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Foreword
The aim of this report is to explore the potential of collaboration between Danish football and Sportstech
startup companies, leveraging the Department of Sports Science and Clinical Biomechanics, SDU, and
the industry network and area of expertise of the Sports Lab Copenhagen startup-hub.
The report describes the introductory activities conducted in the project, with the aim of exploring the
industry of Sportstech innovation in football. Through our work, we have been able to define the terminology of the industry, the current status of Sportstech research within the field of training and performance, and finally to propose the multiform matrix for categorizing Sportstech startups.
It is our aim that our work will inspire academics, practitioners, startups, and industry leaders in the
football Sportstech industry to continue to drive innovation in practice.

The authors
August 2021, Odense
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Executive Summary
Sportstech innovation in
football – academic literature
review

football clubs and the maturity of technology.
Some clubs might be capable of taking the risk to
invest in technology at an early development stage,
but more insight is needed to pursue potential collaboration partners and support further innovation
in Sportstech. One avenue could be to draw on
theory and methods from the design research tradition, such as the Design Thinking approach and
the PACT framework utilized in this report.

Sportstech innovation is an evolving research area,
with sports innovation and football innovation and
entrepreneurship being identifiable as key areas.
Our literature survey shows a limited number of 25
publications within football Sportstech innovation
and entrepreneurship at elite and professional level, indicating that football innovation as a separate
research area is in its infancy.

To support further innovation, academia should
engage in research in practice, extending the
current focus on research being conducted in the
initial design phases and experimental settings
to also include implementation, adoption, and
impact studies in practice.

The results show that research primarily focuses
on the contexts of player performance, including
team performance analysis, performance tracking, training, and injury prevention/rehabilitation. This is done through tracking technologies,
automated data analysis and processing, video
analysis, skill practice assisting technology and
treatment technologies. Football analysts are the
main consumer of the technologies identified, but
coaches and physiotherapists are also represented.

Sportstech innovation in the
industry from a typology and
startup perspective – The
FootballTech Multiform Matrix

The results indicate that research is focused on
developing new technologies, and to a lesser degree, on further development, implementation,
adoption, and impact. Furthermore, there appears
to be a gap between academia and practice which
needs to be addressed in further innovation. Even
though we evaluated how our identified articles in
the review were disseminated to the football practitioners, it is our strong belief that further work
is needed to support stronger academia-industry
collaboration through the development of common language and knowledge-sharing platforms.

The sports industry is a very broad area which cuts
across many other industry sectors. Innovation in
the sports industry is nowadays primarily driven
by startups that harness the latest technologies to
propose novel solutions targeted at Athletes, Fans
and Executives as end-users.
A review of existing Sportstech innovation typologies revealed 4 main categories of innovation
areas: Performance, Training & Health solutions
aimed at Athletes, Social & Fan engagement solutions aimed at Fans, Facilities & Events solutions
and Media & Sponsorship solutions aimed at Executives of organizations involved in sports.

Further work is therefore needed to explore the
balance between the needs and challenges in the
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Combining this user-centric categorization with
a categorization of technology in a 2-dimensional
matrix allowed us to propose a General Sportstech
Matrix which we found helpful for getting a better
understanding of the current status of Sportstech,
mapping football tech innovation from a startup
perspective in Denmark, and developing a common language amongst stakeholders for future
collaboration within a football innovation centre.
It should be noted, however, that many startups
operate across or innovate at the intersection of
some of the categories.
Our research, which did not include the e-sports
and sports betting industries (as these can be
considered separate industries with eco-systems
of their own), revealed that 28 Denmark-based
startups currently in operation have football as a
main or strong focus. We found that 75% of them
operate in the Activity & Performance category
versus only 31% globally. Conversely, Fans & Content, and Media & Sponsorship to a lesser extent,
and Management & Organization as well are under-represented by Danish startups when compared to the current global trend and are therefore
potential future areas of innovation.

logy.

The various categorizations identified through
our research and the dynamic nature of the sector called for a solution to represent the multiple
dimensions of the Danish football tech startup
ecosystem in a collaborative and dynamic way.

This matrix provides a multi-dimensional typology and a powerful collaboration tool for sports
tech innovation stakeholders to speak a common
language, perform sector analyses, and identify
innovation opportunities. It is hoped that it can facilitate matchmaking amongst stakeholder groups
and provide greater opportunities for industryacademic collaborations.

We found a suitable solution using the Airtable
application and created a database capturing the
various dimensions and relevant attributes of
Denmark-based football tech innovation startups, which we called the FootballTech Multiform
Matrix. It also accounts for the cross-category
nature of most startups by allowing them to be categorized across multiple categories of the same typo-

While Denmark could benefit from more collaboration across stakeholders, it is already very
well positioned in football innovation. Whether
through the current research and academic-industry partnerships, the use of technology and innovative approaches taken by certain football clubs,
the innovation projects that the clubs, Danish
League, the Danish Football Association and other
7

organizations have initiated, or the innovative
drive coming from startups and the emerging football innovation cluster.

Keeping such a database up to date is critical and
can become a laborious task given the very fast
evolving nature of this industry. Partnering with
global databases could be one option, but these
lack local market knowledge. Startup validation
of entries could be another more suitable option.
The Matrix could be further expanded to include
relevant international football tech innovation
startups.

The vision of the new football innovation centre is
to be acknowledged nationally and globally as doing groundbreaking and basic innovation in Danish football. The Innovation Centre is integrated
into a joint national football centre and thus led
by a strong quadruple helix consortium: Academia
(SDU), Municipality (Odense), Civil Society (DBU,
representing 1700 clubs, most of which are run
by volunteers) and Industry (Danish league, representing pro and semi pro clubs), while inviting
other stakeholders (academia, municipalities, civil
society, and industry) to collaborate.

The data ownership and accessibility of such a
database should be carefully considered.
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Sportstech Innovation In
Football – An Academic
Literature Review
By René Engelhardt Hansen &
Allan Rasmussen

For the purpose of our inquiry, we find it interesting
that across the work of Tjønndal (2017) and EscamillaFajardo et al. (2020), measurement and enhancement of
training and performance appears to primarily be driven by technological advancement. With performance
and efficiency as the primary interest in the competitive
industry of professional football, this suggests that the
football industry is keen to engage with technology.
While the omnipresence of technology across innovation might not come as a surprise, it also suggests that
sport innovation research interests in elite football are
focused on the development and use of technology.

Introduction to Sportstech
innovation in football
Sportstech is a fast-growing industry, constantly
trying to develop innovative solutions to improve
and advance athlete performance, consumer
experiences, and management of stadiums and
organizations (Penkert & Malhotra, 2021). Being a
billion-dollar industry and the most popular sport
in the world, football is an interesting domain
for engaging in innovation. However, research in
sport innovation is in its infancy, and scholars are
calling for more research into different contexts
of sports innovation (Tjønndal, 2017) and football
entrepreneurship (Escamilla-Fajardo et al., 2020).

We found no reviews specifically focusing on Sportstech
innovation in football, and therefore set out to conduct
a literature survey within the area of performance, training, and rehabilitation.

Defining Sportstech innovation in football

To provide an overview of sport innovation as a
research area, Tjønndal (2017) presents a typology of sport innovation based on existing research,
highlighting technological advancements as a key
type of sport innovation along with social, commercial, community-based, and organizational
factors. This shows that the field of sport innovation is a broad and dynamic field including both
elite and recreational football practices, encompassing all aspects of the football ecosystem. Within the specific domain of football innovation and
entrepreneurship, Escamilla-Fajardo et al. (2020)
have identified four main thematic areas present
in current research: 1) Football, entrepreneurship,
and social development, 2) Football, innovation,
and management, 3) Football, performance, and
efficiency, 4) Football, innovation in injury treatment and rehabilitation.

With our interest being in the intersection between
football, innovation, and technology, we will start by
providing a brief description of our understanding of
Sportstech innovation in football, visualized in figure 1.
Starting with football as the main interest of the current
study, we are focused on elite and professional “11 per
side” association football (or soccer), which at grassroot
level is the most widespread form consumed by billions
of people worldwide. The ecosystem of the football
industry is vast and is centred around the leagues and
tournaments being organized by major football associations, both nationally and internationally.
As the Sportstech sector is becoming a billion-dollar
industry of its own, work specifically targeted at defining
and organizing Sportstech has been conducted. Most
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notable is the recent work of Sascha L. Schmidt
and colleagues and the book titled 21st Century
Sports - How Technologies Will Change Sports in the
Digital Age (Schmidt, 2020). While not specifically
focusing on football, they adhere to a definition of
Sportstech as “Human-made means to reach human
interests and goals in or related to sport” (Frevel et
al., 2020), with technology defined as containing
both hardware and software types that play an
instrumental role in achieving a desired outcome
(Frevel et al., 2020).

In academia, the term “sport innovation” has
recently been defined by Tjønndal (2017). Building
upon a review of various definitions of innovation
and its use in a sports context, Tjønndal proposes a
broad definition of sport innovation as:

“Proactive and intentional processes
that involve the generation and
practical adoption of new and
creative ideas, which aim to produce
a qualitative change in a sport
context” (Tjønndal, 2017, p. 3/293)
We find value in Tjønndal’s definition of innovation as non-normative and its focus on the actual
practical implementation as an important part of
the innovation process. It also opens for cross-sector and interdisciplinary collaboration, which is
often needed in innovation. It does not differentiate based on the novelty or impact of the idea and
is non-normative in nature through its emphasis
on qualitative change. The definition is therefore
inclusive of both incremental “step-by-step” and
radical “big-bang” types of innovation.
When dealing with innovation, entrepreneurship is
often a term associated with innovation. Although
the two concepts are related, key differences exist.
Innovation in the context of the competitive sports
sector is related to management, production, and
marketing of products and services to improve performance and sustainability (Escamilla-Fajardo
et al., 2020). Entrepreneurship, on the other hand,
is described as a vehicle to develop economic
efficiency and achieve economic sustainability,
thereby making it a perfect ally for innovation (Escamilla-Fajardo et al., 2020). Entrepreneurship has
an inherent focus on creating business opportunities and economic efficiency, and thereby provides
economic incentives for both large organizations
and startups. While football organizations can be
entrepreneurial on their own, it can be assumed
that investors and the need for maintaining stability act as a constraint. Startups can therefore
provide the needed ingenuity and effort to drive
new ideas.

Figure 1. Sportstech innovation in football as the intersection
between football, innovation, and technology

The concept of “innovation” is often used to describe a range of different activities across contexts and research fields. No universal definition
exists, and the definitions range from being broad
to specific depending on the context, which may
lead to confusion among stakeholders (Baregheh,
Rowley, and Sambrook, 2009). Some will think of
only products and services as innovations, while
others might be inclined to consider innovations
as changes in social practices. Different research
disciplines might have consensus on the definition
within respective fields, and might sometimes,
but not always, differentiate using a prefix such as
“social”, “organizational” or “business” innovation etc. (Tjønndal, 2017).
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To sum up, we consider innovation to be broad and
process focused, covering processes of generating, developing, and implementing new ideas and
technologies as a driver of innovation. However, as
the adoption aspect of innovation is central, we believe that while entrepreneurship and innovation
can be studied as separate research fields, they are
often inseparable in practice.
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Materials and methods

The literature search was based on a block-search
strategy to identify relevant articles on the development, adoption, and use of innovative technologies in football. The methodology applied can
be seen in figure 2 below.

To explore the state of academic literature on
Sportstech innovation in football, a review of
current literature was conducted. The purpose of
the review was to explore the current state of innovation areas in research and to identify unexplored
areas of interest.

Figure 2. Procedure for the academic literature review

Step 1

Step 2

In the initial searches, a recent bibliometric analysis by Escamilla-Fajardo et al. (2020) was identified. As the review focuses on entrepreneurship
and innovation in soccer, it proved useful for pursuing the goal of our inquiry, although it did not
specifically focus on technology. Therefore, the
search string from the bibliometric analysis was
adopted with technology as an added keyword and
using Boolean operators in the search. The resulting search string applied was: (“Football” OR “Soccer”) AND (“Technolog*” OR “Application” OR “APP”)
AND (Innovat* OR Entrepreneur*).

The searches were completed on 24 September
2020, with a total of 591 results. However, the term
“Football” can refer to a range of sports such as
American, Australian, and Gaelic football. The
term “Technology” also led to unwanted results as
the term has a broad definition. Further criteria for
filtering the results included that they had to relate
to elite football at talent, youth, or senior level.
All areas of the elite football industry were considered, including performance enhancement, talent
development, rehabilitation, fan engagement,
organization, refereeing, sport psychology etc.

Although more synonyms could have been applied
(e.g., specific technologies, “Startup”, “Design”
etc.), this was found to blur the results.

To limit and focus the results, the following inclusion criteria were utilized:
• Only soccer/football. No other sports, field
sports or multisport. American football, Australian football and Gaelic football are excluded.
• Technology such as IT/ICT must be included.
No technology such as cleat design, turf type etc.
• Test/target group should be at elite level, either
adult or talent-level youth.
• Written language must be English.

The search string only provided a few results
during the initial search in the Web of Science
database, leading to an expansion of databases to
include PubMed, Scopus, SPORTDiscus and Web of
Science. The databases were selected due to their
collection scopes within sports and health.
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Step 3

As the tree diagram below shows (figure 3), only
a limited number of articles were identified, despite the low number of search words in the search
string. 522 of the 591 results were excluded based
on title and abstract, as they did not meet the
inclusion criteria. 16 duplicates were removed, and
based on initial full-text reading, 28 articles were
excluded for not meeting the inclusion criteria or
because the full text was not accessible. The resulting 25 articles were included in the study.
Step 4

To support the purpose of the literature search,
a review-table was developed containing information on the identified studies. This included:
author/title/journal, study type and method,
purpose and variables, and key results and conclusions. Based on these categories, basic descriptive
bibliographic data was drawn and displayed in a
review table.
As the goal of the literature study was to identify
research and development areas, the basic analysis was extended with a PACT analysis. The PACT
framework is a structure for analysis originating
from the interaction design and human-computer interaction disciplines. Though originally
developed for user interface analysis, the method
can be useful for general analysis of technology.
Focusing on the relationship between the four categories, PACT is an acronym for People, Activities,
Context, and Technologies (Batagoda, 2018). To
ensure the quality of the PACT analysis, two researchers conducted separate qualitative analysis
of the identified articles before subsequent discussion and reporting.

Photo by Anas Aldyab from Pexels

Figure 3. Tree diagram of literature search process

Results

many researchers might have been challenged by
the change in their personal and professional lives.
Furthermore, as the nature of the studies would
typically be expected to target conferences, the
many cancelled conferences in 2020 might also
be a factor in the limited number of publications.
Even though many conferences changed to an online format, it is well known that many researchers
often attend conferences for the networking possibilities which are strongly limited online.

The 25 studies identified can be found in Appendix
A in an overview form containing the bibliometric
data, identified “study type” and identified “target
audience”. “Study purpose and variables” and
“Key results and conclusions” are presented in
condensed form based on qualitative analysis of
article content during the review. The identified
articles have each been given a number which we
use in the following when we refer to the identified
articles.

The recent increase in publications (Figure 4)
could indicate a growing interest in the field,
which might be due to the rapidly growing football
industry and academic interest in the largest sport
in the world. Another explanation might be that
the aftermath of the global financial crisis forced
many academics to search for new funding opportunities (Escamilla-Fajardo et al., 2020). Although
it is impossible to draw any conclusion on the
possible rise of a trend, it could appear that the research field is emerging. According to Price’s law,
the process of research happens in four phases: (1)
Pioneers begin to publish on a field of research, (2)
There is exponential growth as many academics
are attracted to the research field, (3) Knowledge
and research is consolidated, and (4) there is a decrease in publications (Price, 1963).

Characteristics of the reviewed literature
The number of identified articles (25) in the literature review is considered extremely low as the
search keywords were expected to turn up more
results due to the broad definitions of the terms.
The oldest article was from 2002 and the newest
from 2020. Most articles (22 of 25) have been published during the last 10 years, revealing an average of 2.5 publications per year since 2012. This
suggests that the research area can be considered
as a niche study area (Bramwell & Lane, 2005).
The limited number of articles published in 2020
might be due to the timing of the literature review.
As 2020 was the year of the Covid-19 pandemic,

Figure 4. Included articles per publication year
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Four broad categories were used to identify study
types (Figure 5): 1) Experimental studies testing
technology or methods, 2) Explorative studies
focusing on understanding the use of technology,
3) Reviews that pick up on experimental and/
or explorative studies, and 4) Magazine articles.
Based on this analysis, the results revealed that 15
(60%) of the studies were conducted with experimental approaches. The methods deployed in
these studies range from three RCT studies for
medical treatment and injury prevention (18, 19,
20), to presentation and testing of new methods
for analysis, algorithms, or products (1, 3, 5, 6, 10,
11, 14, 16, 21, 25). Two studies focused on the validity of tracking equipment (15, 17). Two articles (8%)
were exploratory studies focusing on attitudes and
the impact of technology introduction (2, 23). The
final two articles (8%) were magazine articles of
informational value on the use of novel technology
(7, 9).

and test new solutions for praxis. However, as only
2 of the studies are explorative in nature, it might
also indicate that few solutions are studied during
implementation and operation in the intended
use-context. Another possible explanation might
be that the football clubs adopting the technologies and methods might not be willing or have an
incentive to provide data for further research.
There was a relatively large number of reviews
(4, 8, 12, 13, 22, 24) in the identified studies (24%).
As reviews typically require a number of experimental and/or explorative studies, this could
indicate that there are more studies on the topic
which were not identified in this literature search.
To explore this further, identification of more eligible studies could pursue a chain-search strategy
based on the articles included in the reviews. Furthermore, other databases might be more relevant
for the inquiry as the chosen databases are typical
sports and health databases. It could be assumed
that these databases focus on humanistic and sociological studies rather than technology. Looking
more towards sports management, engineering,
or technology focused databases such as ACM engineering should turn up more results.

The fact that most of the studies were identified
as experimental might be explained by the scope
of this literature study. As innovation is associated with the development of new products and
services, and considering the novelty of the field,
it makes sense that a lot of authors would present

Explorative 2.8%

Review 6.24%

Experimental 15.6%
Magazine article 2.8%

Figure 5. Pie-chart showing actual number and percentages of included articles according to identified study type
15

Most studies appear to test/validate new technology or methods for analysis at an early stage
within an experimental setting, while no empirical studies focus on implementation in an
elite football setting. As a result, it appears that
most technologies are tested to prove “face validity” by focusing on whether a given technology works or not. Hence, it can be deduced that
most of the publications deal with early-stage
technology without assessing its usefulness in a
realistic context to get “proof of concept”. The
reviews contain some critical discussions on the
difference between the findings in the various
studies and the challenge of implementation.
As a result, the articles are in general targeting peers such as engineers and sports science
researchers rather than practitioners. It could
therefore be interesting to explore how to work
around this problem to support a closer connection between research and practice.
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Identified publications and stage of design
development – The Design Thinking Process

stage by the authors. The results of this analysis
should be interpreted noting that the model is visualizing an iterative process, and therefore not labelling product or service maturity. Furthermore,
the process implies that later phases will include
aspects of the earlier phases, e.g. that studies labelled as the “Test” phase will contain elements of
“Empathize, “Define”, “Ideate” and “Prototype”.

With a project goal to identify areas of innovation
and the potential role of research and academia, the
articles were analysed based on the development
phase in which the study was conducted. Drawing on the 5-phase Design Thinking Process from
Stanford Design School (Schmarzo, 2017), the
articles were coded based on the perceived design

https://dschool.stanford.edu/
Figure 6. Stanford Design School Design Thinking Process (Schmarzo, 2017)

Based on the results of the analysis, most of the
articles were concerned with the test stage of the
design (14, 56%), indicating that most studies were
done to validate the products/services. Only two
studies focused on the “Empathize” phase, with a
goal of understanding the impact of new technology in practice and both were magazine articles (7,
9). However, nine studies (36%) were labelled in
the “Define” phase in which empathize is included. The difference between the Empathize and
Define articles was whether they suggested criteria or variables for further use in ideation of new
or improvement of existing products/services. Of
the nine “Define” articles, six were in the form of
reviews and the remaining two were explorative

studies on the need for and potential of the introduction of technology. No articles were found
to focus on the ideate or prototype phases, which
might explain the messy nature of these phases,
challenging the publication of quality research in
these domains.
An explanation for most studies being in the
test-phase might be that research is most often
included at a late development stage to prove face
validity or “proof of concept” for a given product
or service. The downside of this could be that no
research focuses on identifying the actual needs of
the target users, which might lower the possibility
of success in implementation. This also reveals the
17

nature of the research project, where researchers come in late in the process to test or validate and are
not part of the early processes of ideation and implementation. However, this might also be due to the
inclusion of technology focused articles only, as most “empathize” articles would naturally not include
any specific technology but focus on the underlying needs and pains before selecting or suggesting specific technologies.

Emphatheize 2.8%

Test 14.56%

Define 9.36

Figure 7. Pie-chart with actual number and percentages of the included articles showing the identified design stage, based on the
Stanford Design School 5-phase Design Thinking Process model

Identifying key categories for Sportstech
development – The PACT framework

PACT framework can be used as a tool for identifying types of products, services, and research, identifying potential innovation and research areas.
This is through the possibility to identify patterns
of existing products and services and compare to
the needs of the people in the activities. Through
this approach, new possibilities might arise
through the overview gained, e.g. realizing that
an existing technology might have potential in an
unprecedented context or activity.

To pursue the goal of exploring trends and possibilities within the Sportstech area in football, the
identified articles were further analysed based on
the PACT framework. As a user-centred approach
from the user-experience (UX) domain, PACT is
an acronym for “People”, “Activities”, “Context”,
and “Technology”. The framework puts focus on
the interplay between activities and technologies
consisting of definition of requirements and identification of opportunities. In the centre are the
people who will be the actual users of the technologies or who need technologies for their activities
in their specific context.

The analysis can be done with a technology or an
activity focus, depending on the focus of the inquiry. The technology-driven innovation approach
can be useful when the possibilities of new technology need to be explored in contexts, e.g. exploring how new algorithms for pattern analysis can be
used for different activities. The activity-driven innovation approach is characterized by focusing on
the activity to be performed or supported by technology in context, e.g. through automated tracking
of player movement for analysis. By combining the
two approaches in the people-driven approach, an
iterative process results, focusing on the interplay

The simple structure of the PACT framework has
been applied to support understanding of the
Sportstech innovation process, enabling stakeholders to identify key aspects of a new technology and/or the characteristics of an activity which
might be optimized through the development and
implementation of technology. Furthermore, the
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Figure 8. The PACT framework (Batagoda, 2018)

between the opportunities of technology and the
requirements of the people who must undertake
the activity. Through this holistic approach, the
interplay provides a continuous stream of requirements and opportunities to fuel the innovation
process.

In the following PACT analysis of the identified articles, an abductive approach has been applied to
define the four categories for each of the articles.
Through this process, definitions of the categories
and the labels applied were developed simultaneously with the read-through of each article.
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PACT analysis results and definitions

The “Activities” category denotes the actual activity that the target people need to do with the
given technology. Various levels of detail can be
considered to group smaller and singular activities. A wide variety of activities was identified in
the 25 articles with various levels of detail. The
activities for each study are found in the review table, but no further work on defining categories was
pursued due to the granularity of defining specific
activities.

Being a user-centred approach, the PACT framework starts with “People”, which refers to the target users or customers. The category is based on
the wants, needs, abilities, attitudes etc. of the target group. Though the goal of user-centred design
would often be to define detailed characteristics
of specific users, broad definitions for groups were
used in this analysis to provide an overview based
on the literature search. Through several cycles of
coding, the following list and definitions of target
users was developed (Table 1).

For the “Context” category, 7 categories were
identified (see table 2): 1) Team performance analysis, 2) Performance tracking, 3) Training, 4) Injury prevention and rehabilitation, 5) Match refereeing, 6) Match reporting, and 7) Other.

Table 1. Identified “People” and role definition as users of the
technology in the identified articles

Title

Role definition

Identified articles
(Art. #)

Coaches

Includes the head coach as the person with the overall responsibility
who makes final decisions regarding the team, and sub-coaches
such as the tactical, physical, offensive coach etc.

5 (7, 8, 11, 14, 15)

Analysts

A person who examines data in detail (e.g. video, GPS), and brings
the results of the analysis to the head coach. Might often also have
roles regarding training, e.g. being a physical coach.

9 (1, 4, 5, 6, 12, 13, 17,
22, 25)

Game officials

Game officials include the referee, linesmen and fourth official who
are responsible for enforcing the rules of the game during a football
match.

2 (2, 21)

Players

The people who actively play/practice football, including various
positions, but excluding the goalkeeper.

1 (16)

Goalkeepers

The players in a football match whose job it is to prevent the ball
from entering the goal.

1 (10)

Physiotherapists

People who perform injury and rehabilitation treatment on players with minor/major injuries or strain, but not including the team
doctor.

4 (18, 19, 20, 24)

Journalists

Someone who provides news on things happening in the world of
football, or is broadcasting matches via TV, text, or radio. Writes for
newspapers, magazines, or news websites or prepares news to be
broadcast.

1 (3)

League legislators

People involved with organizing and maintaining tournaments and
leagues, and who decide on the introduction and regulation of
technology.

2 (9, 23)
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Table 2. Identified “Contexts” and context definitions for the technology in the identified articles

Category

Definition

Identified articles
(Art. #)

Team performance
analysis

Focusing on analysis of match and training data to improve
team performance.

6 (1, 7, 8 ,11, 12, 22)

Performance tracking

Focusing on tracking methods for gathering data for analysis
(for Team performance analysis)

7 (4, 5, 6, 13, 14, 17, 25)

Training

Primarily used for training purposes to improve skills for players, goalkeepers, and game officials.

4 (2, 10, 15, 16)

Injury prevention and
rehabilitation

Includes strain monitoring and treatments to prevent injuries
and improve rehabilitation between and during matches.

4 (18, 19, 20, 24)

Match refereeing

Support and improvement of refereeing during matches.

1 (21)

Match reporting

Collection of game data for reporting to fans etc.

1 (3)

Other

-

2 (9, 23)

A range of “Technologies” were identified in the selected articles, resulting in the definition of 7 categories based on the type of technology (see Table 3): 1) Tracking, 2) Data analysis, 3) Data processing, 4)
Video analysis, 5) Assisting tools, 6) Treatment, and 7) Other.

Table 3 - Identified technologies and definitions of the technology types in the selected articles

Tech.
category

Definition

Selected articles
(Art. #)

Tracking

Technology which solely tracks information for use in further
analysis. Covers a range of different tracking technologies (video,
GPS, etc.)

3 (6, 8, 15)

Data analysis

Algorithms that support analysis based on information about
player or team behaviour. The gathered information can be
implemented through changes in practice, which might help the
person or team to perform better in matches.

3 (1, 14, 22)

Data processing

Computerized systems carrying out tasks a normal person would
otherwise do, but often with a significantly larger amount of
data (AI, neural networks, big data, etc.). Might also cover data
tracking and data analysis.

8 (3, 4, 5, 12, 13, 17, 24, 25)

Video analysis

Technology for performance enhancement through video
analysis. Might overlap with the “Data analysis” category but is
distinct by being based on manually selected video sequences.

4 (7, 10, 11, 21)

Assisting tech

Products which a person can utilize to practice specific skills,
without the need for external input.

2 (2, 16)

Treatment

Technology to recover the body after a given amount of work, for
injury prevention and recovery.

3 (18, 19, 20)

Other

-

2 (9, 23)
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PACT analysis discussion

as an alternative to the widely used manual video
analysis. As an avenue for future development, usability and cost effectiveness of novel technology
appears to be interesting.

The main target people of the identified studies
are analysts in the football clubs (n=9). The studies with technology aimed at analysts concerning
algorithms and methods to track, process, and
analyse game data. Technologies for tracking include automated video tracking and analysis (1,
5, 6, 17, 22, 25), with more recent studies including
technologies such as big data and machine learning (4), and AI neural networks based on position
data/GPS (12). While most of these studies present
the potential of technology, one identified review
further brings attention to the need for considering practitioner usability and cost/benefit based
on cost, ease of use, portability, and manpower/
ability (13).

Coaches are the second most identified target
people (n=5), and typically focus on how the use
of technology can improve match performance by
applying technology including: team performance
analysis through video analysis (7), general use
of technology (8), and a combination of 2D video-cued training utilizing VR (11); performance
tracking with the Catapult GPS system to identify performance indicators (14); and testing of
cheaper alternatives to measure jump height as a
physical capability indicator to guide training (15).
Apart from the VR technology, the technologies
are already used in the clubs. However, an area
of interest for startups and especially clubs with
limited budgets might be the development of
cheaper options for “gold standard measurement”
equipment, and improving the usability of existing
technologies.

The use of novel technologies for match analysis,
such as machine learning, appears to be a novel
and interesting area of development in football.
Video analysis is also represented, and studies
appear to focus on identifying relevant tracking
parameters through automated video processing
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Physiotherapists are the third most identified target group (n=4), with three of the studies focusing
on specific treatment technologies, including
LFES: Low-Frequency Electrical Stimulation (18)
LLLT: Low-Level Laser Therapy (19) and PBMT:
Photo biomodulation therapy (20). However, one
study focuses on the application of AI methods to
assess performance parameters and injury risks
(24). The latter might rather be targeted at analysts, as data collection and analysis might often
be centralized at the analysts.

methodology limitations might account for this, it
is surprising considering the impact on the game.
The development and testing of a referee simulator based on video (21). With the general low representation, and considering the importance for
the games, game official training tools might be an
area of interest for further technological development.
Technologies targeting players and goalkeepers
were also represented in surprisingly few studies
(n=2). For goalkeepers, a video-based simulator for
improving perceptual abilities via a home-training service (10). For players, a wearable item to
improve free-kicks via soccer boot “sweet-spot”
localization (16). While they might be of primary
interest for talent-level development, these types
of training tools for the individual player might
hold the potential for future development. Another reason for this can be that the world of football
is very conservative, and if the aim is to win, why
focus on new technology that only maybe works

A surprising finding in the study is that only two
studies target game officials. In recent years, technologies such as goal-line technology and VAR
have been implemented to support game officials,
but only one of the identified sources focused
on this from the referee point of view (2). This
might indicate that limited research into the development and impact of these major technology
contributions has been done, underlining the general trend of a lack of evaluation studies. Though
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and the impact will show later. This cultural limitation on innovation is an important (perhaps also an
anecdotal) factor.

never the scope of this project, limitations of the
literature search foundation of this study can be
subject to critique.

The technologies of the remaining 3 studies have
fan engagement as the primary purpose. Two
studies focus on the general use of IT to improve
entertainment experiences and broadcasting (9,
23) and are labelled as targeting league legislators.
The final study targeted journalists and presented
an AI algorithm to support match reporting (3).
The area concerning improvement of entertainment value and fan engagement is a major part of
the industry. It was therefore expected that more
studies focusing on aspects outside of the actual
match would be present. One explanation for this
fact might be in the choice of included databases
in this study, as more sports management focused
databases would be expected to contain more research into the topic of fan engagement.

The keywords used for the block-search might be a
limitation, as the relatively broad interpretation of
“Innovation” OR “Entrepreneurship” might not be
ideal. A more thorough literature search based on
keywords and synonyms of innovation might turn
up more results. The same critique can be applied
to the keyword “Technology”, which might also
need to be divided into more specific search words
(e.g. “GPS” OR “Heart-rate monitor”). It is expected that a vast amount of research based on “older
tech-types” such as heart-rate sensors, exists.
Further, lack of consensus on the use of keywords
between researchers might be a challenge for a rising research field. As mentioned in relation to fan
engagement, not including the ACM (engineering
papers) databases may also have contributed to the
limited number of relevant papers. These fields
of research are especially focused on technology
development and research into the usability of
technology.

Discussion
Based on the results and analysis presented, it
is clear to say that the extent and complexity of
understanding the development and use of technology in football is vast. However, while we only
identified 25 articles in the initial literature search,
the results offer an introductory insight into the
strengths and weaknesses of academic research
in the field of Sportstech development and implementation. The results are by no means exhaustive
or complete and should not be seen as such. However, the explorative approach has revealed several
aspects for further exploration and discussion as
part of the project.

Use of the Design Thinking Process model and the
PACT framework for qualitative analysis of the
technology in the identified articles proved to be
useful for exploring the many aspects of Sportstech
from the angle of academic literature. The analysis
process of abductively identifying each of the four
aspects and defining sub-categories for each was a
laborious process, raising many questions for discussion by the two researchers analysing the articles. This should be of no surprise, as each letter in
the PACT acronym covers separate research fields.
Embracing this interdisciplinarity of Sportstech
development in research and practice, however
challenging, could be a recommendation for further exploration is needed.

Methodology
Initially, the literature review was assumed to
enable an overview of the research field. It quickly turned out not to be an easy endeavour, as the
quantity of the identified articles was low (n=25)
and spanning different disciplines and methodologies. While conducting a full literature review was

Communicating novel technologies through
research
In the PACT analysis, it proved to be a challenge
to identify target people for whom the technolo-
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gies were intended. The studies were primarily
targeted at other researchers and engineers, which
might indicate that the communication is generally perceived to be at an academic level. In PACT
framework terms, technology is developed based
on perceived opportunities but not always with
regards to the requirements of the activity in the
use-context. Most of the studies therefore only
prove the face validity of the technology (does it
work or not), while research can provide instrumental validity (does it work in practice) through
studies in actual use-contexts. Other types of communication might have been used to communicate
the potentials of the respective technologies to the
football clubs. However, this might also indicate
that there is a need to improve communication of
potential novel technologies and applications between universities and football clubs.

from club to club, making direct communication
of any technology to the target people a challenge.
An approach to this challenge might be to develop
an overview focusing on roles and responsibilities
typically present at the clubs, rather than on specific job titles. Inspiration for this process could be
drawn from the club license manuals for talent environments released by the Danish Football Union
(DBU)1. Further, an exploration might be done
with stakeholders from the football industry, such
as representatives from the clubs, DBU, Danish
League, industry enterprises etc.

Assessing technology maturity and potentials
Based on insights from the industry, many of the
technologies involved in the paper are already
used in some form at the elite clubs. However,
clubs with lower budgets and smaller organizations might not be able to seek out and invest in

The challenge of communicating specific technologies and studies on technologies to the industry
might be further exacerbated by the fact that there is no single structure for positions and roles in
the clubs. Formal organizational structure varies

1
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https://www.dbu.dk/turneringer-og-resultater/klublicens/

of a fast-pace industry compared to the relatively
slow research process, it highlights the need to
focus on assessing and communicating technology
maturity and usability in practice, as pointed out
by Buchheit and Simpson (2017).

new technology. In either case, the maturity of
the technology and the perceived usefulness are
key for investment. Industry innovation is driven
by the chance of winning games and losing games
can have a significant impact for the clubs. For the
studies which present and test new technologies,
the research designs most often focus on testing
whether the technology works or not at an early development stage. This leads to a controlled testing
environment based on the intended use-context,
leading to proof of face validity at best. This opens
a paradox, if technology can only be used if data
shows satisfactory results but needs to be used in
order to show good data.

Further work is therefore needed to explore the
balance between the needs and challenges in the
football clubs and the maturity of technology.
Some clubs might be capable of taking the risk
to invest in technology at an early development
stage, but more insight is needed to pursue potential collaboration partners and support further
innovation in Sportstech. In combination with the
apparent club reluctance to share data, it might
be interesting to investigate the opportunities
in sub-elite clubs (e.g. elite, young elite, talent)
as they could be more open to experimenting to
improve results. Consequently, the uniqueness
of context for the clubs might prove to be a challenge for assessing implementation maturity and
require market insight (e.g. club organization, size,
budget, personnel skills, and competencies, play
philosophies etc.).

The identified reviews indicate that there is
potential to implement technology to enhance
performance in football, including for tracking
(Dellaserra, Gao, & Ransdell, 2014), big data and
neural network supported analysis to improve tactical match performance (Memmert, Lemmink, &
Sampaio, 2017; Rein & Memmert, 2016) and the
use of AI for performance predictability and injury
risk assessment (Claudino et al., 2019). However, it
is also highlighted that there is a need for more focus on practical implications (Carling et al., 2012)
and on technology usability and cost/benefit for
the clubs (Buchheit & Simpson, 2017). Apart from
the challenge of validating technology in actual
use-contexts, technology advancements and innovation might also be obstructed by an industry tendency not to share data (Rein & Memmert, 2016).

Further work to identify Sportstech implementation maturity will require further inquiry among
the specific clubs to assess which types of technologies they already use and might want to improve,
for which activities, and in which contexts. To support this work, analysing the development stage
of the technology (e.g. new, improving, mature,
aging) and an exploration of the general and specific needs and challenges of the clubs, including
the level of tech competencies of the personnel
and the ability of the organization to adopt new
technology, might be useful. Models of technology
adoption could prove useful in this regard to identify the challenges (e.g. the Technology Acceptance
Model – TAM).

In terms of advancing the development and implementation of Sportstech in football, the needs
and challenges of the industry and the interests
of research therefore appear to be out of sync.
Research appears to be focused on developing new
solutions based on exploring the capabilities of
technology, but less concerned with the actual usefulness, implementation, and value for improving
practice. As the football industry is driven by the
direct impact of technology to improve game performance, there appears to be a gap between the
research conducted and technology developed,
and the actual end-users in the football clubs and
organizations. Although this might be a product

By bridging the gap between research and the
Danish football industry, there is a potential that
research focused on development of new technology could be further expanded with a focus on
usability and implementation. This could improve
the innovation rate and quality of Sportstech by
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are by nature a form of communication targeted
at peer researchers and engineers but have the
possibility to validate technology for practitioners.
Nevertheless, research has the potential to not
only prove face validity, but also to support instrumental validity through tests in the actual use-contexts and implementation studies. Whether more
focus on instrumental validity would be valuable
remains unanswered, as word-of-mouth (legitimate validity) might be preferred by practitioners.
Further work should therefore aim at identifying
key roles in the industry for promoting Sportstech
innovation and implementation to uncover how
Sportstech is validated.

providing an overview of innovation opportunities,
and further expand the target of research to provide instrumental validity to novel technologies.
It might, however, be discussed whether the slow
process of research is fruitful in a market where
legitimate validity and adoption of technology
often happen through “word of mouth” between
clubs. A research process can be fruitful by delivering part-conclusions, so there will be value in
the process and not only after the peer-review.

Conclusions, limitations,
and further opportunities for
research and Sportstech in
football

Building upon the need for understanding how
Sportstech is best validated, there is a need to
bridge the gap between the football industry (enterprises, clubs, associations etc.) and research.
One interesting avenue for further work in this
regard is the development of a common language
for assessing Sportstech implementation maturity
to support alignment of interests, opportunities,
requirements, and potential. The Technology Acceptance Model might provide a useful framework
to support university-industry collaboration.

In this explorative study, insights from a literature
review fuelled subsequent bibliometric analysis,
analysis of identified stages of design development for the studies, and a PACT analysis. The
three approaches of analysis provide perspectives
from the general development of the research area
to the design-oriented perspective of interest for
the industry. Although not to be perceived as an
exhaustive study, the insights can support further
work in creating cross-organizational football
Sportstech collaboration by providing an overview
and basis for further discussion.

Finally, as the possibilities for Sportstech innovation are apparent, issues concerning data ownership and security issues such as data sharing will
need to be addressed. One untested assumption
is whether the clubs are interested in sharing data
as part of a collaboration. What is already being
shared? And is there a difference in readiness
to share at youth and talent level compared to at
elite level? The universities might have a unique
position for creating these kinds of collaborations,
as ethical data management might convince the
clubs that sharing their data will not mean it falls
into the hands of competitors or other third parties. As there is no known procedure or agreement
on this, much of the developed knowledge in the
field is probably located at the individual clubs and
not shared for the good of common development
and innovation. This might be achieved through
the formulation of participation agreements on
data rights and usage between leagues and clubs.

With the PACT framework and insight from the
analysis, inquiry into the perspective of the football clubs might enable the mapping of existing
technologies in use, identify areas for further
development, and uncover new challenges and
needs that could be future innovation areas. In the
current project, the work presented in this report
can act as starting point for further discussion and
development in collaboration with industry and
club representatives.
One main challenge that remains is the identification of target people for the technologies, as the articles were often vague in this regard. Most articles
failed to define a target group for the study, which
led to a need for interpretation as to who the actual
user of the technology would be. Research articles
27
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Sportstech Innovation in
the Industry From a
Startup Perspective
By Carsten Couchouron & René Engelhardt Hansen
This section presents the insights gained from our pursuit to explore Sportstech innovation in
the industry from a startup perspective. As innovation in the industry is a broad area, we chose to
focus on startups as they can be perceived to be the main drivers of Sportstech innovation.
We start off by exploring current typologies used in the global industry to develop an operational
and industry-aligned framework to categorize Sportstech. Subsequently, the framework is utilized to identify, categorize, and map current Danish startups as well as comparing the findings to
international trends. Finally, we combine the insights gained to identify gaps and potential opportunities for future Sportstech innovation in Denmark.

Sportstech innovation
typologies review

nature, some take a deeper dive into a specific
sector (e.g. football), or take the perspective of a
particular end-user (e.g. stadiums, athletes).

We set out to research if there were any existing
Sportstech innovation typologies that could be
used for the football industry, and that could help
us gain a better understanding of the sector, the
current areas of innovation, the scoping of our
project, and the use of a common terminology.
Our search process was based on desktop research
as well as on our industry knowledge and international network. The latter materialized through
conversations with industry peers and attendance
of sports and football tech conferences.

The general comparison of the various Sportstech
classifications found through our desk research is
represented in Appendix B.
From the mapping and comparison (see Appendix
B), we can identify the following overall categories:
•
•
•
•
•
•
•

Our research revealed that various organizations
have defined certain categories for the purpose
of mapping out Sportstech companies operating
in specific Sportstech eco-systems that they are
working with. These categories form the basis
of classification systems that were developed by
consultancies, investment firms, Sportstech hubs,
publishers, academic scholars etc. to suit their specific needs and perspectives.

Social & Fan engagement
Facilities & Events
Media & Sponsorship
Performance, Training & Health
Data & Analytics
E-sports
AR & VR

These general categories are useful for determining a general Sportstech categorization system
which can be used for all sports, and therefore also
for football. However, the categories identified
above cannot be used as a definite categorization
structure for two reasons.

While most of these approaches are of a general
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The first reason is that this categorization does not
distinguish between the ends and the means, as
“Data & Analytics” can be used for “Performance,
Training & Health”, and “AR & VR” can be used
for “Social & Fan Engagement” or “Media & Sponsorship”, for example.

all Sportstech categories identified can apply to
e-sports the same way that they apply to football
or handball etc.
Hence, based on our review of existing typologies
and identification of common categories, we propose a general Sportstech categorization as represented in figure 9 below.

Therefore, “Augmented & Virtual Reality (AR &
VR)” and “Data & Analytics”, which are technology types, are to be considered as means, while the
remaining categories “Social & Fan Engagement”,
“Facilities & Events”, “Media & Sponsorship”
and “Performance, Training & Health” are to be
considered as aims.

While we have found one specific approach
focused on football performance (see Appendix B),
it failed to satisfy our quest for an all-encompassing typology as it lacks certain sub-categories and
seems to focus on certain specific technologies.
That said, from our research and industry discussions, we could not see any reasons why football
should have a specific categorization system that is
different from other sports.

The second reason is that, notwithstanding the
debate on whether e-sports is a sport, e-sports
should be considered as a certain type of activity and not as a type of sports technology. Hence

Social &
Fan Engagement

Facilities &
Events

Media &
Sponsorship

Figure 9. General Sportstech categories based on a review of existing typologies
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Performance, Training
& Health

Sportstech typology developed by
SportsTechX
Our desktop research and industry insights
revealed that the most widely accepted and used
typology currently is the one developed by SportsTechX, a Berlin-based boutique consultancy that
specializes in global Sportstech intelligence and
publishes regular reports on the sports tech industry.2

Startups, companies, and organizations are classified into three main sectors depending on their
target audience: the Athlete (Activity & Performance), the Fan (Fans & Content), and the Sports
Executive (Management & Organization), and
then into a second and third level of classification.
The SportsTechX typology is shown in Figure 10
and compared with other existing typologies in
appendix B.

Adopting a systematic and holistic approach, the
SportsTechX typology, which the authors call the
Sportstech Framework, has become the current
industry reference when it comes to an all-encompassing Sportstech typology. This typology was
developed in recent years and has been regularly
enhanced and updated as the sector developed
and as SportsTechX’s global database of Sportstech companies grew.

It is also noteworthy that SportsTechX, who issued
a special report focused on football tech in November 2020, have used their general typology for the
purpose of mapping out the global football tech
industry.

Figure 10. Sportstech typology developed by SportsTechX: Sportstech Framework (Penkert & Malhotra, 2021)

2

See www.sportstechx.com
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As shown in Figure 11 below, the 1st level categories
from the SportsTechX typology are almost identical to the general Sportstech categories resulting
from our review of existing typologies.

Facilities & Events executives, and technology
aimed at Media & Sponsorship executives.
Given the specificities and extent of each of these
two areas, we however believe that keeping this
distinction makes sense for our general Sportstech
categories.

The only real difference between the two is that
our general Sportstech categories make a further
distinction between technology targeted towards

Figure 11. Comparison of general Sportstech categories from research on existing typologies and SportsTechX
typology. Colours indicate the target users: Fans (red), Executives / Management (grey) and Athletes (green).
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Sportstech typology developed by
Sascha L. Schmidt

• Data, artificial intelligence, and machine
learning. This technology category is concerned with data handling and processing.
It includes technologies in the realm of big
data, advanced analytics, artificial intelligence, machine learning, etc.

While the SportsTechX typology focuses on the
target audience, or end-user, another typology,
with an approach which focuses on the type
of technology used, was developed by Sascha
L. Schmidt. His typology relies on three main
types of technologies, which he defines as:

• Information, communication, and extended
reality. This technology category is about
human interaction. It plays a particularly
significant role in Sportstech (e.g. fan engagement) with technologies such as AR/VR/MR,
voice, or mobile technologies in general.

• Advanced materials, sensors, devices, internet of things, and biotech. This technology
category is mostly about physical technologies (e.g. hardware). It includes technologies
such as robotics, sensors, fibres, textiles,
coatings, composites, etc. Many of these
technologies play a key role in capturing data.

Figure 12 shows examples of technologies falling
under each of these three technology categories.

Figure 12. Tech angle categories and example technologies (Schmidt, 2020)

Sascha L. Schmidt goes one step further and combines his technology types with the SportsTechX
Framework into a 2-dimensional matrix, which he
calls the Sportstech Matrix (Schmidt, 2020). The
matrix in Figure 13 captures how distinct types of
technologies provide solutions to different user
groups in the realm of sports. One dimension,
which shows the user-angle, is represented by the
three main user groups defined by SportsTechX:

Athletes, Consumers, Management (note: this has
been replaced by Athletes, Fans and Executives in
the updated 2021 SportsTechX Framework). The
other dimension shows the tech angle, based on
the author’s technology taxonomy suitable for capturing Sportstech, which he has developed.
We found this combination to be fruitful for pursuing our goal of developing an all-encompassing
typology.
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Figure 13. Sascha Schmidt’s Sportstech Matrix - a 3x3 grid along the user angle and the tech angle, providing an all-encompassing
structure for a mutual understanding for the field of Sportstech (Schmidt, 2020).

Photo by pexels-pixabay
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Figure 14. Our proposed General Sportstech Matrix (applicable to Football) – based on a 3x4 grid along the user angle and the tech
angle, providing an all-encompassing structure for a mutual understanding for the field of sports tech. Colours indicate the target
users: Fans (red), Executives / Management (grey) and Athletes (green).

Conclusions on general existing
typologies

into three main categories based on targeted users.
It mainly differs from our proposed general categorization in that it combines the “Facilities &
Events” and “Media & Sponsorship” categories
into one category called “For Executives”.

As we set out to review existing Sportstech typologies to better understand the sector, find a common language and scope our work, our research
revealed that existing typologies developed by various organizations to meet their specific needs are
mixing up technology types, technology uses and
user groups.

The 2-dimensional matrix from Sascha Schmidt,
which combines the tech angle and the user angle, is the most all-encompassing structure for
understanding the Sportstech sector. It combines
the three technology groups that he has identified
with the three user groups from the SportstechX
Framework.

By mapping and grouping the various categories
used in the existing typologies, we were however
able to propose a general categorization based on
technology purpose: Social & Fan Engagement,
Facilities & Events, Media & Sponsorship, Performance, Training & Health.

Based on the above, we found it fruitful for pursuing our goal of developing an all-encompassing
categorization to use the Sascha Schmidt matrix
but replacing the SportstechX categories with our
general categorization (in essence, this means
adding the distinction between Facilities & Events
and Media & Sponsorship in the user dimension).

The SportsTechX Framework, which has been
updated in 2021, is the most recognized typology
to date and proposes that Sportstech be classified
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We therefore propose to use a General Sportstech
Matrix as shown in Figure 14 as an all-encompassing typology, which can also be applied to football
tech.

With this limitation in mind, we nevertheless believe that the proposed General Sportstech Matrix
is a useful tool for our understanding of the Sportstech innovation sector and for developing a common language and terminology with stakeholders
of the future football innovation centre.

It must, however, be noted that while such a general matrix provides a well-encompassing structure,
many startups/products/services operate across
categories, and it can be hard to fit them in a specific box or category. They can cut across different
user groups and/or tech categories. In fact, this
cross-category approach is often at the very core of
innovative solutions.

It will also allow us to map the Danish football
tech sector to identify current as well as unserved
or under-served innovation areas where potential
future innovation could take place.
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The current and future
innovation areas in the football
Sportstech industry

Identification and mapping of current football tech startups showing areas of focus in
Denmark
In order to get a better understanding of the current
Danish sports tech sector in football, we have as a
first step undertaken to identify existing startups
based in Denmark and/or operating in Denmark.
Identification of such startups has been done by a
combination of industry knowledge from experts
working with Sportstech in Denmark, and a review of existing international Sportstech startup
databases and reports. These were registered in
an online Airtable database, where various parameters were entered, including the SportstechX
Framework categories and the categories from our
general Sportstech categorization.

With the framework for general categorization of
Sportstech products and services presented in the
previous section, we turn the focus to the identification of current and future innovation areas in the
football Sportstech industry.
Our research presented in this section focused on
identifying, categorizing, and mapping startups
that have a clear focus on football. These could
be companies that are football-specific or that are
multi-sports oriented, but where football is one
of the clear focus areas. As startups, we consider
recently set-up companies that are building new
and innovative products or solutions from the
ground-up. The startups that we found are at various stages in their development, from early prototyping to product maturity, from very early stage
to well-established and scaling internationally.
This research work was based on a combination of
industry knowledge and a review of general Sportstech databases and reports.

Using the data pertaining to the Denmark-based
startups that are in our database, we have as a second step defined a purpose-based categorization of
Denmark-based Football Tech startups. This categorization consists of main categories, which correspond to our Sportstech general categorization
identified during our review of existing Sportstech
typologies, and secondary categories which were
identified through an abductive process by reviewing the products and services of Denmark-based
football tech startups.

Using our proposed general Sportstech categorization and adding a secondary category to reflect
the types of solutions that Danish startups are
currently offering, we were able to develop a typology of Denmark-based football tech startups.
By mapping existing Danish football tech startups
within that typology, we identified current areas of
innovation in Denmark.

In Figure 15 below, we have represented the current map of startups in Denmark operating in
football tech. Such a map highlights the innovation
areas of focus in Denmark by showing the number
and type of startups operating in each of the main
and secondary categories. We have chosen in this
analysis to only place companies in one category.
Some startups may overlap to some of the other
categories. We have chosen the main category in
these cases.

Finally, we mapped Danish startups with the international football tech innovation landscape, as per
the 2021 Football Tech Report from SportsTechX
(Penkert & Malhotra, 2021), to compare the Danish focus areas with international trends, and to
identify potential opportunities for future innovation in Denmark.
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Figure 15. Denmark-based football tech startups categorization – mapping according to an abductive process
(*) From the General Sports Tech Matrix (Figure 11.)
(**) From a database of Denmark-based football tech startups (abductive process)

Figure 16. Danish Football Tech – Startup map (status as of August 2021)
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Mapping of Danish football
tech startups against general
Sportstech typology and
international trends – gaps
and potential future areas of
innovation

Number of startups in football tech per
SportstechX typology
As illustrated in Figure 17, at a global level, almost
half (46.5%) of the football tech startups operate
in the Fans & Content category, while almost one
third (30.9%) operate in the Activity & Performance category and 22.5% operate in the Management & Organization category.

As we now have an overview of Denmark-based
football tech startups, we set-out to compare the
proportion of Danish startups with the proportion
of global startups within each of the three main
categories from the SportstechX typology, to identify areas of strength in Denmark and potential
gaps which could form areas of future innovation
focus.

In comparison, and as illustrated in Figure 18, if
we look at our database of Denmark-based football tech startups, 75% operate in the Activity &
Performance category, while 10% operate in Management & Organization and 15% in Fans & Content. It must, however, be noted here that our review
of Danish football tech did not include startups operating in the betting sector, and that could account
for part of the difference in the Fans & Content
category.

Number of Startups in FootballTech per Sector

Figure 17. Number of startups in football tech per category at a global level (Penkert & Malhotra, 2020)
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Comparison of global and Danish football tech startups

Figure 18. Number of startups in football tech per category - Global vs Denmark comparison. Sources: Penkert & Malhotra, 2021 and
our review of Denmark-based football tech startups

From this comparison, we conclude that the industry-driven football tech innovation in Denmark is
not following the global trend. Denmark is highly
active in the Activity & Performance category.
Conversely, the Fans & Content and the Management & Organization categories are under served.
It is especially noteworthy with respect to the Fans
& Content category, as this is the most important
category globally in terms of number of startups.

that have strong media ecosystems.
Fans & Content, and to a lesser extent Management & Organization, are therefore two categories
where more innovation could take place in Denmark in the future.
As a next step, and to dive a bit deeper into our
Denmark vs. Global comparison, we compared the
two geographical regions at the second and third
levels of the SportstechX typology (see the SportstechX typology in Figure 10).

While we have not researched the reasons for this
discrepancy, one could be that Denmark has a tradition of focusing on solutions to increase physical
activity within the population and to enhance the
performance of its elite athletes. Denmark does
not have a strong research tradition into sports
management but is known worldwide for doing
performance and health research. SDU and UCPH
are, according to the Shanghai ranking, among the
top 10 sports sciences departments in the world.
On the other hand, solutions to drive fan engagement and media content have traditionally been
a focus area of larger countries and global capitals

Most of the areas in the Activity & Performance
category, where the end-user is the Athlete, are
covered by Denmark-based startups. Only one out
of the seven sub-categories, Booking & Discovery, is not covered. This is also logical as the vast
majority of startups from a Danish perspective are
operating within Activity & Performance. It is important to also note that the Booking & Discovery
category is also well represented in Denmark by
startups that do not have a specific focus on football and are therefore not included in this report.
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However, only 5 out of 7 sub-categories are covered in the Fans & Content category, where the
end-user is the Fan, as our study did not reveal
any Denmark-based football tech startups in the
Streaming Platforms and Ticketing & Merchandising sub-categories. The Betting and Enablement
(tools to aid the sports betting industry, bettors,
or fantasy sports gamers) sub-categories were not
included in the scope of our study: However, Denmark boasts several startups in the sports betting
industry.

Finally, only 3 out of 5 sub-categories are covered
in the Management & Organization category,
where executives are the end-user, as our study
did not reveal any Denmark-based football tech
startups in the League & Event management, and
Sponsorship sub-categories.

Photo by Alexander Nadrilyanski from Pexels
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Top 10 countries and cities in football tech by number of startups
Finally, it is interesting to note that, according to SportstechX, Denmark is very well positioned on the
global map of football tech. Indeed, Denmark is in the top 10 countries and Copenhagen in the top 10
cities in the number of startups in football tech (Figure 19).
According to our review of the Danish football tech startup landscape, as of August 2021, there are approximately 28 startups in Denmark with a strong focus on football.

Figure 19. Top 10 countries and cities in football tech by number of startups (globally) (Penkert & Malhotra, 2020)
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Mapping in practice

This database of Denmark-based football tech
startups enabled us to look at startups and the
solutions that they propose from different angles,
and to filter and group them according to the different dimensions.

Our research in this report led us to identify
Denmark-based startups that are operating in
football tech. We have recorded these startups in
an innovative and user-friendly spreadsheet-like
database called Airtable (www.airtable.com).
The advantages of Airtable include easy entering
and visualization of data, including files and visual
representations, a collaboration interface, and a
multitude of apps allowing us to use, link and visualize the data in various ways. We found Airtable
to be a suitable tool for creating our dynamic and
multi-dimensional matrix, as it is powerful and
evolutive, as well as adapted to collaborative use.

Such an approach gives a much more dynamic
view of the startup scene and allows us to look at
multidimensional typologies as well as to perform
certain specific analyses. An example of this can
be found in the Sportstech report from consultants
Roland Berger, where startups are analysed in a
matrix with mono-sport, multi-sport on one axis
and amateur, pro, fan on the other axis. Some examples generated from the Airtable database are
provided below.

Our Airtable database of Denmark-based football tech startups captures various dimensions
of relevance to the football sector depending
on stakeholder interest(s). We have called it the
FootballTech Multiform Matrix. It includes the
SportstechX typology and the Sascha Schmidt
technology types, which are useful for aligning
with industry language and standards. It also includes our categorization of Denmark-based football tech startups developed in this report, as well
as several dimensions/parameters (see Figure 15).

The multi-dimensional Airtable approach also
provides the benefit of being able to allocate startups to multiple categories from the same typology.
This is particularly useful since, as we have seen,
startups often cut across both user and tech categories, thereby providing a more realistic overview
and accurate typology.

Example 1: Number of startups per Category (user angle) per Targeted Athlete Level

Example 2: Number of startups per Tech Type per Targeted Athlete Level
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Conclusions, limitations,
and further opportunities
for Sportstech innovation
in football from a startup
perspective

making can be somewhat automated through
analysis, the human factor/judgement should not
be underestimated.
Another expected benefit of the FootballTech
Multiform Matrix is that it can help with the identification of areas of innovation where few startups
are currently operating, by analysing the Danish
startup ecosystem according to certain dimensions. This could help uncover areas for future
innovation.

While we are confident that our review has identified most of the relevant football tech startups in
Denmark, it is a very dynamic field and startups
are constantly created, while others disappear. We
have included in our database all startups identified, which are based in Denmark, and are focused
on football, or have football as one of their main
sports of focus if they are multisports.

As a database, it is only as good as the data that
entered. Keeping such a database up to date is
critical. This can become a laborious task given the
very fast evolving nature of the football tech industry. To ease this process, one option that could be
investigated is partnering with other databases or
taking a subscription to global databases such as
the one curated by SportstechX. However, these
databases are also subject to the same limitations
linked to the changing landscape and often lack
completeness and accuracy on a local geographic
level, as the operators of such databases do not
have the same detailed level of knowledge and
the overview of the Danish startups that we have
through our daily work with the local market.
Another option could be to have startups validate
and update the entries relating to their product/
service solution. The disadvantage of that, however, is the risk that the database loses coherence, as
each startup might interpret the dimensions and
database attributes somehow differently.

However, there are a multitude of startups that
are operating across sports and/or categories that
fall outside the sports sector (tourism, urbanization, IT etc.), which are also relevant for football.
These have not been considered in this report, as
we cannot cover everything. Similarly, we have not
included startups in e-sports and betting, as we
have considered these to be part of industries and
eco-systems of their own.
By allowing the mapping of the Danish football
tech landscape according to multiple dimensions
relating to the various categorizations identified
in this report, and according to other attributes
that are relevant in the analysis of startups, the
FootballTech Multiform Matrix provides a much
more accurate typology and powerful tool for
stakeholders and overcomes the shortcomings of
the two-dimensional typologies currently in use in
the industry. It also accounts for the cross-category
nature of most startups by allowing them to be
categorized across multiple categories of the same
typology.

One way to further the relevance and capabilities
of the FootballTech Multiform Matrix would be
to add relevant startups on a Nordic level and beyond. While including all football tech innovation
startups on a global scale is probably not possible,
including those that are of particular interest and/
or relevance for the industry could be an interesting enhancement of the tool. We should also not
underestimate the importance of having our own
database, as data ownership becomes increasingly
critical and a sensitive matter. For this reason, we
recommend not giving public access to the database, but making it available through collaboration
projects that the football innovation centre will be
able to facilitate.

Based on the typologies and categorizations
used, it can provide stakeholders with a common
language, as well as a common tool to perform various analyses. The collaborative capabilities of the
Airtable application allow sharing and interactive
uses of the database to account for the dynamic
aspect of the football tech sector. It is hoped that
it can facilitate matchmaking amongst stakeholder
groups and provide greater opportunities for industry-academic collaborations. While the match45

the University of Southern Denmark, the use of
technology and innovative approaches taken by
certain football clubs, at both elite and grassroot
levels (FC Midtjylland, FC Nordsjælland, FC
Copenhagen, FC Brøndby and Skjold Boldklub
to name a few), the innovation projects that have
been initiated by the league and the federation,
and last but not least, the innovative drive coming
from startups and from the emerging football innovation cluster pioneered by Sports Lab Copenhagen and the University of Southern Denmark.

Our review presented in this publication was based
on a combination of desktop research and insights
from industry experts. It enabled us to get a better
understanding of the current status of Sportstech
and football tech innovation in the industry from
a startup perspective, and to develop a common
language through the identification of a general
Sportstech categorization applicable to football
tech.
We found it useful to combine this categorization,
which takes the user perspective, with a categorization of technology used by the products and
services of Sportstech startups, to create an allencompassing 2-dimensional general Sportstech
Matrix (Figure 14). While being aware that many
startups operate across or innovate at the intersection of some of the categories, and it can therefore
be difficult to place them within a certain category,
we believe that this common terminology will be
useful for future work and for collaborative interactions within the football innovation centre.

This new approach is being acknowledged in the
SportstechX Football Tech 2020 report in its innovation lab section: “The innovation lab section
brings up initiatives by both clubs and associations
and with the new football innovation centre run by
a collaboration of the Danish Football Federation,
the Danish League, Odense Municipality, and
Syddansk University also an academic front-runner”. Denmark is on the world map of football tech
innovation as illustrated in Figure 20.

Our research revealed that 28 Denmark-based
startups currently in operation have football as
a main or strong focus. Through an abductive
process we were able to identify eight secondary categories pertaining to the type of solution
proposed by a given startup. Combined with the
main user-category from our General Sportstech
Matrix, this provided us with a categorization of
Denmark-based football tech startups.

Photo by Martí Pardo from Pexels

Mapping the Danish football tech startups against
the global football tech startup landscape proposed
by SportstechX revealed that the large majority of
football startups in Denmark operate in the Activity & Performance category (75% of startups). Fans
& Content and Media & Sponsorship, to a lesser
extent, Management & Organization are potential
future areas of innovation since these categories
are under-represented by Danish startups when
compared to the current global trend.
While Denmark could benefit from more collaboration across stakeholders, it is already very well
positioned when it comes to football innovation,
whether it is through the current research and academic-industry partnerships taking place within
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Figure 20. Football innovation hubs globally as per the SportstechX Football Tech Report 2020 (Penkert & Malhotra, 2020)
Photo by Noelle Otto from Pexels
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SportsTechX
1st level
For Fans
Fans & Content
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2nd level
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Fan Experiences
Fantasy Sports &
Betting
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Smart organization
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Athlete wearable
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Fun & Training
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Brain training sports
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e-sports
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Sports Virtual
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Sports service
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Consumer sports
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Training & Health
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Esports / Fantasy
sports

e-sports

AR & VR
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Appendix C.
FootballTech Multiform Matrix typology category/parameter
definitions

Startup general information
•
•
•
•
•
•

Startup name: given name of startup or product brand
Logo: startup logo (or if applicable brand logo), if any
Active: is the startup currently in activity
Country: country where startup is located (main office)
Website: startup (or product) homepage
Sports: sports that the startup is involved in. We are including all startups that have Football as
their only sport. We are also including under “Multisport” all startups that have Football as one of
their sports of focus.

Typologies

• General Sportstech typology: based on our review of existing Sportstech typologies and on an
abductive process from the mapping of existing Danish Football Tech startups
• Categories (based on our review of the existing Sportstech typologies): Performance, Training & Health / Media & Sponsorship, Facilities & Events, Social & Fan Engagement
• Sub-categories (based on an abductive process from the mapping of existing Danish football tech
startups): Wearables & Equipment, Data & Tracking, Coaching & Tutorials, Performance Tracking
& Scouting, Content Agreggator, Fan community, Broadcast Production & Distribution, Facilities
Infrastructure
• SportstechX (user angle): typology based on the SportstechX framework (www.Sportstechx.com)
• Category
• Sub-category
• Sub-sub-category
• Tech type: what tech is the solution based on (based on Schmidt, 2020)
• Hardware: advanced materials, sensors, devices, internet of things, and biotech. This technology
category is mostly about physical technologies (e.g. hardware). It includes technologies such as robotics, sensors, fibres, textiles, coatings, composites, etc. Many of these technologies play a key role in
capturing data.
• Data: data, artificial intelligence, and machine learning. This technology category is concerned with
data handling and processing. It includes technologies in the realm of big data, advanced analytics,
artificial intelligence, machine learning, etc.
• Human interaction: information, communication, and extended reality. This technology category is
about human interaction. It plays a particularly important role in Sportstech (e.g. fan engagement)
with technologies such as AR/VR/MR, voice, or mobile technologies in general.
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Information about the product/solution

• Description: description of the product/solution for supporting activities in a specific use context
• User: who (target user) is the solution for? (athlete, consumer/fan, organization)
• Organization (user sub-cat): if target user is an organization, which departments in the organization is the product/solution aimed at
• Targeted athlete level: what level of football player is the solution principally targeting (amateur,
talent, elite talent, professional)
• Business model: is the solution aimed to be sold to another organization (B2B), to the end consumer (B2C) or to an organization that will in turn sell to the end user (B2B2C)
• Plug & play: ease of implementation. Can the solution be implemented without requiring long
installation time, tampering with existing equipment and/or without requiring other resources,
such as training, expertise, equipment, etc?
• Match approved: can the solution be used in an official game of football or is it only suited for
training?
• Match approval level: if the solution can be used in an official game of football, at what level is it
approved for use (UEFA, domestic pro or domestic amateur)?
• Gamification: does the solution include game-design elements and game principles to improve
user engagement?

Information about the development level of the startup

• Business maturity: what is the latest funding round of the startup (pre-seed/seed, series A,
post-series A)
• Product maturity: at what stage of development is the product (idea development, prototype,
Beta, MVP, post-MVP)?
• Scientific testing: has the product been tested scientifically?
• Internationalization: is the product sold only domestically or also internationally?

Startup additional information
•
•
•
•
•
•
•

Hub city: where is the startup located (head-office close to which major city)?
Year created: when was the startup created?
Employees: how many employees (full and part time) are working in the startup?
Contact title: role of contact at startup
Contact name: name of contact person
Email: email address
Tel: telephone number
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