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Abstract: The concept of the Internet of Things (IoT), which is an architecture in which devices
supplied by various firms and services operated by distributed organizations exchange data, has
been adopted in an increasing number of situations. While there are cases in which a small number
of limited organizations collaborate on certain ecosystems based on proprietary specifications, the
development of open standards is increasingly important for building scalable ecosystems because of
the introduction of the concepts of Industry 4.0 and Society 5.0. Under these circumstances, there are
two types of barriers to standardization. One barrier is the lack of shared frames for architectural
design. The other barrier is the lack of awareness of the need for scalability. In this paper, we analyze
the factors underlying these two barriers and discuss the path towards breakthroughs.

Keywords: collective technological frame; craftspersonship; ecosystem; platform; innovation; Internet
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1. New Modes of Innovation and Standardization Research

New modes of innovation that began to appear in the 2010s, such as smart cities and
autonomous vehicles, function only when provided with mashed up data generated by
diverse sensor devices via the Internet and the functioning of those modes varies based
on processing results. This situation can only be attained when various firms and services
operated by distributed organizations exchange data in real time by adopting the concept
of the Internet of Things (IoT). The concept of implementing new services with the real-
time processing of big data by an autonomously developed algorithm through artificial
intelligence (AI) has been named Industry 4.0 and Society 5.0, i.e., concepts which are
promoted by governments and companies worldwide. Four design principles have been
identified as integral to Industry 4.0, namely, interconnection, information transparency,
technical assistance, and decentralized decisions [1], and this concept has encouraged data
distribution and sharing among distributed manufacturers.

The Connected Industry that is designed as part of Society 5.0, which aims to innovate
society as a whole [2], aims to leverage IoT technology in a wider range of five priority areas:
“manufacturing and robotics”, “plant/infrastructure safety management”, “automated
driving and mobility services”, “biotechnologies and materials”, and “smart life” [3]. The
Japanese Industrial Standards Committee (JISC) has proposed a specification based on
Society 5.0 titled “Gap analysis for standardization of sustainable and human-centred
societies enabled with cyber physical systems” for an International Workshop Agreement
(IWA 39) [4]. This focus on a “human-centred” society is one of the core values of Society 5.0.

Many firms, such as Amazon [5,6], have opened application programming interfaces
(APIs) for their own business models [7], which constitute the API economy [8]. The
API economy consists of data with different specifications for each data provider. Few
data providers focus on interoperability among data from different firms. Therefore, data
aggregators, brokers, and service providers have emerged to allow for the utilization of
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data from different sources [9,10]. There have been many information silos, which have
been barriers to the realization of Industry 4.0 and Society 5.0.

On the other hand, to develop services utilizing various sources of data on the city OSs
used for smart cities, interoperability among such data is required. The development of
open standards is increasingly important for building scalable innovation ecosystems [11].
Even if the number of devices connected to the Internet increases, big data that can be
analyzed will not be produced unless the data generated by devices are integrated. Building
an ecosystem where compatible data are generated, shared, and utilized by each device is
necessary to create sustainable services. There have already been several attempts made by
governments to achieve mutual accessibility of data, such as Germany’s Industrial Data
Spaces and the Government of Japan’s Society 5.0 smart reference architecture. Private
consortia such as the Industrial Internet Consortium (IIC) and standards bodies such as the
IEEE [12] are also engaged in the process of formulating standard technical specifications
related to the IoT. However, data exchange ecosystems and smart cities based on standard
technical specifications remain in the proof-of-concept stage.

To realize compatibility among distributed data resources, there must be a common
syntax and vocabulary as well as other specifications. However, different industries
and regions may use the same concept but employ different terminology. Even given
the same temperature data, the accuracy required differs greatly between machine part
manufacturing lines and medical examinations. Operational differences among diverse
stakeholders are a major impediment to standardization based on the concept of IoT. In
an era when an unspecified number of devices are not interconnected via the Internet, it
is sufficient if mutual availability among devices is realized within a specific company or
within the same industry, a situation which would be sufficient for each specific industry
or use case. Standardization has been implemented. When only a few devices were
interconnected, it was sufficient for most services to function without interoperability
among distributed and diversified devices. Therefore, most compatibility standards are
set within industries and for specific use cases. Working groups in many organizations
devoted to standard development have developed standards for specific industries and
domains. However, the same data, such as footprints, are utilized for multiple unrelated
applications, such as mobility services and energy management, in the coordination of the
city OSs used for smart cities. Companies and organizations that design hardware and
services for a variety of purposes must overcome contextual differences to achieve mutual
availability in the era of the IoT.

Moreover, these standards tend to prevent innovation [13] because they function by re-
ducing the variety of goods [14]. Moreover, excess inertia locks standardized specifications
into previously widespread specifications [15]. Interoperability encourages data integration
among diversified sources. At the same time, standards prevent data owners from changing
their original or industry-specific specifications. Standards make existing businesses, which
have been designed according to industry-specific rules, more efficient. However, they also
interfere with the innovation through new cross-industry data transactions.

While these theories emerge primarily from the field of economics, a socio-technical
system approach is also needed to discuss standardizations related to the IoT and smart
cities that affect all areas of life. The socio-technical system approach shows the relation
between technical and social systems and demonstrates that their interplay is essential for
technology development success [16].

There are two types of barriers to standardization in building ecosystems with massive
data exchanges in the IoT era. One barrier is the lack of shared frames for architectural
design. The other barrier is the lack of awareness of the need for scalability. In this
paper, we analyze the factors underlying these two barriers and discuss the path towards
breakthroughs.
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2. The Lack of Shared Frames for Architectural Design
2.1. City OS and Standards as a Platform

Many services developed in the IoT era, such as smart cities and mobile services,
are provided on platforms such as smartphone OSs and city OSs. In short, the design of
services is a complementary good for ecosystem platforms. An OS is designed as a core
component in systems, and an API, the interface design with other components, defines
the functions of the entire system. The concept of Next Generation Service Interfaces
(NGSI) is one of the core technical specifications of Fiware (Fiware official website: https:
//www.fiware.org/developers/ accessed on 8 August 2021), which is a city OS popular
in Europe. The NGSI-LD, an updated NGSI data model incorporating the concept of
linked data, has been standardized by the European Telecommunications Standardization
Institute (ETSI) (GS CIM 009-V1.1.1-Context Information Management (CIM); NGSI-LD
API https://www.etsi.org/deliver/etsi_gs/CIM/001_099/009/01.01.01_60/gs_CIM009
v010101p.pdf accessed on 8 August 2021). Therefore, API specification standards influence
the functionality and competitiveness of the entire ecosystem.

Not all standards play a role of platform [17]. However, NGSI-LD in Fiware is a typical
case of a standard used as a platform. Such specification functions as a set of standards for
providing commonly required functions [18,19]. The APIs of Fiware are public standard
specifications developed by the European Commission, and at the same time, Fiware
itself is an open-source software developed by a variety of organizations and individuals.
Members of the Fiware Foundation include public institutions, private companies, and
private individuals. Forms of cooperation between platformers and partners are determined
by the specifications of the API. The API and other resources are provided to partners and
referred to as boundary resources [20].

Development of Fiware is conducted on GitHub, which is a popular web service for
collaborative software development. Therefore, it is easy to participate in development
activities and to propose functions and codes to be added. Even if the required functions
are agreed upon among participants, it is not easy to reach consensus in the process of
developing implementation methods and specification details. Technology development
is defined as the process, tasks, and decisions that firms embrace to select and integrate a
new or existing technology into a final product or service [21,22]. Smart cities are a form
of digital transformation in community management. Digital transformation refers to a
revolution in how things, including products and services, operate and how people interact
with one another [5,23]. Moreover, applications applied to technologies will be newly
discovered as they become more widespread [24]. The diversity of participants and the
ease of making proposals lead to increased coordination costs because the overall picture
of smart cities and the functions to be developed by each participant may be diverse.

In an ecosystem with various stakeholders involved in operation, compatibility of the
data processed by each application is essential for various applications to work together on
city OSs. Therefore, it is necessary for the API specifications of city OSs to be uniformly
compliant among stakeholders as a standard. Moreover, any standards are developed
by agreement among stakeholders. Agreement can be achieved only with a common
technological frame. Upgrading may involve changes in the concept and role of specifi-
cation. To realize changes in standard specifications, a shared technological frame [25,26]
among stakeholders is necessary. The upgrade of Hyper Text Markup Language (HTML)
at the World Wide Web Consortium (W3C) is a typical example of a framing contest in
standardization.

2.2. HTML Update as a Framing Contest

The ideal role and function of the core module depends on the interests of the stake-
holders that comprise ecosystems. If an ecosystem is not dictated by a particular organi-
zation, keystone [27], or platform leader [28], there may be competitions concerning who
takes the initiative for the design of the platform when trying to revamp the ecosystem by

https://www.fiware.org/developers/
https://www.fiware.org/developers/
https://www.etsi.org/deliver/etsi_gs/CIM/001_099/009/01.01.01_60/gs_CIM009v010101p.pdf
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upgrading an open platform. In other words, upgrading standards for designing platforms
sometimes become races among technological frames [25,26].

The concept of frame was originally used in social movement theory. To gain support,
activists try to establish a collective frame [29] by making their own frames widely accepted.
The scope indicated by “society” is not limited to one region or country. In other words,
conflicts among frames are not limited to a single region and may develop into an interna-
tional agenda, such as environmental issues [30] and international trade [31]. Therefore,
the concept of frame has been applied by management scholars to analyze drastic changes
in market structure (such as [32–34]).

From the viewpoint of innovation and the evaluation of emerging technologies, in
short, technological frame [25] or technology frame [26] has come to be an important
factor for building business models, and cases such as cochlear implants [35], DTP and
digitization of newspapers [36], and digital photography [37] have been analyzed.

The technological frame used may limit prospective applications of emerging tech-
nologies within organizations [25]. Bijker and Pinch [38] pointed out that any technological
artifact is recognized differently in terms of its significance for each organization and in-
teracts with each organization based on different contexts. Therefore, each organization
establishes a different frame for any technological artifact. Such diversity causes differ-
ences among strategies for utilizing technologies [25]. Acha [26] pointed out that pass
dependency causes such differences.

There may be more than two different frames for new technologies, such as when
threats and opportunities are both present within the same organization. This coexistence
is a framing contest [34].

2.3. Competition and Cooperation for Standard Setting

Not all standards play a role in platforms, but some do [17]. HTML, which used
to be merely a mark-up language for stable documents, has transformed into a runtime
environment for web applications. HTML5, one of the specifications proposed as a suc-
cessor to HTML 4.01, can be regarded as a platform because it provides functions, such as
certain APIs, commonly required for the operation of various web applications and realizes
coordination among these functions [18,19]. HTML5, which is the newest version of W3C’s
standard, realizes “web applications”, such as Google Spreadsheet instead of Microsoft
Excel, thereby allowing applications such as spreadsheets to run on servers instead of on
client hardware regardless of the type of browser used by the client. Multiple users editing
one specific web application is a typical case of innovation through standardization. Web
applications allow multiple users to edit a single file simultaneously. In addition, since
the files are on the cloud, the user can work smoothly using multiple terminals regardless
of whether he or she is at home, at work, or away. The innovation of web applications
meets the demand caused by the COVID-19 epidemic for updates to operations, especially
concerning collaborative practices.

A platform is a component commonly utilized by multiple complements [19,28]. The
HTML5 predecessor specification, XHTML Module: Extensions to Form Controls, was
first proposed in 2003. The following year, in 2004, the original concept of HTML5 was
proposed by two browser vendors, Mozilla Foundation and Opera Software, but was
officially rejected because there was a different upgrade plan.

W3C staff members, including Tim Berners-Lee, who serves as Director, and several
member companies share the different technological frame of advanced HTML developed
with eXtensive Markup Language (XML). It was Tim Berners-Lee’s plan to use this technol-
ogy to enhance the functionality of websites with XML technology. XML was widespread
as a data format for machine processing at the time. The difference between the existing
HTML and XHTML depends on whether or not the data consist of XML-based syntax.
Therefore, the documents sent from servers in response to requests never change dynam-
ically. Changes displayed to users on browsers occur only with new requests and the
download of new documents (Figure 1). The technological frame of XHTML is to preserve
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the role of websites as stable documents, similar to existing HTML. On the other hand,
HTML5 is designed as a runtime for web applications. HTML5 documents change dynami-
cally without reloading through data transactions via application programming interfaces,
such as documents used by native applications such as Microsoft Word (Figure 2).

HTML5 was supported by web content creators who did not need the new features of
XHTML realized by XML technologies. XHTML was supported by companies providing
solutions for enterprises (such as IBM) and researchers of markup languages, such as W3C
staff like Tim Berners-Lee. At the beginning of the 21st century, two different technological
frames for the web platform coexisted, and a collective technological frame had not yet
been formed. In short, there was a typical framing contest at W3C.
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The result of this framing contest was the victory of HTML5, which was achieved by
successfully gaining the support of members of the standards body and website developers
and by implementing the implementation of HTML5 in Apple and Google products.
HTML5 was welcomed by organizations and individual engineers both inside and outside
the standards body. Moreover, Apple and Google joined the original proponents of HTML5,
Mozilla Foundation and Opera Software, as advocates and actively promoted HTML5 to
website developers. The concept of HTML5 has become a collective technological frame of
the web platform ecosystem [39].

Ecosystem designs based on concepts such as IoT and smart cities tend to be enormous
and involve diverse stakeholders. Sometimes, conflicting stakeholders must coexist within
the ecosystem. In other words, it is difficult to avoid the coexistence and competition of
multiple technology frames. Orlikowski and Gash pointed out that technological frames
tend differ between engineers and end-users [25]. Engineers tend to focus on the tech-
nologies themselves rather than their use in specific contexts. On the other hand, users
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sometimes misunderstand and become confused by technologies. From the perspective of
multisided market theory [40–42], it is important to form a collective technological frame
among the diverse stakeholders that make up the ecosystem, such as engineers, end users,
and residents. The question of how to form a collective technological frame among diverse
and conflicting stakeholders has emerged as an important topic in standardization research.

3. Trade-Offs between Scalability and Diversity
3.1. Standardization in the Industrial Internet and Social Change

The concept of the Industrial Internet, in which all physical devices are connected to
the Internet and operated by control based on data processing, has long been advocated.
Studies on the digitalization of human operation in manufacturing have been conducted
(e.g., [43].) The Industrial Internet Consortium (IIC) was founded in 2014 by AT&T, Cisco,
General Electric, IBM, and Intel. Google and other Silicon Valley companies are also
developing many IoT-related technologies, products, and services.

In 2006, before the IIC, a cross-sectoral consortium was established; i.e., the Continua
Health Alliance (CHA) was launched to develop a personal telehealth ecosystem [44].
The purpose of the CHA was to develop interoperability guidelines [45], and members
of the organizations have contributed to standardization activities in multiple standard
development organizations. The CHA has developed a complex e-health information
communication ecosystem that consists of a specialized medical profile for ISO/IEEE 11073
interoperability, such as USB, Bluetooth, and ZigBee [46]. CHA activities are deployed in the
limited field of healthcare, especially for long-term follow-up monitoring outside of medical
institutions for patients with lifestyle-related diseases, and it is a successful example of a
private sector project to establish a sustainable framework with a de-jure standard.

On the other hand, as mentioned at the beginning of this article, there are government-
led initiatives for sharing data not only among single applications but also among all types
of devices, including manufacturing facilities, to achieve a digital transformation of the
entire social economy, such as Industry 4.0 in Germany and Connected Industry in Japan.
The German Industry 4.0 (Industrie 4.0) strategy was announced by the German govern-
ment in 2011, and European activities for promoting the Industrial Internet have become
widespread. Based on the concept of Society 5.0, Germany subsequently organized Platform
Industrie 4.0 in 2013 and published Reference Architecture Model Industrie 4.0 (RAMI 4.0)
(Platform Industrie 4.0 Reference Architectural Model Industrie 4.0 (RAMI4.0)—An Introduction.
Retrieved from https://www.plattform-i40.de/PI40/Redaktion/EN/Downloads/Publikation/
rami40-an-introduction.pdf?__blob=publicationFile&v=7 accessed on 9 August 2021) in 2015
to improve the environment for the realization of Industrie 4.0.

The Japanese national government began to promote Connected Industry in 2017
(Ministry of Economy, Trade and Industry of Japan. (2017). “Connected Industries” Tokyo
Initiative 2017. Retrieved from https://www.meti.go.jp/english/press/2017/pdf/1002
_004b.pdf accessed on 9 August 2021). After that, the Japanese government advocated
Society 5.0, which promotes data utilization not only in the industrial field but also in
society as a whole [2] and released Society 5.0 Reference Architecture. Japan’s Ministry of
Economy, Trade, and Industry has launched gBizID, a set of digital identification services
(Ministry of Economy, Trade, and Industry of Japan. (2020). Provision of gBizIDs to Systems
for Administrative Procedures in Local Governments and Other Organizations to Start.
Retrieved from https://www.meti.go.jp/english/press/2020/0805_002.html accessed on
11 August 2021), and developed Infrastructure for Multilayer Interoperability (IMI), a
common vocabulary framework for data transaction among public and private sectors
(Ministry of Economy, Trade and Industry of Japan. (n.d.). What is IMI. Retrieved from
https://imi.go.jp/goi/imi-about-en/ accessed on 11 August 2021) based on the Basic
Act on the Advancement of Public and Private Sector Data Utilization (Basic Act on the
Advancement of Public and Private Sector Data Utilization retrived from the System of
Japanese Law Transration of Ministry of Justice, Japan; http://www.japaneselawtranslation.
go.jp/law/detail/?printID=&id=2975&re=01&vm=02 accessed on 11 August 2021).
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https://www.meti.go.jp/english/press/2017/pdf/1002_004b.pdf
https://www.meti.go.jp/english/press/2017/pdf/1002_004b.pdf
https://www.meti.go.jp/english/press/2020/0805_002.html
https://imi.go.jp/goi/imi-about-en/
http://www.japaneselawtranslation.go.jp/law/detail/?printID=&id=2975&re=01&vm=02
http://www.japaneselawtranslation.go.jp/law/detail/?printID=&id=2975&re=01&vm=02
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Despite the existence of technical specifications prepared by the government and many
experimental demonstrations of smart factories and smart cities, social implementation
of standardization has not progressed well. While the activities of a private consortium
led by a giant platform with significant market influence, such as Google or Intel, play a
central role in creating implementation cases in the United States, much expense and time
are needed to reach consensus and develop standards for the transformation of society and
industrial structure with information technologies in Germany and Japan. The increase
in and diversification of participants causes delays in the standardization process [47–49].
However, there are areas where the diversity of stakeholders is not the only barrier. The
process of manufacturing, especially craftsmanship, is ongoing and has not been digitized.

In Japan, where the birth rate is declining and the population is aging, it is becoming
difficult to hire and develop human resources that can personally inherit the tacit knowl-
edge and skills used by craftsmen. In 2000, a round-table conference on manufacturing
was established, which discussed the need for policies to promote technology succes-
sion. In Japan, the private sector has also established the Industrial Value Chain Initiative
(IVI), which aims at social implementation of data distribution and control technology in
manufacturing and distribution processes (What is IVI?—Industrial Valuechain Initiative
https://iv-i.org/wp/en/about-us/whatsivi/ accessed on 11 August 2021). Both the public
and private sectors have invested in the digitization of craftspersonship, interconnection
among machinery, and reference architecture. They have also developed technological in-
frastructure and legal systems for data exchange. Nevertheless, the electronic accumulation
and utilization of knowledge in the manufacturing industry has not progressed well. I
maintain that there are hidden issues of standardization research involved in this case.

3.2. Craftspersonship, Innovation, and Standardization

There are several types of technologies that are targeted in the implementation of the
Industrial Internet, i.e., electronic controls in manufacturing that are based on data collected
and exchanged through the Internet. MacKenzie and Wajcman classified technology into
three layers: (1) “physical objects or artifacts”, (2) “activities or processes” and (3) “what
people know as well as what they do” [50].

The digitization of the procedure, which originally involved manually collecting mea-
surement data and operating based on numerical values, runs smoothly [51]. Digitization
is relatively acceptable in areas where there is a strong need for automation, such as house-
hold appliances. Panasonic launched an electronically controlled coffee roaster, “Panasonic
the Roast, AE-NR01”, in 2017 in Japan. The roaster can download roasting profiles from
the famous roaster, Naoki Goto. This process allows the consumers to enjoy the same roast
as a famous roaster at home.

Panasonic released a smartphone application that allows users to create their own
roasting profile in 2018. The machine and the application are used by multiple coffee
shops and roasting companies. In the interview, three famous coffee shops and roasting
companies used the machine for sample roasting in new product development. However,
the use of electronic roasting profiles is limited to sample roasting (Interview with Tokado
Coffee, Golpie Coffee, and Rec Coffee in PR article of Panasonic in Japanese. Retrieved
from https://akatiti.net/articles/view/416 accessed on 11 August 2021). The amount of
beans that can be roasted at one time with AE-NR01 is 50 g, which is too small to produce
products for sale.

The batch of a commercial coffee roasting machine is at least a few kilograms. Figure 3
shows a small commercial roaster from a Japanese start-up roastery with a batch of 4 kg.
All preinstalled instruments are analogue. The digital timer, without Bluetooth and other
communication modules, was attached after installation by the roastery. The roaster creates
his original roasting profile by entering the temperature changes into an Excel spreadsheet
each time (Figure 4). The batch of roasting for large-capacity models with an automatic
control function and a temperature sensor is 10–70 kg. However, the function of importing

https://iv-i.org/wp/en/about-us/whatsivi/
https://akatiti.net/articles/view/416
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electronic roasting profiles is not implemented in such a commercial roasting machine with
sensor control function.
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The procedure for product development is determined as follows: a sample profile is
created on a small capacity machine based on home use, and then the product is produced
on a large capacity commercial machine. Therefore, it seems reasonable for the electronic
profile information created by Panasonic’s software to be imported directly to the commer-
cial machine and then corrected to fit large commercial roasters. However, as of August
2021, it is not yet possible to exchange profiles between machines from Panasonic and those
of other commercial vendors, such as Loring.

Coffee is an aromatic delicacy and scientific studies on coffee itself and additives such
as milk [52–54] have been conducted. The extraction process is important [55]. However,
roasting is also the most important factor affecting the aroma when drinking [56]. There-
fore, the effect of roasting on aroma has also been analyzed [57–64]. Studies on sensing
technology for roasting conditions are also being conducted [65].

Advances in preservation technology have made it possible to distribute roasted beans
while preserving their aroma [66]. In other words, roasting is one of the most important
factors in determining the market value of coffee, which is why many craftsmen have
devised and refined roasting techniques. Utilizing these research results, high-precision
control of coffee roasting is possible, and US manufacturers such as Loring have imple-
mented such functions. However, profile data cannot be shared among devices, even those
from the same manufacturers. It is natural to speculate that the barrier to data exchange is
not technological.

One possible explanation for this fact is the diversity of cognitive frames discussed
earlier in this paper. Sensory studies performed by cupping experts often use different
expressions for the same condition in scientific measurements [67]. In addition, the vo-
cabulary for taste expression is constantly being updated [67,68]. In other words, there is
widespread belief within and outside the industry that sensing chemical component quan-
tities and ratios alone is not sufficient to describe roasting techniques. From an engineering
and scientific point of view, the difference in expression can be overcome by quantification
of the measured component amounts.

Coffee is a luxury item and users have diverse tastes. In addition, products are
often not selected based on clarified and quantified criteria. Coffee roasting techniques
are perceived differently than those used in automated mass production processes. It is
necessary to further understand the roasting technology itself.

Coffee, which has a variety of products linked to the personality of individual craftsper-
sons, has a variety of taste and aroma evaluation vectors that compose the value provided.
Some categories of technologies concern the integration of process and knowledge. Some
of these kinds of technologies are sticky to the individual craftsperson. Sticky information
is an important factor in innovation [69,70]. If stickiness is the key to competitiveness, then
it is natural for craftspersons to hesitate to contribute to the digitalization of their skills and
the standardization of shared data.

Coffee is not the only product category with these characteristics. Most foods have
a particularly strong tendency towards such idiosyncrasy. In the cereal food market, the
manual manufacturing method is becoming more popular, as artisan bread has become
popular [71]. DeVore pointed out that technological development is influenced by norms
and values in society [72]. Craftspersons have avoided pursuing scalability and standardiz-
ing technology in markets where brands that supply small quantities of highly unique and
high-quality products are popular. Skolimowski pointed out that technology is a form of
human knowledge [73]. If technical knowledge remains disparate and unsystematized, it
is extremely difficult to integrate and standardize it, even if it is digitized. However, the
concept of the IoT applies to all devices that operate in a standalone manner. Therefore, all
technologies are subject to digitization and standardization. The diversity of procedures,
classification, and vocabulary is not the only barrier to standardization in such industries.

Analysis of the case of coffee roasting profiles raises research questions whether the
technology is evaluated to be standardized or not, and, if not, questions of how to foster
such recognition are arising.
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4. Conclusions

A reduction in communication and information processing costs has led to ubiquitous
sensors, creation of big data, generalization of artificial intelligence utilization, and real-
time control of various kinds of systems. With these changes, all socio-economic activities
are being updated by innovation through standardization in technology.

In an ecosystem composed of cyber-physical systems, all components are required to
work together through shared data. Due to such changes in the situation, the following
two research issues have emerged in the field of standardization. The first issue is how to
foster a collective technological frame for core platforms. The other issue is how to establish
scalability through standardization in areas where competitiveness as differentiation is
pursued as craftspersonship. The former issue requires careful analysis of the process of
consensus building among stakeholders with conflicting interests for the former, while
the latter requires shifting the common perception of business models across a certain
industry. Standardization research in the IoT era requires analysis not only of technology
and institutional design but also of social structures within ecosystems and industries and
changes in technological frames.

Both Industry 4.0 and Society 5.0 are in the process of spreading concepts and reference
architecture. Each reference architecture has elements that realize data sharing and coop-
eration between organizations, such as an integration/data federation layer [74,75]. Only
a few use cases and related technological specifications have already been implemented
based on such policies. Therefore, verification of the issues examined in this paper is an
issue for the future, which I would like to continue to analyze.
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