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Abstract

Research as input into standardisation processes is becoming more important because of
its role as a knowledge and technology transfer channel. Furthermore, standards have to
become more science-based, particularly if they are part of the regulatory framework,
such as in the European Union. Therefore, a conceptual model of standardisation as a
channel of technology transfer has been expanded further to consider standards in the
regulatory framework. The empirical study aims to identify the demands of industry and
other stakeholders for standards as potential research results and other drivers and inputs.
A survey among over thirty thousand experts active in the German standardisation body
DIN generated almost three thousand responses, mainly from the industry. The responses
from the experts reveal that policy initiatives, including regulations and customer require-
ments, alongside own and collaborative research, are the most relevant sources for stan-
dard development. Research input is assessed to be most important for measurement and
testing standards, with quality and environmental standards closely followed. The primary
benefit of utilizing research as input for standardisation is free access to scientific insights
and the capability to stay updated with scientific advancements. Eventually, we correlate
the relevance of inputs into standards by assessing various impact dimensions, revealing
significant linkages. Finally, we link the empirical findings to the presented model and
derive avenues for future theory-building research.
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1 Introduction

Standards have essential economic functions to support companies' competitiveness by
increasing their productivity in their production processes and improving the quality of their
products. In addition, further social impacts of standards are considered (Wiegmann et al.,
2023), for example, linked to the Social Development Goals (SDGs) (Blind & HeB, 2023).

Meanwhile, standardisation has been accepted as a knowledge and technology transfer
channel (Perkmann et al., 2021) complementary to well-established intellectual property
rights, particularly patents and start-ups. In addition, many standards are closely linked
to the regulatory framework in the European Union, which requires them to be evidence
and science based (OECD, 2021). Therefore, the initial and still dominant involvement of
industry as the primary stakeholder group in pursuing their interests (Blind & Mangelsdorf,
2016) in standardisation has not only been questioned from an input legitimacy perspective
(Botzem & Dobusch, 2012) but also to increase the efficiency of standardisation as knowl-
edge transfer channel or even transdisciplinary approach (Blind, 2024a). Combining these
trends, research results as inputs for standardisation processes are becoming more critical.
However, scientific publications as an indicator of research output have not yet been broadly
referenced in standard documents (Blind & Fenton, 2022).

Therefore, the motivation to conduct the performed explorative research is driven by
the question of the relevance of research as input for standardisation in comparison with
other sources, like requirements of customers, but also the regulatory framework, includ-
ing policy initiatives linked to the SDGs (Blind & HeB, 2023). Since there is a tension
between exploiting the benefits of existing standards by companies (Baron et al., 2016) and
their replacement by new and more ambitious research-based standards, one has to look at
both the advantages and disadvantages of integrating systematic research results into the
existing body of standards. Furthermore, due to the involvement of researchers and their
organisations, research funding organisations, standardisation bodies and their committees,
and industry, various opportunities and instruments exist to consider in transferring research
results into standardisation. Finally, possible impacts of research-based standards have to be
closely investigated, for example, by looking at the correlations between the input sources
and the general impacts of standards.

The remainder of the paper is structured as follows. First, we present the existing body of
literature on the relationship between research and standardisation before we present a new
extended conceptual framework of standardisation as a knowledge and technology transfer
channel. In the fourth chapter, the methodology, i.e., the performance of our survey among
experts involved in standardisation, is presented. Unfortunately, we have no further external
data to validate the survey results. The fifth chapter presents the survey results before we
conclude with a discussion and an outlook toward possible future research.

1.1 Literature review

The relationships between research and standardisation can embedded in the following bod-
ies of research.

Knowledge and technology transfer is generally described as the transfer of know-how,
technical knowledge, or technology from one organisational environment to another, with
many variations depending on the research discipline and purpose (Bozeman, 2000). It
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typically occurs between universities, research institutions, and companies, but also within
companies. Following Roessner (2000), Perkmann et al., (2013, 2021) consider as channels
in their comprehensive reviews consulting, contract or sponsored research by industry, joint
collaborative research, but also informal contacts or advice, training of personnel includ-
ing placement or supervision of students. In addition, they include joint publications and
patenting, conferences or workshops, membership in advisory boards, even joint creation of
physical facilities, academic entrepreneurship, and work with standardisation bodies.

Eventually, standardisation has been considered an option for university-industry rela-
tions (Perkmann et al., 2021) and, therefore, for knowledge and technology transfer. In
contrast, a decade ago, it was still ignored (Perkmann et al., 2013.), although the first studies
were published 15 years ago (e.g., Blind & Gauch, 2009).! Companies also develop internal
standards, which may be transferred into SDOs' processes (Blind & Miiller, 2020). Further-
more, the employees involved in the standardisation processes are responsible for transfer-
ring knowledge from the committees back into their companies. Within the internal research
and development processes, companies often ignore the opportunities of standardisation
(e.g., GroBmann et al., 2016) but perceive it increasingly as a synchronised development
tool, e.g., in biotechnology (Lorenz et al., 2019).

Standardisation, therefore, forms a platform for knowledge and technology transfer along
the research and innovation process, i.e., it is an opportunity to exchange information and
access complementary external R&D assets (Bar & Leiponen, 2014). Within biotechnology
(Lorenz et al., 2019), standards promote the exchange of knowledge and the coordination
of research and development efforts and enable the (organisational) discrepancy between
laboratories and production processes to be overcome. By harmonising terminology in the
standardisation process and standards themselves, as is generally the case in transfer activi-
ties, an effective communication channel between the front end (the practical application)
and the back end (the scientific work behind it) is crucial. An open corporate culture and the
participation of different disciplines are necessary for this exchange.

However, standardisation has to be put in the context of other knowledge exploitation
and transfer strategies, like publishing and patenting. Generally, companies consider patent-
ing new technological developments before engaging in standardisation (e.g., Abdelkafi et
al., 2016). GroBmann et al. (2016) investigated the link between the product development
process and standardisation in three companies (two automotive manufacturers and one
automotive supplier). Although they consider this integration relevant, the two automotive
companies have not explicitly integrated their standardisation strategies into their product
development. The product development process requires a review of existing standards. In
addition, internal technologies developed by the company are brought into standardisation
late in the product development process, i.e., after the company has a good command of
these technologies. A survey of engineers in two automotive companies reveals quite dif-
ferent and contradicting motivations for getting involved in patenting, standardisation, or
even the publication of scientific papers (Blind et al., 2022a). Eventually, these conflicts
might reduce engineers' involvement in standardisation. Blind et al. (2022b) have analysed
the interaction between publishing, patenting, and participation in standardisation and the
innovation performance of German companies. They find positive relations but also ten-
sions between patenting and both publishing and standardisation.

"However, in the recent review by Grillo et al. (2024) on standardisation research, this dimension is only
considered in the context of standard-essential patents.
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Considering researchers as stakeholders in standardisation processes, we can present
the following insights. Scientists from research institutions tend to be underrepresented in
SDOs, e.g., in the German standardisation body DIN, less than 10% of the experts are from
public or private research institutes (Blind & HeB, 2023). Zi and Blind (2015) show that
researchers who publish in highly renowned journals are less involved in standardisation
processes than in industry-related and technical journals. The reason for this is the prioritisa-
tion of the respective research groups and the corresponding weighing of opportunity costs:
researchers who focus on highly cited journals invest a great deal of time in the quality of an
article due to the demanding peer review processes (Blind et al., 2017). On the other hand,
researchers who publish in practice-oriented journals often come from applied research and
usually cooperate with practice partners in their research projects or work towards a defined
practical goal. Consequently, their topics are of greater importance for standardisation. The
participation of scientists from applied research in processes of standardisation committees
is correspondingly higher, which is also confirmed by Blind and Fenton (2022), who dis-
cover a relatively higher involvement of applied-focused research organisations based on
standard relevant publications cited in international standards released by the International
Standardization Organization (ISO).

After revealing the general importance of research as a driver for standardisation, limited
work has been done on its relevance for specific standards, starting with Blind and Gauch
(2009). They attribute different types of standards, i.e., terminology, measuring and testing,
quality, and interoperability, to various phases in the research and innovation process.

1.2 An extended transfer model of standardisation

To conceptualise the interface between research and standardisation, Blind and Gauch
(2009) developed a general framework to analyse traditional technology transfer from
research and development to standardisation and the reverse transfer from standardisation
and standards back to research and development. They applied an established technology
transfer model developed by Bozeman (2000), which considers the different transfer objects
and media. Research and development activities produce knowledge that can be partly codi-
fied in publications, patents, and other codified content, e.g., databases. Besides codified
knowledge, research activities generate tacit knowledge in the researchers. In research con-
sortia and networks, a large amount of the knowledge is implicit and linked to the members
of the networks. Successful standardisation, in terms of including relevant and up-to-date
scientific and technological knowledge in a standard, is thereby necessarily based upon the
inclusion of researchers in the standardisation process (see also Blind & Fenton, 2022).

The transfer of codified knowledge from research to standardisation can be realised by
considering scientific literature (Blind & Fenton, 2022) and patents (Bekkers et al., 2020).
The latter is even required in the standardisation processes of formal standard-setting organ-
isations to settle relevant intellectual property rights and licensing issues (e.g., Bekkers et
al., 2023). More important is the transfer of tacit knowledge from researchers to standardisa-
tion processes via their direct participation.

To consider the role of standardisation in the European Union, which is defined by the
EU Regulation 1025/2012 and relevant for all Member States, the initial conceptual model
by Blind and Gauch (2009) has to be expanded by the influence of the regulatory framework
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on the standardisation process and standards.? Gottinger et al. (2023) reveal the interaction
between research, standardisation, and regulation for the bioeconomy area. However, they
present case-specific empirical evidence but no conceptual model. Figure 1 displays an
expanded conceptual model considering the government as a further source of inputs in the
standardisation process.> Bozeman (2000) and Bozeman et al. (2015) perceive the govern-
ment as one actor of the demand environment, which influences the transfer agent directly,
e.g., via requirements in research funding. Related to standardisation as a transfer agent,
i.e., the organisation organising the knowledge and technology transfer, this could mean
public funding of research for standards as the transfer medium, like scientific publications
in traditional models. In addition to research, where knowledge is generated, standardisation
produces coordination via the consensus principle between different stakeholders. However,
it could also be the case that the government mandates standard-setting organisations to
develop specific standards as the European Commission does. Furthermore, the regulations
released by the government can directly reference standards specifying the implementation
of their regulations. Eventually, the implementation should comply with the published stan-
dards voluntarily, whereas it is obligatory and related to regulations. Consequently, there are
several feedback loops not only to research and standardisation but also to regulation, which
has been revealed by Gottinger et al. (2023) for the bioeconomy in the European Union.

In summary, we present a complex knowledge and technology transfer model that better
reflects the real situation, at least in the European Union and, therefore, also in Germany,
which is the focus of our empirical investigation.*

2An alternative approach would be to rely on Weiss (1979), who differentiates between the Knowledge-

governments fund standard-related research

Transfer agent:
Research

Transfer agent:
Government

governments mandate SS0s

feedback from implementation to generate standards

of standards to research
feedback from implementation
of regulation to government

B Transfer medium:
Regulation

Transfer agent:
Standardisation

Transfer medium:
Publications, Patents
T

>

feedback from implementation

of standards to standardisaton regulation refers to

standards

codified

Transfer object:
Knowledge

Transfer medium:
Standards

|~ compliance to standards

tacit via participation
in standardisation

ry

codified

compliance to regulations

4 Implementation

codified

Transfer object:
Knowledge

tacit via participation in
standardisation

Transfer object:
Rules

Consensus, Coordination

Fig. 1 Standardisation in the Context of Research and Regulation

Driven Model, which assumes technologies based on successfully applied research offer opportunities for
public policies, and the Problem-Solving Model, in which policy initiatives drive research.

3We are aware that customer and supplier requirements influence standardisation processes. However, to
avoid an overly complex model, we focus the conceptual model on the more external sources of research
and regulation.

4The influence of market needs on standardisation is not reflected in the model because it is considered a
baseline requirement for developing standards. In addition, it would have complicated Fig. 1 further.
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2 Methodology

Our methodological approach is based on a survey of stakeholders active in standardisation,
asking for their experiences and perceptions about the interface between research and stan-
dardisation. We use the German Standardisation Panel (DNP) established in 2012 to address
not only a sample but also the universe of a broad range of organisations (especially firms)
active in standardisation at the German Standardisation Institute DIN. Of 28.157 experts
contacted on the 14th of October 2023, the World Standards Day, and reminded two times,
2.987 responded to the survey until the 2nd of January 2024. The response is similar in qual-
ity and structure as in the previous waves of the German Standardisation Panel (please (see
Blind & HeB, 2023; Hel3 & Blind, 2024a, 2024b), which indicates that a common method
bias does not exist. In addition, the sector and size distribution of all organisations active in
DIN is found by Hef3 (2020).

One section of the questionnaire contained questions on the significance of research
within the standardisation process, both in general and concerning specific types of stan-
dards. It explored the advantages, disadvantages, and potential impacts of integrating
research findings into standardisation efforts. Participants were asked to assess the relevance
of different input sources for standard development, including research. Additionally, they
were prompted to evaluate the importance of research as input for various types of standards
and to consider both the advantages and disadvantages of integrating research findings into
standardisation processes. Furthermore, respondents were asked to assess the effectiveness
of different approaches to incorporating research results into standard development and to
identify potential impacts of standards based on research input on innovation, new products,
and processes. Through these questions, the survey sought to comprehensively understand
stakeholders' views on the role of research in standardisation. The introductory section of
the questionnaire, which has been repeated annually since 2012, allows the experts to assess
the impacts of standards for different dimensions relevant to their organization (see, for
example, HeB3 and Blind, 2023).

Most respondents work in industry, mainly mechanical and electrical engineering com-
panies. However, other stakeholders, like experts from non-governmental organisations
(NGOs), higher education institutes (HEIs), public research organisations (PROs), and the
public sector also answered the questionnaire. Overall, we have a balance between large
organisations with over 250 employees and small organisations, particularly small and
medium-sized enterprises (SMEs). More than 80% of the experts are male, and more than
60% are above fifty. Around half of the responding organisations perform research and
development (R&D) and have introduced product or process innovations (Table 1).

3 Results
Based on the answers of almost three thousand respondents, we could reveal several insights

to answer our research question, particularly differentiating between industry and other
stakeholders.
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Table 1 Sample by Sector Sector N %
Total 2987 100
Mechanical Engineering 304 10.18%
Public administration and defense; compulsory 275 9.21%
social security
Electrical Engineering 252 8.44%
Automotive Engineering 236 7.90%
Education, activities of membership organisations 233 7.80%
Chemical and Pharmaceutical Industry 228 7.63%
Certification and testing 198 6.63%
Construction 197  6.60%
Other service activities 138 4.62%
Metal Production 138 4.62%
Energy, Water, and Oil 121 4.05%
Medical Engineering 117 3.92%
Professional and scientific activities 106 3.55%
Consumer Goods Production 99 3.31%
Information and Communication 68 2.28%
Transporting and storage 54 1.81%
Plant construction 50 1.67%
Manufacture of other non-metallic mineral 48 1.61%
products
Agriculture, forestry, and fishing 34 1.14%
Human health and social work activities 32 1.07%
Wholesale and retail trade; repair of motor vehicles 17 0.57%
and motorcycles
Mining and quarrying 13 0.44%
Optics 13 0.44%
Other 6 0.20%
Activities of extraterritorial organisations and 5 0.17%
bodies
NA 2 0.07%

3.1 Relevance of input sources for standard development

To assess the general role of research for standard development, the experts have been asked
about the relevance of numerous input sources identified from the literature, e.g., Feather-
stone et al. (2016) or Moon and Lee (2022), but also validated via interviews with selected
experts from industry in preparation of the questionnaire.’

The experts' answers reveal that policy and regulation initiatives are the most relevant
inputs for developing standards followed by customers' requirements and insights from their
research and collaborative public research. Less important are research results generated by
other organisations. Requirements by suppliers and service providers, even their business
model, are perceived as having limited relevance as input for standardisation. The experts
position open-source software and hardware on the lowest level, which underlines their still
complex relationship with standardisation, because different communities drive them to fol-
low unalike processes, including a different IPR regime (Blind & Béhm, 2019). According

5 Cronbach Alpha is 0.70.
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to the experts' views, own, collaborative, and even others' research results are essential input
sources for developing standards.

To put these assessments into the context of other studies, we refer to the insights from
the German edition of the Community Innovation Survey about the relevance of knowl-
edge sources for innovation development (Rammer & Schubert, 2022). The most important
source for German innovators is their own company, which includes their research, fol-
lowed by customers, competitors, and suppliers. Overall, the ranking of the sources is quite
similar, which shows the reliability of the approach (Fig. 2).

In the next step, we ask for the role of research as input for developing the different types
of standards.® Most relevant for the respondents to the survey is research for the generation
of measurement and testing standards, which the high rating of research for measurement
and testing can explain. However, research is also relevant for quality standards, which is
unexpected because quality improvement is not so close to research and development. In the
third position in the experts' assessment, we find environmental and sustainability standards,
which can be explained by the increasing relevance of sustainability both in research and
standardisation (see already Blind & Hef, 2023). According to experts, standards for safety
and health issues and interoperability, compatibility, and interfaces require significant input
from research. Product and process standards do not need much research from the surveyed
population as input because they are generally more influenced by the requirements of mar-
kets, customers, and companies' production processes. Terminology and semantics are the
least dependent on research input based on the experts' assessment (Fig. 3).

3.2 Advantages and disadvantages of research results as input for standard
development

To improve the interface between research and standardisation, we must know more about
the advantages and disadvantages of using research results to develop standards.”

From the perspective of the surveyed experts, the most relevant advantages are free
access to scientific publications and other materials on the Internet and keeping track of
scientific progress. Furthermore, research is perceived to provide a better evidence base for
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Fig. 2 Relevance of input sources for standard development (n=1292 to 1527)

®Cronbach Alpha is 0.89.
7 Cronbach Alpha are 0.90 and 0.70.
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Fig. 3 Relevance of research results as input for different types of standards (n=961 to 1164)

the development of standards® and impulses for new standardisation initiatives. Using sci-
entific evidence for quality and environmental and sustainability-related standards follow in
the experts' ranking of advantages. For standards supporting regulation,’ it is also assumed
to be an advantage of using research as input for their standardisation. Leveraging one's
research results via standards for developing one's own product and process innovation is
of similar importance for the surveyed experts as the role of scientific evidence in devel-
oping standards is relevant for follow-up research.!® This assessment confirms the posi-
tive relationship between research, standardisation, and innovation.!! The least relevant is
the opportunity to prevent, via standardisation, competing research content from becoming
market-dominant solutions. Overall, the surveyed standardisation experts perceive integrat-
ing research results in standard development as positive (Figs. 4 and 5).

Whereas most respondents support all advantages of integrating research results in stan-
dards, the disadvantages are perceived as less relevant. The most severe perceived problems
are that research results are not yet validated in practice, are not ready as input for standardi-
sation, and are too abstract, immature, and ambitious.'? Furthermore, there is a lack of R&D
staff available as experts in standardisation. In addition, if included, IPRs might restrict stan-
dardisation activities. Furthermore, some respondents complain about the limited support
from other companies, in particular, or stakeholders in general, which can be explained by
their—probably contradicting—specific interests in influencing the content of standards.!'?
If patented content is included in standards, licenses for standard-essential patents (SEPs)

8See Blind and Fenton (2022) on the increasing number of scientific references in ISO standards in general
and Gottinger et al. (2023) on their role for standards in the bioeconomy.

?See Gottinger et al. (2023) for the first empirical analysis of the complex linkages between scientific publi-
cations, standards, and regulation in the bioeconomy, whereas Blind (2023) elaborates on their interactions
for transformative innovation and Blind (2024b) for socio-technical transformations.

10A smaller share of respondents perceives the virtuous long-term cycle between research, standardisation,

and standards already postulated by Blind and Gauch (2009).

'See also the positive correlation revealed by Blind et al., (2022a, 2022b) for a representative sample of

innovative companies in Germany.

12 These disadvantages are particularly problematic for smaller organisations. The challenge is that research

results might be too far away from customers' needs, which aligns with the high relevance of customers'

interests as relevant input into standardisation, as elaborated above.

13 See Blind and Mangelsdorf (2016).
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Fig. 5 Relevance of disadvantages of research results as input for standard development (n=1026 to
1335)

are needed. Others complain of low rewards under royalty-free licensing regimes for SEPs,
which some standardisation organisations have implemented. However, most respondents
do not perceive the whole set of problems related to intellectual property rights in standardi-
sation as a challenge. Complementary, the proprietary use of one's research results is not
recognised as complicated. However, some respondents see integrating research results as
tricky since standardisation is often not considered in research processes (Fig. 6).

3.3 Approaches to integrate research results as input for standard development

To promote the elaborated advantages and reduce the disadvantages related to incorporating
research results as input for standard development, the respondents had the chance to assess
the effectiveness of various approaches.'* The primary objective of the Code of Practice on
standardisation in the European Research Area (European Commission, 2023), promoting
standardisation as an instrument of knowledge valorisation within Higher Education Insti-

14 Cronbach Alpha is 0.80.
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Fig. 6 Assessment of the importance of various approaches to integrate research results as input for stan-
dard development (n=987 to 1311)

tutions (HEIs) and Public Research Organisations (PROs), is most appropriate for them.!>
Companies' involvement in public research is rated second, followed by the funding of stan-
dardisation as means of exploitation as one option of knowledge valorisation by national
ministries and research funding organisations. However, to a lower level, funding for the
standardisation of Horizon Europe project results by the European Commission is appreci-
ated. Some respondents propose encouraging the consideration of R&D results in the stan-
dardisation requests by the European Commission. Interestingly, the more conceptual and
long-term proposal of including standardisation into the definition of R & D is effective by
most respondents but also completely ineffective by a few experts. Most respondents sup-
port the increased participation of Higher Education Institutes (HEIs) and Public Research
Organisations (PROs) in standardisation and promotion within HEIs and PROs. Having
dedicated work packages on standardisation in research projects is also rated as beneficial,
as well as the more generic claim of including standardisation into tax incentive regimes for
research and development. Finally, the involvement of SDOs in publicly funded research
projects is supported only by a minority. In contrast, the adjustment of SDOs' service port-
folios to align with R & T activities is ineffective by most respondents.

Overall, the Code of Practice's focus on standardisation and pushing it within HEIs and
PROs is perceived to be quite effective. Complementary, more funding of standardisation at
the national and European levels to exploit research is perceived to be effective in pushing
the integration of research results into standardisation development. Finally, the inclusion of
standardisation in the definition of R&D is a discussion that deserves further consideration.
In contrast, SDO strategies and services have to be changed significantly.

15 According to the European Commission, "Knowledge valorisation is the process of creating social and
economic value from knowledge by linking different areas and sectors and transforming data, know-how,
and research results into sustainable products, services, solutions and knowledge-based policies that benefit
society." See https://research-and-innovation.ec.europa.eu/research-area/industrial-research-and-innovation/
eu-valorisation-policy en.
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3.4 Assessed impacts of standards based on research results as input on innovation

In the last section, the respondents were invited to assess the broader impacts of standards
based on research results as input on innovation.!® On the one hand, faster or easier access
to European or international markets could be achieved. On the other hand, the confidence
level of consumers would be improved, which is closely related to the broader use of recog-
nised methods and processes and better documentation of R&I results. The highest assess-
ment of these impact dimensions can be linked to the highly assessed influence of standards
on market entry and legal security. Although, these significant correlations are not a proof
of the internal consistency and validity of the survey findings, they do not challenge them.
However, it also reveals that further integration of research results into standards strength-
ens the impacts of standards to facilitate market access and legal certainty. At the technical
level, interoperability is improved. At the governance level, integrating research results in
standardisation improves the capacity to respond to EU regulations/policies. In addition,
experts perceive that integrating research into standards could enhance the development and
design of products, services, or processes. Furthermore, research results are expected to be
disseminated faster via standards.

However, research integrated into standards does not necessarily improve the signaling
of product or process quality, or the public procurement of innovation is expected. In addi-
tion, more intensified collaboration with HEIs and PROs is also not anticipated. Finally,
larger economies of scale for products and services will not likely be exploited via research
integrated into standards, revealing a well-known tension.

Overall, integrating research into standards is expected to accelerate and amplify the dif-
fusion of knowledge and methodologies and strengthen their primary functions, like market
access, consumer confidence, and interoperability. Finally, standards based on research are
expected to better align with EU policy and regulation (Fig. 7).

16 Cronbach Alpha is 0.86.

100% . 3
o = || ] I || ] i | G254 | I
2 T 827% 06 3 | ] | ] % 3 5
E B R FEEEFEREE = EERE
B 17,08% 16,70% 18,26%
| | 238% 24,22% 23,41% 18,81% 21,42% 18,81%
25,90% 25,50%

31,67% 30,58% 27,04%
b 27,53%
50% 38.73% 33,43% 33,86%

27,49% o 35,33%

o 067%
25% 34,13% 38,86% 42,35%
% 28,69%
S0% 30,40% 30,15% 31,33% 4
2, 25,45%

Improved  Enablingthe Intensified  Positiveimpact  Larger Disclosure of
capacityto  displayof  collaboration  onpublic  economies of
respond toEU  product or withother  procuren scalefor  neg:
or  regulation/ processquality companies,  (referenci products and  com
processes policies 0sand HEI  standards) services

Higher  Faster or easier Wider use of Better Improved Faster
confidencein access to d
nnovative  Euroj
products and  intern
processes markets es or
among processes promoting
innovation

s, of Rl result: ) designof  R&l result

roducts,
s o

consumers

Fig.7 Assessment of the importance of impacts of standards based on research results as input on innova-
tion (n=951 to 1267)
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3.5 Inputs into standardisation and impacts of standards

Although we have no approaches or data to externally validate the answers to the survey
shown in the previous sections, we can perform an internal validation. Mainly, we perform
correlation analysis based on the answers of the experts to three questions and their general
assessment of the relevance of different impact dimensions of standards, i.e., legal security,
market-entry, interoperability, increase in productivity improvement of quality R&D, inno-
vation, competitiveness, bargaining position, sustainability, and resilience. The latter part
has been asked in previous waves of the German Standardisation Panel, e.g., HeB3 and Blind
(2023) display time series of the assessments.

The correlations between inputs into standardisation and the assessed impacts of stan-
dards in Table 2 are all highly significant. Therefore, we concentrate on those with coeffi-
cients above 0.2 to highlight the strongest linkages. Related to own research, no correlation
coefficient is above 0.2. However, the value related to the impact of standards on R&D
reveals the highest value, which underlines the internal consistency of the answers. Other
organisations' research also does not generate correlation coefficients above the suggested
threshold. However, input from common publicly funded research into standardisation is
0.24 and, therefore, highest correlated with the impact of standards on the quality, followed
by 0.23 for interoperability. Input from publicly funded research is positively associated
with quality enhancement and interoperability-promoting standards, indicating that com-
mon research specifically emphasizes these two dimensions. For interoperability, com-
mon research in ICT might be beneficial. The input of open source software or hardware
is strongly interrelated with the impacts of standards on sustainability and R&D. Reusing
existing software code certainly saves resources and eventually contributes to sustainability.
The requirements of customers in the development of standards are most strongly correlated
with their positive impact on the negotiation power related to suppliers, followed by resil-
ience. Within the vertical supply chain, the stronger consideration of customers' require-
ments in standards is associated with a more dominant position related to suppliers.

Considering suppliers' input in standardisation processes is less strongly correlated with
all the impact factors of standards. In contrast, the requirement of service providers is par-
ticularly correlated with the impacts of standards on resilience and sustainability, which
have only recently received more attention triggered by the discussion about the Sustain-
able Development Goals (Blind & Hef3, 2023) and the COVID-19 pandemic (He8 & Blind,
2023). Finally, the input of policy and regulation on standards' development is highest cor-
related with the impact of standards on quality, sustainability, legal security, and negotia-
tion power against suppliers. Whereas the high correlation with legal security confirms
the consistency of the answers, policy initiatives are strongly associated with the quality
and sustainability-enhancing impacts of standards. In addition, legal requirements are also
strongly linked with the opportunity to strengthen the negotiation power against suppliers.

In summary, the correlation coefficients, which are all highly significant with p-values
below 0.01 displayed in Table 2, reveal the consistency of the answers and that input from
commonly conducted research, customers' requirements, and policy initiatives are posi-
tively associated with various impact dimensions of standards, mainly related to sustain-
ability and resilience.

In a further step, we again correlate the relevance of research for different types of stan-
dards with assessing their various impact dimensions. All correlation coefficients are highly

@ Springer



K. Blind, L. Kromer

010>d 4 ‘60°0>d 4x “T0°0>d 444 :S]OAS] QOUBOYIUTIS

s LT°0 #5x61°0 #5x0T°0 #5x91°0 Al #5x%x601°0 ssxP 170 w170 w5xE£1°0 QOURIISIY
#5x 1070 #%x0C°0 #%x00°0 #5210 #5x01°0 #5x 100 #5xL1°0 ##x51°0  #xx51°0 Ayiqeuresng
#xx0C°0 #5xC1°0 #5x51°0 #5x91°0 #xx€C°0 #xxS1°0 #xx01°0 #%x91°0 w357 1°0 uonysod Jururesreq
#xxC1°0 #5x51°0 w5V 1°0 %0170 #xx¥1°0 2220070 #xx91°0 w5xV1°0 #%x91°0 asd
%800 w170 #5x91°0 wx¥ 170 #%x91°0 s L1°0 #5%xC1°0 s [ 170 #5x01°0 ssouaannadwo)
#x2CC°0 #%x91°0 wsexL1°0 w7170 s5xL1°0 #x%01°0 »x2PT°0 w170 #5x01°0 Ayrend
#xxE€1°0 #5x61°0 w57 1°0 #5xC1°0 #xxS1°0 sxxL1°0 #xxE€1°0 w5xV1°0 #%x60°0 Ayanpnpoid
#xx01°0 #%xC1°0 #5xC1°0 #xxE1°0 #xx91°0 #xxS1°0 2x2€C°0 #%x91°0 #%x91°0 Ayiqesadoiajur Tesruroa],
#5x91°0 #%x51°0 w52 11°0 #5x€1°0 #5xC1°0 #%x00°0 #5xC1°0 %L0°0 #0170 SUOTIPUOD AU JIEIN
»xx0C°0 sk [ 170 *%80°0 #5x60°0 #xx01°0 sxx71°0 #x%x01°0 ws5xC1°0 #5x01°0 Aynoas (307
uon mHCQEO‘ﬂS@OH muQOEOhSUOh SIdWolsnd dlempleH [dJeasal O:n—ﬁ.—g Splepue)ls
-e[ndoy [opow 1op1aoid  s1drddns woiy wolj Sjuow 10 2I1BM}JOS QAIBIOQR[[0O SUONBSIUBSIO IOYI0  [OIBASAI Jo j0edwr oY) passassy
/Koat10d ssousng QIAIDS  SyudWAINbay -ommboy  domoguadp)  WOI S)NSIY  JO YOIRISAI ARALL] umQ uonesiprepuess ojur ;nduy

spIepue)s Jo syoedwn passasse ) pue UOT)ESIPIEPUE)S OJUT SInduT U0aMI0q SHUSIOLJI0d UOTE[OII0) T 3|qeL

pringer

A's



The role of research and other inputs for the development and impacts...

significant with p-values below 0.01, and several correlation coefficients receive values
above 0.3, which we will focus on. The coefficients are highest related to the impact dimen-
sions of quality and sustainability and lowest related to legal security, market-entry, and
competitiveness. The highest values above 0.3 appear between the relevance of research
for interoperability standards and the impact of standards on interoperability and quality
standards and their effect on quality. The input of research into process standards is highest
correlated with the impact of standards on sustainability, which is also the case for the input
of research on environmental protection and sustainability. These high values underline the
consistency of the answers of the respondents, but also that specific standards are strongly
associated with the impact dimensions they contribute to (Table 3).

In the last step, we correlate the assessment of the importance of the impacts of stan-
dards based on research results as input on innovation with evaluating the general impact
dimensions of standards. Again, all correlations are highly significant, with p-values below
0.01 displayed in Table 4. However, we focus on those relations with a coefficient above
0.25. Here, the improved development and design of products, services, and processes are
strongly correlated with the impact of standards on sustainability, R&D, resilience, and
quality. The ability to present product and process quality via research-based standards is
particularly strongly correlated with assessing the standards' impact dimension related to
sustainability, quality, productivity, and resilience. Suppose consumers' confidence in inno-
vative products and processes is evaluated to be strengthened. In that case, the impacts of
standards on the bargaining power related to suppliers and on sustainability are notably
higher assessed. Faster and easier access to European or international markets via research-
based standards positively correlates with their estimated impact on suppliers and resilience.
The effect on the latter and sustainability is specifically highly correlated with the influence
of research-based standards on improved capacity to react to EU regulations and policy.
Finally, the research-driven improved interoperability of products, services, and processes
positively correlates with their impact on sustainability, resilience, interoperability, and the
negotiation power related to suppliers. These highlighted examples of high correlation coef-
ficients confirm the generally positive linkages between the specific impacts of research-
based standards and their principle impact dimensions.

On the one hand, the conducted correlation analysis serves as an internal validation
check of the experts’ answers because we lack external validation for the survey responses.
On the other hand, these simple correlations reveal a close linkage between the inputs into
standards and their perceived impacts through their high significance levels. Notably, the
assessment of research inputs from public-funded research correlated with evaluating the
effects of standards quality and interoperability, whereas this is lower correlated with indi-
vidually generated research results. The assessment of customer requirements as inputs was
strongly linked to the influence of standards on negotiation power related to suppliers and
on resilience. Evaluating policy and regulation inputs into standards are highly correlated
with the gauged impacts of standards on quality, sustainability, and legal security.

Furthermore, the relevance of research input for developing different types of standards
matters for their impact dimensions according to the experts' answers. Finally, we examined
correlations between the importance of research-based standards on innovation and stan-
dards' general impact dimensions, which confirm the generally positive linkages between
research-based standards and their specific impact dimensions but also reveal the impor-
tance of particular mechanisms. This last analysis could be considered in a more sophis-
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The role of research and other inputs for the development and impacts...

ticated conceptual model. However, it also serves as a base for further research about the
complex linkages between the inputs into standards and their impacts.

4 Discussion and Outlook

Linking the survey results back to our research question and the conceptual model; we
observe that the experts involved in standardisation assess the relevance of research results
and impulses from policy and regulation as equally important inputs into standardisation,
which is a significant new insight. In addition, research results are perceived to have differ-
ent implications for the various types of standards, whose role in the phases of the research
process has been elaborated on by Blind and Gauch (2009). Regarding the high relevance of
regulations, previous survey results about motives to standardise by Blind and Mangelsdorf
(2016) are confirmed, which reveal specifying regulations via standards as the main driver.
Regarding future research, the database of standardisation requests hosted by DG GROW
of the European Commission is a source for investigating this question further, relying on
another type of data source and avoiding the common method bias of our current approach.

According to the surveyed experts, the most essential advantages of integrating research
into standards are free access to research results and being updated with current develop-
ments in science and technology. The positive impact of increasing the science base of
standards, which pushes their credibility if referenced in regulations, has yet to be broadly
perceived as an advantage because only a minority of standards currently reference scien-
tific publications (Blind & Fenton, 2022).

Most of the ex-ante proposed measures and those mentioned by the respondents focus on
supporting the transfer of research results into standardisation, which confirms a previous
survey among participants of research projects under the framework programme Horizon
2020 (European Commission et al., 2022). However, the respondents do not prioritize con-
sidering the linkages to regulation, e.g., via standardisation requests.

Finally, when looking at the perceived impact of standards based on research results
as input on innovation, consumers' strengthened confidence in innovative products and
processes receives the highest assessment. Therefore, regulators, who also aim to improve
consumers' trust, should consider this link. In addition, more research-based standards help
most respondents strengthen their capacity to react to regulations and policy initiatives.
However, the link to standards referenced in public procurement is not yet vital.

Overall, the insights from the survey do not question the conceptual model. Some aspects
are even explicitly confirmed. However, we are only at the beginning of analysing the com-
plex relationships between research, standardisation, and regulation. Based on documents
for the specific bioeconomy case, Gottinger et al. (2023) disentangle the reciprocal links
between these three areas. Therefore, in addition to the survey approach challenged by
response biases, standard documents provide a starting point to collect data about their
linkages, but further data has to be built up, e.g., for scientific publications referenced in
regulations. In addition, further methodological approaches must be developed to tackle
the complex and increasingly dynamic relationships to build more science- and innovation-
friendly, as well as society's demands reflecting mechanisms for knowledge and technology
transfer as regulatory frameworks.

@ Springer



K. Blind, L. Kromer

01°0>d & 50°0>9 s T0°0>d s S[PA] 0UBDYIUSIS

#xx10°0 #2100 #xx0€°0 #%x8T°0  #xxLT0 #xx8T0 #xx8T0 #xx10°0 #%x8T°0 #xx10°0 #xx81°0 %8170 QOUDI[ISIY
proyal) #%%CC 0 #xx0€°0 ##%x8C°0 #xxCT0 %900 #£x0€°0 %970 %x0€°0 ##x7C0 #xx 100 #xx1C°0 Aypiqeureisng
#xx61°0 #xx0C°0 #xx9C°0 #xxVC0 #xxLT0 *#xx9T0 #xx€C°0 #xx81°0 #xx00°0 #xx€C°0 #xxS1°0 %1070 uomsod Sururesreg
#xx81°0 #xkL1°0 #1700 #xx7C0  #£x07°0 #xx00°0 #%xCC0 #xx01°0 #%x8T°0 #xx601°0 #xxE£C0 #xx10°0 asy
#£xS1°0 #xxL1°0 #xx81°0 #4x1C°0 #8170 #£x01°0 proyal) #%x81°0 #£x61°0 #%xS1°0 #xxE1°0 #%x91°0 ssouoAniaduwo)
#xx€C°0 #xx0C°0 #xxLT°0 #xxVC0 #4100 #xx€C°0 *#xx8T°0 #xx€C°0 #xx9T0 #xx€C°0 *xx81°0 #xx€C°0 Augend
#xx601°0 #xxE£C0 #xx8T°0 ##x100 #£x0T°0 #xx10°0 ##x8T0 #xx€C°0 #xx10°0 #%x00°0 #xxE£C0 #%x01°0 Auanonpoig
%000 #xx 100 #xx60°0 ##x81°0 #xx€C0 #%%CC 0 prorai) #£xC1°0 #%%CC 0 #%xST°0 #2710 wxxb 10 AN[Iqesodozojur [eoruyday,
#xx01°0 w170 w1070 #xx01°0  #xx0T°0 #xx601°0 #xxS1°0 #x00°0 #xxL1°0 #xx81°0 #x80°0 #xx91°0 SUODIPUOD A1JuS JXIEN
x5V 170 wxxL1°0 #xx1C°0 ##%S1°0 #xx61°0 ##x1C°0 #+£1°0 %900 sxxL1°0 #%x0C°0 #xxE1°0 sxxL1°0 Apmoas (8597
I4H
pue
sOdd
‘sarued SR
-woo uoreAouur Teuon
19130 Sunowoid -BUIOIUI
ym (spIepue)s sassad01d 10 uead
uonel  SulOULIdJAI) IO ‘SIOIAISS -oIng o} SIOWNSUOD Ajpenb ssao  soo1AI0S puB sassaoo1d sassaoo01d synsax spIepue)s
-oqe[[00  JudwaInooid  ‘sponpoid Jo  sdrorjod/suonemsar  sse00e  Juowre sassaooid pue  -oxd 1o yonpoid sjonpoad 10 10 S9IAIRS ‘s1onpoid  ‘SAIS0[opoyIoW  [293 JO UON  SHNSAI [ Jo 10edwr passassy
pay orqnd uo joed  Anjiqeredoioy NA 01 puodsar 0) 121589 10 Sponpoid daneAouur Jo Aeydsip  oeos jo sarwr - Jo uSisap (pue Juowr PasiuS00a1  -BUNUASSIP JO UONEJUAW  SPIEPUE)S JO sadA) Judioyip
-ISUU]  -Wl dADISOd  -ul paaoxdwy  Ayoedes porordwy  1oyse uroouopyuoo JoySiy  oyy Surjqeuy  -ouood 1o8reT  -dojoadp) paroxduup JO 9sn JOPIA\ I0)SB,] -NOOP 101 IO [IIBISAI JO QOUBAJ[OY

SpIepue)s Jo s)ordwl PISSISSE AU} PUB SPIBPUE)S JO SIA) JUIIOPIP 10J YIIBISII JO SOUBAI[DI A} UIIMII( SJUIIOYII0I UOHR[LIO) { d|qel

pringer

A's
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The presented conceptual model can be further sophisticated by considering the linkages
between the inputs into standards and their impacts, which materialise after implementation.
Currently, the implementation of standards is the final element in the conceptual model,
although it has some feedback loops both back to research and policy. Further insights about
the complex relationship between the inputs into standards and their impacts based on other
data sources could help to open the black box of implementing standards and the illustrated
but not further elaborated feedback loops.

As indicated, our research approach faces several limitations. Despite the sound base of
answers from experts involved in standardisation to our survey, their assessment is framed
by their personal experiences and organisational environment. Furthermore, the answers
from those standardisation experts being not involved or having a limited exchange with
researchers to the very research-specific questions might be less informed than those being
actively involved in standardisation and research. A further limitation of our approach is the
focus on the standardisation experts active in the German Standardisation body DIN, which
also claims to provide a representative picture of Germany but not necessarily of other Euro-
pean countries and, to a lesser extent, even non-European countries. However, Germany is
the most active country in European and international standardisation bodies. Therefore, it
can also serve as a benchmark due to the high research intensity of its companies involved
in standardisation (Blind et al., 2022b).

Most research on knowledge and technology transfer in general (Perkmann et al., 2013,
2021) and particularly standardisation (Grillo et al., 2024), including our paper, is phenome-
non-driven; future research should deploy data on this phenomenon to build and test theory.
First, future studies might view standardisation as proactive behavior in knowledge-inten-
sive organisations (Crant, 2000). Another opportunity for contributing to theory may arise
from studying how experts in standardisation respond to social influence or local norms,
such as those prevailing in their immediate, departmental work contexts (Bercovitz & Feld-
man, 2008), and how these relate to global norms or incentive schemes for instance at the
level of scientific disciplines. This may also provide suggestions for determining the locus
of possible policy interventions to support researchers’ engagement in standardisation.

Within the institutional theory, engagement in standardisation may offer insights into
how individuals within organisations manage exposure to different logics, i.e., that of aca-
demic science and of commercial R&D (Murray, 2010), including standardization. Whereas
working with industry in R&D is likely to generate conflicting pressures, including whether
research results should be public or private and whether research should be oriented towards
publication or technical application (David, 2004), conflicts in standardisation might raise
the ambitions of performance requirements.

Finally, insights from innovation theories and transdisciplinary research (Blind, 2024a),
specifically around knowledge combination, networks, and tacit knowledge, might not only
explain outcomes from academic engagement (Beaudry & Kananian, 2013; Lavie & Drori,
2012; Melkers & Xiao, 2012; Thursby & Thursby, 2011) but also standardisation. Particu-
larly, researchers’ positions in interpersonal networks can be important for their participa-
tion and success in contributing to standards.
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