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Abstract: This paper aims to demonstrate how design and digital media can have a relevant contri-
bution to the improvement of Taekwondo athletes’ performance. This study focuses on answering
the existing gap of a solution that allows quick and accurate access to data about the performance of
martial arts athletes. This access to complex information, previously inaccessible or indecipherable to
athletes and coaches, allowed, through digital design, the improvement of communication and a more
personalized training feedback. The methodology developed was based on design thinking, in a work
process that consisted of user identification, and the conception of a prototype in the user-centred
design framework. The results obtained in the usability tests performed with Taekwondo athletes
and coaches were demonstrative of the efficiency of the designed solution. These scores are also a
stimulus for the potential replication and adaptation of the study in other martial arts.

Keywords: UI/UX design; data visualization in sport; human–computer interaction design; design
thinking; Taekwondo

1. Introduction

This study was developed with the purpose of improving and optimizing the feedback
process between Taekwondo athletes and coaches. The objective is centred on demon-
strating how design and digital media can contribute to an efficient monitoring of the
performance of Taekwondo athletes and, consequently, an improvement in the sport prac-
tice. In contrast to what happens in sports like soccer, basketball, or tennis, in martial arts
sports as Taekwondo, karate, kung fu, or muay thai, there is a gap in the use of technologies
(for example, computer vision or artificial intelligence) and digital means (applications or
digital platforms) to support the improvement of training and athlete’s performances.

In Portugal, the number of athletes practicing Taekwondo has been continuously
increasing, presenting in 2020 an increase of more than a thousand federated athletes [1]. In
Taekwondo, the development of technological solutions to support the training of athletes
has been practically non-existent. That is, evaluations are performed manually, which
results in a serious set of limitations, such as: imprecise and low-fidelity performance
evaluation; difficulty in identifying and clarifying errors; and delay in the evolution and
progress of the athlete.

Thus, through the study of digital design in combination with a technology based on
a deep learning system, we intend to respond to this problem by developing an interactive
digital platform, where the coach and the athlete can monitor and analyse, in real time,
a set of relevant data for the evaluation of the athlete’s performance, including strength,
speed, and acceleration.
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This study was developed with the support of the Portuguese Olympic Committee
and the National Taekwondo Team Selector and had athletes and coaches of the Taekwondo
Academy of the University of Minho (Portugal) as the focus of analysis where they have
trained athletes of Olympic level. Thus, this paper proposes a design methodology to
guide the development of an effective and relevant digital solution for Taekwondo, and
with potential for replication to other martial art sports. In this way, by having access to
information such as the force values applied in the strikes and the calculation of acceleration
and speed of the movements performed, it is believed to be able to promote and enhance
the theoretical and practical learning of these modalities.

The methodology consisted of creating a prototype and validating it through usability
tests with athletes and coaches. User experience is often influenced by the way information
is displayed or organized [2]. Thus, design proves to be relevant when it concerns sports
and the understanding of data and statistics, essentially in modalities where the level of
precision of the specific positions of each technique is high, as it happens in Taekwondo.

The study was developed in the context of a research project, which focuses on the
development of the technological and design components. The creation of a system in
which the base is deep learning makes it possible to access information about the athlete’s
behaviour. This technology analyses data in a similar way to what happens in the neuronal
networks of the human brain. It is a method that drives autonomous learning on different
devices by constantly processing data. Automating performance enables the ability to
quickly respond to numerous adversities, such as improving characteristic combat positions
and movements [3,4].

This paper is organized into seven sections. Section 2 presents the literature review of
the main areas studied in this project; Section 3 includes a comparative analysis of the main
competing platforms; Section 4 shows the methodologies applied in this study; Section 5
details the results obtained by executing usability tests; Section 6 presents the discussion
with a broad perspective of the project; and Section 7 enunciates the main conclusions and
suggestions for future research.

2. Literature Review

In this chapter, different contents and research sources are considered and detailed,
with the aim of synthesizing relevant information on the study topic. This research covers
different areas, such as the design and structuring of data in sport, Gestalt principles,
gamification, and user usability.

2.1. The Influence of Digital in Sports

Nowadays, the use of technology in sports is constant, either through the use of
smartphones or small mobile devices [5] (pp. 1691–1706), such as smartwatches, where the
objective is to monitor data related to the athlete (example: heart rate) [6]. The purpose
is the acquisition of information and statistics concerning the athlete, in order to make
possible a correct evaluation of the user’s physical condition and performance, allowing
the coach to provide more accurate and consistent feedback based on the collected data.
This type of analysis covers a wide range of information: from strengths to weaknesses;
assessment of unnecessary movements; speed; accuracy; and strength levels. Thus, by
obtaining this type of knowledge, it becomes possible to design individual and personalized
workouts for each athlete.

The Korean martial arts have shown a continuous development and evolution over
the years. Taekwondo is an Olympic sport, where the goal is self-defence, without the
use of weapons and through the total use of the body. However, although this sport
has a vast number of practitioners, the performance evaluation methods are essentially
manual. Thus, feedback, the process of evaluating or classifying a certain action, from the
coach to the athlete ends up not having the necessary speed and efficiency that could be
obtained with the support of technological means [7]. Feedback, according to Schmidt
(1998) [8], when presented and structured in a precise manner and at the right time,



Designs 2023, 7, 130 3 of 20

plays a crucial role in the evolution of athletes [9]. Research led by authors such as Mike
Hughes has proven that the more quantitative and pragmatic the feedback is, the greater
the athlete’s development will be [10]. Thus, one of the main objectives of coaches is to
obtain as much information as possible regarding the athletes, so that they can make an
effective evaluation. But the large amount of information regarding the athletes’ times and
movements requires technical support, so that it can be consulted and analysed carefully
afterwards [11]. To meet this need, the concept of notational analysis was developed, for
a better evaluation and more detailed analysis of the various athletes. This is where a
system, through advanced technologies such as artificial intelligence or deep learning,
evaluates the numerous characteristics of athletes to create specific and decisive data about
the athletes [12].

Thus, the term coaching, an expression often used in sports, also appears. Coaching is
then a process focused on learning, through the use of various resources and techniques,
and its main objective is to help an athlete to improve and optimize their performance [13].
Thus, to explore and test new coaching strategies and tools, the need arises to introduce
design in the sport context [14]. The design paradigm is reflected in the continuous need
to create new methodologies and parameters that contribute to innovative change. Not
only in sports, but also regarding organizational systems management, the relevance of the
designer’s role regarding developing and understanding data and statistics is outlined [15].
Organizations need to be able to work with uncertainty and probabilities to design realistic
structures and plans regarding resource utilization [16]. The same happens in the sports
industry, where information differs from athlete to athlete which forces coaches to evaluate
and analyse a large amount of data to provide athletes with the most accurate and concrete
feedback possible.

A study performed by Sports Tech Tokyo in over 30 countries about promising tech-
nologies in sports found that the “Training/Performance” category contains the highest
overall percentage: 16.4% [17]. In other words, the necessity of new strategies in sports,
using technological means, has led to athlete analysis platforms obtaining a greater de-
mand from coaches and athletes. The aim is that by adopting these methodologies and
technologies, it is possible to achieve faster progression of the athlete which contributes to
an increasingly better performance.

2.2. The Importance of Data Visualization and Gestalt Principles

Nowadays, for the athlete and coach to understand the information of the speed or
force applied in a particular movement, this information must be presented in a clear and
objective way. In the case of Taekwondo, the crucial information focuses on the athletes’
strength, speed, and acceleration [18]. However, to obtain these data, it is necessary to
use rigorous analyses of the characteristic techniques of this sport, such as the execution
of Miryio Tchagui—a foot movement whose objective is to push the opponent athlete
away. Thus, data and statistics reveal a high importance when it concerns the definition of
strategies and exercises in martial arts [19].

Data structuring is only considered efficient when it organizes information in such
a way that the brain can perceive, and the eyes can identify the different components. In
this context, Stephen Few (2013) [20] defined a set of effectiveness criteria to validate to
which level the structure of information corresponds to the users’ perception. At first, it is
relevant to understand whether the presented content is being represented in a concrete
way. On the other hand, it is necessary that the user can quickly distinguish between
different values and results. Furthermore, the information should not only be segmented in
a logical order, but it should also be evident how the information is to be applied [20]. Thus,
Few [20] argues that the competence and accuracy of data visualization should always be
evaluated considering aspects such as efficiency, facility, and clarity of information, since a
balance between perception and cognition is needed to achieve satisfactory results. Using
visual components such as different typographic styles, the use of patterns, and colour
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combinations, it becomes possible to assimilate information more quickly, without using
conscious thought [21].

In this context, and with the aim of understanding the dynamics and patterns created
when humans observe something specific, Gestalt principles, in one of the first studies on
science and human perception, realized by Weitheimer and later investigated by Wolfgang
Köhler and Kurt Koffka in 1920, emerged [22]. Gestalt principles are a set of rules that
describe how the human mind behaves with relation to information absorbed in the real
world. This theory holds that when the brain receives a visual stimulus, the tendency is to
group together all the components considered similar [23]. Thus, these principles, even if
in a subjective way, are often present in our daily lives, as for example through the way
different outfits are combined in a daily routine.

Thus, this study is correlated with user experience design (UX Design) and user
interface design (UI Design), since it analyses the laws of human perception based on the
information humans obtain in the real world, such as the assimilation that users have in
the presence of an interface. However, not only in design, but also in data structuring and
Taekwondo, this methodology is relevant since the incorrect understanding of a movement
of a particular technique can lead to a decrease in strength or acceleration in the performance
of a Taekwondo athlete [24]. Furthermore, gamification, a field focused on the development
of games, regularly uses these principles, because games are activities that take advantage
of mental capacity and quick thinking; thus, there is the imposition of understanding sets
of visual or theoretical elements.

2.3. Gamification and Human–Computer Interaction/Human-Centered Design

The purpose of gamification is to understand the experience that is intended to be
passed on to the user and to identify the format of contents, functionalities, and elements
that will be crucial for the creation of a particular approach [25]. This area focuses on
the use of mechanisms from games, where the purpose is to encourage different users to
achieve different goals.

According to Chou (2015) [25], the gamification methodology is divided into eight core
drives. The Octalysis (structure represented by the eight core drives) was created with the
goal of understanding the psychology that supports human motivation and how it operates.
Games activate specific motivations within each person, which activates the feeling of fun
and leads to the user wanting to repeat the experience. However, the presence of all core
drives in an activity is not necessary, but at least one of these cores should be evident [25].

Thus, the most relevant categories for the present study were analysed, namely:
accomplishment, unpredictability, and avoidance. The first core drive is related to the use
of rewards and rankings: accomplishment. That is, the player has access to his constant
progress, which motivates the user to further develop and evolve his skills. The next core
drive, unpredictability, is stimulated by the unknown factor. The user is curious to find
out what the next challenges are, which results in constant thinking about it. The last is
avoidance, the core drive that focuses on avoiding certain actions that could later lead to
damage. An example of this core are games that impose daily activities forcing the user to
visit the application frequently in order not to lose points or specific benefits.

Thus, gamification is increasingly used in design, since, with this methodology it
becomes possible to solve many problems related to UX design, through the understanding
and identification of the core drive in which users are located.

In relation to research between people/users and computers/systems, human–
computer interaction (HCI) emerges [26]. Currently, associated with technology and design
come methodologies such as HCI and human-centred design (HCD), which are consistently
incorporated into many areas, such as gamification, cognitive science, computer science,
and UX design. HCI is often associated with the science inherent in design and technology.
This methodology aims to develop human-centred, that is, user-centred, designs and sys-
tems. For a good user experience and interaction with the product/service, both in design
and technology, the contents and tools should be optimized as much as possible according
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to the users’ needs. A product/service is only considered intuitive if the information to be
communicated is clear or easily understandable. This principle is sustained not only by
HCI, but also by HCD [27].

Thus, empathy with users is ranked as a significant factor in the design process. A deep
understanding of users, in different types of environments, can influence the perception of
the functionalities present in platforms [28]. Therefore, empathy is relevant when it comes
to user experience, since it arises to understand the experiences, problems, motivations,
and needs of users.

2.4. Personas and Information Architecture

Developing personas serves the goal of examining and comprehending the anticipated
behaviour of future users [29]. The characterization of personas, based on a real user,
should be as complete as possible, including aspects such as basic information—name,
gender, age, habits, and profession—and their needs and objectives. The aim is to create a
user-centred solution that represents the various types of profiles that can benefit from the
solution developed [30].

On the other hand, information architecture (IA) involves the systematic arrangement
of content within a platform, a step that follows the identification and definition of various
user-specific attributes [31]. This methodology is based on the clear and objective structur-
ing of information in order to facilitate the user’s journey on the online platform. In this
context and given that the definition of the user experience is based on all the elements
and functionalities that the user encounters during their journey through the platform, it is
crucial that the goal is achieved diligently and concisely. To achieve this, it is important
that the content is distributed in a systematic and intuitive way. It is in this continuity that
usability testing takes place: a methodology focused on testing the usability of the platform
considering a specific focus group.

2.5. System Usability Scale

Usability testing is a procedure where the behaviour of a certain group of users who
are representative of the platform’s users is observed. Usability tests are a research method
in which a user is asked to carry out one or more tasks on a specific interface. During
this event, the moderator (the person observing) analyses the behaviour of the participant
(the user).

The main purpose of this method is to identify problems in a service or product,
discovering new ways to improve the interface and learning about the target user’s knowl-
edge [32]. In the space where usability tests are carried out, participants have a set of tasks
to complete while the moderator observes the users’ movements and actions [33]. This
strategy allows improvements or changes to be made before the prototype moves on to the
final stage of development.

Jeff Bezos, the founder of Amazon, revealed that, in the year since the platform was
launched, he invested a hundred times more in usability testing than in marketing. This
methodology, according to Bezos, is what led to Amazon’s success [33]. In other words,
this strategy focuses on the premise that the user experience is the fundamental point
for the growth and success of a platform. In this way, if the user experience is efficient
and memorable, the user will feel more confident about using it next time. One of the
most widely used strategies in the field of usability is the SUS: system usability scale.
This system, created by John Broke, consists of a post-test questionnaire given to each
participant after the conclusion of the usability testing session. The SUS corresponds to
a total of 10 questions on a Likert scale (Figure 1) with a score from 0 to 100 [34]. Thus,
after completing the questionnaire, each user will have a total of points attributed to their
answers. This score will then be characterised according to the scaling scheme created by
Broke (Figure 2). Jeff Sauro concluded that at least eighty points are needed for the usability
of a platform or website to be efficient [35]. This procedure has been tested over the last
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30 years and has proven to be an effective and reliable method for evaluating the usability
of interfaces [36].
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2.6. UX/UI Design and Usability Heuristics

User experience (UX) and user interface (UI), despite being two different areas, are
fields that complement each other. While UX design analyses and evaluates aspects such as
usability, incorporating the whole user experience, on the other hand, UI design is how this
experience is obtained.

UX design embraces the user’s entire journey through a digital solution. This process
consists of identifying errors and user needs, with the goal of improving and enhancing
the interface functioning, becoming a crucial method in guaranteeing a memorable experi-
ence [37]. The purpose is to respond to the user needs quickly and effectively. Through
the existence of positive experiences or moments, with an intuitive and functional design,
it becomes possible to develop an emotional connection with the user, influencing him to
return to the interface in the future [38]. The first contact of the user with the platform is
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crucial, considering that, in that same instant, a first initial perception is created, which
evolves successively with the greater proximity or use of it.

UI design enables the user to control a device, and this same management can be
performed using buttons or any other type of mechanisms, which cause interaction between
the user and the device. The UI design is then responsible for developing a product,
preventing obstacles and, simultaneously, making sure that the interface has elements of
easy access. However, this process requires continuous improvement in terms of design,
according to the base of usability testing.

Thus, in the scope of evaluating the ease of interaction and understanding of a platform
originated the usability: a hemisphere represented by the human being and the system.
This concept appeared in the 1980s with the objective of replacing the term ease of use. This
is an area that evaluates how an interface provides the user with an intuitive and pleasant
experience, without creating negative moments for the user [39].

In this way, to promote an intuitive and appropriate experience to the user, the usability
heuristics appeared in 1990: a set of rules created to optimize the several issues related
to usability [40]. With these principles, it becomes possible to collect a vast amount of
information inherent to the needs of users, allowing the development of a digital platform
quickly and efficiently [41]. The application of these parameters does not replace the
usability tests; however, it enables the development of an interface with a smaller number
of inconsistencies.

The usability heuristics are shown to be a fundamental method in the creation of
a digital platform, because with these principles it becomes possible to develop digital
solutions which are more comprehensive and focused on usability and the user. Thus,
the creation of personas, information architecture, wireframes, and usability testing are
components integrated in usability. These processes analyse and validate the ease and
simplicity with which it is possible to perform navigation on a platform, focusing primarily
on user experience. The objective is to make the user’s path as fluid and immediate as
possible while avoiding the user feeling lost.

3. Benchmarking: Digital Platforms in the Sports Category

This chapter carries out a comparative analysis of the main competing platforms. In
this way, a benchmarking procedure was applied, where the main competitors are analysed
in order to gather information that describes the user experience when using the platform
in question. By carrying out this analysis, it is easier to establish reference points for
future improvements.

The aim of this strategy is to compare the various platforms in order to outline which
functionalities and features should be incorporated or developed to better meet the user’s
needs. Currently, there are several platforms that complement athletes’ training, helping
them to progress more quickly and efficiently.

However, as no similar platform has been developed for Taekwondo, we analysed
platforms from other sports, such as Fitbit [42], HomeCourt [43], and Strava [44]. These are
applications used by leading brands and athletes, such as the NBA—National Basketball
Association—one of the most important basketball leagues in the world. Subsequently,
and with the aim of gathering information on digital methods developed for Taekwondo
practitioners, the Taekwondo Trainer [45], and Mastering Taekwondo [46] applications
were also considered, which, although they do not evaluate the athlete in real time, are
platforms aimed at learning and training this martial art.

Table 1 is a comparative table analysing the functionalities of platforms for athletes.
Table 1 assesses issues such as the versatility of using the platforms on various devices, the
way in which training and exercises are presented to users, and also an analysis based on
usability heuristics.
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Table 1. Comparative analysis of functionality of platforms for athletes.

Platforms Fitbit Homecourt Strava Taekwondo
Trainer

Mastering
Taekwondo

Desktop X X X

Mobile X X X X X

Login/logout X X X

Different types
of users X

Training X X X X X

Training
videos/animations X X X

Monitoring (data
and statistics) X X X X

Challenges/events X X X

Extra services X

News feed (from
other users) X X X

Notifications X X X X X

Camera’s function
utilization X X X

Match between
system and the

real world
X X X X X

User control and
freedom X X X X X

Error prevention X X X X

Aesthetic and
minimalist design X X X

As far as the platforms analysed are concerned, only three—Fitbit, HomeCourt, and
Strava—offer athletes the versatility of being used on various types of devices, such as
desktop, tablet, mobile phone, and smartwatches. Although these platforms display a
completer and more organised interface in terms of content, Mastering Taekwondo (the
most destitute and content-less of the interfaces present) ends up differentiating itself from
the others by presenting a feature that the others do not have: the distinction between
users. This interface has been designed so that users can train and perform exercises
according to their level of experience. This type of function provides users with continuous
progress according to their current ability, distinguishing beginners from senior users. Even
without the profile feature, there is a wide range of pre-defined workouts according to the
colour of the user’s belt. The development of goals and challenges can be seen on the first
three platforms, which demonstrates an active strategy to build loyalty among users, thus
motivating them to use the interface regularly.

One of the common points between all the platforms is the sending of notifications to
remind you of training times or the occurrence of a momentary event. Clear backgrounds
are a predominant factor in all the platforms, highlighting the use of bright contrasting
colours, such as oranges and blues, while at the same time showing concern for the
perception of information and clarity in reading. From identifying the nature of the
information to making it easy to identify the order and classification of values, all the
interfaces present good data structuring in a functional and straightforward manner. In
this way, it becomes clear how fundamental it is for the athlete to be able to quickly
understand the various pieces of information relating to training. A small detail that makes
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it difficult to understand a specific value can complicate the whole exercise for the user,
since misinterpretation of the results will influence the athlete’s future performance in the
long term [18].

The literature review studied relevant authors and content related to sport and the
importance of data visualisation. In this way, objectives were established and then an
analysis was made of the relevance of understanding information as a quick and intuitive
process, using a low level of effort.

4. Methods and Techniques

The methodology used for the development of this study was based on the strategies
and principles of design thinking, an approach focused on the user and his progress. De-
sign thinking is a process that encompasses a group of rules and steps with the purpose
of creating empathy with the user, through creation and innovation in design [47]. The
increasing use of design methodologies, such as design thinking, is contributing to the
resolution of internal problems of several companies and organizations. Several govern-
mental organizations use design thinking as a foundation in the approach to social issues,
reverting into positive results [47].

Therefore, the development of this digital platform aims to take advantage of new
technologies, namely artificial intelligence in the context of learning applied to sports. The
way digital platforms are designed and structured has a significant influence on the user’s
overall experience when it comes to interacting with artificial intelligence (AI) applications.
Considering this, a digital platform characterized by its intuitive and user-friendly design
can profoundly improve the accessibility and usability of AI applications for those who
interact with them. This contributes to a more positive and effective engagement between
end users and AI-driven technologies [48]. Thus, through a sequence of stages, it is
intended to create a solution that responds efficiently to the needs of users, contributing to
the continuous evolution of athletes in Taekwondo. Therefore, for the development of the
project, we considered the three main stages of design thinking [49]:

• Inspiration: which consists in the awareness and understanding of the central issues
of the study. In this stage, information was collected through a meeting with the
whole team, where the main difficulties in Taekwondo were discussed in relation to
the current training methods;

• Ideation: which focuses on exploring multiple ideas and different perspectives related
to the same issue. Thus, personas were created based on the potential users of the plat-
form. This was followed by the development of information architecture, wireframes,
and workflows to provide the user with a better understanding of the goals and paths;

• Implementation: this stage focuses on prototyping, reviewing, and constantly checking
all content through usability testing. The goal is to test the prototype with the user to
understand if the platform corresponds to the criteria preliminarily stipulated.

In the second stage, ideation, it is important to highlight the role of creativity as an
indispensable element when it comes to design and problem solving. The continuous
exploration of multiple concepts enhances innovative and pragmatic solutions in the
technological and design field [50]. When it comes to the technological field, nowadays,
modern 3D cameras are equipped with advanced features, including depth sensors, which
improve their ability to collect supplementary information along with the captured images.
This results in a more effective and comprehensive data collection process. Thus, the
developed system employs a 3D camera for data acquisition during athletes’ movements,
with a focus on gathering data from the coordinates of the body’s joints within a three-
dimensional training environment. While the 3D camera efficiently captures data, the
unique nature of the movements being analysed, including body rotation and limb overlap,
can sometimes lead to moments of occlusion, resulting in inaccurate data readings or data
loss. To mitigate this issue, the decision was made to integrate motion sensors, specifically
opting for inertial measurement units equipped with accelerometers and gyroscopes. These
units enhance the accuracy of data acquisition and are strategically placed on athletes’
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upper and lower limb extremities, as well as on their hands and feet. The choice of sensor
placement is rooted in the practice of Taekwondo, where movements primarily involve
the limbs. These specific sensor locations allow for the comprehensive collection of all
movements executed by the athletes, encompassing both upper and lower body motions.
Additionally, the use of four sensors across these specific body regions aligns with our goal
of developing a cost-effective and user-friendly system (Figure 3) [51].
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The creative process can be based on different types of components, from artificial
intelligence to wireframes development. Thus, to demonstrate that creativity is not just
cognitive thinking the 4P’s were created [52]. The first P—person—is characterized through
different attributes, such as habits, attitudes, and personalities that distinguish different
individuals. This is followed by the second P, of process, which is represented by a set of
tasks whose objective is problem solving. This feature incorporates the constant learning
process, due to lapses committed, giving rise to a feedback cycle whose objective is the
improvement of the idea. The third P—press—describes the social environment in which
the individual is framed. In other words, the ideas arise in the face of a set of needs that the
human being faces. And finally, the P of product corresponds to the tangibility of an idea
that emerges as a solution to a problem [52,53]. Briefly, the 4P’s highlight how creativity is a
fundamental resource when it comes to the advancements of society and human beings [53],
since the standard of a product tends to increase when the creative process is elaborated in
an opportune environment that enhances its innovative skills and competencies.

4.1. Personas

The development of personas aims to analyse and understand the future behaviours
of users. Thus, personas are fictional characters created based on a set of characteristics,
goals, and motivations shared by a certain group of individuals. Despite their simulated
and pragmatic nature, they perform a fundamental role in the creation of a digital platform,
since they contribute to the identification of the focus group [29,54].

In this study, a survey of all information, such as the characteristics and objectives
of users, was conducted to represent personas like real users. The personas created for
the development of this project (Table 2) were based on the compilation of information
collected in interviews with a coach and athletes of the sport. Thus, the four personas in
Table 2 are inspired by the study and contact with people who are part of the Taekwondo
target audience. As far as ages are concerned, these represent the arithmetic average of the
ages of the different users. In this way, the need to create realistic goals and scenarios for
each persona emerged.
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Table 2. Personas’ analysis.

Taekwondo Athlete;
18 Years Old.

Taekwondo Coach;
35 Years Old.

Taekwondo Athlete;
27 Years Old.

Taekwondo Coach;
45 Years Old.

Has difficulty understanding
the suggestions of his coach
regarding his performance

during training.

Taekwondo coach for 8
years; He is a disorganized
person who has difficulty

organizing classes.

Athlete for one year but with
a huge interest in the sport

and its history and origin; She
is a beginner student and

would like to do individual
training according to her level

of experience.

Taekwondo coach for 15 years
and teaches at more than one

academy; Has difficulty
remembering the weights and

graduations of each athlete;
Although some athletes give up
over time, he would like to be

able to keep their information in
case they return to the sport.

Quickly understand the
coach’s recommendations and

which movements should
improve to develop your

overall performance.

Identify the daily or
weekly plans; Assist in the

creation of training
programmes; Monitor the

attendance of athletes.

Learn about the history of
Taekwondo through a credible
source; Understand the rules

of the sport; Practice
techniques that fit your level.

Monitor athletes from two
different academies; File data

regarding athletes who quit or are
taking a break from the sport.

4.2. Information Architecture

Information architecture is the process of organizing content for a platform after
identifying and defining the different specificities of users. This method is based on the
clear and objective structuring of information with the purpose of making the user’s journey
in the online platform easier [55].

Based on Table 2, the interviews with the coach and athletes and the team meetings,
the development of an effective communication corresponding to the individual needs of
the users was relevant. Consequently, it became essential to develop two diagrams: for the
coach (Figure 4) and for the athlete (Figure 5).
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The distinction between the different users proved to be a crucial topic from the
beginning since the coach and the athlete have different interests in accessing the digital
platform. The coach user has as main objectives the analysis and monitoring of the athlete,
as well as understanding the individual attendance of each student.

On the other hand, the athlete user needs to be able to consult his workouts after he
finishes them, so that he can revaluate and understand how he can improve. In addition,
and to contribute to the constant development of the athlete’s performance, the creation of
challenges (daily/weekly) and contents relative to the learning of techniques according to
the colour of the belt encourages the user to use the platform more often. In this continuity,
to avoid the occurrence of adversities in a more advanced stage of the project, some regular
activity flows were elaborated, corresponding to the daily needs imposed by this sport.
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The athlete user (Figure 5) has a similar structure to the coach, but the “Practice” sec-
tion, present in the organization chart of Figure 4, was eliminated in this new organization
of content and information. That is, only the coach can film and analyse, in real time, the
athlete. The athlete can only consult the data and results of the practice, according to its
date and type.

The structure and organization presented aims to communicate the different elements
and contents in a methodical and intuitive way. The platform’s flows and functionalities
were developed considering the analysis and study of other competing platforms, also
based on literature review, dialogues, and suggestions from the team members.

4.3. Wireframes and Usability Tests

The wireframing process is about defining the structure and flow of potential digital
solutions. The purpose of this set of sketches is to organize the project using primary
shapes, such as squares and circles. The objective is to understand how obvious the actions
for performing a certain task are, or how intuitive a button in an interface is without
the application of prominent colours or typography. This process not only reduces the
appearance of future errors, but also increases the credibility of the solution [56]. From
the identification of the character of the information to the ease in identifying the order
and classification of values, the interface should present a good data structuring in a
functional and direct way [57], since it is essential for the athlete to have a quick perception
of the various information concerning the training. A small detail that makes it difficult to
understand any specific value can complicate the whole exercise for the user and influence
the athlete’s future performance in the long term.

Thus, the wireframes, designed for the desktop version, represent the pages and
functionalities that the platform has, as well as the workflows and tasks that were designed
for usability testing. The development of the first wireframes focused on the creation and
idealization of the login and registration process in the platform. Although there are two
types of users on the platform (Figure 6) the first page is the same for both, which implies
the identification of the user through the choice between two buttons: “Coach” or “Athlete”.
In this way, by recognizing the nature of the user it becomes possible to deploy different
types of content and functionality for each one. And so, a methodology focused on testing
the usability of the platform considering a characteristic target group was undertaken.
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Usability testing is a methodology that aims to evaluate the simplicity and efficiency
with which it is possible to move through the interface of a platform. The adoption of this
methodology consists in the analysis and observation of the behaviours of the group of
users that are representative of the interface, while performing one or more tasks. This
strategy allows improvements or changes to be made before the prototype moves to the
final stage of development. One of the most used strategies in the usability field is the
system usability scale (SUS). This system consists of a post-test questionnaire given to each
participant after the usability testing session is completed [35]. The SUS corresponds to a
total of 10 questions on a Likert scale with a score from 0 to 100. Thus, upon completion of
the questionnaire, each user will have a total of points given for their answers [58].

Jeff Sauro [58] has concluded that a minimum of eighty points are required for the
usability of a platform or website to be effective. This method has been tested for the past
30 years and has proven to be an effective and reliable method when it comes to evaluating
the usability of interfaces [36].

Thus, the usability testing model was applied to sixteen users, whose age range differs
between 16 and 42 years old. The usability tests were realized to twelve users close to
the profiles created in Table 2 (athletes and coaches) where three users were assigned to
each persona. The remaining four tests were performed on ordinary users with the goal of
understanding the success rate of the platform for novice users.

The study academy encompasses a set of athletes and coaches who are part of an
elite group, where they have trained Olympic-level athletes, such as the first Portuguese
athlete to win a Taekwondo fight in the Olympic Games [59]. It should also be noted that,
in March 2022, the athletes from the academy of the University of Minho guaranteed a
total of 11 medals at the National University Championships under the supervision of a
coach—also a holder of numerous medals in this martial art [60]. Thus, the analysis and
evaluation of athletes like Bragança and Maugi allowed the platform to reach a final stage
with a low number of inconsistencies and a relevant optimization on the user experience
and interface.

Thus, a high-fidelity prototype was developed to collect more data and information
regarding the interface and its applicability. Therefore, testing a high-resolution interactive
prototype with users allowed a more detailed and broader evaluation of the users’ expecta-
tions and needs concerning the final solution. After the usability tests were finished, the
SUS methodology was applied, where the individual scores for each user were calculated
(Table 3). The following ethics board document number, CEICSH 008/2019, reveals that
the project complies with the requirements for good practice in research with humans,
in accordance with national and international standards governing research in the Social
Sciences and Humanities.

Table 3. SUS Results (first usability test stage).

User Score Grade Adjective Acceptable NPS

1 80 A Excellent Acceptable Promoter
2 77.5 B Good Acceptable Passive
3 80 A Excellent Acceptable Promoter
4 85 A Best Imaginable Acceptable Promoter
5 87.5 A Best Imaginable Acceptable Promoter
6 85 A Best Imaginable Acceptable Promoter
7 82.5 A Excellent Acceptable Promoter
8 87.5 A Best Imaginable Acceptable Promoter

5. Results

The results obtained in the first session of usability tests (Table 3) had the minimum
score of 77.5% and the maximum score of 87.5%. These scores show that although the
feedback and user experience were mostly positive, some tasks presented a higher level
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of difficulty for the users. That is, suggestions for improvements and difficulties of users
should be considered for improvement and refinement of the final prototype [39].

In this way, changes and improvements were made to the prototype according to
user feedback, both in terms of design and functionality and content designations. Thus, a
second round of usability testing was realized with new users, and the same number of
participants, where each group tested their corresponding interface, namely athlete and
coach. Through the new data collection through the users’ dialogues, observations, and
questionnaires, it was possible to understand how the improvements and adjustments from
the previous session contributed to a better flow and user experience when navigating the
platform. However, in this second session of usability testing, some improvements not
previously considered were still suggested, such as the fact that when a coach accesses
the athlete’s “Dashboard”, he/she must send an individual request to consult the athlete’s
weight data (Figures 7 and 8). A susceptibility of athletes to sharing weight values was
observed. Although weight data are a crucial topic in Taekwondo, since athletes are
enrolled in competition categories according to their weight, this proved to be a sensitive
issue for students. Therefore, and based on feedback from both users, a procedure was
developed that sends a notification that the athlete’s weight values are private data. That is,
it requires a new action: to send an access request to the athlete, so that he/she can decide
whether to share that data.
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Thus, by applying this strategy, it was possible to create an interface that transmits
confidence and security to the athlete. In this way, the athlete user can practice and
introduce the values without fear or insecurity regarding future punishments. Table 4
shows the scores obtained in the second session of usability tests, where it is possible to
observe a higher level of user satisfaction with the platform. In this second test sample, the
minimum score was 85% and the maximum score reached 95%. These values prove the
need to simplify flows and make the clickable parts objective and intuitive, so as not to
generate doubts or leave users lost in the interface.
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Table 4. SUS Results (second usability test stage).

User Score Grade Adjective Acceptable NPS

1 95 A Best Imaginable Acceptable Promoter
2 85 A Best Imaginable Acceptable Promoter
3 90 A Best Imaginable Acceptable Promoter
4 92.5 A Best Imaginable Acceptable Promoter
5 95 A Best Imaginable Acceptable Promoter
6 87.5 A Best Imaginable Acceptable Promoter
7 95 A Best Imaginable Acceptable Promoter
8 92.5 A Best Imaginable Acceptable Promoter

6. Discussion

This project consisted in the development of a digital platform that allowed the
monitoring and evaluation of Taekwondo athletes. We found that through the platform
athletes and coaches can have access to information about performance in a more complete,
fast, and effective way, also allowing feedback from the coach about the training method,
also being faster, more accurate, and better adapted to each athlete.

Regarding the technological development of the platform, the studies performed
focused on the inclusion of movement reading systems via inertial measurement units
(IMUs). In this way, a 3D camera is used to obtain values related to the athlete’s movements,
and accelerometers and gyroscopes are used at the extremities of the upper and lower
limbs of each athlete. This implementation aims to complement the information collected
through a 3D camera. This method allowed for good results in the study of the recognition,
validation, and accuracy of the movements performed by the athletes. An accuracy of
around 99% was obtained using convolutional neural network long short-term memory
(CNN LSTM) and convolutional long short-term memory (ConvLSTM) models [61–63].

Thus, in line with the study by Hughes and Franks [10] regarding the structuring
of data in sport and Few [20] about the application of specific criteria developed with
the aim of improving data visualization, an interface was created that contributes to the
optimization of the coach’s feedback time. The application of these methodologies resulted
in support regarding the athlete’s evolution and performance in a shorter period. These
results are in alignment with the research of Norman and Nielsen [37] and Jeff Sauro [36],
where the importance of the user experience was understood to enhance and strengthen the
navigation through the digital platform. Thus, through a functional and intuitive design,
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according to the study by Funk [38], the user experience proved to be positive, creating an
emotional connection with the athletes and coaches.

The interface design was also developed considering Gestalt principles [22] and
gamification [25]. With the structuring of patterns and the elaboration of a balanced
chromatic palette, an intuitive and efficient interface design was developed concerning the
presentation of components and contents. According to the study by Chou [25], and with
the application of the gamification methodology, considering a set of core drives relevant
to the study, the growing interest of users for the digital platform was found. That is, users
showed curiosity and enthusiasm about the digital solution and its features and benefits.

In learning the system, a quick familiarization of the users, both athlete and coach, with
the interface was observed [26]. Although there were moments of doubt on certain content
or buttons, users were able to achieve their goals within the time allotted for execution
of the action. This was only made possible due to the use of principles such as usability
heuristics and constant usability testing [56]. These results agree with Nielsen’s [41] studies
where it becomes possible to quickly understand and correct inconsistencies to make the
users’ experience more intuitive and fluid without exposing them to confusing situations.

The quality of the interface was highlighted by users, regarding objectivity and clear
presentation of the different contents [21]. Thus, the overall assessment was positive, and
the objectives and goals established for the platform corresponded to the daily needs
of athletes and coaches of Taekwondo. Relevant statements were also collected from
the users during the usability tests, where the relevance of access to the data of all the
academy’s students, including the individual attendance of each athlete, was highlighted.
The organization of the information inherent to each athlete allowed a quick analysis and
perception of the student’s physical condition which facilitates the coach when providing
guidelines to the athlete [40].

The three-stage methodology of design thinking [49] applied in this study enabled the
extensive and significant understanding of the individual particularities of the different
types of users present in the Taekwondo sport. The elaboration of personas, the develop-
ment of information architecture and wireframes, as well as the usability tests, allowed a
precise understanding of the user profiles for the interface, which gave rise to a high level
of legitimization regarding the various components of the digital platform [54–56]. Further-
more, this study aims to make this martial art more accessible to humanity, promoting it
in a positive light to contribute to the physical and mental well-being of the community.
In doing so, we align with the mission of Archives of Budo, which, based on scientific
evidence, seeks to develop all dimensions of positive health (physical, mental, and social)
and survival capabilities in a manner befitting humanity [64].

7. Conclusions and Further Research

This project aimed to develop a digital platform to evaluate and monitor Taekwondo
athletes in real time. Developed on a tangible need, this study focused on filling the gap
between coaches and athletes in the sports environment.

The application of a methodical design structure made possible to optimize the in-
terface, so that the athlete and the coach can enjoy only content respective to each type
of user. Thus, to develop and implement this project, it was crucial to analyse and reflect
about the difficulties and needs of the users to study and develop a solution that promotes
the physical evolution of the different athletes, as well as the reduction in the coach’s
feedback time.

The results obtained have confirmed the importance of this platform in supporting
athletes’ training, namely in the rapid identification and understanding of mistakes. Until
now, this solution has provided the increase and development of the technical skills of the
athlete analysis group of the University of Minho, where high competition athletes with
remarkable national and international sports results stand out.

Using different methods, such as understanding UX and UI design and understanding
the advantages of gamification, an interface proposal was developed for Taekwondo
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athletes. This platform seeks to provide Taekwondo athletes with a set of complementary
components to their training, through high and effective communication between coach and
athlete. The interface has the advantage of providing users with content to aid in training,
as well as a theoretical component relating to the principles and rules of Taekwondo,
seeking to respond efficiently to the varied needs of athletes.

In this way, the interface intends to function as a complement to Taekwondo, without
ever disregarding the pertinence of the physical presence of a coach. It is expected that
the implementation of the digital platform contributes to help in training, so that the
understanding of errors can be quickly identified, providing an increase in performance
and athlete development.

Due to the density of the practical project and considering the specificities of the
technological part developed, only the desktop version (browser) was designed. However,
the possibility of developing the mobile version (iOS and android) is being considered in
the future to make the platform more versatile and accessible to a greater number of users.

In short, through the notions of usability, user experience, and the structuring of data
together with the themes presented in this study, it became possible to develop and validate
a digital solution suitable to the needs of Taekwondo, with potential for replication and
adaptation to other martial arts sports.
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