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Standardization greatly impacts innovation and business, yet the understanding of the
complex networks of actors and processes involved often remains fragmented. Whilst the
ecosystem theory can be a valuable lens, a unified definition and conceptualization of
standardization does not really exist. This thesis seeks to bridge this gap by building a
comprehensive definition of a “standardization ecosystem” through a synthesis of current
literature surrounding standardization and established concepts of business, innovation, and
knowledge ecosystems. The results propose that a standardization ecosystem is a set of
interdependent, heterogeneous actors coordinated by both formal and informal mechanisms,
who collectively develop, diffuse, and maintain technical standards, thereby jointly creating
and enabling value. The thesis emphasizes the polycentric nature of governance, the role of
diverse actor interdependencies and the function of these ecosystems as bridges between
knowledge creation, innovation processes, and market applications.
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1 Introduction

Globalization of markets and advancing technologies have dramatically altered the ways in
which industries can and do develop, adapt, work with or otherwise compete through
standards. A standardization ecosystem—the actors, processes, and policies that together
create and shape standards—has become more important than ever. This thesis aims to
examine the concept of a standardization ecosystem, what it is, why it matters in the world
of today, and how it can influence how we innovate and conduct business. There are three
primary reasons why one should understand standardization ecosystems. First, the rise of
digital platforms and industry 4.0 efforts has led to the existence of more competing
standards and protocols that overlap (Legat & Boll, 2023). Second, growing global threats
like climate change has pushed governments around the world and private organizations
alike to adopt standards that focus on sustainability (Lang & Messenger, 2024). And lastly,
the existing theoretical concepts such as “business ecosystems”, “knowledge ecosystems”
and “innovation ecosystems” are not strongly linked to the role of standards and
“standardization ecosystems”. As a result, organizations and entities alike need to navigate
a complicated and rough landscape of partnerships, regulations, and technologies where
standardization plays a crucial role in harmonizing efforts across diverse stakeholders.
Understanding standardization ecosystems can offer insight into how standardization
affects; shared technical and design specifications, and collective decision-making (Grillo et

al., 2024).

Previous research on standardization can be grouped into three main streams. First the
economic impact of standards. There are numerous studies that emphasize the potential and
historic economic impact of standards. These studies point out that standards can manage
interoperability, reduce the cost of transaction and foster innovation via providing a common
ground of design rules for new products and processes alike (Tassey, 2000; Nylund & Brem,
2023). If, however, managed and implemented poorly standardization can also cause
significant negative effects on innovation such as a potential technology lock-in blocking
innovation and further development (Blind, 2013). Second, some literature — whether
framed as business, innovation, or knowledge ecosystems — highlight the phenomenon of
collaborative value capture. This phenomenon seen across different organizations like, firms,

universities, and governmental bodies can give rise to de facto standards for collaboration



(Nylund & Brem, 2023; Valkokari, 2015). Third, some emerging work has attempted to
bridge these themes by exploring the role of standards in shaping strategies across different
ecosystems (Grillo et al., 2024). Still, though, there yet exists little analysis that does not
focus on specific sectors, especially ICT, and does not overlook how diverse ecosystem
actors can coordinate to create, formulate and ratify standards (Lang & Messenger, 2024).
This leaves a sizable room to potentially investigate why some standardization efforts
succeed while others may fail, how organizations can better coordinate complex multi-actor
relationships within standardization, and what constitutes a holistic, overarching definition

of a “standardization ecosystem”.

Due to previous literature typically exploring either the process of standardization or the
functioning of ecosystems themselves, they rarely address the two’s intersection in a
comprehensive way. For instance, while considering business ecosystems, the attention is
mainly in 'coopetition' as a network phenomenon. However, they do not always conduct a
thorough examination into how standards, firms, and regulators interact to co-create formal
or informal standards (Blind et al., 2017). On the other hand, a good chunk of the literature
on standardization does indeed recognize the need and the importance of collaboration but
overlooks more fluid arrangements that are more typical of ecosystems, instead focusing on
committee or market-based processes (Wiegmann et al., 2017). As a result, there exists a
lack of a unifying conceptual lens that would systematically clarify the stakeholder variety
— firms, consortia, governmental agencies, etc. — and governance approaches like
consensus-based or regulated, that shape standardization. To address this crucial gap this
thesis will synthesize the ecosystem concept with the contemporary theories of
standardization. This thesis aims to develop a holistic model to understand and define the
standardization ecosystems while laying out the theoretical foundation providing practical

insights as well as benefits and downsides for ecosystem-based standard-setting.

1.1 Objectives and Research Questions

The primary goal of this thesis is to propose a comprehensive and holistic definition of a
standardization ecosystem by drawing upon already existing literature on business,
innovation and knowledge ecosystems and the field of standardization itself. According to

this goal this thesis aims to:



1) Identify key actors and processes in standardization ecosystems.

2) Compare and contrast standardization ecosystems with existing concepts of other

ecosystems.

3) Develop a unifying framework that clarifies interactions, roles and governance

structures within these ecosystems.
Based on these goals the research questions of this thesis are the following:

1) What main elements constitute a standardization ecosystem, and how do these

elements interrelate?

2) How do existing ecosystem frameworks — business, innovation, and knowledge —

inform our understanding of standardization ecosystems?

3) What are the gaps or inconsistencies in prior research, and how can a unifying

framework for standardization ecosystems address them?

1.2 Methodology and Key Results

In order to accomplish the given goals, the thesis uses a literature review methodology. It
focuses on existing literature that stands in the intersection of standardization research with
ecosystem theory. This methodology involves selecting, analysing, and synthesizing
literature works and studies from multiple domains. From this review, a synthesis of essential
key themes and frameworks will be acquired. This will aim to illustrate how standardization
ecosystems function in real world situations. The two main expected outcomes of this thesis
are a conceptual model that shows how actors might collaborate and compete to establish
standards in a multi-level system. While the thesis itself is ultimately conceptual, real world

and case examples will be used to illustrate some certain points.

1.3 Scope, Limitations, and Thesis Structure

Although this thesis uses a literature review methodology and draws from existing literature
it also focuses predominantly on conceptual synthesis rather than empirical case studies.

Therefore, the implications of this thesis can best be viewed as a foundation for future



research and a vessel that ties the past literature together. This thesis is organized as follows:
Chapter 1 (Introduction) outlines the motivation, context, and goals of the study. Chapter 2
establishes the theoretical background of the thesis. Chapter 3 investigates how
standardization can coordinate and govern interactions within business, innovation, and
knowledge ecosystems, emphasizing its role in topics like innovation spread, platform
dynamics, and multi-actor collaboration. Chapter 4 brings the results together into a new
conceptual framework for standardization ecosystems. Chapter 5 identifies and shows gaps
in current standardization ecosystem research and proceeds to suggest future research
directions to address these gaps. Lastly, Chapter 6 is a conclusion, it summarizes findings
and discusses theoretical contributions to the literature, practical implications and
limitations. By bringing multiple strands of literature spanning many fields together,
communities and perspectives this thesis aims to establish a cohesive foundation for both
understanding and advancing the newly emerging concept of the standardization

ecosystems.

2 Theoretical Background

This chapter of the thesis seeks to set up the theoretical foundations that the rest of the thesis
is built upon for the reader. It starts with an examination of the concept on standardization
(Section 2.1). This section lays out the definitions, motivations and impact on industries of
the concept. Afterwards, Section 2.2 expands upon the more general notion of ecosystem
concepts. It presents information about ecosystem theory, innovation ecosystems, business
ecosystems, and knowledge ecosystems. These subsections aim to offer the important
background knowledge for understanding how and why standardization intersects with

ecosystem frameworks within the literature.

2.1 Standardization

Standardization is the act of establishing and enforcing a set of technical specifications that
are typically set up according to a consensus among diverse stakeholders (Blind, 2013).
Typically, a standard is defined as a document that is typically approved by a recognized

body via consensus “that provides, for common and repeated use, rules, guidelines or
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characteristics for activities or their results” (ISO/IEC Guide, 2004). These documents can
cover user interfaces, measurement processes, quality of product, management systems or
organizational processes and practices at large (Grillo et al., 2024). Despite the huge range
of subject matters these standards can cover, as a whole standards primarily share an ultimate
goal: to establish or otherwise enhance interoperability, compatibility and safety across

different players in a market or field of business (Nylund & Brem, 2023; Tassey, 2000).

2.1.1 Definitions and Motivations

Standards enable various organizations to try to properly convey technical requirements,
reduce transactional costs, and improve reliability of products and services alike across the
board (Blind, 2013). For instance, some standards focus on compatibility, and they ensure
that separately produced component by different manufacturers can connect and work
together seamlessly. Quite like how headphones produced by Apple are typically able to
work with an Android device or an independent manufacturer’s headphone can work with
an Apple device. Standards concerning quality, on the other hand, help maintain consistency
across the board. Safety standards address human safety, health and environmental
considerations (Blind, 2013; Grillo et al., 2024). These potential benefits are typically
generated by standards that institutionalize the best practices and common knowledge in the
industry thereby aiming to lower information asymmetries (Tassey, 2000). When numerous
entities and organizations agree upon a single set of specifications, network effects can be
generated, raising the significance of standards within entire industries (Nylund & Brem,

2023).

From an economic perspective standardization can reduce the costs by simply simplifying
production processes, and constraining design variations to a minimum across markets
(Blind, 2013; Lang & Messenger, 2024). Furthermore, industries capable of maintaining
strong network externalities — like telecommunications, software, and consumer electronics
— having a widely adopted and followed allows the market for compatible goods and
services to rapidly expand (Nylund & Brem, 2023). As a result, producers will likely have
an easier time scaling up their operations. End-consumers can also benefit from a broader

more interoperable set of goods.
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On the side of policies, standardization is ever-increasingly prominent in addressing issues
facing societal such as climate change. Governments and non-governmental actors alike
develop or apply for sustainable technologies in order to reduce carbon emissions and ensure
greener processes (Lang & Messenger, 2024). Such sustainability-oriented standards can
manage carbon accounting, ensure energy efficiency or even effect the designs of electronic
devices (Blind, 2013). Therefore, standardization has become a crucial instrument for

directing both industrial and societal transformations.

Despite all of this, poorly implemented and mismanaged standardization can hurt and limit
innovation efforts. If a standard is established prematurely or set up in a way that blocks all
change no matter if it is a major improvement or not, it may cause a lock-in and deter future
development or outright block it therefore cutting off potentially superior methods,
technologies and products (Blind, 2013; Nylund & Brem, 2023). Additionally, when a
standard is entirely dominated by a singular actor or a set of actors, smaller players in the
industry along with potential new entries into the scene will find it difficult to influence its
further evolution and development. This may end up disrupting potential collaboration
(Grillo et al., 2024). This dual nature of standardization — both a crucial facilitator of
interoperability and creator of potential collaboration yet also a potential cause of lack of

innovation — makes standardization a challenging yet a crucial field to investigate.

2.1.2 From Committee Processes to Market-Driven Standards

The existing literature distinguishes between formal standardization — those typically led
by organizations such as ISO, IEC, ITU, CEN, DIN in Germany and BSI in the UK just to
give a few examples — and market driven de facto standards that originate from industries
or prominent players in the markets (Nylund & Brem, 2023; Wiegmann et al., 2017). Formal
standards usually follow procedures that are typically consensus-based. This ensures the
representation from multiple varying stakeholders (Blind, 2013). The documents that are
created as a result usually tend to be recognized and used by regulators causing them to be
able to serve as benchmark checkers for compliance (Lang & Messenger, 2024). On the
other hand, de facto standards typically emerge naturally when a product or service gains
widespread market share therefore becoming the de facto standard — for example, the

historical success of VHS over other forms like Betamax (Cusumano et al., 1992).
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The relationship between these two modes is often quite complicated. Within many
advanced industries, such as information and communication technologies, standards
usually get established by an assortment of companies and organizations (Teubner et al.,
2021; Wiegmann et al., 2017). These consortia can have rapid responses emerging new
technologies and new technological paradigms therefore enabling rapid solutions that big
formal bodies are typically not able to provide. Yet these big formal bodies can later review
and decide to act upon these new consortia driven specifications, either endorsing them or
potentially turning them into law or ratifying their applications within the industry (Nylund
& Brem, 2023). This dynamic highlights the multi-phase nature of standardization along
with the presence of multiple diverse actors. Furthermore, this foreshadows the importance
of ecosystem thinking, in which consensus typically forms through contributions of this

diverse interdependent actors, not in isolation.

2.1.3 Standardization in Emerging Contexts

Recent literature highlights that standardization is increasingly more important in the world
of today, in the era of Industry 4.0 transformations (Legat & Boll, 2023). Industry 4.0, with
digitalization, interconnected manufacturing, and advancing automation, requires consistent
data exchange across a diverse range of sensors, systems, and technologies. Hence,
standardized communication interfaces are simply crucial (Legat & B6ll, 2023). Similarly,
sustainability issues and concerns have accelerated the development of standards for
renewable energy, green manufacturing and technologies, along with more sustainable
supply chains (Lang & Messenger, 2024). These universal concerns highlight the ever-
increasing complexity of standardization, which must consider environmental, societal and

ethical dilemmas along with the technical factors.

There exists also an increasing amount of literature that highlights how standardization can
intersect with the broader societal challenges and mission-oriented innovation policies
(Blind, 2013). For example, studies explore how formal standards can be integrated into
publicly funded R&D projects, where resulting knowledge can quickly be transformed into
applications across a wide range of industries (Blind, 2013). This approach recognizes that
standards can serve as a potential medium for technology transfer in order to act as a bridge

over the gap between lab findings and real-world adoption (Grillo et al., 2024). Together as
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a whole, these emerging themes suggest that standardization needs to be positioned in a
place, where diverse players ranging from big tech firms to local governmental branches
cooperate or clash on specification, adoption and revision of standards, within broader

ecosystem perspectives.

2.2 Ecosystem Concepts

While standardization as a phenomenon has historically been examined in regulatory and
market contexts, standardization within the ecosystem metaphor has recently become more
prevalent across the managerial and innovation sectors. Researchers argue that a single
innovation rarely manages to innovate in isolation, rather, it is often part of various networks
or ecosystems composed of various actors and resources that aid and support it in various
ways (Valkokari, 2015). Although the phrases “knowledge ecosystem”, ‘“business
ecosystem”, and “innovation ecosystem” all share the idea of a dynamic, interconnected, and
collaborative community that each focus on different outcomes or processes that concern

them the most (Grillo et al., 2024; Valkokari, 2015).

This paper chose to focus on knowledge, business and innovation ecosystems because, all
together, these three lenses can offer a complete view of value creation. Knowledge
ecosystems  illuminate = how  research actors generate and share ideas
(Autio and Thomas, 2014); business ecosystems explain the competitive—collaborative
constellations that form around a focal firm or platform (Moore, 1993); and innovation
ecosystems show how networks of complementary innovators jointly bring complex
solutions to market (Adnerand Kapoor,2010). Furthermore, as Valkokari (2015)
emphasized, these three ecosystem types overlap as layers that reinforce one another so
analysing these three ecosystem concepts can provide a more holistic foundation for the

theoretical background.

2.2.1 Ecosystem Theory

Ecosystem theory suggests that economic and technological advancements are closely linked
and part of an interdependent, co-evolving networks rather than individual isolated outcomes

(Moore, 1993). In networks such as these various actors typically co-produce value and
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compete for influence (Valkokari, 2015). This not only facilitates idea and experience
sharing (Moore, 1993) but also promotes flexibility, therefore enabling the entire system to

deal with a rapidly changing environment (Valkokari, 2015).

Via cooperation actors within an ecosystem can co-create value that an individual actor
cannot produce by themselves (Moore, 1993). The same actors must also seek a balance
between cooperation and competition (Valkokari, 2015), so that new ideas can continuously
be tested, and growth opportunities are shared with others. In its core, the ecosystem
approach highlights the importance of dynamic collaboration where continuous
experimentation and collective learning can result in collective evolution (Moore, 1993;

Valkokari, 2015).

2.2.2 Innovation Ecosystem

Innovation ecosystems could be defined as a network or a community of actors — ranging
from firms, organizations, venture capitalists to government agencies — working together
with each other in order to accelerate technology development (Nordling, 2024). Innovation
ecosystems typically promote co-creation and adoption of new technologies, products or
services especially promoting collective learning and shared experimentation. As Adner and
Kapoor conceptualized in 2010, innovation ecosystems as a system in which success of an
individual innovation is affected by the success of complementary innovation and not
entirely dependent on the success of its own value proposition (Adner & Kapoor, 2010). In
short new developments and innovations flourish in an ecosystem that is able to maintain
the development of complementary goods and has a favourable infrastructure to do so

(Valkokari, 2015).

Researchers generally think of standards as tools that facilitate or inhibit smoothness of
innovation ecosystems (Nylund & Brem, 2023). On the other hand, standards generally
enhance knowledge transfer and manage complex systems (Blind, 2013). By simply defining
shared parameters they can minimize uncertainty, complexity, and enable newcomers to the
market to essentially plug into the ecosystem with relative ease (Nylund & Brem, 2023).
Conversely, an overly rigid standard can block and slow down innovation through
exploration of alternative methods or technologies (Blind, 2013). Therefore, the impact of

standardization on innovation ecosystems is highly dependent on how quicky can the
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standards adapt, whether the standards are inclusive or not and to what extent they accurately

reflect the changing knowledge base (Grillo et al., 2024).

2.2.3 Business Ecosystem

While the innovation ecosystems emphasize technological advancement, novelty and
collaboration; business ecosystems usually focus on value co-creation and capture in
commercial markets (Moore, 1993). A business ecosystem can be defined as “an economic
community supported by a foundation of interacting organizations and individuals” (Moore,
1993). This community can often be found to be around a central product, brand or platform.
Organizations within a business ecosystem may be acting as complementors, suppliers or
competitors to each other but ultimately, they share a common interest in expanding the

overall size and reach of the market (Nylund & Brem, 2023).

Standards may often act as platform enablers within a business ecosystem. For example,
when a leading platform sets a particular standard — for example Apple’s user interface or
a big car manufacturer’s proprietary design — then the smaller firms place, compare or
otherwise benchmark their own offerings against those in an attempt to gain a share of that
ecosystem’s user base (Nylund & Brem, 2023). This dynamic can end up creating powerful
network effects but at the same time it also risks concentrating power into the hands of
entities that control the standards (Grillo et al., 2024). Literature has shown that sponsors of
a standard may wield significant influence over the development of the subsequent
innovations (Valkokari, 2015). If this sponsor is receiving external input and continuously
updating the standard properly, the ecosystem may flourish; otherwise lock-in or
gatekeeping may significantly hinder not only the participation of new players but also it can

be detrimental to long-term ecosystem vitality (Nylund & Brem, 2023).

2.2.4 Knowledge Ecosystem

Knowledge ecosystems focus on creation, dissemination and utilization of knowledge
(Valkokari, 2015). Actors can be composed of universities, research institutions, think tanks,
and some government agencies. These actor’s ultimate goal in a typical knowledge

ecosystem is to drive the creation of scientific and technical knowledge. Oftentimes the goal
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is less concerned about immediate profit and more toward pure collective learning and
problem solving in emerging fields (Nordling, 2024). Knowledge ecosystems often excel at
openness, sharing, community building and preserving a repository of ideal practices and

scientific knowledge.

In these types of environments, standards can codify the latest research, and practices to
ensure that knowledge is not only created but also widely disseminated (Blind, 2013). For
example, measurement standards or reference models can serve to unify how researchers
around the globe approach to evaluating a particular phenomenon (Tassey, 2000). By
providing such globally accepted benchmarks standards can promote collaboration across
industries which can help replicate and confirm experiments (Grillo et al., 2024).
Furthermore, knowledge ecosystems with standardization processes that are embedded well
tend do see increased rates of adoption of new research outcomes in commercial and
industrial settings (Blind, 2013). This clearly highlights the extent to which standardization
can act as a bridge to cover the gap between the laboratory and the marketplace in the world

of today.

Simultaneously, conflict could also arise when the aforementioned standards are rather static
or even in the case of all knowledge providers not being able to reach a single consensus
(Grillo et al., 2024). Academics who prioritize exploration might end up seeing standards as
a roadblock, a hinderance, a constraint, especially when fixed methods, approaches and
terminologies come into play. Therefore, the knowledge ecosystem’s challenge is to
maintain enough openness, flexibility and be accommodating enough to ensure new findings
and discoveries can indeed be properly incorporated into the current standards, reshaping

them to fit the changes in the knowledge.

3 Integrating Standardization and Ecosystem Theory

This chapter sets out to explore the relationship between standardization and the ecosystem
theory via investigating how standards and standardizing processes fit into and help shape
the world of ecosystems. This chapter especially examines the role of standardization in
coordinating processes within business, innovation and knowledge ecosystems highlighting
how these processes and rules can influence innovation adoption, strategies and power

balances amongst the stakeholders.
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3.1 Standardization in Business, Innovation, and Knowledge Ecosystems

Standardization usually results in establishment of agreed-upon specifications or protocols
for broad and repeated use (ISO/IEC Guide 2, 2004). By allowing actors within the
ecosystem agree upon some baseline conditions whether be it technical, procedural, or
conceptual standardization can reduce uncertainty and let organizations operate across

certain boundaries.

Business ecosystems which are typically comprised of firms, suppliers, and customers
looking for co-created value, standardization can encourage compatibility and prevent
unneeded variety that ultimately inflates costs. A great example for this can be container
shipping. Standardized containers in freights significantly boosted efficiency across the
board and improved global trade (Levinson, 2006). Likewise, formally defined
specifications or interface guidelines can cause lower transaction costs, enable improved

scaling and create a basis for partnerships across the ecosystem.

Innovation ecosystems, networks of interdependent actors and funders, typically benefit
from standards that can serve as platforms to build upon or reference points on which further
developments and innovations can be generated upon. Prior literature has shown that
standards can help codify and increase adoption rates for new superior technologies or
practices, promoting innovation (Blind, 2013; Nylund & Brem, 2023; Tassey, 2000). This
effect is due to standards’ ability to focus investment and ensure compatibility among
complementary technologies (Swann, 2000). For example, the increased adoption of TCP/IP
and internet protocols that followed allows for a broad array of investors to fund software
and services development for the web to increase outputs and interoperability across the

globe.

Knowledge ecosystems which are typically centred on the creation and spreading of
knowledge standardization could be seen as an integrating mechanism. By translating latest
research into common specifications, standards can lead the application of new findings into
practice (Blind, 2013). Such applications can possibly speed up practical adoption of
developments by simply placing them into stable widely accessible forms. For instance,
globally accepted metrology standards or testing standards in scientific mediums can help

ensure reproducibility and allow for open sharing of knowledge.
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Through these three main ecosystem types, standardization emerges as a tool for reducing
friction, aligning collective investments and ensuring that members of these ecosystems can
rally around common objectives. Yet the specifics within certain ecosystems might differ.
Business ecosystems are usually centred around market transaction-based relationships and
coopetition amongst the participants (Moore, 1993; Nordling, 2024; Nylund & Brem, 2023).
Thus, standards typically focus on commercial interoperability and supply chain efficiency.
Within innovation ecosystems bridging new technical developments with complementors is
highly emphasized, so standards here might be centred around knowledge transfer and co-
development of common interfaces. Knowledge ecosystems typically rely on widespread
consensus on behalf of building support for open sharing in order to avoid lock-ins. Here,
standards reflect the collaborative scientific norms and open access. Regardless of which
ecosystem context is considered, standardization is a tool that relies on and help reinforce

inter-organizational collaboration.

3.2 Standardization as a Mechanism for Coordination and Governance

A primary goal of standardization is to coordinate actions of multiple actors through
predictable and established rules for interaction. When different companies, organizations,
governments or institutions need to work together standards can be considered as a shared
common “language” facilitating seamless interaction and communication among diverse
systems and workflows (Blind, 2013). This is an especially crucial role within ecosystem
governance, where in theory there is no single entity with a hierarchical authority over the

entire network of actors.

Coordination is also crucial when products or services from different sources must be
integrated into a wider system (Swann, 2000). Standards focused on interoperability mean
that each component can “work” with others, limiting confusion and minimizing transaction
costs across the ecosystem. A successful example worth mentioning is the global spread of
the Wi-Fi technology, which is stimulated by IEEE 802.11 standard (Hiertz et al., 2010).
Manufacturers, software developers, and service providers alike adopted 802.11, for its
extensive interoperability. This resulted in increased device production as well as increased

user adoption and a self-reinforcing cycle of ecosystem growth.
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Standardization is also a crucial tool for governance within ecosystems. Instead of rigid top-
down structures standards can offer a consent-based environment for participants to be able
to voluntarily opt in. This efficiently embeds certain governance principles into the technical
design principles which specifies safety requirements, data formats or quality benchmarks
to be targeted. For example, within sustainability focused environments environmental
standards can insert regulatory goals, like emission limits, into the practices within industries
without direct enforcement by governments (Lang & Messenger, 2024). Also,
standardization committees often can reflect upon varying interests, providing private firms,
governments, and public stakeholders an avenue to discuss the rules for ecosystems.
Therefore, standards may function as quasi-regulatory mechanisms that will help mold how
an entire ecosystem may develop. Such a form of governance can manifest itself in multi-
stakeholder trade settings, forestry, socially responsible supply chains, where different actors
need to agree on common norms in order to guide the system (Bostrom and Tamm Hallstrom,

2010).

Still, standardization can end up being a double-edged sword of some sort for governance.
While common standards can unify the ecosystem to create efficiencies it can also limit
competing designs and prevent radical forms of innovation. Furthermore, in cases where
certain actors get to dominate standard setting processes, essentially holding important
patents or controlling the approval forum altogether, they can ultimately insert their own
interests into the ecosystem at the expense of other members. Therefore, while
standardization can enable cooperation and facilitate interactions it also requires checks to
ensure transparency, accountability and fairness (Wiegmann et al., 2017). An effective
implementation of standardization processes harmonizes conflicting interests to maximize

legitimacy and value instead of hurting it.

3.3 Standardization, Innovation Diffusion, and Platform Dynamics

Within industries with a high track record for innovation, standardization can be a key driver
in enhancing the adoption of new technologies. Through accurate and consistent
specifications, standards can reduce uncertainty for new adopters for the products, especially
when network externalities are in the picture (Tassey, 2000). For instance, common wireless

standards like GSM, 3G, LTE, 5G can influence global adoption rates ensuring
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interoperability for devices and infrastructure across the globe (Nylund & Brem, 2023). Such
alignment — especially across various regions and companies — can cut costs, increase

consumer confidence, and create larger markets.

Platform based ecosystems show how standards can boost multi-sided innovations. A
platform — such as a smartphone operating system — publishes standardized interfaces and
design guidelines that ultimately app developers must employ to create complementary
solutions (Gawer & Cusumano, 2002). Stable and well-documented standards can lower the
barrier to entry for new entrants and sets the platform up to scale potentially enabling third-
party contributions and delivery of a range of apps as well as services. For example, Android
embraced an “open standard” strategy, which allows manufacturers and developers alike to
access its core system. This approach not only attracts stakeholders and creates a large
ecosystem but also enabled rapid spread of smartphone technology across the globe (Autio

& Thomas, 2014).

A possible absence of standards can, in fact, hinder both platform generation and adoption,
due fragmentation and ambiguity (Suarez, 2004). For instance, if each smart home product
tried to use a proprietary protocol users could be deterred due to the hassle of making
everything work together. As an example: The Matter consortium, under the Connectivity
Standards Alliance (CSA), seeks to unify such domains under a single standard such that
connectivity and interoperability with other products is as seamless as it can be (Connectivity
Standards Alliance, 2021). This shows how standardization can address the coordination
topic and encourage more participation. However, platform leaders can also exploit these
attempts at standardization as a control strategy to shape the ecosystem’s direction and
capture a disproportionate share of the value. The outcome depends on how open or
proprietary the standard is, how inclusive it is, and whether essential IP is licensed fairly.
Overall, standardization is crucial for platform-based innovation as it aligns technical efforts,
can offer stable building blocks to expand upon and encourage widespread diffusion,

however, may also raise questions about ecosystem power dynamics.

3.4 Actors and Their Roles in the Standardization Ecosystem

From certain perspectives, standardization can look like it belongs to domain specialized

bodies like ISO and IEC. However, an ecosystem view or perspective reveals a variety of
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actors ranging from private firms, governmental bodies, standard development organizations
(SDOs), various alliances and coalitions, non-governmental organizations to researchers
(Wiegmann et al., 2017). All together allowing for co-evolution of norms within a complex

network of relationships.

Companies typically provide the technology or processes that need to be standardized. Large
firms can try to manipulate de facto standards through market dominance in their favour.
Others, without such tendencies, may try to participate in formal committees trying to reach
an open consensus. Whether promoting open or closed standards, companies are often
inclined to attempt to balance cooperation and competition due to the nature of business in
modern world. They typically benefit from a larger market through standards but also
intrinsically wish to shape and push these standards to fit well with their capabilities and

practices (Blind, 2013).

Governments and regulators can impose specific requirements for health, safety, or
environmental requirements, which can direct innovations within ecosystems. In some
contexts, more authoritarian government agencies can have stronger than typical grasp on
standardization processes allowing for little input and flexibility. Other governments may
define objectives and reserve the details to SDOs (Lang & Messenger, 2024). Governments
can also encourage or fund standardization efforts in emerging areas to coordinate multiple

sectors and boost growth.

Formal SDOs like ISO, IEC, CEN, among others provide institutionalized processes to
ensure openness and consensus-based decisions. Consortia such as World Wide Web
Consortium or USB Implementers Forum can act rather quickly in rapidly changing tech
fields (Wiegmann et al., 2017). Both are essential governance nodes within the
standardization landscape providing a solid foundation for heterogenous stakeholders to

suggest, refine and finalize specifications.

Non-profit organizations, environmentalist movements, and consumer organizations can
participate in standardization processes or attempt to initiate their own standards through;
for example, fair-trade labels, to promote public interests. Through this the scope of the
ecosystem may be expanded so that commercial, social, and ethical dimensions can be

integrated into standardization decisions (Bostrom and Tamm Hallstrom, 2010).
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Academic and research institutions, including laboratories and universities alike, can often
be knowledge producers whose results usually effect standards. Research contributes to
expertise, can test solutions, and in some cases, integrate their results into formal
specifications. Regulators increasingly encourage academia and research institutions to have
formal ties within standardization and industry bridging the gap between R&D and practical

norms to accelerate adoption (Blind, 2013).

These varied actors can engage in developing, adopting and finalizing standards. Firms
supply the commercial momentum, governments can mandate directions as needed, SDOs
and consortia manage and set the rules, NGOs can expand the value horizons, and academia
can provide new knowledge. Typically, no single party can operate and take decisions by
itself; especially in large, complex ecosystems. Therefore, standardization essentially is the
output of a distributed process with participation and input from a diverse range of
participants. If implemented well, it can unite the ecosystem around shared baselines and

technical or procedural frameworks to enable synergy as well as collaboration.

3.5 Tllustrative Cases Linking Standards and Ecosystem Coordination

Standardization can facilitate coordination in ecosystems by providing shared frameworks
to build upon, reducing barriers for collaboration, and aligning the interests of the
participants (Blind, 2013). Across various context, a baseline standard or directive can
significantly promote innovation, and ensure complementary products can exist and work
with each other as a cohesive whole. Three exemplary cases where this could be seen —
Industry 4.0, Tesla’s EV (electric vehicle) charging system, and EU’s USB-C mandate —
demonstrate how different specifications, and coordination routes such as multi-body
collaboration, de facto firm leadership, and public regulation can converge on standards that

reduce fragmentation and stimulate ecosystem growth.

1) Typically, industry 4.0 initiatives highlight the collaboration challenges especially in
digitizing manufacturing and integrating smart technologies (Lu et al., 2019).
Multiple actors from diverse manufacturing industries — for example, machine
manufacturers, automation-based firms, software firms, and system integrators —
must agree on a set of guidelines for interoperable interfaces, common data models,

and a common language so that interoperability is ensured (Legat & Bo6ll, 2023). Via
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standardization of these models and communication protocols the industry 4.0
network reduce the risk of developing and investing in incompatible and non-
complementary solutions, thereby minimizing uncertainty and complexity across the
supply chain (Legat & Boll, 2023). Such standards can allow for a more modular,
“plug-and-play” environment where different tools as well as systems can more
easily be compared and combined. This results in a faster and broader adoption of
new and advanced methods, processes and technologies in manufacturing which
results in a bigger more connected ecosystem that is based upon collaborative and

market-driven processes to determine specifications (Blind, 2013).

Tesla’s electric charging port is a great example of how a proprietary standard can
evolve into a broader ecosystem platform with wide adoption when multiple firms
rally around it (Krisher, 2023). Initially designed for exclusive use by Tesla vehicles,
the charging network and interface stood apart, creating interoperability challenges
for other EV manufacturers. This charging system, currently named NACS or North
American Charging Standard, was developed originally for Tesla’s Model S before
its current biggest competitor CCS (Combined Charging System) even existed. The
competition first flared up when Tesla renamed their system to NACS and opened
their extensive network up to other carmakers in 2022 (Tesla, 2022). By converging
in NACS as the standard companies would have access to the mass network of
chargers Tesla provides — nearly 30 000 in US (Threewitt, 2025) — companies can
provide convenience to their customers and cut costs as individually building such a
massive network of charging stations from ground up would be a costly undertaking.
Although it’s hard to say that NACS has become the standard for EV charging in the
US, it certainly seems to be on its way to be so as car manufacturers are announcing
switches to NACS. So far Ford, GM, Rivian, Volvo, Polestar, Mercedes-Benz,
Nissan, BMW, Honda and many more have all announced plans to adopt NACS
within their products in US markets (Beckford, 2025; Clarke, 2023; Klein, 2023;
Stafford, 2025). This coordinated shift can reduce barriers to EV adoption and align
competing firms in US markets behind a single technical approach to leverage the
existing network to accelerate market growth which would ultimately benefit all EV

manufacturers in the same market.
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3) The EU’s mandate to adopt USB-C as a standardized charging port can be an
excellent example of how regulatory standardization influence an ecosystem of
consumer electronics producers (European Commission, 2024a). Manufacturers
historically had a variety of proprietary connectors creating a considerable amount
of e-waste and user inconvenience (European Commission, 2024a; European
Commission, 2024b). The EU essentially unifies the whole charging ecosystem for
the direct benefit of consumers and environment by requiring manufacturers of
electronics to use USB-C where applicable, especially for phones, tablets and other
similar devices. This can also be beneficial to accessory makers as now they have
clear design targets and can help them streamline their processes. Through this
action, the EU ensures that even companies directly competing can rally behind a

single standard to ensure global interoperability and expand the market.

These cases together can illustrate how standardization unifies rather-dispersed markets
and change ecosystem directions. Industry 4.0 standardization promotes cross-industry
collaboration in manufacturing and digitization, Tesla’s NACS attempts to unite the
North American EV charging infrastructure, and the EU’s USB-C mandate standardizes
consumer device compatibility. In either case, diverse members of ecosystems with
conflicting short-term interests eventually converge on a set of specifications which
lowers uncertainty and multiplies the network effects (Blind, 2013). A well-timed, well-
structured standard can realign entire industries, delivering interoperability, and lay a
foundation for future innovation in a direction. By uniting members of the ecosystems
together under common norms, standardization can foster coordination that is ultimately

beneficial for the entire ecosystem and the market.

4 Toward a Unified Concept of the Standardization Ecosystem

Standardization literature has shown that standards and standardization can either support or
suppress innovation, involving a variety of actors from companies to regulators (Blind, 2013;
Tassey, 2000). Ecosystem theory, however, has in a sense evolved to describe complex
networks of co-dependent actors collaborating to create value and knowledge with concepts
like business ecosystems, innovation ecosystems and knowledge ecosystems capturing

different elements of multiple actor collaboration (Valkokari, 2015). Despite some parallels
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— both standardization research and ecosystem theory emphasize cooperation,
interdependence and co-evolution amongst a diverse set of members — a unifying
conceptual framework attempting to link standardization and ecosystem theory remains
largely underdeveloped. This chapter attempts to synthesize the current literature on
ecosystems and sets out to propose a novel and unifying definition of a “standardization
ecosystem”. The objective is to articulate the term standardization ecosystem in academia,
grounded in the current and past literature and investigate interdependencies, governance

modes and coordination mechanisms that might distinguish this phenomenon.

4.1 Standardization and Ecosystem Theory: A Synthesis of Literature

Standardization in itself is a collaborative and multi-dimensional process, as shown by prior
literature, aiming to reach a consensus on technical specifications, interfaces or processes
amongst a group of actors. For example, Blind (2013) has shown that standards arise from
interactions amongst firms within an industry, standards organizations, and other
stakeholders located on the ecosystem. Standardization can be innovative via the spread of
knowledge in addition to interoperability within an industry. Tassey (2000) also highlights
that standards can form part of the technological infrastructure of an economy, thereby
promoting cooperation amongst the firms and reducing unknowns in technology adoption.
Such results point to networked relationships: standardization is not enacted in isolation by
a lone firm but rather by a collective effort that negotiates, discusses and co-produces a
standard. This collective can cross private and public industries and sectors alike: companies,
government institutions, research organizations, users, and formal SDOs can all be part of
this process and play certain roles within it (Blind, 2013; Lang & Messenger, 2024). The
standardization process can therefore be thought of as an arena where interactions among
different actors with different interest and goals can end up creating a common goal or an
operational standard through cooperation. This circumstance corresponds with the broader

concept of ecosystem thinking.

Management and innovation literatures present the ecosystem as a network of actors that co-
evolve their capabilities and roles, which in the process can create and capture value
(Valkokari, 2015). However, as discussed previously the term “ecosystem” can be applied

with varying degrees of scope and focus contributing to concepts like business ecosystems,
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innovation ecosystems, and knowledge ecosystems (Valkokari, 2015). These can be

summed up as the following.

Business ecosystems are focused on value capture and co-creation in the market, often being
cantered around a firm or a platform and a clear emphasis on delivering products or services
(Valkokari, 2015). Knowledge ecosystems are focused on generation of new knowledge,
they tend to be pre-competitive networks of innovators sharing knowledge and technology
without direct commercial goals (Valkokari, 2015). Innovation ecosystems function as an
integration mechanism amongst knowledge and business ecosystems, filling the gap
between the search for new knowledge and practical application of that knowledge in
commercial settings essentially linking them together (Nylund & Brem, 2023; Valkokari,
2015).

These three ecosystem concepts are interconnected and overlapping in practice and the same
actor may belong to multiple ecosystems. For example, a tech firm or a government lab may
belong to knowledge ecosystem in research collaboration, belong to an innovation
ecosystem in development partnership, and belong to a business ecosystem in supply chains

or platforms; simultaneously playing a role in each ecosystem (Valkokari, 2015).
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Ecosystem type Principal actors Typical produced output Standardization
perspective
Innovation ecosystem | Focal firm, complementors, | Commercial innovations, | Innovators and platform
value-creation network centred | suppliers, lead-users, investors | product—service bundles | leaders often act as
on complementary innovators | (Adner & Kapoor 2010; (Adner & Kapoor 2010; proposers of new technical
(Adner & Kapoor 2010; Autio & Thomas 2014) Blind 2013) specifications and lobby
Autio & Thomas 2014) SDO committees to embed
their preferred solution
(Blind 2013;
Legat & Bol12023).
Knowledge ecosystem | Universities, public-sector labs, | New scientific knowledge, open | Pre-normative projects and
distributed corporate R&D units, | datasets, pre-normative research | open research provide
knowledge-generation  system | open-source communities | outputs evidence and fest-beds that

(Granstrand & Holgersson 2020; | (Valkokari 2015; (Granstrand & Holgersson 2020) | de-risk formal standard
Valkokari 2015) Granstrand & Holgersson 2020) proposals and facilitate

consensus

(Teubner et al. 2021).
Business ecosystem | Platform leader, | Platform extensions, | Platform leaders seek to
co-evolving firms around a | complementors, distributors, | business-model innovations, | convert de facto dominance
platform or dominant leader | regulators, customers | de facto standards | into dejure recognition,
(Moore 1993; (Moore 1993; (Gawer & Cusumano 2002; while complementors press
Gawer & Cusumano 2002) Gawer & Cusumano 2002) Suarez 2004) for interoperability to avoid

lock-in
(Gawer & Cusumano 2002;
Suarez 2004).

When one examines standardization through a lens of ecosystem concepts it becomes

increasingly apparent that standardization processes can exhibit characteristics of all three

aforementioned ecosystems. The development process of a standard is often started in a

knowledge ecosystem context. For example, researchers and industry leaders may pool their

knowledge in committees to address a technological challenge, similarly how actors may

collaborate to create new knowledge. As this process progresses toward a formal or de facto

industry standard, it moves into an innovation ecosystem context. Multiple organizations

work together — often across large boundaries — to turn the knowledge into a concrete

solution, be it a protocol or interface that can be adopted by others. Lastly, once a standard
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is defined and established it may become a basis for business activity in business ecosystems.
Firms develop complementary products and services which can result in the growth of the
standard and the market in the targeted direction, therefore the value is co-created by
adopters and complementors (Blind, 2013; Tassey, 2000). As a result, standardization
ecosystems serve as a bridge from knowledge creation to business applications effectively
mirroring innovations ecosystems described by Valkokari (2015), but in this case standards

are the central output.

Recently, several studies have begun to explore standardization in ecosystem terms. For
example, Nylund & Brem (2023) analyze standardization within innovation ecosystems,
focusing on how dominant companies and their platforms can influence standard-setting.
The study and its findings indicate that when a powerful orchestrator leads a standard it can
foster modularity and synergy for all actors potentially speeding up innovation by providing
a stable foundation and common building blocks to build upon. Yet it can also cause
centralized control, enabling an actor to monopolize the ecosystem. This points to the risky
or double-edged nature of standardization within an ecosystem that can both benefit the
collective but negatively shape the power dynamics (Nylund & Brem, 2023). Similarly, Lang
& Messenger (2024) use the term “ecosystem of standardization” for public policy mapping
out the network of standardization bodies, regulatory agencies, firms and other such entities
that collectively can influence standardization outcomes. The study, commissioned by the
British Standards Institution, reinforces the argument that standardization involves a dense
web of participants and is not a simple linear process. It also emphasizes the interaction
between regulatory governance and voluntary standardization, highlighting that viewing
these processes as a single unified ecosystem can help identify key points for policy and

collaboration management (Lang & Messenger, 2024).

4.2 The Need for a Unifying Definition of “Standardization Ecosystem”

Considering the aforementioned overlaps, one would think the term “standardization
ecosystem” to be a widely recognized and used term. An examination of literature, however,
reveals that while concept might be growing in popularity it lacks a clear and accepted
definition. Researchers tend to discuss standardization and standardization ecosystems using

terms like “standardization systems”, “standard setting networks”, or simply within
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innovation systems and without the use of an explicit ecosystem framing. The absence of
such a unifying term and a definition might have practical and theoretical results.
Theoretically, this means that standardization analyses are typically focused on a singular
aspect such as SDO procedures or de facto platform standards in isolation rather than
focusing on the broader system of actors and forces that might shape how standards form
and get adopted. For example, a study, Grillo et al. (2024), points out that their analysis of
standardization literature reveals that standardization research stretches across multiple
disciplines and perspectives ranging from economics and management to engineering and
law. Their study highlights that standardization literature tackled topics ranging from
compatibility economics and network effects to strategic management of standards, public
policy and governance of standardization. Such diverse range of topics can be enriching but
can also lead to fragmentation of ideas and the vocabulary (Grillo et al., 2024). Here, a
unifying definition of standardization ecosystems can help the situation by acting as a
common point of reference that gathers insights from such different streams. This can help
researchers and practitioners alike to discuss standardization in terms that can recognize the
full set of actors and dynamics at play. A motivation for a new unifying definition would be
to bridge rather fragmented literature and provide a common language for researchers

studying standardization from any angle (Grillo et al., 2024).

From certain perspectives, the lack of an ecosystem can also indicate missed chances for
better coordination and governance. Recent research argues that innovation policy can
benefit from a clear adoption of ecosystem perspective on standardization (Wiegmann
etal., 2017). Traditional approaches to the subject, like at a national level, can typically focus
on priority-setting for key technologies and funding for formal standards development
processes. While these might be important, these efforts can overlook the broader ecosystem
of consortia activities, open-source communities, corporate platform strategies, etc., where
standards can actually be generated and spread. Wiegmann etal. (2017) suggests that by
conceptualising this ecosystem as a “standardization ecosystem” regulators and industry
leaders can better recognize the relevant actors — especially the non-traditional ones —,
their interactions with others, and their influences on the outcomes of such ecosystems.
Hence, a unifying definition is crucial in order to capture systemic interdependencies such
as how the actions of an individual actor — such as a new regulatory policy from a
government — can end up affecting others within the same network. A second motivation

for a new unifying definition would be to improve the current understanding of the complex
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web of system-level interdependencies amongst the actors of the ecosystem (Lang &

Messenger, 2024; Nordling, 2024).

In addition, such a clear definition of a standardization ecosystem is required to integrate the
insights from other three ecosystems, business, innovation, and knowledge, in a coherent
manner. All the aforementioned ecosystem types highlight some certain elements for
instance; business ecosystems emphasize value co-creation and health of the network,
innovation ecosystems emphasize bridging the gap between the other two, and knowledge
ecosystems emphasize co-learning (Valkokari, 2015). Standardization can include all of
these dimensions: requires collective knowledge generation, aims to bridge different
innovations via the use of common platforms, and highlights the value creation for firms
through compatibility and network effects. Without a unifying concept, it is rather difficult
to properly discuss these multi-dimensional roles of standardization and standardization
ecosystems within a singular analytical framework. Therefore, one unifying definition can
go on to describe how standardization can be a tool acting as an anchor connecting
knowledge, innovation and business layers of ecosystem theory and economic activity in the
world of today. A third motivation for a new unifying definition would be to directly link
standardization to already established ecosystem concepts therefore extending those
concepts and emphasizing the full range of standardization’s impacts (Blind, 2013; Nylund

& Brem, 2023; Valkokari, 2015).

4.3 Defining the Standardization Ecosystem

Based on the analysis performed on the current literature and its findings, the following will
put forward a new unifying definition, put forward by this thesis, for a standardization
ecosystem: A standardization ecosystem is an interdependent network of diverse, self-
interested actors, coordinated by both formal and informal mechanisms, that collectively
develop, diffuse, and maintain technical standards, thereby jointly creating and enabling

value across an industry or technological domain.

The definition above seeks to unify key ideas from the current literature and ecosystem
concept. It seeks to view standardization as a continuous cooperative system instead of a

one-off structure or process of a one-time mandate from a single entity such as a government.
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A network of numerous actors characterises a standardization ecosystem. A standardization
ecosystem consists of a diverse set of numerous actors such as: industry participants, firms,
that are effected by standards and contribute proposals or implement the standards; SDOs as
well as industry alliances or consortia that might organize standardization efforts;
governmental bodies and regulators who may participate or observe to ensure
standardization can meet policy goals and enforce the standards as regulations at a later
stage; academia and research institutions that contribute knowledge and sometimes
personnel for standardization committees; user groups that provide requirements and
ultimately end up adopting or rejecting the standards; and complementary organizations that
perform tests or provide certificates in accordance with established standards and
regulations. These variety of actors might have different motivations and capabilities. Still,
they are interdependent. No single actor can singlehandedly impose a widely adopted
standard. Even though a firm can create a protocol it can only become a standard if others
adhere to it. An SDO can facilitate consensus but requires industry experts to supply content
and requires companies to use the results. Regulators can endorse a standard which can
increase adoption rates, but they depend on creation of good standards in the first place. This
web of collaboration and dependencies within the ecosystem shows that actors might have
separate roles, but they are ultimately complementary and must work together with the rest

of the system to function properly (Lang & Messenger, 2024; Valkokari, 2015).

Coordination in a standardization ecosystem is different when compared to a traditional
business ecosystem that might be organized around a leading company, a standardization
ecosystem has a more distributed system of governance. Coordination is typically achieved
by a mix of formal and informal arrangements. Wiegmann et al. (2017) highlights that
standardization can occur in various modes such as formally through an SDO, industry
consortiums or forums, and competition for a dominant design. In a typical standardization
ecosystem, these are not mutually exclusive, they might interact and overlap, and they often
do. An ecosystem perspective can show how an informal consortium might later transform
into a formal ISO/IEC standard for broader adoption, or how a de facto standard created by
a market leader can be adopted by a formal body in order for it gain more legitimacy. Thus,
the ecosystem governance can be considered to be polycentric. Central hubs, such as an SDO
or dominant firm acting as an orchestrator, for governance might be present but even so such
a central hub’s power is based on voluntary cooperation and alignment amongst the many

participants. Such governance can be the reason why an ecosystem approach is fitting: there
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is no single hierarchy can dictate outcomes by itself instead, governance typically emerges
from negotiation, partnerships and competition amongst actors (Lang & Messenger, 2024;

Wiegmann et al., 2017).

The proposed definition highlights these three important activities of the ecosystem,
developing standards, adopting or spreading them, and maintaining them over their lifetimes.
In the development stage, coordination is required to gather knowledge and discuss the
technical specifications (Blind, 2013). During the adoption stage, coordination can ensure
that products and services can actually follow the standard in a coherent manner. This can
typically include actors such as associations promoting the standards, firms incorporating it
to their manufacturing processes, and training programs for spreading the knowledge and
expertise. Maintenance phase is often overlooked. However, standards need updates or
revisions as technology and market needs evolve. This brings organisations back to the
negotiation and planning process. Therefore, an ecosystem of standardization is not static
but rather it evolves over time. Actors may enter or exit, and governance structures may
shift. This kind of dynamic evolution is often typical for ecosystems (Moore, 1996;
Valkokari, 2015). This is also observed within the repeated process of creating and updating
standards. The interdependence of standardization system also indicates that changes of a

single actor can end up affecting everyone involved.

Joint value creation is perhaps the most important element of a standardization system for
some. Standards have been considered to be collective or public goods; once established
they can benefit a large community by promoting interoperability, reducing transaction costs
and opening up the markets to scale further (Blind, 2013; Tassey, 2000). Ideally the actors
may jointly create the standard and in turn this enables value throughout an industry. This
phrasing intentionally mirrors the language seen within business ecosystems in which
companies co-create a technology or a platform which then leads to everyone profiting from
a bigger pie (Adner, 2012). For instance, the ecosystem that have strung up around the
establishment of the 5G standards; numerous device manufacturers, telecommunication
operators, chip designers, international SDOs, and governments collaborated in producing
the 5G standard (Heikkild et al., 2023; U.S. Government Accountability Office, 2020). The
result is now being used for a variety of business ecosystem activities, ranging from
smartphones to IoT services. This creates value that no single company or entity could’ve

accessed all by themselves. Therefore, the standardization ecosystem adopts the value set of
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the business ecosystem, creating a platform on which competitive products and services can
be created upon, grown and reside in (Nylund & Brem, 2023; Wiegmann et al., 2017). At
the same time, the standardization ecosystem can also be in the knowledge and innovation
ecosystem dimensions, essentially creating new knowledge in collaboration with others and
aligning R&D of many stakeholders to a common standard. Hence, the created value is not
only economic in the conventional sense but also can considered to be technological and

knowledge-based which is driving the industry development.

To further illustrate, one could consider how a standardization ecosystem can expand upon
and combines the aforementioned three ecosystem types. Within the context of a knowledge
ecosystem, standardization efforts typically begin with an open research sharing, expertise
pooling, and collaborative problem solving, which may result in specifications that can
spread new, better practices worldwide (Blind, 2013). Standardization in the context of
innovation ecosystems may act as a bridge between academic research and practical
applications, reference prototypes and testbeds can allow companies to enhance
interoperability, reduce uncertainty, and create a basis for further development (Nylund &
Brem, 2023; Valkokari, 2015). In a business ecosystem context, with established standards
companies can compete and collaborate to supply complementary products and services
while maintaining and developing those standards. This mutual dependence is typically the
centre of business ecosystems where standards create market opportunity and growth but at

the same time require governance (Moore, 1996).

One of the crucial elements of a standardization ecosystem is the existence of both
cooperation and competition, or rather coopetition (Heikkild et al., 2023). Ecosystem
members collaborate to produce a standard, yet they may be in direct or indirect competition
on whose proposals get included within the standard. This conflict can affect the governance,
and companies can attempt to seize power and control over standardization processes so that
the outcome, whatever it is, ends up being their best interest. Therefore, neutral and balanced
rules are created and established by SDOs in an attempt to avoid or minimize such power
disparities (Lang & Messenger, 2024; Wiegmann et al., 2017). The ecosystem perspective
can explain this issue by acknowledging that actors may have their own goals that serve
themselves but must realize that coordinating on common points might be in their collective
interest. Hence, new standards can be seen as deals that reduce the coordination costs at large

(Tassey, 2000). Standardization ecosystems can be an answer to coordination problems in
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uncertain and difficult situations; creating the rules of a market like an operating system

creating a common interface everyone can build upon.

4.4 Interdependencies, Governance, and Coordination in Standardization

Ecosystems

One of the common aspects of any ecosystem is the interdependence amongst its actors. This
phenomenon is even more pronounced. Within standardization ecosystems any individual
actor’s decisions can positively and negatively impact others. For example, if a dominant
company decides to open up a proprietary technology and attempt to establish it as an
industry standard that can open up various opportunities for companies as complementors.
However, this can also be challenging for a competitor company to adopt their competition’s
technology possibly eliminating their differentiating factor. It may be helpful to map out
such interdependencies clearly. This includes technical interdependencies, economic
interdependencies, and knowledge interdependencies. Blind (2013) highlights that standards
may also serve as knowledge storage and transfer tools, so that innovation in one
organization can be integrated into a standard and therefore distributed to others, an example
of an interdependency where one output is transformed into input for many. Similarly,
Wiegmann et al. (2017) states that formal and informal standardization processes alike can
feed into each other, a successful de facto standard may be taken up by a formal organization
or vice versa. Therefore, even governance models rely on each other and both formal and

informal parts of the standardization ecosystem must work together.

Governance modes within a standardization ecosystem can range from hierarchical systems
like SDOs, to networked consortia driven partnerships, to market driven de facto standards
that emerge from competitive dynamics. The ecosystem perspective can bring these together
by simply highlighting that actors will choose to pursue various forums and methods for
standardization based on their own self-interests, but these chosen paths ultimately end up
intersecting regardless. An organization can try out a market approach by bringing up a
product and expect it to become a de facto standard if however, it fails the technology might
be brought up to a consortium for co-development. Later on, this work can be submitted to
a formal SDO committee to obtain global legitimacy. A healthy standardization ecosystem

is the one that allows multi-mode approaches to come together rather than persist in conflict
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with each other (Wiegmann et al., 2017). A healthy ecosystem governance can often bridge
these modes together; for example, through partnerships between companies, duplicative
standards and frameworks can be avoided. Lang & Messenger (2024) frame the relationship
between standardization and regulation to be another layer of governance: governments can
steer an ecosystem via regulations or by convening stakeholders to address standards related
to public interest topics. Governments end up becoming a part of the ecosystem governance
in this matter rather than being external entities. This shows that public and private, formal
and informal layers alike can be present in ecosystem governance within standardization
ecosystems and proper coordination involves alignment of layers to common purposes

(Nordling, 2024).

Cooperation mechanisms can often describe the means and tools by which the ecosystem
can operate smoothly, in cohesion. Within standardization ecosystems, some key

coordination mechanisms can be seen to be in play.

Firstly, consensus processes are typically fundamental. The formal standardization process
is essentially based on consensus decisions. This, while slow, can ensure that all major
viewpoints, perspectives and opinions can be brought into consideration, thus preventing
possible fracturing of the ecosystem (Blind, 2013). Consensus can act as a tool that can build

commitment to the final standard that is produced.

Next, modularity and interfaces can be playing crucial roles. Technical design standards
often tend to focus on modularity (Nylund & Brem, 2023). A standard can allow varied
actors to produce different components separately, so that they can be combined and deliver
compatible outputs. This technical coordination can reduce the dependence on continuous
direct communication by making actors agree on standards and that innovate within those

specifications.

Moreover, shared platforms and testbeds can help facilitate development. Standardization
ecosystems can often use joint testing and reference implementations as coordination
mechanisms. Joint testing activities can typically be sponsored by an assortment of
companies by an SDO. These activities attempt to synchronize the ecosystem by finding and
resolving disputes and misunderstandings in the interpretation of the standard, aiming to

position all actors on the same page and create trust as well as cooperation.
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In addition, communication and knowledge sharing can provide an important backbone to
information exchange. Recurring, regularly scheduled meetings, working groups, mailing
lists, and technical data repositories can often form the communication skeleton of the
ecosystem. Unrestricted flow of knowledge and open knowledge exchange within forums
can result in minimized asymmetries in information making coordination more

straightforward and easier.

Finally, the alignment of incentives can be considered to be less tangible but still crucial
mechanism. It can typically be achieved through a potential of mutual benefit. If each actor
believes that building a common standard will expand the market or solve an existing
problem within it then they are naturally inclined to collaborate. This can create a notion of
a shared goal, vision and purpose within the ecosystem (Moore, 1996; Valkokari, 2015).
SDOs and industry leaders alike will often articulate a clear proposition for the standard
which can help unite the rest of the actors within the ecosystem behind the purpose and

coordinate their decisions.

5 Research Gaps and Future Directions

5.1 Research Gaps

A review on the current literature on standardization ecosystems reveal four main research

gaps in the literature:

1) There is a lack of integration between standardization research and ecosystem theory.
While standardization literature itself (e.g. Blind, 2013; Tassey, 2000) and likewise
ecosystem literature (Valkokari, 2015) may share some common themes in terms of
cooperation and multi-actor coordination, yet they remain disconnected from one
another. Hence, the holistic network-oriented perspective remains important to the
comprehension of how standards are typically negotiated and adopted into
ecosystems. This such an important factor has received little attention in literature

(Grillo et al., 2024).

2) Empirical focus largely remains centered on ICT and digital industries around it

(Heikkild et al., 2023; Teubner et al., 2021; Wiegmann et al., 2017). Although such
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industries provide numerous case studies of standards, such as Wi-Fi and internet
protocols, relatively few studies emerged from other industries that can explore
standards. The narrow focus may restrict broader applicability of findings and may

overlook industry-unique dynamics that might be present in other industries.

3) There are a lot of pieces of literature that prioritizes formal, committee-centred
standardization processes and de facto standards created by markets. This results in
neglect of the informal, multi-mode governance practices becoming more and more
common practice (Nylund & Brem, 2023). Actors tend to combine formal SDO
processes with consortia, alliances and regulatory inputs. Yet literature does not
adequately explain how the different modes interact or how informal coordination

affects the results.

4) Deeper analysis of polycentric governance and actor interdependencies in rather
complex standardization ecosystems is required (Lang & Messenger, 2024). Modern
standardization involves a diverse set of actors, such as firms, regulators and NGOs
in networks across the globe. It is yet still difficult to identify how power, incentives
and authority established and spread amongst these networks. Without further
explicit research on such polycentric setups, it is not yet clear how alliances are made
or broken within standardization ecosystems, and why some certain actors are able

to dominate.

5.2 Future Research Directions

Closing these gaps can demand a sequence of targeted research projects. Researchers could
expand the empirical scope to explore underexplored sectors. A diverse range of case studies
across different industries could conclude whether theories regarding network effects or

consensus-building still apply under different circumstances (Blind, 2013).

Researchers must build integrative frameworks for multi-mode governance. Rather than
focusing solely on formal and de facto standardization; research can examine how
committees, alliances, and market forces can exist together and influence — reinforce or

hinder — each other within an ecosystem (Wiegmann et al., 2017). Such research can indeed
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track standards over a longer time frame and end up identifying why, how and when some

actors decide on a formal or an informal approach.

Subsequent literature can approach standards from a lifecycle perspective. Future research
can explore how a standard can form (knowledge ecosystem phase), stabilized (innovation
ecosystem phase), and is ultimately scaled and matured in markets (business ecosystem
phase). This approach would illustrate how governance mechanism changes as standards

progress from their initial creation to mainstream use (Nylund & Brem, 2023).

Detailed analysis of power dynamics in polycentric settings is needed. Investigating how
platform leaders, governmental bodies, or consortium of firms can and do influence a
standards evolution — whether positively or negatively — can end up revealing political
and strategic dimensions that are often overlooked but have very real impacts (Valkokari,
2015). This research might involve analysis of how actors negotiate over IP rights, manage
a balance between transparency and proprietary advantage, also can manage conflicts in the
ecosystems. By investigating these micro processes future literature can improve upon
standardization and ecosystem theory, at the same time provide guidance on how

collaboration and competition can be balanced within polycentric environments (Grillo et

al., 2024).

6 Conclusions

Through a mix of a literature review and analysis this thesis has reached its objectives:
highlighting the key actors and processes within standardization ecosystems, comparing the
phenomenon with established ecosystem types, and ultimately proposing a unifying
definition for the concept of a standardization ecosystem. Upon completion of the
aforementioned objectives the thesis addressed its essential research questions, completed
the objectives it sought to achieve and potentially filled a crucial knowledge gap in

standardization and ecosystem literatures.
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6.1 Summary of Findings and New Definition

One of the main outcomes of the thesis is the formation of a new unifying definition of the
term “standardization ecosystem”. A standardization ecosystem is an interdependent
network of diverse, self-interested actors, coordinated by both formal and informal
mechanisms, that collectively develop, diffuse, and maintain technical standards, thereby
jointly creating and enabling value across an industry or technological domain. This
definition seeks to capture the primary findings of the research regarding to standardization

ecosystems.

Standardization is a multi-actor networked process at its core, rather than the action of a
singular individual entity. The thesis has shown that there are a variety of actors such as
companies, governments, SDOs, industry consortia, research entities, and user groups found
within standardization ecosystems, all of which interact and evolve together. No individual
entity can impose a widely recognized standard all by themselves, instead, effective
standards can be created through cooperation and collaboration amongst the actors of the

ecosystem.

Standardization ecosystems are inherently polycentric in their governance and coordination
by both formal and informal means alike. A business ecosystem, on the other hand, can
found to be centred on a singular leading organization, unlike a standardization ecosystem
that is positioned around a combination of formal SDOs, informal alliances, de facto
standards, and regulatory inputs operating in unison. These mechanisms typically overlap
and built on top of each other, for instance an informal consortium may lead to formation of
an official international standard, or a de facto platform standard by a large company may
be taken up by regulators and made into a standard. The ecosystem viewpoint shows how
these different modes of standardization can exist and govern the process together, all

without hierarchical control mechanisms.

The standardization ecosystem is a dynamic system with multiple stages that stretches across
knowledge generation, innovation, and wide market implementation. Standardization
attempts often begin within knowledge ecosystems, such as R&D networks developing early
specifications, continue in innovation ecosystems, testing and refining the specifications,

and end up in business ecosystems after maturing, where it is typically part of business
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activities. Therefore, standardization should be viewed as a bridge between knowledge,

innovation and business ecosystems.

Standards essentially become common infrastructure that can generate value for the entire
network by providing interoperability, reducing transactions costs and enabling market
growth, once a consensus is reached on their specifications. This highlights the joint value
creation emphasis of standardization ecosystems. As Adner (2012) highlighted, if
stakeholders in a standardization ecosystem can reach an agreement on a standard, they can
essentially “growing the pie” for all. This can be observed through examples like the 5G
standard which was co-produced by a set of companies and currently is incorporated into

numerous products and services.

6.2 Alignment with and Contribution to Existing Literature

Current literature already hints at the inherent ecosystem-like structure of standardization.
For example, Blind (2013) emphasizes the interconnected, collaborative nature and the
capacity of standardization to facilitate knowledge transfer and enable innovation, similar to
the findings of this thesis. Valkokari’s (2015) paper provided a foundation for this thesis’s
analysis on business, innovation and knowledge ecosystems, and this thesis shows that
standardization activities regularly intersect parts, if not entirety of these three ecosystem
types. Furthermore, conceptual definition of standardization ecosystem developed in this
thesis can effectively illustrate how standardization ecosystems can combine or bridge these

three ecosystem types.

This thesis can also address the fragmented nature of things highlighted by Grillo et al.
(2024). They point out that standardization literature encompasses many disciplines and
topics with no unifying lens being present. Thus, by offering a common definition and model
this thesis can essentially respond to Grillo et al.'s observation by offering a coherent
definition to describe standardization in various contexts. The thesis also builds onto to a
recent analysis by Lang & Messenger (2024) that focus on an “ecosystem of standardization”
made up of a web of standard bodies, firms and regulatory entities as it discusses that
standardization is not a straightforward and isolated process but an intricate web of actors,
and adds theoretical knowledge through explaining how formal and informal coordination

and multi-level interactions occur within such a complicated network.
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Nylund & Brem (2023) investigate standardization within innovation ecosystem and state
how a platform leader can lead standards to either for mutual benefit or to its own self
interests. In standardization ecosystems a powerful actor can play a “hub” role in the
ecosystem, but it remains more distributed, and power balance is more multi-actor centred.
Thus, the standardization ecosystem concept can extend beyond a single-firm-led models;
even when one actor leads the success of a standard is based on the voluntary adoption rates
and collaboration by numerous other entities. This polycentric structure offers a distinction
from purely firm-led perspectives and shows the need to balance power dynamics to avoid
single participant dominations or otherwise monopolies over the process. A risk correctly
identified by Nylund & Brem (2023). Furthermore, practical complexities can present issues
in governing standardization ecosystems as emphasized by Wiegmann et al. (2017). Their
research shows that collective adoption can often depend on informal stakeholder
communication, interactions, relationships, and strategic alignment, rather than solely on
formal governance mechanisms. Proposed framework aligns and extends this observation
noting and highlighting the crucial interplay of formal institutions and informal practices,

which are central to the functioning of standardization ecosystems.

6.3 Practical Implications and Contributions

Aside from the contributions to the literature the study has potential relevance to real-world
applications for policymakers, SDOs, and industry actors. Embracing an ecosystem
perspective to standardization can promote better policies and strategies in innovation.
Instead of thinking of standardization as a narrow technical endeavour policymakers can
view it as a wider collaborative effort that involves, alliances, industry consortia, and global
networks (Lang & Messenger, 2024). This is rather crucial in the world of today as effective
innovation policy (Nordling, 2024) and market strategies can benefit from open, multi-
stakeholder standardization ecosystems. For instance, by ensuring that regulatory
implementations can complement voluntary standards without hampering them. A holistic
approach can help identify points of leverage for interventions, such as supporting
coordination platforms and encouraging interoperability to boost innovation within the
whole ecosystem. The proposed unifying framework outlines the importance of cooperation
and coordination within standardization. SDOs can draw upon such insights to engage in

more impactful dialogue and interactions with informal entities recognizing that they are a
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part of a broader ecosystem of standardization. For example, formal bodies could potentially
create programs to ensure more seamless transitions from informal standards into formal
standards. Similarly, industry alliances may find the thesis beneficial as it can help identify

when to seek broader consensus or formal approval to achieve more adoption.

At its core it’s useful to show that governance is spread out; maintaining transparency,
openness and inclusivity in operations of standard-setters can improve the legitimacy
ecosystem and widen the ecosystem. For companies the notion of an ecosystem can show
that participating in standardization is a strategic endeavour for them. Especially in rapidly
changing sectors firms should view engagement in standardization as a thing that is more
than regulatory requirement and compliance, but rather as an opportunity to mold the future
of their industry. Moreover, as Blind (2013) emphasizes, tacit knowledge sharing and trustful
collaboration has a crucial role in shaping and molding standardization outcomes. By
working on open standards together, organizations can build and establish foundational
structures such as protocols and interfaces that can enable market expansions and new
innovations which no single organization can achieve in isolation. Simultaneously, while
heading a common standard can have advantages the literature (Nylund & Brem, 2023)
warns against over-controlling a standard so that it ends up discouraging other participants
and attracting regulatory inspections. Hence, a balanced ecosystem approach can result in

the greatest potential long-term benefits for everyone involved.

6.4 Limitations

Though ultimately valuable, this thesis has some limitations that should be mentioned and
understood. Considering the scope and methodology, the thesis is mostly an abstract piece
of literature and based mostly on synthesis and analysis of the current literature. The
literature review that was performed cannot be considered to be a systematic literature
review. While this approach can be useful for theory-building, this indicates that the
proposed definition or the framework hasn’t been through real-world use. The reliance on
existing literature means that conclusions in this thesis can only be as reliable and strong as
the available sources. Certain sectors or viewpoints can also be underrepresented in the past
research and as a consequence the proposed definition may not be able to capture all the

nuances, or overlook some of them, of standardization in less represented areas. Also, several
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previous assumptions such as the potential behaviour of certain actors within the ecosystem
have yet to be investigated and tested in real life. As shown by Wiegmann et al. (2017),
standardization ecosystems in the real world often have complicated dynamics like dynamic
stakeholder coalitions, outside political and strategic influences, and ambiguous governance
roles all of which are elements that purely theoretical analysis cannot possibly capture as

real world seldom perfectly reflects theory.

The idea of a standardization ecosystem is a general and a broad concept, however, such
generality can be a potential weakness. Real-world standardization can have a great variation
in terms of structure, goals, and scale. Therefore, not all elements of the proposed model can

apply equally in every case due to very nature of unifying, holistic assessments.

While the thesis acknowledges that standardization ecosystems are dynamic and not static,
it does not establish causal relationships like, for example, how exactly a certain type of

governance can lead to better results.
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