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Abstract

Technology Application Selection (TAS) is crucial for the success of technology-push innovations, but still supporting
approaches for the process and the respective steps are sparse. To improve the understanding of this issue to further develop the
TAS process and to build a supporting approach, this study focuses on the first step in the TAS process, the technology
characterization. Therefore, an analysis of existing tools and influencing criteria for technology description is carried out to
determine which factors are most relevant to understand the technology in depth. The results are translated into a technology

canvas, tested with several patents, and evaluated by experts.
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1. Introduction

The competitiveness of technology-oriented companies
depends on their ability to identify opportunities from
technological developments and to turn them into
innovations [1]. Particularly young university spin-offs or
technology-based startups built up on an existing technology
hoping for its commercialization in the market [2], but also
for technology-based companies it is becoming increasingly
crucial to identify innovative applications for new or existing
technologies [3]. Since future success depends on the
recognition and coordination of opportunities resulting from
technological developments, technology-push innovations
become essential [4]. Still, less focus and consideration in
literature and practice led to an underdeveloped and hardly
understood technology push process [5].

One of the most important steps of the "technology push"
is the analysis of chosen technologies to identify suitable
applications [6]. To be able to carry out this step in a well-
founded manner, information about the technology in
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question must be collected [7] as understanding technology
attributes, especially unique benefits, is a key element to
identify opportunities [5]. Further, as an in-depth
understanding of the technology provides the necessary
information about its capabilities and limitations this can be
used to identify if the underlying technology is the most
appropriate for the later identified application in the
engineering design. In addition, a technology description can
provide information on costs, performance characteristics,
and other key factors that may influence the engineering
design process [8].

For this purpose, several approaches exist, such as the
“Technology Canvas (TC)”, which is used to describe new
technologies by answering six key questions to retrieve the
most important information about the technology [5], or the
“Voice of Technology”, which combines elements of a
SWOT analysis with technological relevant aspects like
product or material [9].

Literature reveals that most approaches for describing
technologies rarely build upon each other and are rather
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designed for a respective issue [10]. Furthermore, existing
tools are mostly not evaluated in practice, except for a few
examples [5]. Therefore, this study’s purpose is to explore
how technologies are currently described in the literature and
which tools exist. As the TC of Terzidis and Vogel [5]
represents one of the few evaluated technology description
tools, the results of further investigation will be compared
with this tool to evaluate the status quo and analyze potential
improvements.

Based on the findings of the literature review, a
compilation of factors to be integrated in a tool will be
derived, which consist of theoretical contributions as well as
practical perspectives of experts in the field of technology
transfer. Comparing these findings with the existing TC, the
compilated factors will be transferred into a tool, and
consequently tested with existing technologies to evaluate the
practicality. Furthermore, expert interviews will be
conducted to reveal shortcomings, redundancies, and
practical applicability.

The outcome aims to support the process of describing
technologies in a complete and comprehensive manner in a
practical context to support the process of identification of
applications for new or existing technologies. Considering
the importance of a deep understanding of underlying
technologies for application identification, this paper follows
the main objective of answering the following research
questions:

RQI. What literature exists for technology-describing
tools and which relevant factors are mentioned?

RQ2. Which factors should be used for the further
development of the TC and how should they be
implemented?

RQ3. How does an implementation look like & is it
suitable for practical application?

The contribution of this paper to ongoing research is
threefold. First, it provides insights for the technology
transfer community by compiling existing literature on the
topic of technology description tools and respective factors.
Second, based on the practical implementation with the
example of Karlsruher Institute of Technology (KIT) patents,
practical applicability can be estimated, as these patents
display limited information and that shows if a transfer of this
information in a developed tool is possible. Third, the
discussion with experts about the derived, refined, and
complied factors of the design tool further proves its
applicability in practice.

2. Methodological approach

To answer the research questions the research process is
carried out in sequential phases: Compiling theoretical
findings and existing tools, deriving relevant factors for a
potential tool, comparing the results with the existing TC by
Terzidis and Vogel [5] and testing the final factors with
practical implementation and discussion with experts. In the
end, the final design requirements and factors are stated.

To address the first research question, the existing
literature needs to be identified and analyzed. For the second
and third research questions, relevant technology description
factors will be derived based on the findings from RQ1 to
create the basis for a scientifically based technology
description tool. Consequently, the findings will be
compared with the existing TC and its factors, to derive
similarities and differences to decide, which factors should
be included in the further developed tool. Furthermore, to test
the practicability of the derived factors, the developed tool
will be filled out with recent technologies based on KIT
patents. Hence, the developed tool will be discussed with
experts from the field of technology transfer to test its
practical applicability.

For the data collection, a systematic literature review
(SLR) was chosen to evaluate the existing body of literature
and answer the first research question [11]. Based on the
PICOC criteria (Population, Intervention, Comparison,
Outcome, Context), the necessary terms for the search string
were derived in a two-step process to enclose the results to a
legit amount [11]:

Table 1. Core concepts of PICOC.

Core Concepts Keywords

Population Founder, Inventor, Innovation manager

Intervention Patent, Technology canvas, new technology,

Invention, Innovation

Comparison Description of technology, Description of
patents, Explanation of technology,
Explanation of patents, Technology

description, Patent description

Outcome Patent description, Patent explanation, Patent
utilization, Patent exploitation, Patent catalog,
new technology canvas, further developed
technology canvas, technology
implementation, technology application,
technology utilization

Context Academia, Experts, Start-Up, entrepreneurial,
entrepreneurship

The search string needed some adjustment since the
number of results with the search string derived from the
PICOC criteria delivered too many results (a couple of
million). In conclusion, the following search string was
derived to be used in the databases Scopus, Web of Science,
and ScienceDirect:

(Patent OR Technolog*) AND ((Appl* OR Exploit* OR
Utiliz* OR Implement* OR Found* OR Descri*) OR
(Canvas OR Framework OR Tool OR Method OR Model))
AND (Founder OR Inventor OR “Innovation manager” OR
Experts OR Start-up OR entrepreneur*) AND Academia

This search was extended with the google scholar search
engine, using only the terms "technology canvas" and
"description of technology" to include further literature that
might be relevant but has not been found in the three
aforementioned databases. Moreover, a forward and
backward search was conducted, sustained by an author
search for the most frequent mentioned authors. Following
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the methodological approach of Kitchenham and Charters
[11], inclusion and exclusion criteria were applied, with the
only exclusion criterion, in this case, being language, as only
English and German documents were considered. Given the
research focus, there was no apparent reason to exclude
specific journals, authors, research designs, or publication
dates.

While the SLR was conducted to collect data for RQI,
data for RQ2 and RQ3 were collected separately in a two-
step process. First, by filling in the refined technology canvas
by the author and a colleague, possible application limits,
difficulties and gaps could be identified and a revised version
developed. Second, by conducting interviews with experts in
the field of technology transfer, following the approach of
Déring and Bortz [12], necessary insights were gathered.
Aiming to analyze the practical relevance, usability, and the
importance of the factors, the developed interview guideline
is based on the methodology of problem-centered interviews
by Witzel [13] that combines an inductive and deductive
procedure. Hence, only a few key guiding questions will be
prepared and asked [14]. The goal is to have a conversation
where the expert can openly communicate his thoughts and
opinion rather than having a static interview. To analyze the
transcripts of the interviews the Gioia method will be used
[15].

3. Results
3.1. Systematic literature review

The search process resulted in 32 tools without duplicates.
This includes the digital libraries, internet search, titles
resulting from the citation analysis und Author search. Based
on these findings, the tools and descriptive factors were
analyzed to extract relevant factors to describe a technology
by categorizing these individual factors into generalized
main terms and ordering them based on the most frequently
mentioned factors (see table 2). Thereby, the factors that are
most frequently used across all methods, tools, and
frameworks can be identified.

Table 2. List of relevant factors for technology description (shortened).

No. Main term Factors Source
1 General description  e.g. features, [4, 7, 10,
?I]:;i;lcotgii]stics 16, 17, 18,
19, 20, 21,
22, 23, 24,
25]
2 Market e.g. market [4,6,9,20,21,
segments, trends 22,25,26]
3 Design e.g. picture, design [6,7,9, 10, 16,
and development 19, 27, 28, 29]
4 Performance/ e.g. reliability, [7,16,22,23,
Testing failure rates 24, 25,26, 28,
30, 31]

5 Application e.g. application [6,7,9, 23,25,
domain maturity, 31, 32,33, 34,
product 35]
6 Function To achieve some [23, 25, 26, 28,
specific purpose 29, 33, 34]
7 Risk/ Weak Spots e.g. disadvantages, [6,9, 10, 18,
weaknesses 20, 26, 35, 36]
8 Social Outcomes, e.g. impact, [21, 24, 26, 30,
Environment & sustainability 37, 38, 39]
Safety
9 Cost e.g. cost- [10, 17, 19, 24,
effectiveness; cost 26, 30, 31]
structure
10 HR / Company e.g. people & [6, 19, 26, 39]
culture capability; ways of
working (culture)
11 Product roadmap e.g. testing and [18,27,31]
preproduction;
product vision
12 Quality e.g. perceived [6,16,17,21,
quality; quality 26, 35,37, 38]
Assurance
13 Advantage e.g. strengths, [6,9, 10, 26,
Improvement 30]

14 Resources e.g. unique software, [10, 18, 31, 33,

critical materials 35]

15 Business Context e.g. business [6,9, 18, 19,
strategy, business 20, 39]
case

16 Regulatory e.g. conformance, [9, 16, 19, 21]
security

17 Potential e.g. growth [4,21, 35, 38,
potential, 39]
technological
potential

18 Competitiveness e.g. competition [21, 26, 38]

19  Ecosystem e.g. extendibility, [19, 30, 38]
combability

20 Outcome e.g. change, [17,19, 32]
manipulation

21 Supply/ Partners e.g. supply track [17,19, 26]
record, partners

22 Innovation e.g. innovativeness [30, 38]

23 Monitoring e.g. data, availability  [19]

24 Service e.g. serviceability, [16, 17]

value-added service

Accordingly, these results will be compared to the
existing TC of Terzidis and Vogel [5], consisting of the
factors ‘problem’, ‘technology description’, ‘technology
benefits’, ‘state of the art’, ‘drawing’ and ‘technical novelty’.
Based on commonalities and differences between the
findings of the SLR and the TC a further developed
technology description tool was designed (see Appendix A.).

Several commonalities were found during the
comparison, e.g. the ‘technology description’ of the TC
matches the ‘general description’, as it contains both the
‘technology/product description” and the ‘technology
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features’. In addition, the ‘technology description’ aligns
with the ‘features’ as it asks how the problem is solved. In
addition, both include the representation of the technology
and/or its functionalities, and ‘design’ and ‘drawing’ are
common features.

‘Application” and ‘problem’ can be in line, as they both
answer the question of what problem is solved by the
technology. ‘Advantage’ and ‘technical benefit’ both address
the issue of the (technical) advantage that the technology
provides. Finally, ‘innovation’ and ‘technical novelty’ can go
together as they both cover the improvement with respect to
the state of the art, but interestingly, ‘innovation’ was
mentioned only twice in the literature.

Since the SLR resulted in 24 factors and the current TC
has six, differences were foreseen. Firstly, the TC does not
cover the  ‘market’” factor. The factors of
‘performance/testing’; ‘risks/vulnerabilities’; ‘social
impact’, ‘environment & safety’; ‘product roadmap’, and
‘cost’ are also not covered by the referenced TC. Given that
these factors depend to some extent on the nature of the
application of the technology and that TC was originally
developed by Terzidis and Vogel (2018) to describe a
technology, these differences are appropriate.

This also relates to the other factors that were not included
in the TC: ‘HR/corporate culture’, ‘business context’,
‘competitiveness’, ‘supply/partners’, ‘ecosystem’,
‘monitoring’, and ‘service’. These factors are more of an
add-on or extension of the technology once implemented.

The factors 'quality', 'resources', 'regulation’, 'potential’,
and 'outcome' are usually dependent on the technology itself
and can therefore be part of the tool being developed but are
also not part of the initial TC.

Following the design principles stated by Terzidis and
Vogel [5] the tool needs to be easy to understand and easy to
repeat. Consequently, a new, lean tool has been derived,
containing the factors in Table 3. The factors are respectively
expanded by supporting questions.

Table 3. Relevant factors building upon the TC of Terzidis and Vogel
(2018)

Factors Supporting Questions

Name Name of the technology

Technology What is the main idea and how does it solve

Description the problem? What are its features and
functions?

Benefits What are the technical benefits of the
technology? What advantage derives from
using this technology instead of an
alternative?

Technical Novelty What makes the technology unique? How is it
different from the state of the art? What
makes the technology innovative? What are
its potentials?

Market What is the intended market/ industry? What

are current solutions for the problem and in
which markets are they active?

Resources What resources are needed for the technology
itself or its potential applications? Are costs,
supply and partners known?

Application What problem is solved by the technology?

What are potential applications?

Depiction How can the functionality or application of
the technology be depicted?

Quality How is the performance/availability? Does
the technology fulfill specific
standards/norms? How is the feasibility/
maturity of the technology?

Further What is unique, different, or worth
mentioning about the technology (e.g. sector,
regulatory, risks, social or environmental
outcome)

3.2. Testing of technologies

For testing the derived and integrated factors,
technologies from the KIT technology platform will be used.
The latest published technologies were selected from
different categories to have some variety, resulting in (1)
“Biodegradable parylene coatings” [40] and (2) “Experience
smart machines and [1oT” [41] to be transferred into the tool
by the author and a colleague using the patent descriptions
on the KIT website as a single resource. The testing
highlighted several findings.

The patent (1) was hard to understand and thereby it was
difficult to answer the factors, for someone not related to this
field. Identifying 'disadvantages, risks, or weak spots’ was
not possible given the sources and the missing knowledge
about those fields. Thereby the factor ‘Further’ was rarely
answered.

(2) was easier to describe since there were fewer technical
terms in the listing on the KIT technology platform. Still, the
factors ‘Further’ and ‘Regulatory’ are empty, since there was
no information provided about any ‘disadvantages, weak
spots, risks’, or the ‘regulatory’ of this kind of technology.
Generally, several insights were generated:

e  The factors ‘Market’ and ‘Sector (Further)’ are similar.
It can be difficult to distinguish between these two.

e The factor ‘technical novelty’ will most likely already
cover the advantages of the technology, which is also
asked under factor ‘Benefits’.

e The factor ‘Technology Description’ asks “how” the
problem is solved while the factor ‘Application’ asks
about the “what”. This leads to the difficulty to
distinguish between these two.

e  Gathering information for the factors ‘Resources’, and
‘Further’ (disadvantages, weak spots, risks) turns out to
be difficult since information was missing.

e The factors ‘Benefits’, ‘Technology Description’,
‘Application’, and ‘Depiction’ were provided by the
KIT technology platform.

Overall, the testing revealed interesting insights. On the one

hand, the patent description provided on the website only

shows limited information, which is not sufficient to fill out
the tool as it was asking for further factors not mentioned in
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the description. On the other hand, as the database is
designed for interested companies who are searching for
technologies, the most relevant factors in practice are
mentioned: ‘technology description’, ‘benefits’,
‘application’, and ‘depiction’.

3.3. Expert interviews

Before preceding with a refinement of the factors based
on the testing, further insights and a practical perspective are
necessary. Therefore, experts in the field of technology
transfer were interviewed to further develop and enhance the
technology description factors for usage in practical settings.
The interviews were conducted following a semi-structured
questionnaire.

In most cases, the experts already use a tool to describe
technologies and thus make them easier and more
understandable, which enhances the technology transfer
process. Nevertheless, they were very interested in new tools,
as some of them were already trying out different new tools
themselves to improve their process. Similarly, there were
some who were absolutely satisfied with the current tool and
therefore had no requests for improvement. All of them
stated as a necessary condition that the tool should be simple
and easy to use, but also offer the possibility to fill it out on
their own. Currently used tools and methods mentioned by
the experts were taking notes, keeping a log, a self-developed
tool with a user interface containing key information, patent
form, storage systems, the TAS framework, and Atriflow by
Atrineo [42].

Furthermore, specific key information was aggregated to
enhance the quality of the technology description tool,
including the order, wording, redundancy, simplicity,
additional factors, explicity, guidance, and setting a clear
objective of the tool.

In general, the experts stated a need for a technology
description tool, also highlighting the importance of an
adequate design and layout for autonomous usage and an
appropriate user experience. Besides that, some factors need
to be exchanged to reduce redundancy and instructions
integrated. Furthermore, factors that were not frequently
mentioned in the literature were stated by the experts as very
relevant and need to be considered. Moreover, the current
order of the wording needs to be revised, to make the design
of the tool more tangible. In addition, an explicit goal of the
tool should be stated.

3.4. Prerequisites for further developed TC

Translating the findings of the literature, the practical
testing, and the expert interview into a further developed
technology canvas, several prerequisites were derived:

Defining a goal of the technology canvas. In this case, the
technology description tool should support the process of
identifying potential applications for the technology by
providing a deep understanding of the wunderlying

technology. This also involves the confinement of integrated
factors and leads to the next prerequisite.

Limiting the description factors. For that, several factors
found in the literature were not taken into account for the
further developed canvas, e.g. ‘HR/Company culture’;
‘Business context’; ‘Competitiveness’; ‘Supply/Partners’;
‘Ecosystem’; ‘Monitoring’; and ‘Service’ as they are
relevant for already implemented technologies, but rarely
suitable for new or emerging technologies without existing
applications.

Step-by-step analysis of the technology. To enable an
analysis building upon each step, steps including different
factors should be integrated. In the first step, the ‘function’
and ‘visualization’ (former: Depiction) of the technology
should be focused on, as well as the required ‘resources® and
the ‘life cycle’ of the technology, the ‘state of the art’ and the
‘problem’, that should be solved by the technology. By
asking for a description of the technology in a few sentences
while avoiding too complicated technical terms, the second
step can be used to test whether the technology has already
been understood at a basic level. In the third step,
technological features can be evaluated to deepen the
understanding of the technology and to deal more with it. By
that, a general comprehension is enabled before digging
deeper into the technology.

Taking emerging factors into account. Compared to the
experts, the literature indicates different factors as highly
relevant. This might also be based on the shift in awareness
of several components of a technology, precisely the
‘resources’ and the ‘life cycle’. The importance of these
factors is rising within the last few years and will be of high
importance in the future [35].

Enabling an assessment of different factors. Depending
on the ‘underlying technology’ it might be difficult to assess
factors like ‘performance’ or ‘potential’, as well as
‘maturity’, ‘novelty’, or ‘costs’. In individual cases, it can be
specified by research, but as this tool should be used at a very
early stage in the application identification process, an
assessment with respective reasoning is reasonable.

Supporting noting further information. To cover also
factors not indicated as relevant or also not stated by
literature or experts, but also first ideas for potential
applications while analyzing the technology, the option
should be given to note several aspects within the further
developed canvas. This is highly relevant, as technologies
differ, and the tool cannot be designed to suit each
technology appropriately without losing its simplicity.

Usage of relevant resources to gather information. For a
better understanding of the technology not only patents or
individual sources should be considered, rather several
perspectives of several sources should be integrated. This is
also the case if the technology description is filled out by the
inventor, to avoid potential pitfalls due to potential blinders,
which can occur by not integrating other perspectives.

The prerequisites presented serve as a guideline for the
design of a further developed Technology Canvas with the
goal of describing technologies more comprehensively and
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holistically without losing the necessary simplicity.
Although various approaches are known in literature and
practice, there are few known derivations or evaluations of
the description tools used.

4. Discussion

While the relevance of the TP innovation process is
widely recognized, it is still a field with high uncertainty.
However, since every TP process starts with a new or
emerging technology, special attention must be paid to this
first step. A technology description tool is important for a TP
process as it enables clear and detailed information about the
underlying technology. Further, it can support engineering
design by providing a means to communicate the technical
details of a design accurately and efficiently. This description
should include information about how the technology works,
its capabilities, and its potential applications. This
information can be used to identify diverse and alternative
applications, which increases the likelihood of radical
innovation but also to identify relevant niches and areas that
change current thinking. Further down the line, the structured
and rich information base can educate potential customers
and partners about the technology, generating interest and
facilitating its adoption. Also, a technology description tool
can enable other people besides the inventor or technical staff
to provide necessary information to the environment, as it
supports understanding also for the wider audience. In
addition, a technology description tool can help identify
potential challenges or limitations of the technology, which
in turn can influence the development and commercialization
strategy. Overall, a technology description tool is an essential
tool for effectively communicating and promoting a new
technology in a technology push process.

In literature and practice, different approaches exist to
identify applications based on the technology, with a special
focus on the description of the technology to derive potential
applications and to estimate what is possible with the
technology. Based on the literature review 32 tools were
identified, resulting in 24 factors after merging similar
factors with different naming and eliminating duplicates.
Despite the high frequency of some factors, the practical
insights revealed that the frequency should not determine the
relevance of the respective factors. The factor ‘market’ was
mentioned the most but is usually not suitable to describe a
technology in the first place as in TP processes the market is
not even clear and a focus at this early stage would hinder
exploring potential promising applications for the
technology. In comparison, the factor ‘innovation/novelty’
was mentioned only twice in the literature but was clearly
assigned a high level of importance, as it can be an enabler
for radical innovation and thereby also gathers awareness by
potential investors, enabling a higher chance for further
development of the technology.

Still, no commonly used tool to describe technologies to
investigate their benefits and limitations is existent and
despite being a widely recognized topic, the investigation of

technology description tools is sparse. While some tools are
designed to be generally applicable and can thus describe a
wide range of technologies, other tools specifically address
individual use cases with a very specific focus, thereby not
being applicable to other cases. This differentiates the depth
of content of the tools and the results they produce, which in
turn affects the usability of the tools, but also their overall
use. Consequently, the resources needed for the tools but also
the target groups of the identified tools vary widely.

The expert interviews also revealed that there are
differentiated views on the need for such a tool, despite the
fact, that most experts already work with a given tool and
some even ask and are actively searching for improvement.
Specifically in the technology transfer area, where people try
to identify suitable and promising applications for a new or
emerging technology, the technology description tool offers
a base for further investigation of the technologies and is
thereby of high importance for the user group. Furthermore,
it was shown that the efficiency of the TC with its included
factors and guiding questions is dependent on the user, their
preferences, and their use case. While some criticized
missing factors and guidance in the tool, others required
general applicability, by involving less guidance to get rid of
potential bias. Consequently, usability and applicability are
important factors, as different user groups with several
backgrounds involved in the technology transfer processes
need to be able to use it.

5. Conclusion

This research enables a better understanding of relevant
factors to describe a technology, which sets the fundament
for the development of a technology description tool. It
revealed several technology description tools existing in
literature and practice and derives relevant factors in this
regard. Based on theoretical evidence, practical testing, and
interviewing experts, who are working in the technology
transfer area and have already been in touch with these kinds
of tools to exploit potential applications for new or emerging
technologies, the most important factors to describe
technologies were revealed.

By transferring the factors and the insights of the study
into prerequisites of a potential technology description tool,
a further developed technology canvas was designed (see
Appendix B.). As former technology description tools were
not based on empirical investigation, this tool represents a
valid starting point for further studies that can focus on the
practical implementation and further testing.

The findings show that further research needs to be done
in the field of technology description tools to meet the needs
of the respective use cases, as the one presented shows a
generalized tool to fit all kinds of technologies. Further, it
does not take different user groups into account, as it tries to
be suitable for every kind of user. Consequently, future work
should further test and evaluate the existing tools in order to
investigate different use cases and user groups, but also to
compare the theoretical findings with practical needs. Also,
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special attention should be paid to the comparison of
hardware and software, as there might be some important
differentiations to be aware of. Based on feedback from the
experts, an appropriate user experience and autonomous use
are also assumed. This aligns with a corresponding layout or
design of the tool, which was not the focus of this study and
should therefore still be investigated. Moreover, the design
and layout of the technology description tool are crucial for
the final rating of its usability and need to be further
analyzed, as no particular focus was put on this aspect.

The following limitations should be considered when
interpreting the results of this study: Due to the focus on
technology description tools in academia, potential
interesting tools might have been excluded and thereby shift
the ranking of frequency of mentioned factors. Furthermore,
the testing was just carried out with two examples of patents
on the KIT website. This revealed relevant aspects for the
development of the tool, but is very narrow, as testing with a
wide variety of technologies in different manners could have
led to further relevant insights. In addition, although the
experts provide an initial assessment of the overall situation,
this is certainly not representative of the technology transfer
community. In addition, the area of technology transfer was
chosen because attempts are made here to transfer scientific
research into commercialization, but other institutions also
pursue this approach and are working with technology
description tools. Also, the design of the final technology
description tool was highlighted as very important, but not
part of this study.
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Appendix A. Further developed Technology Canvas — Version 1
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Appendix B. Further developed Technology Canvas Version 2
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