
   

 

 

 

Master thesis, 30 ECTS 

Master of Science in Interaction Technology and Design, 300 ECTS 

Department of Applied Physics and Electronics, Umeå University, Sweden 

Spring 2023   

 

 

Digitalizing Football 
Referee Note-Taking 

  

Anja Tjärnhage 

 

 

 

Supervisor: Ulrik Söderström 

Examinator: Thomas Mejtoft



Abstract

Football is the world’s biggest sport, and every match requires a referee who is
responsible for interpreting and enforcing the Laws of the Game. In Sweden, an
area for improvement for referees is the user experience of the administration tool
used to collect data about matches. By enhancing existing tools and systems, there
is potential for greater e�ciency and ease of use in administrative tasks performed
by the referee.

By following the Double Diamond Model of Design, this study investigated a
suitable way to design an interface for referees covering the activities they perform
in conjunction with a match, including the administrative part of match reporting.
In the �rst phase, Discover, information about the referee’s activities, pain points,
and wants was collected through interviews and an observation. The data was
then organised and analysed in the De�ne phase, through a�nity diagramming
and by creating a current state map. In the Develop phase, di�erent interface
solutions to the identi�ed activities and issues were explored through a Crazy 8
session. Lastly, the �nal Deliver phase consisted of three iterations of creating
prototypes, which were evaluated through usability testing, a design critique, and
a �nal user test.

The major pain point that was identi�ed during the study’s �rst two phases was
�lling out the referee match report in the administrative system after each match
based on the notes taken during it. Additional activities and aspects were also
discovered that had an impact on the design concept for a smartphone. The
design proposal consisted of three parts: (1) a referee feed, including information
that might be relevant to the referee when preparing for a match; (2) a reporting
tool for reporting events, in which it would be possible to report them live during
the match instead of after it; and (3) the option to give feedback on the players,
coaches, and supporters. While the reporting of penalty misses was discovered to
need further consideration, testing mainly resulted in positive feedback about the
concept and design, speci�cally because it removed a major pain point in their
work after the match, thus indicating that it serves its purpose and could be used
in a �rst launch of the product. One interesting �nding was the perception of the
mobile device and how it a�ects the overall solution. Although the screen size of a
smartphone o�ers more potential design solutions and functionalities, referees feel
it might be unprofessional to carry a phone onto the pitch.
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Sammanfattning

Fotboll �ar v�arldens st�orsta sport, och varje match kr�aver en domare som ansvarar
f�or att tolka och uppr�atth�alla spelreglerna. Ett f�orb�attringsomr�ade f�or domare
i Sverige �ar anv�andarupplevelsen i det administreringsverktyg som anv�ands f�or
att samla in data om matcher. Genom att f�orb�attra be�ntliga verktyg och system
�nns det potential f�or st�orre e�ektivitet och anv�andarv�anlighet i de administrativa
uppgifter som domaren utf�or.

Genom att f�olja metoden Double Diamond unders�oktes i denna studie ett l�ampligt
s�att att designa ett gr�anssnitt f�or domare, som t�acker de aktiviteter de beh�over
utf�ora i samband med match, inklusive den administrativa delen av matchrap-
porteringen. I den f�orsta fasen, Discover, samlades data in om domarens ak-
tiviteter, behov och �onskem�al, genom intervjuer och en observation. Informatio-
nen organiserades och analyserades sedan i De�ne-fasen, genom a�nity diagram-
ming och skapandet av en current state map. I Develop-fasen utforskades olika
gr�anssnittsl�osningar f�or de identi�erade aktiviteterna och problemen genom en
Crazy 8-session. Slutligen bestod den sista Deliver -fasen av tre iterationer med
skapande av prototyper, som utv�arderades genom anv�andbarhetstester, en design
critique och ett slutligt anv�andartest.

Det st�orsta problemet som identi�erades under studiens tv�a f�orsta faser var att
fylla i matchrapporten i administreringsverktyget efter varje match, baserat p�a an-
teckningarna som skrivits under den. Fler aktiviteter och aspekter identi�erades
ocks�a som hade en inverkan p�a designf�orslaget f�or smartphone. Det framtagna
designf�orslaget bestod av tre delar: (1) ett domar�ode inneh�allande information
som kan vara relevant f�or domaren n�ar hen f�orbereder sig f�or en match, (2) ett
domarverktyg f�or att rapportera h�andelser, i vilket det �ar m�ojligt att rapportera
dessa live under matchen i st�allet f�or efter den, och (3) m�ojligheten att ge feedback
om spelarna, tr�anarna och supportrarna. Medan hanteringen f�or att rapportera
in stra�missar beh�over utredas mer, resulterade testerna fr�amst i positiv feed-
back g�allande konceptet och designen, framf�or allt d�a det underl�attade arbetet
med matchrapporten efter matchen, vilket tyder p�a att den tj�anar sitt syfte och
kan anv�andas vid en f�orsta lansering av produkten. En intressant iakttagelse var
uppfattningen och synen av mobilenheten och hur den p�averkar den �overgripande
l�osningen. �Aven om sk�armstorleken p�a en smartphone erbjuder er potentiella
designl�osningar och funktioner, kan domare tycka att det k�anns oprofessionellt att
b�ara med sig en telefon p�a planen.
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1 Introduction

Football is the world's biggest sport [1, p. 2]. In Sweden, it accounts for a third of
the entire country's sports movement [2], with over 2000 clubs [3] and 1.3 million
members including players, coaches, leaders, and referees, in the Swedish Football
Association (SvFF) [2]. Every match requires a referee who is responsible for
interpreting and enforcing the Laws of the Game. Some of their duties include
acting as a timekeeper, awarding goals, calling fouls, taking disciplinary actions,
and stopping the play if a player is injured [4]. In most matches, the referee can be
assisted by two assistant referees, formerly known as linesmen, and at higher levels,
also a fourth o�cial, additional assistant referees, and Video Assistant Referees
(VAR) [5, pp. 50{51].

Despite the sports industry being characterised by conservative elements and aver-
sion to new technology adoption [6], over the past years, various technological tools
and resources have been incorporated into football to reduce errors and support
referee decision-making [6, 7]. Recent examples of this are Goal-Line Technol-
ogy (GLT), Electronic Performance and Tracking Systems (EPTS) [8], and most
notably, the VAR which was adopted by F�ed�eration Internationale De Football As-
sociation (FIFA) in 2018 [9]. Lower and youth leagues, however, are left without
these advancements and support.

In Sweden, as well as the rest of Europe, the sport is struggling with a shortage
of referees [10]. The districts and federations are working towards an improved
environment where the referees feel more included and appreciated [11] by changing
the behaviours and attitudes of players, coaches, and spectators towards referees
[10].

While this is the core issue for football referees in Sweden, another less explored
area of improvement for referees is the lack of technical administration advance-
ments in terms of user experience. By enhancing existing tools and systems, there
is potential for greater e�ciency and ease of use in administrative tasks performed
by the referee in conjunction with a match, which can be bene�cial to other actors
such as coaches, clubs, and district associations as well.

1.1 Objective

By exploring referees' needs before, during, and after match o�ciating, the aim
of this study is to investigate and propose a suitable way to design an interface
for referees covering the activities a referee performs in conjunction with a match,
including the administrative part of match reporting. Using qualitative methods,
the objectives are to:
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ˆ Identify which activities a referee performs in conjunction with a match, and
discover the related pain points, needs, and wants.

ˆ Realise and propose the �ndings in an interface design for referees that: (1)
improves the ease of match reporting, and (2) helps referees with additional
tasks associated with a match.

1.2 Sportswik

The collaboration partner of this master's thesis was Sportswik, a technology
sports company. Sportswik provides a white-label app and media platform for
user-generated content, fan engagement, and innovative digital sponsor and part-
ner activations, which they license for sports federations and leagues [12]. Since
2018, Sportswik has been collaborating with SvFF with the aim of democratising
sports coverage in Sweden. In 2019, they released the app \Min Fotboll" which
serves as a live score platform across all levels of football, from national teams and
elite club competitions, down to youth football [13], and as of writing, has more
than 550 000 registered users [12].
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2 Theoretical Framework

This section contains theory that forms the basis of the study. In addition to
information about referees in Sweden, it covers aspects that could have an e�ect
on the creation of a live reporting interface design for referees. These topics include
the cognitive load among referees while o�ciating a match and the Design Thinking
approach.

2.1 Football Referees in Sweden

In 2021, there were just over 4000 senior football referees in Sweden. About 340
(of whom 66 were women) were association referees, and about 3550 (of whom 214
were women) were district referees [14, pp. 78{79]. In addition, there are child
and youth referees, previously referred to as club referees [15]. These categories
correspond to the game formats seen in Fig. 1 and Fig. 2. The rules and duties
of the referees di�er among the levels and formats. The higher the level, the more
elements the referee must be aware of. For example, at 7v7 (the game format
where there are seven players on each team), throw-ins, penalty kicks, and direct
free kicks are introduced; at 9v9, the o�side rule comes into play [16]; and at
division 1 for women and division 3 for men, a limit is set on the number of
substitutions allowed in a match [17, p. 47]. The complete set of rules for child,
youth, and senior football can be found at SvFF's website1.

2.1.1 Referee Match Report

Outside of o�ciating the match, the referees' responsibilities also increase at higher
levels. At senior levels, the referee must submit a referee match report mentioning
all the major events of the match. This includes, but is not limited to, �nal and
half-time results, the number of spectators, goals, goal-scorers, warnings, and at
which time the events occurred [18, pp. 2{7]. The match report exists in both
paper and digital format and is built upon the two teams' lineups [19]. In matches
where electronic reports are used, Fogis (fotbollens gemensamma informationssys-
tem, transl. Fotball's joint information system) is the administrative system used
for submitting the report [20, p. 2]. Min Fotboll, amongst other applications,
retrieves this data from Fogis to display information about matches to their users,
the teams' supporters. In child football, there are no "results" to make up stand-
ings [16], although in some districts the result is still reported to create even series
but is not made public [21].

1https://aktiva.svenskfotboll.se/domare/bli-domare/spelregler/
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Figure 1: Referee categories and their corresponding game formats, based on
Gestriklands FF's description [22]. The game formats (11v11, 9v9, etc.) cor-
respond to the number of players on the teams.

Figure 2: Classi�cation steps of senior referees, based on SvFF [23]. The leagues
in each step are thehighestleague they can o�ciate. For example, a step 1 referee
can o�ciate Div. 6 Herr and Div. 3 Dam and below, and be an assistant referee
in Div. 4 Herr and Div. 2 Dam and below.
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2.2 Cognitive Load Among Referees

Referees are subjected to high levels of physical and physiological stress [24, p.
188]. They must be knowledgeable of all rules, be in an appropriate position on
the pitch to see the players and key incidents, and make accurate decisions under
time pressure [25], sometimes also under external pressure from players, coaches,
and spectators who try to inuence their decisions [26, pp. 39{40]. In terms of
physiological requirements, the demands on referees are the same as on the players
[27]. A high-level referee may cover between nine and thirteen kilometres during
a competitive match, attaining about 85%-90% of maximal heart rate [28].

In addition to the physical demands, the perceptual-cognitive demands are also
high [24]. Perceptual-cognitive skill is the ability to identify and process infor-
mation for integration with already existing knowledge in order to select suitable
responses while under time pressure (Martenuik, as cited by [29]), and is argued
to play a critical role in sports performance [30]. Per match, a top-class referee
makes roughly 137 observable decisions | and possibly up to 200 in total by ap-
proximating the non-observable decisions | equally distributed throughout the
match, meaning that the referees must be fully concentrated from the beginning
of a match to its end [24]. Research also suggests that physiological stress in-
creases during intense exercise in extreme environments, such as -5°C to +30°C
[25], temperatures not uncommon during the football season in Sweden [31, 32].

Sub-elite referees have less experience than top-level referees and thus also have
less acquired knowledge structures, which causes them to be misled more often by
irrelevant information while o�ciating [29]. A study by Spitz et al. comparing
the two, showed that elite-level referees perform signi�cantly better than sub-elite
referees on domain-speci�c perceptual-cognitive skills measures [33], and a study
by Choi and Roh [34] showed that college referees exhibited less cognitive load
and stress compared to high-school referees. Furthermore, the nature of the game
has evolved to be more aggressive over time, and the referees are overloaded with
increasing cognitive load [35].

2.2.1 Cognitive Load and Design

A study by Longo and Kane suggests that cognitive workload has an e�ect on
the usability of a digital interface [36, p. 6]. Extraneous cognitive load, mean-
ing processing that takes up mental resources without actually assisting users in
understanding the content, is something designers should aim to eliminate [37].
Along with their general usability guidelines, including Nielsen's notable ten us-
ability heuristics: (1) visibility of system status; (2) match between system and the
real world; (3) user control and freedom; (4) consistency and standards; (5) error
prevention; (6) recognition rather than recall; (7) exibility and e�ciency of use;
(8) aesthetic and minimalist design; (9) help users recognise, diagnose, and recover
from errors; and (10) help and documentation [38], the NNgroup [37] recommends
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the following tips for minimising cognitive load:

ˆ Avoid visual clutter: Leave out meaningless links, images, and typography
ourishes.

ˆ Build on existing mental models:Use labels and layouts already familiar to
the users.

ˆ O�oad tasks: Anything that requires reading text, remembering informa-
tion, or making a decision should be evaluated to see if it is essential.

2.3 Design Thinking

The most important principle in the Design Thinking mindset is that"innovation
is made by humans for humans". Human needs are at the root of every innovation
[39, p. 8]. Norman states that he never solves the problem he is asked to solve,
for it is never the real root problem but rather a symptom of it [40, p. 209].
Discovering and solving the real problems is crucial for ensuring that the result
of the development of a product �ts human needs, desires, and capabilities. To
achieve this, a designer must start by expanding their knowledge of the problem
through studying people and what they are trying to accomplish. It is only after
determining the root issue that the designer should start entertaining the thought
of solving the problem, and even then, the designer must consider a wide range
of potential solutions, rather than just one [40, p. 210]. Design thinking is an
iterative process, moving between diverging and converging phases, and there are
various ways of practising it, with one of the more powerful tools being theDouble-
Diamond Model of Design[40, pp. 210{211].

2.3.1 Double-Diamond Model of Design

The Double-Diamond Model of Design is a two-staged approach to design and
was �rst introduced by the British Design Council in 2005 [40, pp. 211{212]. An
illustration of the model can be seen in Fig. 3. The �rst diverge-converge stage is
about �nding the right problem, and the second is about �nding the right solution.
In total, there are four phases,Discover, De�ne, Develop, and Deliver [40, p. 212],
which the Design Council describes as the following [41, 42]:

Discover: In the �rst diverging phase, the purpose is to question the challenge.
This involves speaking with those who are a�ected by the issues and spending time
with them in order to understand, instead of assuming, what the problem is.

De�ne: The �rst converging phase focuses on understanding the insights and
�ndings gathered from the discovery phase. The goal is to create clearly de�ned
problem statements and challenges based on the research.
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Figure 3: Double Diamond Model of Design, based on The Design Council [41].

Develop: The second diverging phase moves on to the solution space. Based on
the de�ned problem, the purpose is to seek out many di�erent potential solutions
and to develop and re�ne these.

Deliver: The second converging and �nal phase involves testing out the di�erent
solutions, improving those that show promise, and rejecting those that do not,
eventually resulting in a single �nal solution.
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3 Method

The study followed the Double-Diamond Method as described by Norman [40] and
The Design Council [41] in Section2.3.1 Double-Diamond Model of Design. This
section is divided into the four phasesDiscover, De�ne, Develop, and Deliver and
further describes how the study was conducted.

3.1 Discover

The Discover phase consisted of an observation and interviews with stakeholders.
The purpose was to understand and gain knowledge about the problem and the
users' pain points, wants, and needs.

3.1.1 Exploratory and Informal Observation

An exploratory observation of the referee's activities during a match was con-
ducted to gain a preliminary understanding of the problem and its context. An
exploratory case study can provide valuable insights into the problem space and
possible solutions in the early stages of a research project [43, pp. 159{160]. The
observation was unobtrusive, meaning that those who were being studied were not
aware that they were being observed [44, p. 38], and informal, meaning simple
note-taking and watching provided satisfactory insights [43, p. 180]. The observa-
tion took place during a senior football match at the beginning of February 2023
in V•asterbotten, Sweden. The activities the referee performed, from entering and
leaving the pitch were noted down, along with which equipment they used and
carried with them. Insights, thoughts, and questions that came up in connection
with the activities were also noted down and used as a foundation for creating the
interview questions.

3.1.2 Interviews

Interviews were conducted to help build a holistic understanding of which activities
the referee performs in conjunction with a match: what they feel works well,
what issues and frustrations they experience, and how they think things can be
improved. To help ensure that no important perspectives and insights were missed,
interviews were performed with representatives of di�erent levels of referees since
the requirements and tasks di�er for the di�erent levels. Interviews were also
conducted with representatives from stakeholder groups, in this study a local club
and the district of V•asterbotten, since that is suitable when wanting to investigate
broader concerns and can be more informative than only talking to the intended
users [43, pp. 196{197].

The interviews with the referees and club-level representative followed a semi-
structured format: they started with the same set of questions, with the possibility
of follow-up questions and discussions depending on the answers. This lets the
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interviewer explore a topic in-depth, decreasing the risk of overlooking issues and
concerns [43, p. 199]. Open-ended questions made up the majority of the questions
since they may incline the respondents to be more elaborate and exible in their
answers [43, p. 119]. The interview with the district representatives followed an
unstructured format: a list of topics and questions was prepared, and after an
initial question was asked, the conversation owed naturally to the topics and
areas that the interviewees found important, which is the main bene�t of this
approach [43, p. 199].

Six people were interviewed in total: three referees, a child and youth referee, a step
2 referee, and a step 3 referee; two from the district (V•asterbotten), one of which
had eleven years of experience as a referee; and one person responsible for child
and youth referees at a local club (see Table 1 for the composition). The interviews
were conducted in Swedish and took place at various o�ces in V•asterbotten. The
English version of the questions is presented in Appendix A. The semi-structured
interviews lasted between 30 and 60 minutes and were recorded, transcribed, and
then deleted. The district representatives participated in the same interview, which
lasted about four hours and thus was not recorded. Instead, the notes taken during
and after the interview were used as data.

Table 1: Composition of participants for the interviews.

Interviewees Gender Age Experience

Referee: Youth and Child M 16 2 years
Referee: Senior step 2 M 21 8 years
Referee: Senior step 3 M 54 15 years
Stakeholder: Club F
Stakeholder: District F
Stakeholder: District M

3.2 De�ne

In the De�ne phsae, the data collected from the observation and interviews were
organised and analysed through a�nity diagramming and then condensed further
through the creation of a low-�delity current state map.

3.2.1 A�nity Diagramming

A�nity diagramming was chosen for analysing the data from the observation and
interviews conducted during theDiscover phase. A�nity diagramming is a com-
mon method used to sort and cluster research �ndings [45] and results in hier-
archical groupings of structures and themes [43, p. 202] which leads to a better
understanding of the problem space and links related insights [46]. The data from
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the observation and six interviews were written down on sticky notes in the online
collaboration platform Miro2. The sticky notes were colour-coded, each represent-
ing the type of data source, and contained one data point per sticky note. These
were then sorted into top-level categories and, after that, further divided into small
sub-levels of themes within the category, see Fig. 4. Lines linking sticky notes and
groups were drawn to provide further insights about related themes.

Figure 4: Category structure of observation and interview data. Green represents
observation data, yellow represents the stakeholder at the club, pink represents
stakeholders from the district level, and white represents the referees. Orange and
dark pink notes label the smallest subcategories.

3.2.2 Low-�delity Current State Mapping

The resulting a�nity diagram was sorted further into a low-�delity current state
map. This is an unpolished chronological visualisation created with sticky notes
that depicts the actions and states that reect the current state, which is ideal
in an early part of the process when analysing research to identify and document
problems and pain points [47]. The map was sorted into phases, activities, pain
points, and wants, and divided into categories for senior, child, and youth referees.
Lastly, the resulting map was summarised into key �ndings.

2https://miro.com/
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3.3 Develop

The Develop phase consisted of an ideation session using the Crazy 8 method.
The purpose was to generate and explore a wide scope of di�erent solutions before
moving on to prototypes for user testing.

3.3.1 Crazy 8s

The Crazy 8 session was held with two participants and was based on the setup
described in Google's Design Sprint Methodology's sketch phase. The Crazy 8
method is a sketching exercise that aims to generate a wide variety of solutions
to a problem [48]. First, a short run-through was held of the �ndings from the
problem stage, including which functionalities were must-haves, and which were
nice-to-haves. Then various parts of a potential interface design were iterated on.
Each participant folded a piece of paper into eight sections and then sketched one
idea in each section, one minute per sketch. After each exercise, the participants
presented their ideas, and stickers were used to pinpoint compelling parts and
elements of the solutions. Lastly, one solution idea | including what happens
after the match | was expanded upon, combining the highlighted parts from the
sketches with new ideas.

3.4 Deliver

The Deliver phase consisted of three iterations of creating prototypes and evalu-
ating them, increasing the �delity with each iteration.

3.4.1 Lo-Fi Prototypes

The generated solution idea was �rst re�ned in a low-�delity (lo-�) prototype cre-
ated with pen and paper and then transferred to a digital version in the interface
design tool Figma3. These were discussed and evaluated with the collaboration
partner before resulting in three di�erent versions of the solution: one for senior
levels (11v11), one for youth levels (9v9), and one for child levels (7v7 and below).
In reality, these three versions would have further disparities among their respec-
tive levels since the requirements and rules di�er within them. This was, how-
ever, disregarded for this initial prototype and evaluation. The prototypes covered
the overall ow, basic layout, and functionality needed for the initial evaluation,
excluding all edge cases and some functions where feedback could be collected
through discussion instead.

3https://www.�gma.com
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3.4.2 Usability Testing of Lo-Fi Prototypes

The lo-� prototypes were evaluated through formative usability testing. This is
an appropriate method for examining the e�ectiveness and user perception of a
preliminary product early in the development cycle [43, p. 271; 49, p. 29], which is
important for ensuring that the product does not advance further based on faulty
assumptions about the user [49, p. 30]. A formative study gathers mainly qualita-
tive data and is exploratory and informal in nature, allowing more communication
between the moderator and the participants during the test [43, p. 272].

Six participants were recruited to test the three versions of the prototype: three
senior referees, one of whom participated during the interviews; one youth referee;
and two child referees (see Table 2 for the composition). The tests were conducted
at various locations: two in a group room at Ume�a University's library, two in
a meeting room at the collaborative partner's o�ce, and two at a football pitch.
A mobile phone was used to display the lo-� prototypes through Figma's mobile
application. The participants were asked to perform representative tasks and en-
couraged to express their thoughts throughout the process. This "think-aloud"
protocol o�ers insights into the user's mental model, understanding why the user
performs as they do [50], and reveals confusing areas, design aws, and other as-
pects that can improve the interface [43, p. 289; 49, p. 54]. Additionally, to help
form the �nal design, the participants were asked for ideas on how to improve the
prototype during the test: what worked well and what did not, how they currently
perform corresponding tasks, and if some functionality was missing or redundant.
The comments were noted along with observations of how the participants re-
acted to the screens. A follow-up interview was conducted after the tasks were
completed.

Table 2: Composition of participants for the usability testing of the lo-� proto-
types.

Referee Gender Age Experience

Senior step 1 F 21 7 years
Senior step 2 M 21 8 years
Senior step 3 M 24 9 years
Youth F 18 3-4 years
Child F 15 0 years
Child F 15 2 years

Tasks

Each test consisted of four tasks, which di�ered slightly depending on the prototype
and level of the referee. The tasks can be seen below, translated into English. The
team names, which were local teams, have been replaced with "Team 1" and "Team
2".
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ˆ Preparations before the match

Senior: You are o�ciating a match later in the week, Team 1 vs. Team 2.
You want to prepare for the match, and you do so by opening up the match
in the app Min Fotboll.

Youth: Same as the senior level.

Child: Same as the senior level.

ˆ Starting reporting tool

Senior: It is now the day of the match, and you have made your preparations.
You have decided to use this tool in Min Fotboll to report the match live.
You are currently on the pitch, and you have shaken hands with the captains.
You are now going to start the reporting tool and the match.

Youth: Same as the senior level.

Child: Same as the senior level.

ˆ Reporting an event

Senior: The match has started; it has been about 20 minutes. Right now,
Team 1's player number �ve has scored a goal, and you want to report it.

{ This task was loosely repeated, going through the events, penalties,
cautions, and dismissals as well.

Youth: Same as the senior level, barring the speci�cation of the number of
the player during the goal as well as the penalty event.

Child: The match has started; it has been about six minutes. Right now,
Team 1's player number �ve did a very violent tackle resulting in a red card,
and you want to report it.

ˆ Submitting the report

Senior: The �rst half of the match �nishes and the second one starts and
�nishes as well. Now you want to submit the referee report you have been
�lling out during the match.

Youth: Same as the senior level.

Child: We will skip the rest of the match. The �rst, second, and third
periods have ended. It is a bit unclear what the result is, perhaps Team 1
has scored 15 goals and Team 2 one goal. Nevertheless, you are now going
to submit a "report" of the match.
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Interview

The interview questions were divided into two groups, one consisting of questions
about the overall experience of the prototype and the other related to the cognitive
load of using the prototype. The questions can be seen in Appendix B. Not
all prepared questions were asked to all participants. Depending on what had
already been expressed during the tasks, some questions were omitted so that the
participant did not have to repeat themselves. The child referees were only asked
how it felt to use the tool in general and if they could see themselves using it
during a match, and why.

3.4.3 Mid-Fi Prototypes

Mid-�delity (mid-�) prototypes were created and evaluated through a design cri-
tique. To minimise the length of the session, the design critique was split into
two meetings, and the prototype was updated between them. The �rst mid-�
prototype was created based on the results of the usability test conducted on the
lo-� prototypes. It was more re�ned than the lo-� prototypes, had more graphical
details, and resembled the design patterns the collaboration partner uses within
their applications. Some components had colour: functions where colour was a
large part of the functionality, and club logos and player pictures that were re-
trieved from Sportswik's design system. Only the senior version of the interface
was prototyped. Diverging components and functionality of the youth and child
versions were noted down instead. The functions and ows corresponded to what
was created in the lo-� prototype, with the addition of two functions. After the
�rst design critique session, the major concerns detected were revised and updated
in a second prototype before the second session to get the most out of it.

3.4.4 Design Critique of Mid-Fi prototype

The design critique session, in the form of a standalone critique, was held twice to
evaluate the mid-� prototype. A design critique is an internal evaluation method
that can happen at any stage of the design process with the goal of improving
the design [51]. To get a wide scope of views on both design issues and technical
feasibility, the participants in the two sessions had di�erent backgrounds and re-
sponsibilities within the collaborating partner's team. The �rst session was held
with two people who are more involved with design and concept creation, while the
second session was held with three developers. All �ve participants had domain
knowledge about the problem.

The setup of the sessions was based upon the NNgroup's guide for conducting
design critiques [51] and spanned between 60 and 90 minutes. An agenda was
created and distributed before the session. The screens that were critiqued were
shared in advance to allow the participants to react to them before o�ering feed-
back, minimising gut reactions. The aspects on which feedback was to be given
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were usability problems, implementation issues, general thoughts about the con-
cept, and things the participants liked. During the introduction of the sessions,
the user research and current pain points were quickly summarised and the goals
of the design were repeated: The referees should be able to see information that
helps them prepare for the match, and they should be able to report live during
the match. For the former, it must be quick and easy and represent the activities
they currently perform, and the interface should not be distracting or increase the
cognitive load.

The presentation of the design and the critique were conducted as follows: a ow
of the design was quickly presented, briey explaining the functionality but not the
reasoning behind it unless it was vital for understanding it. Thereafter, feedback
was given following the round-robin facilitation approach, and each participant
shared their thoughts one by one. This was repeated for the various ows, and
the order of the person giving feedback �rst was alternated. Any discussion that
became lengthy was interrupted and added to a list of topics to circle back to at
the end of the session.

3.4.5 Hi-Fi Prototype

The �nal high-�delity (hi-�) prototype was produced based on the feedback and
comments given during the design critiques. Again, only the senior version was
prototyped, as the youth and child versions would look and work the same but with
less functionality. The design elements and colour scheme were updated based on
the collaborating partner's design system. Hi-� screens were created for all the
functions and ows produced in the mid-� prototype, with added functionality.
Thereafter, a separate prototype was created for the �nal user test, excluding the
events and functions that were not to be tested.

3.4.6 Final User Test

To increase the ecological validity of the study, a �nal user test was conducted to
evaluate how the solution performed in a close-to-realistic usage environment and
context and to con�rm whether the changes made to the concept and design solved
the previous issues. The focus was to assess whether it was feasible to manage the
reporting tool while pretending to o�ciate a match and how it might feel while
doing so. Additional interest points were: how the proposed solution for reporting
the result of the penalty worked; what the perception was of some of the added
functionality; and if there were any usability de�ciencies.

Two referees were recruited for the test: one step 1 referee and one step 2 referee
(see Table 3 for the composition). The tests were conducted at football pitches
in Ume�a and lasted about 35 minutes. First, the user was given an explanation
and demonstration of how the complete reporting tool worked, since in a realistic
setting and SvFF adopted the concept, they would have gone through it in training.
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