and the Bureau of Indian Stan-
dards (BIS) in India [92]. Not all national standards bodies
are based on the public sector; some of them are based on the
private sector and others are based on a combination of the

two sectors. For example, the Korean Agency for Technology
and Standards (KATS) is a governmental agency under the
Ministry of Trade, Industry, and Energy of South Korea, and
ANSI is a non-profit organization with members from both
public and private sectors.

Regional standards organizations also exist, such as the
European Committee for Standardization (Comité Européen
de Normalisation Europäisches Komitee für Normung;
CEN), the Gulf Cooperation Council Standardization Orga-
nization (GSO), and the African Organization for Standard-
ization (ARSO). Regional standards organizations provide a
forum for standards setting at the regional level, and support
regional regulations and policies through the development of
regional standards [49].

International standards organizations, such as ISO, Interna-
tional Electrotechnical Commission (IEC), and International
Telecommunication Union (ITU), develop international stan-
dards [1], [56], [49]. International standards organizations
are composed of national standards bodies and are gener-
ally founded on the basis of one member per country [91].
Industry consortia, which consist of private companies in a
specific industry sector, also develop and publish technology
standards [57].

Standard alliances consist of core companies who have
the resources for standardization, as well as companies who
may want to get involved in the standardization process [85].
As core companies have access to ample resources, including
R&D resources, financial resources, and so on, they control
the initiative of standard alliances, and can strongly influence
the standardization process and political direction regarding
standard alliances [85], [86]. As discussed by Keil [86],
standard alliances influence the market in quite a simple way,
which can be described as follows: as companies in standard
alliances obtain increased membership bases immediately
after their technology achieves an initial lead in the installed
base, the adoption of that technology will consequently
becomemore attractive to participants in themarket. Standard
alliances help a certain standard to become dominant in the
market, by leveraging the network effect based on the size
of the alliance membership [86]. Therefore, from a macro
perspective, standards are perceived as a consequence of
global competition among countries and companies, with the
aim of being a winner in the standards game and gaining a
competitive advantage in the market [93].

C. USERS (SOCIETY-LEVEL)
As stakeholders in standardization, users consist of con-
sumers and clients of technology producers; that is, users
include those companies that use technology standards and
end-users of the resultant products [50]. Network effects and
installed base have often beenmentioned when discussing the
role and influence of users in standardization [94]–[97].

One user’s decision to adopt a given technology standard
indirectly influences the future adoption decisions of other
users, by forming a large installed base through the accu-
mulation of users [94], [95]. The combination of a large
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user base and the wide availability of complementary prod-
ucts accelerates adoption by users [96], [97]. In particular,
a large installed base attracts users who have risk-averse
inclination [97]. Network effects are closely related to those
who have a competitive edge in the market. Once a stan-
dard has been set in the market, the companies that took
the lead in standardization tends to dominate the industry,
by obtaining network or lock-in effects through a dominant
design [71], [72], [75], [98]. Particularly in network-based
technology markets, network effects increase user switching
costs, which eventually increases the bargaining power of
manufacturers [99]. This is one of the main reasons why
companies actively participate in standardization activities,
as more companies have realized the importance of net-
work effects in gaining a competitive advantage in the mar-
ket [73], [76]. For instance, according to Lee and Mendel-
son [76], active participation in standards is important among
companies in the IT industry, due to the high importance of
compatibility.

As sponsors of technology standards, users contribute
to the standardization process by participating in standard-
ization and providing a real-world perspective [88], [100].
Unlike with large users, the participation of small users has
clear limitations, due to resource deficiencies, such as human
and financial resources [88]. For this reason, it is appropriate
for small users to participate in standardization through trade
associations or by forming user coalitions [88].

Existing standards research has highlighted and discussed
the roles and influences of the participation of actors in stan-
dardization activities from different perspectives. Although
existing studies have described the roles and influences of
actors in standardization, they were not the focus of research
and, therefore, a comprehensive overview on primary actors
in standardization is still lacking. For manufacturing compa-
nies, it is important to understand the standardization mech-
anism to fully exploit standardization activities for their own
benefit.

III. RESEARCH FRAMEWORK AND METHOD
A. INTRODUCTION OF RESEARCH FRAMEWORK AND
METHOD
In this study, we propose the use of a hybrid approach
between a concept map and the SAO/P model, in order to
highlight the primary actors and their motives and activities.
The concept map is a qualitative visualization method which
illustrates a certain theme or topic at a glance, by structuring
the concepts and sub-concepts involved in a top-down dia-
gram [101]. A concept map is a particularly powerful tool,
as it clearly demonstrates the overall relationships among
concepts and sub-concepts in a single diagram, thus making
them easy to understand [101], [102]. Considering the unique
features of concept maps, we decided to adopt the concept
map style of Novak and Gowin [103], which displays the
elements in a hierarchical order by connecting themwith lines
to indicate their relationships. We deemed this style to be

appropriate for visualizing the extant studies on certain top-
ics, in order to improve our understanding [101], [104], [105].

To identify primary actors and extract ingredients for
constructing concept maps, we used SLR to analyze tech-
nology standards research, with a focus on technology man-
agement in companies. SLR is a qualitative research method
which extracts findings from multiple studies, based on a
specific research domain [37], [106]. SLR was first intro-
duced in the medical field in the 1970s; however, it has
been used in various fields to summarize and integrate the
current understanding of specific research themes [44], [46].
Recently, many researchers have adopted SLR for their stud-
ies, in order to aggregate research findings from extant stud-
ies [38]–[43]. SLR is particularly effective when conducting
exploratory research, as it helps researchers understand a
particular field of research, based on the extant studies in that
field [39], [40], [42]. In this study, we investigate primary
actors of standardization and explore their behavioral aspect,
such as their actions and motives. Therefore, we deemed
that SLR was best suited for our research objective. As has
been demonstrated in various studies using SLR, it can be
adopted and used in diverse research across various academic
disciplines.

Referencing previous studies, we constructed a research
framework (see Fig. 1) through a process consisting of five
steps: Setting the screening criteria, data collection, screen-
ing, qualitative coding, and data analysis [37]–[43]. The first
step involves setting the research questions and the screening
criteria. In this step, researchers define what they want to
discover by using SLR and determine the screening crite-
ria for SLR, in order to narrow down the retrieved articles
and target only articles that are appropriate for the study.
Data collection is the second step of SLR, which consists of
keyword selection, source selection, and data retrieval. The
primary data for SLR in our study was retrieved from theWeb
of Science (WoS), a well-known online subscription-based
scientific indexing service, and implementation of snowball
sampling in order to include relevant articles that are not
covered by WoS. We retrieved articles, books, and work-
ing papers related to our research question by searching for
keywords that matched the extant studies [40], [42], [43].
We applied phrase searching by separating search keywords
with commas. This allowed us to retrieve documents with
an exact phrase; that is, retrieving documents containing at
least one of the given keywords. We included the term ‘‘tech-
nology’’, in order to extract articles related to technological
fields, as the keyword ‘‘standard’’ is used in various fields,
such as standard deviation. We set the search period to range
from 1990 to 2020, in order to ensure that we gathered as
many standards-related articles as possible. Obtaining abun-
dant primary data is important in this research process, as it
sets the stage for the thorough analysis of the primary actors.
As indicated in Fig. 1, we gathered 1,657 articles from WoS
and snowball sampling for data screening.

The primary data was used as a basis for the third step,
as the acquired primary data consisted of unrefined and
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FIGURE 1. Research framework for systematic literature review on the
primary actors of technology standardization.

unsorted documents which required a screening process.
In the third and fourth steps, researchers screened the primary
data based on certain criteria, in order to refine the docu-
ments to those that are specifically relevant to the research
theme [40], [42], [43]. The screening process is under-
taken based on certain inclusion/exclusion criteria, which are
defined by the researchers to ensure that the selected articles
focus on the specific research topic to properly reflect the
research objectives.

The first step in screening involves examining the titles
and abstracts of the collected articles. Recently, the utiliza-
tion of natural language understanding (NLU) in artificial
intelligence has increased in various fields, such as education,
clinical science, and so on. This increase is due to the useful
features of NLU, which include information extraction and
time efficiency [107], [108]. We used Watson NLU only
during the first step of screening. As a supporting tool, NLU
allows one to analyze the literature from various sources,
in order to avoid researcher bias during article selection,
in addition to avoiding rejection decisions and accelerat-
ing the screening process. Watson NLU provides analysis
results for the content involving items such as sentiment,
keywords, categories, and concepts. Using NLU analysis
result, we screened primary articles based on the researcher’s
judgment, according to the article selection criteria to select
or reject articles. Through this process, we narrowed down
the initial set of 1,657 articles to 101 articles. In the second
step of screening, we made a decision on whether to select
or reject articles based on a full text review. We did not use
NLU in the second step of the screening, as NLU cannot fully
consider the context of an article. After the second step of
screening, we were left with 77 articles for analysis.

The fifth step involves qualitative coding and data anal-
ysis, including a descriptive analysis on the basis of the
number of articles by publication year, academic discipline,
and so on, as well as a thematic analysis with a focus on
the object of research (e.g., primary actors in technology
standardization and managerial or academic implications for
manufacturing companies) [40]. Qualitative coding extracts
the essence of a text by assigning codes to words, phrases,

or paragraphs [109]. Qualitative coding can be described as
a process of understanding and interpreting qualitative data
by a researcher, as the coding depends substantially on how
researchers code the data [110]. According to Saldaña [106],
there exist a number of qualitative coding methods from
which the researchers should choose from, based on the best
fit for their study.

In this study, we coded data using descriptive coding,
which consists of summarizing the topic of interest in quali-
tative data into words or short phrases [106]. As descriptive
coding involves extracting core topics from data, it helps
researchers to summarize and interpret the data. In consid-
eration of the research questions, we coded target articles to
extract three things: Primary actors (RQ 1); the motives of
their actions and difficulties that they are facing (RQ 2); and
benefits for actors who participate in standardization (RQ 3).

Qualitative coding was conducted with the help of
CAQDAS (Computer-assisted Qualitative Data Analysis
Software), particularly ‘ATLAS.ti’, which is useful for social
science research and provides a user-friendly UI [111].
Coding data with CAQDAS helps us to conduct qualitative
codingmore systematically and effectively, as it provides effi-
cient tools, such as code groups, networks, and so on [111].
To verify the reliability of the coding results, we verified the
inter-code reliability in the first stage of the qualitative coding
procedure.

After qualitative coding, we classified codes into cate-
gories according to the primary actors identified from the
coding result, as well as their roles and actions in exploring
RQ 1 (Who are the primary actors and what relationships
exist among them?) and RQ 2 (What is the purpose of their
actions in terms of the goals they want to accomplish and the
difficulties they face?). The traditional SAO model, which is
constituted of Subject (S), Action (A), and Object (O), is gen-
erally used for patent specification analysis [112]–[115]. The
SAO model aims to analyze text data into a subject–action–
object structure, by identifying the key concepts and relation-
ships underlying the data [112]. According to extant studies,
the SAO structure helps researchers to extract keywords and
relationships from the data, as the SAO structure abstracts a
large amount of text into a simple structure, where an action
links two keywords [113], [114].

The SAO/P model proposed in this study, which is based
on the SAO model, is used to organize concept maps based
on the subjects (i.e., actors) in technology standardization.
In general, the O in the SAO structure indicates the pur-
pose of a subject’s action [114]–[116]; however, when the
SAO structure is used in patent analysis, then O represents
the problems that needs to be solved by S, while S refers
to the solutions [114]–[116]. Considering the possibility of
utilizing the SAO structure in various ways, in this modifi-
cation of the traditional SAO model, we divide O (motive
of action/result of action) and P (problem to be solved by
actor’s action/difficulty related to action) to differentiate
the roles depending on the context, such as the purpose
of a subject’s action or difficulties that need to be solved.
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TABLE 1. Top 10 target journals.

Compared to the traditional SAO model, the SAO/P model
has the advantage of showing the underlying reasons for an
actor’s action more specifically, by classifying codes into
objectives and problems. With this modification of the tra-
ditional SAO model, the SAO/P model can respond to RQ 3
(How can primary actors utilize standards and standardization
to achieve or sustain a competitive advantage in the market?).
As the SAO/P model is limited to showing the summarized
text data in the SAO/P structure, we applied a concept map
based on the SAO/P structure to overcome this limitation,
such that we can comprehensively describe the aspects of the
subject, according to the actors involved [103].

We expect that using this hybrid approach can improve
the analysis process, by making it more systematic and
enhancing its readability by hierarchically organizing actors
and their activities based on the SAO/P model. In addition,
the integration of concept maps and the SAO/P model allows
researchers to create concept maps based on a solid founda-
tion. By reflecting the SAO/P structure in concept maps, this
hybrid approach triggers researchers to consider the purpose
that underlies the qualitative data, rather than excessively
focusing on the language structure.

B. DESCRIPTIVE ANALYSIS
Before we handle the analysis, we examined the descriptive
characteristics of the 77 articles selected, including the target
journal, publication timing of the article, and research meth-
ods. Specifically, the descriptive analysis includes three top-
ics: The target journal, annual publication pattern of research,
and research methodology (qualitative or quantitative). The
purpose of descriptive analysis is to examine the general
aspects of the SLR target articles, such that we can fully
understand the flow of interests in technology standards and
standardization.

According to this descriptive analysis, articles tend to be
published in journals associated with technology manage-
ment or innovation. Specifically, Technovation and Technol-
ogy Forecasting and Social Change were the most common
target journals. As described in TABLE 1, as relevant articles
were published in journals in various fields, we inferred that
articles that discuss technology standards and standardization
tend to have interdisciplinary characteristics.

TABLE 2 shows the distribution of the publication and
timing of the 77 articles that were subject to our SLR.

TABLE 2. Publication timing of articles.

According to TABLE 2, the number of articles focusing on
standards started to increase in the early 2000s and reached
a peak in 2016. Despite the ups and downs of this pattern,
we observed that there has been continued interest in tech-
nology standards since the early 2000s.

According to TABLE 3, a number of relevant articles
employed qualitative analysis, especially case studies, which
were the most frequently used method among the various
research methods. Considering that studies on standards
have mostly focused on how technology standardization is
achieved and its effects on the market, conducting a qualita-
tive analysis of the articles that focus on standards might be
the most logical action for researchers who want to identify
the primary actors in the field of standardization, based on the
findings of existing discussions.

IV. RESEARCH FINDINGS
Section IV consists of two parts: A conceptual framework of
the primary actors of technology standardization and an actor-
focused analysis. In the first part of this section, we suggest a
conceptual framework for primary actors of standardization,
based on the systematic review result. The conceptual frame-
work provides an overview of the primary actors and the point
at which they engage in technology standardization, accord-
ing to three stages of technology standards; that is, technology
development, standard-setting, and standards implementation
and regulation. Subsequently, details of the actions, objects,
and problems related to the primary actors are presented using
concept maps.

A. CONCEPTUAL FRAMEWORK
Based on the systematic review results, we identified the
primary actors of technology standardization and con-
structed a conceptual framework (see Fig. 2). Referring to
the stakeholder dynamics as per Kauffman and Tsai [50],
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TABLE 3. Research methodology.

we categorized the primary actors based on their roles and
timing of engagement in technology standardization as fol-
lows: Technology producers, standard-setters and relevant
participants in the standardization process, technology users,
and regulators. Technology producers are innovators who
develop new technologies, such as companies, universities,
and research institutes [50]. In this study, we limit tech-
nology producers to companies, considering our research
focus (i.e., technology management of manufacturing com-
panies) and the resultant systematic literature review result.
Standard-setters consist of various types of SSOs accord-
ing to the scope of works—namely, national, international,
or regional standards—as well as standard alliances that aim
to develop and promote industrial standards based on spe-
cific technologies [50], [117]. Relevant participants of SSOs
include experts from companies, academicians, certification
bodies, industry associations, and lobby groups. Technology
users consist of consumers and users of the technology pro-
duced by technology producers [50], [88]. Regulators include
governments, who design and implement standard-related
policies, and certification bodies who perform actual works
related to certification, such as testing and the issuance of
compliance certificates [57], [118].

Based on the SLR result, we constructed the conceptual
framework of the relationship of primary actors, according
to their roles in technology standardization (see Fig. 2).
Wemarked four categories of primary actors in gray and solid

arrows, showing each actor’s participation in the standardiza-
tion process. A dotted arrow indicates the influence of one
actor on the other (indicated by the direction of the arrow);
for example, the influences of governments and certification
bodies on manufacturing companies are indicated by dotted
arrows in Fig. 2.

As technology producers, companies participate in the
standardization processes by working in groups of SSOs [51].
SSOs operate working groups, which are in charge of a
certain technology area, consisting of experts from various
sectors, such as manufacturing companies, academia, certifi-
cation bodies, and public authorities [51], [94]. Participating
in a working group provides some clear benefits to stakehold-
ers of technology standardization; for example, stakehold-
ers can join a community of experts who share knowledge,
including know-how and skills, which can eventually build
the company’s reputation [51]. In terms of technology stan-
dardization, the participation of a company is highly depen-
dent upon its ability to recognize and understand the value of
technology standards and the resources available [119]. Com-
panies that understand the benefits of technology standards
actively participate in technology standardization, in order
to increase their market share and to gain a competitive
position in the market [4], [85]. Companies that participate
in standardization tend to invest in R&D, which may help
them to influence standardization, as well as to concentrate
on standardization activities that are related to their core
business [51], [120].

According to Jakobs et al. [129], company experts regard
themselves as the representatives of their company, rather
than seeing themselves as user representatives, when partici-
pating in working groups of SSOs. For this reason, they tend
to endorse specific technical requirements that are favorable
to their affiliated organization [51], [88]. Not only companies
but also various stakeholders, who have direct and indirect
roles in technology standards, participate in standardization
process, such as lobbying groups, certification bodies, NGOs,
and users [50], [89]. However, unbalanced stakeholder repre-
sentation may result from participation barriers among stake-
holders or the existence of a dominant stakeholder [52]. This
implies that facilitating the participation of various stake-
holders in the standardization process does not guarantee
a sufficient actual user representation. Cases such as the
Dual EC DRBG, which is an algorithm that can compute
pseudorandom numbers, have indicated that standards can be
deliberatelymanipulated by stakeholders during the standard-
ization process [121].

Regulators such as governments and certification bodies
also engage in standard-setting, as policy implementors and
experts, respectively [96], [118], [122]. As indicated by the
dotted line in Fig. 2, regulators not only participate in stan-
dardization processes, but also influence the adherence of
companies to technology standards, by setting regulatory
measures which establish technical barriers, in order to pro-
tect domestic industries and sustain technological and market
dominance [118].
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FIGURE 2. Conceptual framework of the relationships among primary actors.

B. CONCEPT MAPS OF PRIMARY ACTORS IN
TECHNOLOGY STANDARDIZATION
Based on the qualitative coding results, we constructed con-
cept maps of primary actors in standardization, based on the
SAO/P model. In this part, we discuss the detailed motives,
actions, and difficulties that primary actors face, through the
use of concept maps. Our study can be differentiated from
other studies in that it explores the motives and interests of
each actor, based on an examination of the current under-
standings of primary actors in standardization. This analy-
sis is also important as extant studies have focused more
on the influences of actors regarding standardization, with
less emphasis on the various interests and reasons to adopt
standardization [32], [56], [85], [123].

Two types of arrows are used in the concept map: one
is a solid arrow and the other is a dotted arrow. Solid
arrows show a direct connection between codes; for exam-
ple, the solid arrow linking core companies (S) to promot-
ing standardization (A) means that the subject implements
the action in the direction indicated by the arrow. Regard-
ing the objectives and problems, the direction of an arrow
shows which code triggers the other. For example, the arrows
linking objectives- or problems-related polygons to actions
indicate that such objectives or problems are the cause of
actions, and vice versa. A dotted arrow indicates an indi-
rect contribution of one code to the other. For example,
following companies and complementary products compa-
nies support the standardization-related activities of core
companies.

Fig. 3 shows a concept map of technology producers,
including core companies, following companies, and comple-
mentary products companies. Extant studies have discussed
the participation and general activities of manufacturing com-
panies in the standardization process [32], [86], [99], [124].
As shown in Fig. 3, primary actors were classified based
on their roles which, in this case, consisted of core com-
panies, following companies, and complementary products

companies. Following companies and complementary prod-
ucts companies support the standardization-leading core
companies by adopting existing standards and developing
complements, respectively, as indicated by the dotted arrows
in Fig. 3 [31], [86].

As shown in Fig. 3, there are seven actions that companies
take, in relation to standardization: Promoting standardiza-
tion, licensing patents, sponsoring alliances, participating in
standardization, monitoring technology strategies, adopting
existing standards, and developing complements. Primary
actors take various actions to achieve either their objectives
or to overcome problems related to standards. After qualita-
tive coding, we identified several objectives and problems.
As shown in Fig. 3, there were eight identified objectives:
a strong competitive position, de facto standards, dominant
design, gaining a first mover advantage, achieving techno-
logical dominance, knowledge sharing, exploring strategic
opportunities, and the proper allocation of resources. Two
objectives—de facto standards and dominant design—were
linked to promoting standardization.

We intentionally differentiated between these two con-
cepts, in order to highlight the detailed strategic motives
of companies. Several studies have shown that dominant
design and de facto standards are generally used interchange-
ably, as these two concepts are closely related to each
other [125]–[127]. A dominant design is a persistent design
that is widely adopted by various industries and which meets
the requirements of most segments of consumers for most
companies in themarket [125], [127]. De facto standards arise
from market competition between standards which are sup-
ported by various subjects, such as a single company, a group
of companies, or standard alliances/consortiums, consisting
of companies with common interests [125]. Narayanan and
O’Conner [127] stated that standards are an important ele-
ment of dominant designs, but not all dominant designs
achieve competitive advantage; however, those that establish
a standard often reap a competitive advantage.
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FIGURE 3. Concept map of technology producers.

Based on the discussions from extant studies, we dis-
tinguished these two objectives from an operational stand-
point [125]–[127]. The operational definition of a de facto
standard is a standard which naturally becomes the stan-
dard in the market, and is dominant as a result [125]–[127].
In contrast, the operational definition of a dominant design is
slightly different from that of a de facto standard, in terms of
the focus: the ‘design’ aspect [125], [126]. A dominant design
is a product architecture that commands a huge market share,
and one that another manufacturing company must strive to
acquire in order to gain a competitive advantage [125], [126].

There are four problems in Fig. 3: Lack of knowledge, lack
of resources for standardization, lack of technological guid-
ance, and technology entry barriers. The relationships among
actions, objectives, and problems facing primary actors are
discussed below.

Core companies promote standardization to acquire the
first mover advantage by establishing de facto standards or
dominant designs [65], [76], [85], [128]. By participating
in standardization, they share and acquire knowledge while
exploring strategic opportunities [51], [129]. Core companies
sponsor standard alliances in order to increase their chances
of achieving technological dominance in the market [130].
As indicated in Fig. 3, they also license patents to strengthen
their competitive position. Further, they monitor technolog-
ical strategies to find strategic opportunities and to prop-
erly allocate internal or external resources for R&D, while
also obtaining technological guidance throughmonitoring the
results [71], [85].

Following companies also monitor technology strategies
with the same objectives as core companies. While core
companies perform direct actions, following companies are
passive in standardization by adopting existing standards.
According to Fig. 3, following companies experience four
challenges in relation to standards: A lack of knowledge,
a lack of resources for standardization, a lack of technological

guidance, and technology entry barriers. Like core compa-
nies, following companies also sponsor standard alliances;
however, the intention of their action is different from that
of core companies. In comparison with core companies,
following companies sponsor standard alliances to address
deficiencies, such as a lack of knowledge and lack of
resources for standardization, as participating in alliances
provides opportunities to access external knowledge and
resources [51], [53]–[55], [75], [85], [88], [117], [130]. They
monitor technology strategies to attain technological guid-
ance for their business and to explore strategic opportuni-
ties [89], [129].Moreover, they adopt existing standards, such
that they can overcome technology entry barriers [66], [71].

The action of complementary products companies is
closely related to the benefits of core companies. According
to Rosen [124], complementary products companies tend
to develop complements for core companies, due to their
large share in the market, and they do this with the aim of
strengthening their competitive position. Regarding the influ-
ence of complementary products, Bonardi and Durand [131]
indicated that the diversity of complements available gives
users a push toward choosing the products of core compa-
nies, which are made more attractive than other products by
featuring various complements. The availability of comple-
mentary products generates an indirect network effect, subse-
quently influencing the emergence of a dominant design [94],
[97], [131]. Based on the SLR results, the supplementing
role of complementary products companies is significant,
compared to those of other actors.

Fig. 4 shows a concept map of standard-setters, consisting
of SSOs and standard alliances. In terms of SSOs, it consists
of three actions; namely, de jure standardization, providing a
benchmark, and facilitating the participation of various stake-
holders. SSOs conduct de jure standardization to develop new
standards and to substitute or revise existing standards [1].
Through de jure standardization, SSOs can overcome
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FIGURE 4. Concept map of standard-setters.

problems related to standardization, such as technology inno-
vation lag, costs, and reliability issues [71], [124], [128].
Setting de jure standards can foster technology diffusion and
reduce the technology innovation lag, as de jure standards
tend to diffuse faster in the market [71], [95], [128]. SSOs
provide a benchmark for participants in the market by setting
standards to facilitate trade [139]. They also facilitate the
participation of various stakeholders, in order to reflect on
the complicated interests of stakeholders, with respect to
standards [17], [85], [140].

In terms of standard alliances, there are two actions
involved, namely, promoting standardization and leveraging
lock-in/network effects. Standard alliances promote standard-
ization to diffuse technology, which the standard alliance
supports, and to build an installed base. By promoting
standardization, standard alliances help to diffuse technol-
ogy through cooperation with participating companies in
alliances [72], [85], [97], [124], [128], [131]. Standard
alliances also contribute to building of an installed base by
indirectly forcing other parties who did not join the alliance
to select certain technology for adoption [65], [86], [117].

Similar to the objectives of manufacturing compa-
nies in Fig. 3, standard alliances aim to attain market
dominance through standardization activities. As a part
of supporting standardization activities, standard alliances
leverage lock-in/network effects to gain a strong competi-
tive position [28], [65], [75], [76], [86], [128], [133]. This
has been supported by extant studies, which have depicted
standard alliances as wielding a strong influence over the
market [65], [75], [85]. As described by Chiesa et al. [65],
standard alliances indirectly force other parties who did not
join the alliance to select certain technologies for adoption.
In the end, there is an opportunity cost associated with not
having been part of the decision-making process of the tech-
nology in use or choosing the wrong technology, such that
companies need to make a decision on which technology the

will apply for their products. For this reason, companies have
a clear incentive to participate in standard alliances in the
early stages of the standardization process.

There are two actors—governments and certification
bodies—in the concept map of regulators. Governments
implement three actions—intervening in standardization,
government-driven standardization, and monitoring stan-
dardization activities—while certification bodies take one
action; namely, operating certification schemes.

The most salient point is that governments promote
government-driven standardization, in contrast to stan-
dardization driven by manufacturing companies and stan-
dard alliances. Governments conduct government-driven
standardization to establish de jure standards, to harmo-
nize national standards with international standards, and
to promote innovation and boost industry competitive-
ness [85], [122], [132]. Countries overcome standards-
related issues in areas such as cost and reliability through
government-driven standardization. They also resolve the
inconvenience of inadequate standardization by intervening
with the leverage afforded by their governmental authority,
while promoting innovation and boosting industry compet-
itiveness. Moreover, they monitor standardization activities
to take pre-emptive actions related to removing technology
entry barriers.

In terms of certification bodies, they operate certifica-
tion schemes, which offer written assurance that a product,
service, system, or process conforms to specific require-
ments under the relevant standard [57], [64]. As certification
schemes are operated based on standards, operating certi-
fication schemes promote established standards, while also
promoting technology diffusion [95].

Figure 6 shows two actors: Users (including consumers
and companies who use technology standards) and NGOs.
Specifically, the concept map of technology users is dif-
ferentiated from the other concept maps that were earlier
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FIGURE 5. Concept map of regulators.

FIGURE 6. Concept map of technology users.

discussed through its characteristics. The users are the
end-users of standards, meaning that they influence stan-
dardization by making decisions as to whether or not to
accept products that comply with a certain standard. For
this reason, the actions of users are closely related to the
resultant feedback toward standards and how they view stan-
dardization activities. Detailed discussions on the actions of
technology users and the associated problems are provided
below.

As shown in Fig. 6, there are two actions related to users:
‘afraid to adopt new technology’ and ‘participating in stan-
dardization’. The former action is a result of standard-related
risks based on the adoption decisions of users, which are
indicated as problems in Fig. 6. The latter action represents
the influence of users in standardization. In a number of
the highlighted studies, the key pre-requisite of de facto
standards is public acceptance of a product or technology
in the market, because the choices of users influence the
technology or product that will become the de facto stan-
dard [72], [76], [99], [124].

According to Fig. 6, the former action is associated to
two motives (i.e., the risks of having an orphan product and
that of having an insufficient installed base). This kind of
user behavior has been explained in several studies, with a
focus on the relationship between technology standardization
and its inherent network effect [124], [133]–[135]. According
to Rosen [124], users hesitate to adopt a newly introduced
standard in the market, as products based on newly developed
standards barely have any complementary products. A few
studies have referred this to as ‘adopter’s fear,’ which results
from the fear of having an orphan product that may soon stop
receiving support from the market [124], [133].

When a sufficient installed base is yet to be estab-
lished in the market, market inertia emerges, which influ-
ences the choice regarding whether to adopt a standard
or not [65], [124], [134], [135]. Considering the risk of
buying a product that does not have a sufficient installed
base, it is reasonable to expect users to adopt technology
that suits their needs and which has a sufficient installed
base [65], [68], [74], [133]. As discussed in the studies by
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Lin and Huang [120] and Clements [135], the superiority of
the technology standard itself and having a sufficient installed
base also have significant influences on the adoption of stan-
dards by users.

This kind of user attitude will eventually lead to market
inertia, which hinders technology adoption in themarket [70].
Eventually, user hesitation in adopting a newly introduced
standard develops, and market inertia may result in the set-
tlement of a standard with inferior technology [28], [68].
As mentioned by Rosen [124], user choices influence
manufacturers both positively and negatively; for exam-
ple, setting a standard reduces the costs incurred by an
individual manufacturer, in exchange for reduced product
diversity.

Both actors share the action ‘participating in standard-
ization’, which is connected to two objects (representing
own interests, legitimizing the resulting standard) and one
problem (lack of necessary experience). Both actors partic-
ipate in standardization to represent their own interests; for
instance, companies participate in standardization activities
of SSOs, such as WGs, to express their interests, while
consumers and NGOs also participate, but the influence is
relativelyweaker than that of large companies [51], [88], [94].
In the case of companies, they tend to actively participate in
standardization activities related to their core business [51].
Moreover, users implicitly influence the R&D decisions of
manufacturing companies, as the choice of users has a sig-
nificant impact on the competitiveness of a company’s prod-
uct [83], [136]. The participation of technology users can
legitimize the resulting standard, as users can contribute to
standardization by providing meaningful real-world require-
ments [21], [31], [64], [88], [100], [137]; however, it is
challenging to achieve actual user representation, due to the
lack of necessary experience of users who participate in the
standardization process to provide meaningful suggestions
regarding the technical requirements [52], [88].

Based on the conceptual framework and concept maps,
we obtained answers for RQs 1 and 2. RQ 3 will be dis-
cussed, in connection with business implications to compa-
nies, in Section VI.

First, we identified primary actors in standardization
(RQ 1). In the technology development phase, manufacturing
companies, such as core companies, play key roles as technol-
ogy producers. During the standard-setting phase, SSOs and
standard alliances (i.e., standard-setters) lead standardization
activities, and various stakeholders, such as academicians,
industry association, and lobby groups (i.e., participants),
users, and NGOs (i.e., technology users) participate in stan-
dardization. Governments and certification bodies (i.e., reg-
ulators) play central roles in the implementation/regulation
phase.

Secondly, motives and difficulties facing primary actors
regarding standardization activities were examined through
concept maps (RQ 2). In terms of technology producers, core
companies benefit from the support of following companies
and complementary products companies, which constitute

adopter layers for the successful adoption of standards in
the market [31], [85], [138]. As standard alliances provide
support to manufacturing companies, who want to lead the
standardization effort, manufacturing companies sometimes
exercise their influence by forming or sponsoring standard
alliances, in order to intensify their influence on the standard-
ization process [85], [86], [124].

In terms of standard-setters, both SSOs and standard
alliances lead standardization; however, they demonstrate
similar but different objectives for standardization. The
objectives of SSOs are more aligned with public interest than
those of standard alliances; for instance, SSOs focus more on
the public aspects of standards, as compared tomanufacturing
companies and standard alliances, who concentrate on their
own special interests rather than public interests. In regards
to the problems stated in Fig. 4, they are closely related to
the public functions of standards, such as setting a universal
standard for products. Extant studies have highlighted the
positive influence of setting universal standards, as they facil-
itate the application of current technology in the market while
lowering costs and increasing reliability, as higher costs and
decreased reliability are believed to primarily result from the
absence of de jure standards [34], [124].

In terms of regulators, governments engage in standardiza-
tion to maximize the societal benefits that can be achieved
through standardization. For example, governments provide
feedback on the standardization process, in order tomake sure
that standardization moves in the right direction to achieve
objectives, such as preventing inadequate standardization,
harmonization with international standards, and monitoring
standards of other countries through channels, such as the
WTO [28], [32], [34], [124], [136]. Meanwhile, certifica-
tion bodies ensure that manufacturing companies follow
standards by imposing certification schemes. By doing so,
certification bodies contribute to the diffusion of technol-
ogy, which is set in the standard subject to the certification
scheme.

In terms of technology users, users and NGOs tend to
participate in standardization to reflect their interests on stan-
dards. Considering that technology users are the end-users of
products based on the set standards, leveraging user feedback
can legitimize the resulting standard andmaximize the impact
of the standard on the market [65], [99].

V. CONCLUSION AND LIMITATIONS
In this study, we conducted SLR to discover the primary
actors in standardization, based on existing discussions cov-
ered in the previous literature. We identified primary actors
and illustrated the conceptual framework of the relationship
among them, as shown in Fig. 2. In particular, we unveiled
the roles of primary actors, according to three phases:
Technology development, standard-setting, and implementa-
tion/regulation. This approach provides a clear overview on
the relationship among primary actors, how they interact with
each other, and who holds the central role in each phase, thus
differentiating our study from extant studies. We constructed
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concept maps to describe the details of actions, motives,
and difficulties which primary actors face, based on the
SAO/P model. Four concept maps were presented, accord-
ing to the categories of primary actors, including technol-
ogy producers, standard-setters, regulators, and technology
users. Based on the analysis results, we discussed business
implications related to the technology management of man-
ufacturers at three levels: Company-level, industry-level, and
society-level.

At the company-level, companies need to understand mar-
ket conditions, such as the availability of complementary
products, in order to exploit standardization to their own
advantage. Successful standardization of concerned technol-
ogy not only requires acceptance by users but also requires
support from other companies in the market. Regarding the
acceptance of users, core companies must secure a certain
number of adopters to eliminate user hostility towards a
given standard. Considering the concept map of technology
producers, support from other companies can be achieved in
two ways: leveraging the support of following companies and
exploiting indirect network effects, produced by complemen-
tary products companies. In the case of support from other
companies in the market, following companies play a critical
role in mitigating fear among users over the introduction of a
new standard in themarket [65]. In the case of complementary
products, the availability and compatibility of complemen-
tary products influence consumer decisions on whether to
adopt a certain product or technology which, subsequently,
results in indirect network effects [94]. Considering this, it is
important for core companies to secure a certain number of
companies who will support them during the standardization
process and help users to accept the standard. Therefore, it is
important for companies who want to standardize their core
technology to prepare the ground for successful standardiza-
tion, by exploiting following companies and complementary
products companies.

At the industry-level, manufacturing companies can lever-
age governmental authority to their own advantage in
both domestic and global markets. In general, people
believe that governments control standardization activi-
ties [32], [34], [139]. According to the concept map of regula-
tors, the role of governments in standardization is not limited
to simply controlling standardization activities. Regarding the
technical barriers to trade, the government supports manu-
facturing companies by monitoring standardization activities
in the relevant field of interests in the domestic industry.
The government can ease manufacturer’s difficulties related
to responding to technical barriers set by standards through
official enquiry channels, such as the TBT enquiry points of
WTO members. For this reason, manufacturers need to not
only participate in standardization activities, but also leverage
governmental authority to ensure that they can effectively
exploit all available means to compete globally. In the case of
newly developed technologies, companies, who share com-
mon interests and want to promote a certain technology or

pioneer it in the market, they can achieve their goals through
joining or establishing standard alliances.

At the society-level, a government’s role in promoting
technology standardization is prominent in the interplay
among various primary actors. Governments act as an ini-
tiator and a sponsor for technology standardization projects,
by initiating products and formulating policies and activities
to develop and diffuse standards. A government’s proac-
tive actions toward technology standardization reflect current
societal trends of neo-techno-nationalism, which represents
the expanded commitment of a government to national tech-
nology and innovation policy with a focus on national inter-
ests. This provides practical implications to emerging coun-
tries which are eager to catch up to leading countries. Strong
governmental support for technology standardization through
setting goals and implementing policies can contribute to the
facilitation of a certain technological field in two ways; that
is, promoting innovation of companies by lowering accom-
panying risks of R&D and synergizing public–private part-
nerships by making companies adhere to the government’s
scientific and technological policies, which helps companies
to align their business strategies with national policies.

Although we identified primary actors, as well as their
motives and influences, in standardization and reconstructed
these factors based on the synthesis of extant discussions,
there were several limitations and unsolved issues in this
study. First, we inevitably missed some articles which are
relevant to the primary actors of standardization, as the range
of data collection was limited to ISI (Institute for Scien-
tific Information)-listed journals. Therefore, a further study,
which encompass a wider range of literature, is needed to
enrich our understanding of the primary actors in standard-
ization. Second, we identified several primary actors based
on qualitative coding and constructed a conceptual frame-
work. As we primarily discussed the primary actors of stan-
dardization in the electronics industry, further studies with
a focus on the primary actors of standardization in other
industries are needed. Third, while we identified several pri-
mary actors that have not attracted much attention in previous
standards-related research, there may be more actors which
we failed to identify in this study. Hence, follow-up research
is necessary, in order to expand our understanding on the
primary actors of standardization; that is, a study that fills in
the remaining gaps left by this study and discovers the miss-
ing actors. Fourth, we briefly discussed the interplay among
actors; however, our discussion was limited to actor-specific
influences on standards. For this reason, the overall influence
based on the interplay of these factors on the market and
how various actors influence each other need to be investi-
gated further, in order to elucidate the symbiotic relationships
between actors. We hope that this study will enhance under-
standing of the primary actors of standardization, including
providing a better understanding of motives, the strategic
importance of standardization, the behaviors of participants,
and how they influence each other.

101898 VOLUME 9, 2021



S. Moon, H. Lee: Primary Actors of Technology Standardization in Manufacturing Industry

REFERENCES

[1] S. Moon, K. Chin, and H. Lee, ‘‘IEC standard revision dynamics: Sym-
biosis between standard and technology,’’ in Proc. PICMET, Honolulu,
HI, USA, 2018, pp. 1–8.

[2] N. Brunsson and B. Jacobsson, A World of Standards. London, U.K.:
Oxford Univ. Press, 2000.

[3] M. Maertens and J. F. M. Swinnen, ‘‘Trade, standards, and poverty:
Evidence from Senegal,’’ World Develop., vol. 37, no. 1, pp. 161–178,
Jan. 2009.

[4] A. Brem, P. A. Nylund, and G. Schuster, ‘‘Innovation and de facto
standardization: The influence of dominant design on innovative per-
formance, radical innovation, and process innovation,’’ Technovation,
vol. 50, pp. 79–88, Apr./May 2016.

[5] T. Klier and J. Linn, ‘‘The effect of vehicle fuel economy standards on
technology adoption,’’ J. Public Econ., vol. 133, pp. 41–63, Jan. 2016.

[6] E. Saikawa and J. Urpelainen, ‘‘Environmental standards as a strat-
egy of international technology transfer,’’ Environ. Sci. Policy, vol. 38,
pp. 192–206, Apr. 2014.

[7] H. J. DeVries, ‘‘Standards for business: How companies benefit from par-
ticipation in international standards setting,’’ in International Standard-
ization as a Strategic Tool: Commended Papers From the IEC Centenary
Challenge. Geneva, Switzerland: IEC, 2006, pp. 131–137.

[8] L. Cabral and D. Salant, ‘‘Evolving technologies and standards regula-
tion,’’ Int. J. Ind. Org., vol. 36, pp. 48–56, Sep. 2014.

[9] S. Brown, D. Pyke, and P. Steenhof, ‘‘Electric vehicles: The role and
importance of standards in an emerging market,’’ Energy Policy, vol. 38,
no. 7, pp. 3797–3806, Jul. 2010.

[10] J. Wonglimpiyarat, ‘‘Technology strategies and standard competition—
Comparative innovation cases of apple and microsoft,’’ J. High Technol.
Manage. Res., vol. 23, no. 2, pp. 90–102, Jan. 2012.

[11] M. Goedhuys and L. Sleuwaegen, ‘‘The impact of international standards
certification on the performance of firms in less developed countries,’’
World Develop., vol. 47, pp. 87–101, Jul. 2013.

[12] P. Swann, P. Temple, andM. Shurmer, ‘‘Standards and trade performance:
The UK experience,’’ Econ. J., vol. 106, no. 438, pp. 1297–1313, 1996.

[13] L. Fontagné, G. Orefice, R. Piermartini, and N. Rocha, ‘‘Product stan-
dards and margins of trade: Firm-level evidence,’’ J. Int. Econ., vol. 97,
no. 1, pp. 29–44, Sep. 2015.

[14] K. Blind and A. Jungmittag, ‘‘Trade and the impact of innovations and
standards: The case of Germany and the UK,’’Appl. Econ., vol. 37, no. 12,
pp. 1385–1398, Jul. 2005.

[15] R. Bekkers, R. Bongard, and A. Nuvolari, ‘‘An empirical study on the
determinants of essential patent claims in compatibility standards,’’ Res.
Policy, vol. 40, no. 7, pp. 1001–1015, Sep. 2011.

[16] J. Farrell, J. Hayes, C. Shapiro, and T. Sullivan, ‘‘Standard setting, patents,
and hold-up,’’ Antitrust Law J., vol. 74, no. 3, pp. 603–670, 2007.

[17] B. Kang and R. Bekkers, ‘‘Just-in-time patents and the development of
standards,’’ Res. Policy, vol. 44, no. 10, pp. 1948–1961, Dec. 2015.

[18] F. Berger, K. Blind, and N. Thumm, ‘‘Filing behaviour regarding essential
patents in industry standards,’’ Res. Policy, vol. 41, no. 1, pp. 216–225,
Feb. 2012.

[19] J. Baron, T. Pohlmann, and K. Blind, ‘‘Essential patents and standard
dynamics,’’ Res. Policy, vol. 45, no. 9, pp. 1762–1773, Nov. 2016.

[20] M. Taylor and A. Taylor, ‘‘The technology life cycle: Conceptualiza-
tion and managerial implications,’’ Int. J. Prod. Econ., vol. 140, no. 1,
pp. 541–553, Nov. 2012.

[21] W.Hesser, A. J. Feilzer, andH. J. DeVries, Standardisation in Companies
and Markets. Hamburg, Germany: Helmut-Schmidt Univ., 2010.

[22] T. M. Egyedi and K. Blind, The Dynamics of Standards. Cheltenham,
U.K.: Edward Elgar Publishing, 2008.

[23] J. Jordan, ‘‘Product standards, innovation and regulation,’’ Technol. Anal.
Strategic Manage., vol. 6, no. 3, pp. 341–354, Jan. 1994.

[24] A. Loconto and L. Busch, ‘‘Standards, techno-economic networks, and
playing fields: Performing the global market economy,’’ Rev. Int. Political
Economy, vol. 17, no. 3, pp. 507–536, Aug. 2010.

[25] S. Habib, M. M. Khan, F. Abbas, L. Sang, M. U. Shahid, and H. Tang,
‘‘A comprehensive study of implemented international standards, techni-
cal challenges, impacts and prospects for electric vehicles,’’ IEEE Access,
vol. 6, pp. 13866–13890, 2018.

[26] S. Tamura, ‘‘The dynamics and determinants of de jure standards: Evi-
dence from the electronic and electrical engineering industries,’’ Comput.
Standards Interfaces, vol. 56, pp. 1–12, Feb. 2018.

[27] H. Z. Schroder, Harmonization, Equivalence and Mutual Recognition of
Standards in WTO Law, vol. 36. Norwell, MA, USA: Kluwer, 2011.

[28] G. Tassey, ‘‘Standardization in technology-based markets,’’ Res. Policy,
vol. 29, nos. 4–5, pp. 587–602, Apr. 2000.

[29] S. Botzem and L. Dobusch, ‘‘Standardization cycles: A process perspec-
tive on the formation and diffusion of transnational standards,’’Org. Stud.,
vol. 33, nos. 5–6, pp. 737–762, May 2012.

[30] H. Lee and S. Oh, ‘‘A standards war waged by a developing country:
Understanding international standard setting from the actor-network per-
spective,’’ J. Strategic Inf. Syst., vol. 15, no. 3, pp. 177–195, Sep. 2006.

[31] J. Markard and S. Erlinghagen, ‘‘Technology users and standardization:
Game changing strategies in the field of smart meter technology,’’ Tech-
nol. Forecasting Social Change, vol. 118, pp. 226–235, May 2017.

[32] P. M. Wiegmann, H. J. de Vries, and K. Blind, ‘‘Multi-mode standardisa-
tion: A critical review and a research agenda,’’ Res. Policy, vol. 46, no. 8,
pp. 1370–1386, Oct. 2017.

[33] H. Jiang, S. Zhao, Y. Yuan, L. Zhang, L. Duan, and W. Zhang,
‘‘The coupling relationship between standard development and technol-
ogy advancement: A game theoretical perspective,’’ Technol. Forecasting
Social Change, vol. 135, pp. 169–177, Oct. 2018.

[34] W. Jho, ‘‘Global political economy of technology standardization: A case
of the Korean mobile telecommunications market,’’ Telecommun. Policy,
vol. 31, no. 2, pp. 124–138, 2007.

[35] K. Kim, S. Jung, J. Hwang, and A. Hong, ‘‘A dynamic framework for
analyzing technology standardisation using network analysis and game
theory,’’ Technol. Anal. Strategic Manage., vol. 30, no. 5, pp. 540–555,
May 2018.

[36] M. H. Sherif, ‘‘A framework for standardization in telecommunications
and information technology,’’ IEEE Commun. Mag., vol. 39, no. 4,
pp. 94–100, Apr. 2001.

[37] D. Pati and L. N. Lorusso, ‘‘How to write a systematic review of the liter-
ature,’’ Health Environ. Res. Des. J., vol. 11, no. 1, pp. 15–30, Jan. 2018.

[38] T. Al-Moslmi, N. Omar, S. Abdullah, and M. Albared, ‘‘Approaches to
cross-domain sentiment analysis: A systematic literature review,’’ IEEE
Access, vol. 5, pp. 16173–16192, 2017.

[39] S. Ali, L. Hongqi, S. U. Khan, Y. Zhongguo, and Z. Liping,
‘‘Success factors for software outsourcing partnership management:
An exploratory study using systematic literature review,’’ IEEE Access,
vol. 5, pp. 23589–23612, 2017.

[40] N. Agarwal, M. Grottke, S. Mishra, and A. Brem, ‘‘A systematic literature
review of constraint-based innovations: State of the art and future perspec-
tives,’’ IEEE Trans. Eng. Manag., vol. 64, no. 1, pp. 3–15, Feb. 2017.

[41] C. Shen and F. Pena-Mora, ‘‘Blockchain for cities—A systematic litera-
ture review,’’ IEEE Access, vol. 6, pp. 76787–76819, 2018.

[42] B. Paek and H. Lee, ‘‘Strategic entrepreneurship and competitive advan-
tage of established firms: Evidence from the digital TV industry,’’ Int.
Entrepreneurship Manage. J., vol. 14, no. 4, pp. 883–925, Dec. 2018.

[43] C. F. Durach, J. Kembro, and A. Wieland, ‘‘A new paradigm for sys-
tematic literature reviews in supply chain management,’’ J. Supply Chain
Manage., vol. 53, no. 4, pp. 67–85, Oct. 2017.

[44] R. Baird, ‘‘Systematic reviews and meta-analytic techniques,’’ Seminars
Pediatric Surg., vol. 27, no. 6, pp. 338–344, Dec. 2018.

[45] R. Mallett, J. Hagen-Zanker, R. Slater, and M. Duvendack, ‘‘The benefits
and challenges of using systematic reviews in international development
research,’’ J. Develop. Effectiveness, vol. 4, no. 3, pp. 445–455, Sep. 2012.

[46] K. Khan, R. Kunz, J. Kleijnen, and G. Antes, Systematic Reviews to
Support Evidence-Based Medicine. Boca Raton, FL, USA: CRC Press,
2011.

[47] K. Blind, ‘‘A taxonomy of standards in the service sector: Theoretical
discussion and empirical test,’’ Service Industries J., vol. 26, no. 4,
pp. 397–420, Jun. 2006.

[48] V. Fomin, T. Keil, and K. Lyytinen, ‘‘Theorizing about standardization:
Integrating fragments of process theory in light of telecommunication
standardization wars,’’ Sprouts Work. Paper Inf. Environ. Syst. Organ.,
Assoc. Inf. Syst., Atlanta, GA, USA, Tech. Rep., 2003, pp. 29–60, vol. 3,
no. 1.

[49] Standards in Our World. Accessed: May 20, 2021. [Online]. Available:
https://www.iso.org/sites/ConsumersStandards/1_standards.html

[50] R. J. Kauffman and J. Y. Tsai, ‘‘With or without you: The countervailing
forces and effects of process standardization,’’ Electron. Commerce Res.
Appl., vol. 9, no. 4, pp. 305–322, Jul. 2010.

[51] C. A. F. Riillo, ‘‘Profiles and motivations of standardization players,’’ Int.
J. IT Standards Standardization Res., vol. 11, no. 2, pp. 17–33, Jul. 2013.

[52] H. de Vries, H. Verheul, and H. Willemse, ‘‘Stakeholder identifi-
cation in IT standardization processes,’’ in Proc. Workshop Stan-
dard Making, Crit. Res. Frontier Inf. Syst., Seattle, WA, USA, 2003,
pp. 12–14.

VOLUME 9, 2021 101899



S. Moon, H. Lee: Primary Actors of Technology Standardization in Manufacturing Industry

[53] H. Jiang, S. Zhao, C. Liu, and Y. Chen, ‘‘The role, formation mechanism,
and dynamic mechanism of action of technology standards in industrial
systems,’’ Inf. Technol. Manage., vol. 17, no. 3, pp. 289–302, Sep. 2016.

[54] P. Galvin and J. Rice, ‘‘A case study of knowledge protection and diffusion
for innovation: Managing knowledge in the mobile telephone industry,’’
Int. J. Technol. Manage., vol. 42, no. 4, pp. 426–438, 2008.

[55] K. Blind and A. Mangelsdorf, ‘‘Motives to standardize: Empirical evi-
dence from Germany,’’ Technovation, vols. 48–49, pp. 13–24, Feb. 2016.

[56] S. Moon and H. Lee, ‘‘Impact of the TBT and the technical innovation on
exports,’’ in Proc. ISPIM Innov. Symp., Vienna, Austria, 2017, pp. 1–16.

[57] J. Baron and D. F. Spulber, ‘‘Technology standards and standard setting
organizations: Introduction to the searle center database,’’ J. Econ. Man-
age. Strategy, vol. 27, no. 3, pp. 462–503, Sep. 2018.

[58] N. Gandal and O. Shy, ‘‘Standardization policy and international trade,’’
J. Int. Econ., vol. 53, no. 2, pp. 363–383, Apr. 2001.

[59] K. Blind, ‘‘The impacts of innovations and standards on trade of mea-
surement and testing products: Empirical results of Switzerland’s bilateral
trade flows with Germany, France and the UK,’’ Inf. Econ. Policy, vol. 13,
no. 4, pp. 439–460, Dec. 2001.

[60] K. Blind, S. Gauch, and R. Hawkins, ‘‘How stakeholders view the impacts
of international ICT standards,’’ Telecommun. Policy, vol. 34, no. 3,
pp. 162–174, Apr. 2010.

[61] S. Altuntas, T. Dereli, and A. Kusiak, ‘‘Forecasting technology success
based on patent data,’’ Technol. Forecasting Social Change, vol. 96,
pp. 202–214, Jul. 2015.

[62] R. Neshati and T. U. Daim, ‘‘Participation in technology standards
development: A decision model for the information and communications
technology (ICT) industry,’’ J. High Technol. Manage. Res., vol. 28, no. 1,
pp. 47–60, 2017.

[63] C. W. L. Hill, ‘‘Establishing a standard: Competitive strategy and techno-
logical standards in winner-take-all industries,’’Acad.Manage. Perspect.,
vol. 11, no. 2, pp. 7–25, May 1997.

[64] E. Söderström, ‘‘Formulating a general standards life cycle,’’ in Proc.
CAiSE, Riga, Latvia, Jun. 2004, pp. 263–275.

[65] V. Chiesa, R. Manzini, and G. Toletti, ‘‘Standard-setting processes: Evi-
dence from two case studies,’’ R&DManage., vol. 32, no. 5, pp. 431–450,
Nov. 2002.

[66] G. van de Kaa andM. Greeven, ‘‘LED standardization in China and South
East Asia: Stakeholders, infrastructure and institutional regimes,’’ Renew.
Sustain. Energy Rev., vol. 72, pp. 863–870, May 2017.

[67] K. Ohori and S. Takahashi, ‘‘Market design for standardization prob-
lems with agent-based social simulation,’’ J. Evol. Econ., vol. 22, no. 1,
pp. 49–77, Jan. 2012.

[68] N. Gandal, ‘‘Compatibility, standardization, and network effects: Some
policy implications,’’ Oxford Rev. Econ. Policy, vol. 18, no. 1, pp. 80–91,
Mar. 2002.

[69] E. Rashba and D. Gamota, ‘‘Anticipatory standards and the commer-
cialization of nanotechnology,’’ J. Nanoparticle Res., vol. 5, nos. 3–4,
pp. 401–407, 2003.

[70] J. Yu, ‘‘From 3G to 4G: Technology evolution and path dynamics
in China’s mobile telecommunication sector,’’ Technol. Anal. Strategic
Manage., vol. 23, no. 10, pp. 1079–1093, Nov. 2011.

[71] J.-H. Paik, M.-K. Kim, and J.-H. Park, ‘‘The antecedents and conse-
quences of technology standardizations in Korean IT small and medium-
sized enterprises,’’ Inf. Technol. Manage., vol. 18, no. 4, pp. 293–304,
Dec. 2017.

[72] M. Ehrhardt, ‘‘Network effects, standardisation and competitive strategy:
how companies influence the emergence of dominant designs,’’ Int. J.
Technol. Manage., vol. 27, nos. 2–3, pp. 272–294, 2004.

[73] P. Wakke, K. Blind, and F. Ramel, ‘‘The impact of participation within
formal standardization on firm performance,’’ J. Productiv. Anal., vol. 45,
no. 3, pp. 317–330, 2016.

[74] E. G. Kristiansen, ‘‘R&D in the presence of network externalities: Tim-
ing and compatibility,’’ RAND J. Econ., vol. 29, no. 3, pp. 531–547,
Oct. 1998.

[75] J. van den Ende, G. van de Kaa, S. den Uijl, and H. J. de Vries,
‘‘The paradox of standard flexibility: The effects of co-evolution between
standard and interorganizational network,’’ Org. Stud., vol. 33, nos. 5–6,
pp. 705–736, May 2012.

[76] D. Lee and H. Mendelson, ‘‘Adoption of information technology under
network effects,’’ Inf. Syst. Res., vol. 18, no. 4, pp. 395–413, Dec. 2007.

[77] T. Suguru, ‘‘Effects of integrating patents and standards on intellectual
property management and corporate innovativeness in Japanese elec-
tric machine corporations,’’ Int. J. Technol. Manage., vol. 59, nos. 3–4,
pp. 180–202, 2012.

[78] A.-M. Großmann, E. Filipović, and L. Lazina, ‘‘The strategic use of
patents and standards for new product development knowledge transfer,’’
R&D Manage., vol. 46, no. 2, pp. 312–325, Mar. 2016.

[79] T. Pohlmann, P. Neuhäusler, and K. Blind, ‘‘Standard essential patents
to boost financial returns,’’ R&D Manage., vol. 46, no. S2, pp. 612–630,
Jul. 2016.

[80] R. Bekkers, G. Duysters, and B. Verspagen, ‘‘Intellectual property rights,
strategic technology agreements andmarket structure: The case of GSM,’’
Res. Policy, vol. 31, no. 7, pp. 1141–1161, 2002.

[81] B. Kang and K. Motohashi, ‘‘Essential intellectual property rights and
corporate technology strategy: Manufacturing firms vs. non-practicing
entities,’’ Asian J. Technol. Innov., vol. 23, no. 1, pp. 53–68, Jan. 2015.

[82] U. Lichtenthaler, ‘‘Licensing technology to shape standards: Examin-
ing the influence of the industry context,’’ Technol. Forecasting Social
Change, vol. 79, no. 5, pp. 851–861, Jun. 2012.

[83] Y. Nishida, ‘‘Strategic standardization and intellectual property,’’ NTT
Rev., vol. 10, no. 3, pp. 58–61, 1998.

[84] K. Jeong, H. Noh, Y.-K. Song, and S. Lee, ‘‘Essential patent portfolios to
monitor technology standardization strategies: Case of LTE-A technolo-
gies,’’ J. Eng. Technol. Manage., vol. 45, pp. 18–36, Jul. 2017.

[85] W. Daoping, W. Xiaoyan, and F. Fang, ‘‘The resource evolution of
standard alliance by technology standardization,’’ Chin. Manage. Stud.,
vol. 10, no. 4, pp. 787–801, Nov. 2016.

[86] T. Keil, ‘‘De-facto standardization through alliances—Lessons from
Bluetooth,’’ Telecommun. Policy, vol. 26, nos. 3–4, pp. 205–213,
Apr. 2002.

[87] T. Büthe, ‘‘Engineering uncontestedness? The origins and institutional
development of the international electrotechnical commission (IEC),’’
Bus. Politics, vol. 12, no. 3, pp. 1–62, Oct. 2010.

[88] K. Jakobs, R. Procter, and R. Williams, ‘‘User participation in standards
setting—The panacea?’’ StandardView, vol. 6, no. 2, pp. 85–89, 1998.

[89] W. Lehr, ‘‘Standardization: Understanding the process,’’ J. Amer. Soc. Inf.
Sci., vol. 43, no. 8, pp. 550–555, Sep. 1992.

[90] ISO/IEC Directives, Part 1 Consolidated ISO Supplement Procedures
Specific to ISO, ISO, Geneva, Switzerland, 2020.

[91] ISO. ISO Membership Manual. Accessed: May 20, 2021.
[Online]. Available: https://www.iso.org/files/live/sites/isoorg/files/store/
en/PUB100399.pdf

[92] ISO. Members. Accessed: May 20, 2021. [Online]. Available:
http://www.iso.org/iso/about/iso_members.htm

[93] H.-W. Liu, ‘‘International standards in flux: A balkanized ICT standard-
setting paradigm and its implications for the WTO,’’ J. Int. Econ. Law,
vol. 17, no. 3, pp. 551–600, Sep. 2014.

[94] K. Blind, The Economics of Standards: Theory, Evidence, Policy.
Cheltenham, U.K.: Edward Elgar Publishing, 2004.

[95] H. Jiang, S. Zhao, S. Qiu, andY. Chen, ‘‘Strategy for technology standard-
ization based on the theory of entropy,’’ Inf. Technol. Manage., vol. 13,
no. 4, pp. 311–320, Dec. 2012.

[96] G. van de Kaa, L. van den Eijnden, and N. Doorn, ‘‘Filtering out stan-
dard success criteria in the case of multi-mode standardization: Respon-
sible waste water treatment,’’ Sustainability, vol. 12, no. 4, p. 1641,
Feb. 2020.

[97] E. Fernández and S. Valle, ‘‘Battle for dominant design: A decision-
making model,’’ Eur. Res. Manage. Bus. Econ., vol. 25, no. 2, pp. 72–78,
May 2019.

[98] S. M. Dan, ‘‘How interface formats gain market acceptance: The role
of developers and format characteristics in the development of de facto
standards,’’ Technovation, vol. 88, Dec. 2019, Art. no. 102054.

[99] A. A. Techatassanasoontorn and S. Suo, ‘‘Influences on standards adop-
tion in de facto standardization,’’ Inf. Technol. Manage., vol. 12, no. 4,
pp. 357–385, Dec. 2011.

[100] H. J. de Vries, F. J. C. Slob, and V. G. Zuid-Holland, ‘‘Best practice
in company standardization,’’ Int. J. IT Standards Standardization Res.,
vol. 4, no. 1, pp. 62–85, Jan. 2006.

[101] M. J. Eppler, ‘‘A comparison between concept maps, mind maps, con-
ceptual diagrams, and visual metaphors as complementary tools for
knowledge construction and sharing,’’ Inf. Vis., vol. 5, no. 3, pp. 202–210,
Sep. 2006.

[102] W.M. Trochim andD.McLinden, ‘‘Introduction to a special issue on con-
ceptmapping,’’Eval. ProgramPlanning, vol. 60, pp. 166–175, Feb. 2017.

[103] J. D. Novak, and D. B. Gowin, Learning How to Learn. Cambridge, U.K.:
Cambridge Univ. Press, 1984.

[104] B. J. Daley and D. M. Torre, ‘‘Concept maps in medical education:
An analytical literature review,’’Med. Educ., vol. 44, no. 5, pp. 440–448,
May 2010.

101900 VOLUME 9, 2021



S. Moon, H. Lee: Primary Actors of Technology Standardization in Manufacturing Industry

[105] A. Ali, A. Mahfouz, and A. Arisha, ‘‘Analysing supply chain resilience:
Integrating the constructs in a concept mapping framework via a sys-
tematic literature review,’’ Supply Chain Manage., Int. J., vol. 22, no. 1,
pp. 16–39, Jan. 2017.

[106] J. Saldaña, The Coding Manual for Qualitative Researchers.
Newbury Park, CA, USA: Sage, 2015.

[107] J. Pareek and M. Jhaveri, ‘‘DLNEx: A tool to automatically extract
desired learning nuggets from various learning materials,’’ in Smart
Trends in Systems, Security and Sustainability. Singapore: Springer, 2018,
pp. 319–330.

[108] X. Tang, B. Wang, and Y. Rong, ‘‘Artificial intelligence will reduce the
need for clinical medical physicists,’’ J. Appl. Clin. Med. Phys., vol. 19,
no. 1, pp. 6–9, Jan. 2018.

[109] T. Basit, ‘‘Manual or electronic? The role of coding in qualitative data
analysis,’’ Educ. Res., vol. 45, no. 2, pp. 143–154, Jun. 2003.

[110] M. F. Chowdhury, ‘‘Coding, sorting and sifting of qualitative data
analysis: Debates and discussion,’’ Qual. Quantity, vol. 49, no. 3,
pp. 1135–1143, May 2015.

[111] S. Hwang, ‘‘Utilizing qualitative data analysis software: A review of
Atlas. Ti,’’ Social Sci. Comput. Rev., vol. 26, no. 4, pp. 519–527, 2008.

[112] J. Guo, X. Wang, Q. Li, and D. Zhu, ‘‘Subject–action–object-based mor-
phology analysis for determining the direction of technological change,’’
Technol. Forecasting Social Change, vol. 105, pp. 27–40, Apr. 2016.

[113] R. Franzosi, ‘‘Content analysis: Objective, systematic, and quantitative
description of content,’’ Content Anal., vol. 1, no. 1, pp. 21–49, 2008.

[114] K. Kim, K. Park, and S. Lee, ‘‘Investigating technology opportunities:
The use of SAOx analysis,’’ Scientometrics, vol. 118, no. 1, pp. 45–70,
Jan. 2019.

[115] J. Lim, S. Choi, C. Lim, and K. Kim, ‘‘SAO-based semantic mining
of patents for semi-automatic construction of a customer job map,’’
Sustainability, vol. 9, no. 8, p. 1386, Aug. 2017.

[116] S. Choi, J. Yoon, K. Kim, J. Y. Lee, and C. H. Kim, ‘‘SAO network
analysis of patents for technology trends identification: A case study of
polymer electrolyte membrane technology in proton exchange membrane
fuel cells,’’ Scientometrics, vol. 88, no. 3, p. 863, 2011.

[117] Y. Li, H. Guo, S. Y. Cooper, and H. Wang, ‘‘The influencing factors of
the technology standard alliance collaborative innovation of emerging
industry,’’ Sustainability, vol. 11, no. 24, p. 6930, Dec. 2019.

[118] M.-J. Kim, H. Lee, and J. Kwak, ‘‘The changing patterns of China’s inter-
national standardization in ICT under techno-nationalism: A reflection
through 5G standardization,’’ Int. J. Inf. Manage., vol. 54, Oct. 2020,
Art. no. 102145.

[119] K. Blind, J. Pohlisch, and A. Rainville, ‘‘Innovation and standardization
as drivers of companies’ success in public procurement: An empirical
analysis,’’ J. Technol. Transf., vol. 45, no. 3, pp. 664–693, Jun. 2020.

[120] M. Johansson, M. Kärreman, and A. Foukaki, ‘‘Research and develop-
ment resources, coopetitive performance and cooperation: The case of
standardization in 3GPP, 2004–2013,’’ Technovation, vol. 88, Dec. 2019,
Art. no. 102074.

[121] D. J. Bernstein, T. Lange, and R. Niederhagen, ‘‘Dual EC: A standard-
ized back door,’’ in The New Codebreakers (Lecture Notes in Computer
Science: Including Subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics), vol. 9100. Berlin, Germany: Springer,
2016.

[122] P. Gao, J. Yu, and K. Lyytinen, ‘‘Government in standardization in the
catching-up context: Case of China’s mobile system,’’ Telecommun. Pol-
icy, vol. 38, no. 2, pp. 200–209, Mar. 2014.

[123] C. J. Woodard and J. West, ‘‘Strategic responses to standardization:
Embrace, extend or extinguish?’’ in Project-Based Organizing and
Strategic Management. Bingley, U.K.: Emerald Group Publishing, 2011,
pp. 263–285.

[124] B. N. Rosen, ‘‘The standard setter’s dilemma: Standards and strategies
for new technology in a dynamic environment,’’ Ind. Marketing Manage.,
vol. 23, no. 3, pp. 181–190, 1994.

[125] S. Gallagher, ‘‘The complementary role of dominant designs and indus-
try standards,’’ IEEE Trans. Eng. Manag., vol. 54, no. 2, pp. 371–379,
May 2007.

[126] S. Wurster, M. Böhmecke-Schwafert, F. Hofmann, and K. Blind, ‘‘Born
global market dominators and implications for the blockchain avant-
garde,’’ in Corporate and Global Standardization Initiatives in Con-
temporary Society, 1st ed. Hershey, PA, USA: IGI Global, 2018, ch. 5,
pp. 86–115.

[127] V. K. Narayanan and G. C. O’Conner, Encyclopedia of Technology and
Innovation Management. Chippenham, U.K.: Wiley, 2010.

[128] D. H. Shin, H. Kim, and J. Hwang, ‘‘Standardization revisited: A crit-
ical literature review on standards and innovation,’’ Comput. Standards
Interfaces, vol. 38, pp. 152–157, Feb. 2015.

[129] Y. Zhang, J. Liu, and S. Sheng, ‘‘Strategic orientations and participation
intentions for technical standardisation,’’ Technol. Anal. Strategic Man-
age., vol. 32, no. 8, pp. 881–894, 2020.

[130] J. Wen, W. J. Qualls, and D. Zeng, ‘‘Standardization alliance networks,
standard-setting influence, and new product outcomes,’’ J. Product Innov.
Manage., vol. 37, no. 2, pp. 138–157, Mar. 2020.

[131] J.-P. Bonardi and R. Durand, ‘‘Managing network effects in high-tech
markets,’’ Acad. Manage. Perspect., vol. 17, no. 4, pp. 40–52, Nov. 2003.

[132] J. Tan, L. Wang, H. Zhang, and W. Li, ‘‘Disruptive innovation and
technology ecosystem: The evolution of the intercohesive public–private
collaboration network in Chinese telecommunication industry,’’ J. Eng.
Technol. Manage., vol. 57, Jul. 2020, Art. no. 101573.

[133] S. Kerstan, T. Kretschmer, and K. Muehlfeld, ‘‘The dynamics of pre-
market standardization,’’ Inf. Econ. Policy, vol. 24, no. 2, pp. 105–119,
Jun. 2012.

[134] T.-C. Lin and S.-L. Huang, ‘‘Understanding the determinants of Con-
sumers’ switching intentions in a standards war,’’ Int. J. Electron. Com-
merce, vol. 19, no. 1, pp. 163–189, Oct. 2014.

[135] M. T. Clements, ‘‘Inefficient standard adoption: Inertia and momentum
revisited,’’ Econ. Inquiry, vol. 43, no. 3, pp. 507–518, Jul. 2005.

[136] C. R. Featherston, J.-Y. Ho, L. Brévignon-Dodin, and E. O’Sullivan,
‘‘Mediating and catalysing innovation: A framework for anticipating
the standardisation needs of emerging technologies,’’ Technovation,
vols. 48–49, pp. 25–40, Feb. 2016.

[137] J. C. Graz and C. Hauert, ‘‘Translating technical diplomacy: The par-
ticipation of civil society organisations in international standardisation,’’
Global Soc., vol. 33, no. 2, pp. 163–183, 2019.

[138] J. J. Yun, D. Won, E. Jeong, K. Park, J. Yang, and J. Park, ‘‘The rela-
tionship between technology, business model, and market in autonomous
car and intelligent robot industries,’’ Technol. Forecasting Social Change,
vol. 103, pp. 142–155, Feb. 2016.

[139] J.-Y. Ho and E. O’Sullivan, ‘‘Strategic standardisation of smart systems:
A roadmapping process in support of innovation,’’ Technol. Forecasting
Social Change, vol. 115, pp. 301–312, Feb. 2017.

[140] J.-Y. Choung, I. Ji, and T. Hameed, ‘‘International standardization strate-
gies of latecomers: The cases of Korean TPEG, T-DMB, and binary
CDMA,’’ World Develop., vol. 39, no. 5, pp. 824–838, May 2011.

SEUNGYEON MOON received the B.S. degree
in business management from Hongik University,
Seoul, South Korea, in 2012, and the M.S. and
Ph.D. degrees in management of technology from
Sungkyunkwan University, Suwon, South Korea,
in 2016 and 2020, respectively.

From 2014 to 2018, she was a Researcher with
Korea Testing Certification. She was an Adjunct
Professor with the Graduate School of Manage-
ment of Technology, Sungkyunkwan University.

Her current research interests include standards, standardization, dynamic
capabilities, and strategic management. She has published articles in jour-
nals in her field of research, including IEEE TRANSACTIONS ON ENGINEERING

MANAGEMENT and Sustainability.

HEESANG LEE received the Ph.D. degree in
industrial and systems engineering from the Geor-
gia Institute of Technology, Atlanta, GA, USA.

He is currently a Professor with the Depart-
ment of SystemsManagement Engineering and the
Graduate School of Management of Technology,
Sungkyunkwan University. His current research
interests include innovation management, strate-
gic technologymanagement, and management sci-
ence. He has published articles in several journals

in his field of research, includingManagement Science, European Journal of
Operational Research, and Scientometrics. He has participated in different
national and international congresses, such as International Conference on
Management of Technology, and the Institute for Operations Research and
the Management Sciences.

VOLUME 9, 2021 101901


