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Abstract

There are currently over 27 000 registered soccer teams in Norway. However,
even with mandatory coaching licenses, there are still a vast variety of
approaches to how training sessions should be planned and executed. Even in
top-level professional soccer organizations, the planning of exercises involves
a considerable amount of manual labor. The most common approaches
include using old-fashioned pen and paper, or at best organizational tools
like worksheets to plan exercises based on memory, word-to-mouth or vague
guidelines. The exercises are presented to the players using sheets of paper
along with verbal descriptions from the team coaches.

The digital archiving possibilities are also limited, and knowledge related to
the exercises, and exercise execution, is often not organized or persisted.

This thesis designs, develops and evaluates a system for capturing, persisting
and presenting expert coach knowledge in the form of exercises. The system
is designed and developed with a particular focus on user interaction and
user experience. The process is performed in close collaboration with
coaches, medical staff and players from the elite level Norwegian soccer club
Tromsg IL.

The evaluation of the system is performed through a standard pairwise
comparison between the implemented system and the solutions currently
available to the assessors.
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Chapter 1

Introduction

1.1 Background

According to the most recent statistical report from NFF [9], there are
currently over 27 000 registered soccer teams in Norway, with a total of 360
000 active players divided between them. Last year alone 30 000 coaches
completed the courses for entry level coaching licenses [9]. However, even
with mandatory coaching licenses, there are still a vast variety of approaches
to how training sessions should be planned and executed.

Even in top-level professional soccer organizations, the planning of
exercises involves a considerable amount of manual labor. The most
common approaches include using old-fashioned pen and paper, or at best
organizational tools like worksheets to plan exercises based on memory,
word-to-mouth or vague guidelines. The exercises are presented to the
players using sheets of paper along with verbal descriptions from the
team coaches, even when communicating to large groups of athletes. This
increases the risk for miscommunication, especially with regards to new
players not familiar with the exercises.

The digital archiving possibilities are also limited, and knowledge related
to the exercises, and exercise execution, is often not organized or persisted.
Hence, if an important member of the team leaves the organization, his or
her knowledge and expertise is no longer available. Storing exercises would
also allow the soccer organizations to expose the youth academy teams to
exercises from the first team curriculum. This could assist in transferring
expert knowledge to the youth academy coaches, and thereby instilling the



first teams style-of-play!, in the younger teams in the organization.

1.2 Problem Definition

This thesis shall design and develop a system for digitally capturing, persist-
ing and presenting data input related to exercise execution within the sports
domain. Main focus will be on Usability, user experience shall be emphasized,
and design and development will be done in collaboration with end-users.
An important objective will be providing an infrastructure for uploading and
presenting expert coach knowledge and expertise. Particular focus will be on
providing interfaces for athlete monitoring purposes. Fxamples include the
ability for players to provide timely and accurate wellness parameters prior to
training sessions, and subjective perception of exertion after training sessions.
Evaluation of the system will be performed through end-user feedback.

1.3 Interpretation

Our thesis is that providing an infrastructure for capturing and presenting
expert knowledge in the form of exercises, and athlete status reports, will
improve planning and execution of exercises in the domain of professional
soccer. We conjecture that utilizing digital tools exposed by user-friendly
interfaces for exercise planning and execution will simplify and improve
the planning process and presentation of soccer exercises. Additionally the
expert knowledge will be retained even if key members of the organization
leave the team. We also investigate the added benefits from providing a
system for collecting and displaying athlete wellness and exertion reports,
and exposing these reports to the coaches carrying out the training sessions.

Focus will mainly be on the interaction between the users and the
system, using tools and methods from the field of Human-Computer
Interaction (HCI), and well documented best practices within the realm
of User Experience (UX)-design. The system will include components
for collecting, organizing and displaying athlete status reports, as well as
exposing interfaces for uploading data related to exercises and creating
exercise plans. Finally, the system will need to provide an interface for
presenting exercises by using multi-media soccer data like text and video.

The design and development processes will be performed in close

thttp://footballspeak.com /post/2013/02/14/Ajax-Youth-System.aspx



collaboration with staff and players from the elite Norwegian soccer
club Tromsg IL. An end-user comparison of the system against currently
available tools will perform a final evaluation, and the result of this
evaluation will be used to conclude the thesis.

1.4 Methodology

The final report of the ACM Task Force on the Core of Computer Science
[5] divides the discipline of computing into three major paradigms:

e Theory: Rooted in mathematics, the approach is to define problems,
propose theorems and seek to prove them in order to determine new
relationships and progress in computing.

o Abstraction: Rooted in the experimental scientific method, the ap-
proach is to investigate a phenomenon by stating hypothesis, construct-
ing models and simulations, and analyzing the results.

e Design: Rooted in engineering, the approach is to state requirements
and specifications, design and implement systems that solve the
problem, and test the systems to systematically find the best solution
to the given problem.

For this thesis the design process seems to be the most suitable out of the
three paradigms. However, as this thesis has its basis in HCI theory, a more
specific design process is used. [7] suggests the following process for effective
design that responds to human problems:

e Problem definition: A need or problem is identified, researched, and
defined.

e Gathering and analyzing informatuion: Questioning assumptions,
learning what is not known.

e (enerating alternatives and building prototypes: Drawing, interview-
ing, modeling or evaluating statistics for the design process.

e [mplementing choices: Prototypes are implemented and used to project
content, scope and intent.

e Fuvaluation outcomes: Assessment and testing of the aforementioned
prototypes.

e Production: The release of a final prototype, this is then refined in
order to achieve the desired result.



1.4.1 HCI methods

In [6], a similar five staged user-centered design process is presented. This
maps the aforementioned steps into the realm of web design, and is the
process used in this thesis.

1. Requirement Analysis

The requirement analysis consists of establishing the goals of the system,
both in respect to the user but also the business behind the system. One
should agree on the needs and requirements of the users, and attempt to use
this as a guideline throughout all stages of development. In this step, one
should also attempt to analyze other systems within the same domain and
evaluate the current system in place, if it exists.

2. Conceptual proposal
In this step, an outline of the design and architecture on an abstract level
should be created, along with identifying essential features.

3. Prototyping

The next stage is to create mockups or prototypes of the system or
application, and evaluate its usability. The stage is then reiterated to
improve the design based on the evaluation until the prototypes and/or
mockups indicate that the goals and requirements set in the first step is met.

4. Development

This is where the actual system is implemented based on information
gathered so far in the HCI process. After the initial implementation,
functionality is evaluated through different testing schemes and quality
assurance methods, and this evaluation is used to improve the end result.

5. Deployment and Maintenance

The last step involves launching the system for all intended users. Feedback
from users is used to maintain the functionality of the site as well as a
driving force to create new requirements, and starting work on a new major
release.

1.5 Context

This thesis is written as a part of the Information Access Disruption (iAD)
centre. The iAD centre researches fundamental structures and concepts

4



for large-scale information access, and the main focus areas are sport
technologies, cloud computing and analytics runtimes.

In a previous project, Davvi [16], the iAD centre has conducted research
into the domain of video content delivery. The Davvi project is a system
for search and recommendations in existing video delivery systems, with a
focus on entertainment and social aspects.

Another iAD project currently in use by TIL, and strongly related to
Muithu, is Bagadus [13]. Developed by the iAD department at the
University of Oslo, Bagadus is a player tracking system that uses ZXY
Sports Tracking? to track individual player statistics, combined with a video
camera array.

Research into the domain of infrastructure and virtualization technologies
within the iAD centre is currently being conducted. A new operating system
kernel providing fine-grained accounting, and scheduling of system resources
is being developed by Kvalnes et al [19]. Light-weight alternatives to virtual
machines are also being researched by Nordal et al. [29].

Oivos [38] and Cogset [37] highlights the iAD group’s involvement in
research into high-performance distributed data processing.

For cloud integration and deployment the research group is building
and evaluating systems for supporting resource elasticity within and
between both private and public clouds [17][28].In order to support this,
meta-code is used. Meta-code is pre programmed code modules tailored to

fit specific user need, by extending and augmenting the cloud infrastructure
(Hurley et al. [17]).

With codecaps, iAD suggests a novel approach to access control for
cloud-like environments, by proposing use of certificate chains embedded
with executable code fragments [39].

1.5.1 Muithu

This thesis is linked the Muithu system [18], which is a light-weight video and
cellular phone based notational analysis system. The system is used during
sporting events, both in matches and during practice, and is comprised by

2http:/ /zxy.no
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Figure 1.1: Muithu System

a multi-angle camera setup where the coaches can extract important events
using a cell phone or a tablet (Figure 1.1). Muithu is currently in use by
the elite level Norwegian soccer club Tromsg IL (TIL).

1.6 Outline

e Chapter 2: Presents some background information related to the thesis
e Chapter 3: Describes the requirement specification
e Chapter 4: Describes the general system model

o Chapter 5: Presents the implemented solution along with a set of visual
prototypes

e Chapter 6: Discusses the evaluation of the system, including experi-
ments

e Chapter 7: Concludes the thesis



Chapter 2

Background

In this chapter we first present some background related to Human-Computer
Interaction (HCI) since this thesis has a focus on user-centered development,
before presenting alternative storage solutions. We then present some
background related to Windows Store apps, and then concluding the chapter
by highlighting sports related topics relevant to this thesis.

2.1 HCI

Human-Computer Interaction (HCI) is a field within computer science and
psychology that encapsulates the study, planning and design of interactions
between the users and a computer. There are three main elements of HCI:
the user, the computer and how they interact.

User

Within HCI, the user is not necessarily one single person using a computer.
It is defined as whoever is performing a task using any technology [40].
This could be one individual user, or it could be a bigger group of people
collaborating and/or communicating through the system. They key aspect
of peoples interaction is the senses that relay information; this includes sight,
hearing and touch. An example of how the sensory system should be taken
into great consideration when designing a layout is the fact that even the
slightest movement in the peripheral of their field of view distracts people.
This in turn means only using bold and eye-catching elements in the critical
path of the design flow, and keeping the outer, less important elements, clean
and simplistic [7].



The Computer

In the current state of HCI, the computer is not necessarily the standard
desktop computer; it could be a bigger computer system, an embedded
device, clocks, sensors, or any other kind of interface.

The Interaction Between Them

With the obvious differences between humans and computers, HCI attempts
to ensure interoperability. This involves analyzing the patterns of human
behavior and sensory input to adapt the system to the user, and not the
other way around. Ideally the user should not need to change its behavior to
suit the system, even though this might be necessary in some scenarios. The
user should be the main guide through the entire design process, and they
should be consulted frequently through most of the development phase [40].

2.1.1 Goals

The goals of HCI are to create well functioning systems as well as increase
usability. Hence the goal of the developer should be to understand the factors
that determine how technology is used, develop tools to enable building such
systems and achieve efficient and effective interaction. An important aspect
of achieving this goal is that the interaction needs to be safe. The user
should not be able to perform unsafe actions that compromise the system;
this means that the interface should also be a barrier for erroneous actions.
The recurring theme of HCI is the idea that the users should come first.
Their preferences, needs and capabilities should determine the way developers
design a system. Ideally the user should not need to change its behavior to
suit the system, even though this might be necessary in some scenarios. All
of the above is also applicable to web applications and web design [1].

2.1.2 Best Practice

This section discusses some fundamental principles and best practices for
usable interface design.

Colors: Using color appropriately in interface design makes it easier
for users to absorb information and differentiate information types and
hierarchies. Colors are often used to guide users through information and
highlight key data, and to avoid confusion a general rule is to use no more
than three different colors. If more distinction is needed opacity can be used
as a visual aid [1].



2.1.3 Page Design

Page design principles focus on readability and presentation of information
in a comprehensible manner. [40] and [1] states the following elements of
visual structuring for providing the users with a path and a guide through
the page layout.

Chunking and Queuing: By structuring the visual field by breaking
information into smaller, more manageable groups, and also queuing them
in a hierarchical manner, you increase the effectiveness of the navigation by
hiding elements not necessarily relevant to the users current context.

Mixing Modes: With a wide range of users, it is likely that they have
different preferences in how to prefer to parse information. Some users prefer
text based presentations, and others might want the information displayed as
illustrations, diagrams, photos and such. This means that a good interface
utilizes a combination of text and images when presenting information.

Abstracting: Making sub-elements of the layout adhere to the same
principles as the layout as a whole results in a layout that is effective for
the reader to parser, and also for the designer to create.

Using Grids and White-Spaces: Using white-spacing between layout
elements is an extremely effective way of visually opening up a page, and also
providing focus on the desired elements. It helps to combine white spaces
with a grid layout, grouping together similar information, and separating the
elements using white spaces. This provides the user with resting points within
the visual field, and also creates the perception of simplicity and usability
[7].

Field of View: Related to the grid, the field of view represents the area of
the page visible by user with little or no eye movement [40]. It is important
to place key elements of the layout within the users field of view, and not
distract the user by placing flashing or superfluous elements in the peripheral
vision. This would result in the user losing focus on the elements you wish
to highlight.

2.1.4 HCI Summary

HCI is the study, planning and design of interaction between users and
computers, with the goal of creating well functioning systems and increase



usability. A recurring theme of HCI is that the user plays a central role, and
should be considered in all stages of development.

Fundamental design principles include guidelines for page design, typography
and color schemes.

Page design focuses on readability and presentation of information,
guiding the users through the page layout using a clean visual structure.
This includes breaking information into smaller chunks and queuing sortable
content, using a recurring theme through all pages, and using a well defined
grid layout, placing the content inside the users field of view.

Lastly, this section presented the appropriate color usage for highlighting
key information, and that we should limit the number of main colors in
the design. In order to streamline the design process, a color palette of
compatible colors with a monochromatic color sub-scheme can be used.

2.2 Storage

2.2.1 Relational Databases and NoSQL

A traditional relational database is a collection of tables containing data
items. The data schema and relational model must be defined in advance,
and the columns and relations in the database are quite static. It allows
for the use of foreign keys in order to create new relations through
relating it to the primary key of another table. This relational model
renders the possibility for complex queries through SQL, which is a special
purpose programming language for handling data in Relational Database
Management Systems (RDBMSs). ACID properties are guaranteed in
traditional RDBMSs, which is manageable in centralized environments,
but will result in performance loss when distributing the database across
multiple storage nodes [34].

By relaxing the consistency requirements, we can achieve storage solutions
that are more scalable than traditional relational databases. A more recent
approach to data organization and storage is Not Only SQL (NoSQL). In
NoSQL databases, the complexity of the data model is reduced, and no
fixed, pre-defined schema is required, and each record can hold a varying
number of attributes [31]. Replacing relations with key-value lookups, and
exposing a simpler interface for accessing the data (i.e. PUT/GET), reduces
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the complexity of the data model. This combined with the approach of not
adhering to the ACID-principles for transactions, and instead allowing for
eventual consistency, makes NoSQL database systems ideal for storing large
amounts of data, partitioned across multiple servers [35].

Within NoSQL databases there are several different categories of
implementations, each suitable to different problem domains. Key-
value databases are storages for providing a simple interface to access items
(value) based on an identifier [8]. Document databases consists of one
or more self-contained, semi-structured documents, where each document
only contains information related to that document, and with no external
relations. This structure makes document databases highly dynamic in
nature [30]. For managing large amounts of structured data, Google designed
and implemented a Big Table database, also known as tabular databases
[4]. The database is essentially one huge table, with three dimensions, row
index, column index, and a timestamp. In these tabular databases rows can
hold different sets of attributes, and since they do not support relations they
are able to hold millions of columns per row [4].

2.2.2 OpenStack Object Storage

OpenStack is an open cloud infrastructure platform that controls large
resource pools for different aspects within datacenters, including compute,
storage and network resources [10]. The storage module of OpenStack
provides a cost-effective object storage for scaling out storage for use
in applications or for backup, data retention and archiving [10]. It is a
distributed storage system for storing static data, like videos or images,
with no centralized master node for handling logic. Objects are written to
multiple nodes distributed in the data center, and all logic is handled by
software, and thus allowing the use of commodity hardware in the storage
cluster.

Organization and access to data in the OpenStack Object Storage is
done through objects, containers and account servers, with a proxy node
being the interface exposed. An account server contains a list of all available
containers within the account, and each container a list of objects. The
objects reside in the leaf node of this hierarchical structure, and are stored
as Binary Large Objects (BLOBs) by an Object Server [10].
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2.2.3 MongoDB

Being one of the most widespread NoSQL databases, MongoDB provides a
general purpose, open-source database with a document data model [30].
It features support for aggregation frameworks and Map-Reduce jobs, and
a rich support for rich queries. The schemas can vary from document to
document within the database system, while still providing functionality
similar to that of relational databases, like a full query language and strong
consistency.

In MongoDB, structured data is stored in JSON-like documents using
dynamic schemas called BSON. In this organizational pattern, each data
element is a document, and is stored in a collection of one to several
documents.  Comparable to RDBMSs, collections are like tables and
documents are like records. However, in MongoDB, every document in a
collection can have a completely different set of attributes compared to
other documents in that same collection [30].

2.3 Windows Store Apps

Recently Microsoft launched the latest version of Microsoft Windows,
Windows 8. With Windows 8, Microsoft introduced a new style of design
language for applications with a touch-centric design, and a focus directed
on improving User Experience (UX) on mobile, touch-based devices [11].
Applications built using this design language were originally called Metro-
style apps, but are now referred to as Windows Store apps. These apps can
be run on both desktop version of Windows 8 and Windows RT, which is
a version of the operating system created for tablets with ARM processors
21].

2.3.1 Windows Runtime

A major component of the underlying platform for building Windows
Store apps is the application architecture Windows Runtime or Win RT
(Figure 2.1), not to be confused with the aforementioned Windows RT
operating system. [11]. Win RT is a COM-based API comprised by a set
of objects, rendering a level of abstraction on top of the underlying .NET
and Win32 APIs. These objects are built directly on top of the Windows
kernel services, and thereby improve interoperability by providing objects
for handling system resources [21].
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Figure 2.1: Windows Runtime architecture [20](modified)

As a result of this, Windows Runtime supports a variety of programming
and markup languages, as Visual Basic, C++ or C# with XAML, or
JavaScript/TypeScript alongside HTML5.  Apps utilizing the Win RT
application architecture also run in a sandboxed environment, where the app
needs to be explicitly granted access to system resources, thus improving
security and stability [2].

2.3.2 User Experience Guidelines

In order to assist in the process of layout design, Microsoft has provided
developers with a set of guidelines for UX-related elements of Windows Store
apps [26]. The developer is advised to use fluid layouts, which adapts a page
to the current orientation and size of the device it is displayed on. The
guidelines also state that the app should utilize controls designed for fluid
layouts, and consider a vector-based User Interface (UI) by using Extensible
Application Markup Language (XAML). Following these guidelines will also
improve the usability of the application, by rendering a familiar, Windows
8-styled user interface to the users.
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2.3.2.1 Page Design

The UX-guideline documentation describes a layout pattern for the page
placement of Ul elements. This pattern contains rules for margins, padding,
header placement, and content organization. One important element of the
layout pattern is the grid system used in Windows 8. A grid made of units
and sub-units of square collections of pixels, allowing for uniform element
alignment in all Windows Store apps. Each main grid unit consists of 20x20
pixels, and is divided into 16 sub-units of 5x5 pixels, as shown in Figure 2.2.

" i 1 pixel
5 pixels / 1 gub-unit

20 pixels f 1unit

Figure 2.2: Windows 8 grid page layout [24]

The grid is used for defining accurate placement of elements like the page
header, the main content canvas, and padding between content items within
the content canvas. Microsoft has designed controls and data collections that
are compatible with the grid system and the advised layout pattern.
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2.3.2.2 Navigation Pattern

Developers are also provided with a set of navigation patterns for the
application. One pattern is a hierarchical pattern, called the hub system,
which focuses on separating the content into different levels of detail and
pages [25].
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(a) Hub navigation design (b) Flat navigation design

Figure 2.3: Windows Store app navigation patterns [25]

The navigational flow is divided into three different levels: the hub pages,
the section pages and the detail pages (Figure 2.3(a)). The hub pages
are the entry point of the application, and displays different categories of
content, where each category corresponds to a section page. In this view,
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the content of the chosen category is presented as individual items leading
to a detail page. This page shows details of the content, and also exposes
functionality in the application. This page resides in the third level of the
application, and can vary vastly depending on the nature of the application.
[.e. A video application may only display the video in the detail page;
whilst a detail page could also be used for a remote control application with
several control elements.

For scenarios where the user will need to switch rapidly between pages, a
flat navigation system is advised. This pattern closely resembles that of a
modern web browser, and the ability to switch between tabs. In Windows
Store apps this is done by using a Ul-element called the top app bar, which
allows the user to change the app context or page through a drop down
menu, illustrated in Figure 2.3(b).

2.4 Model View ViewModel

If a system is fairly complex, it is often helpful to utilize a design pattern
for organizing the code, hence making the application easier to comprehend,
maintain and extend. Model View ViewModel (MVVM) is a design pattern
based on the Model-View-Controller (MVC) pattern for use in software
engineering, and is widely adopted. It allows for a clear separation between
the back end logic of the application and the development of the user
graphical user interface [33].

ViewModel

0&(\%

d{b

Figure 2.4: Model View ViewModel pattern

MVVM is a refinement of the MVC pattern, as it utilizes data binding to
further separate the development of the view by removing all GUI-related
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code from view layer. The Model is the business logic and data access layer,
with no dependency to the Ul and only handles the processing and state of
the application data, as in MVC. The view is the layer closest to the user,
consisting of visual elements like buttons, labels, controls and other GUI-
elements. Lastly, the ViewModel is responsible for mediating between the
view and the model, and acts as an abstraction of the view. In this mediation
process data binding is used. Through one-way data binding, some data can
be bound directly to the Model, but with more complex operations in the
UI, the ViewModel is used to perform data transformation between Model
types and View types [12].

2.5 Sports Related Background

2.5.1 Exercise

In the context of this thesis, an exercise is defined as a set of videos
illustrating a soccer exercise, along with some textual information describing
the exercise and practical details related to the exercise. The Exercises are
divided into four stages: Preparation, Passing, Possession, Playing. The
preparation stage includes getting ready for the exercise (i.e. warmup). In
the other three stages, the scope of the exercise widens. In the passing stage,
players are focusing on a specific task, with more attention to detail. In the
possession stage, more elements are combined into one exercise. Finally, in
the Playing stage the exercises are put together and real life match situations
are simulated.

2.5.2 Athlete Physical Status

Several studies evaluating physical performance in athletes utilizes Rating
of Perceived Exertion (RPE) and Pre-Training Wellness (PTW) reports for
analysis. These analyses focus on the fatigue responses and the physical
status of individual athletes[22].

2.5.2.1 Rating of Perceived Exertion (RPE)

The RPE scale is a common method for determining exercise intensity in
athletes, and is used both in medical studies and as a description of intensity
in training sessions [22]. The scale rates a perceived degree of exertion, by
self-analysis of the physical impact introduced by a workout session, and is
thus a subjective measurement [32]. One of the most common definitions of
the RPE scale is the one presented by Gunnar Borg called the Borg CR10
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[32]. The Borg CR10 scale is divided into 10 increments, from 0 (representing
rest) to 10 (indicating maximal exertion) as illustrated in Figure 2.5.

3o oo oBloloo oo
Easy Sol::::hat - Maximal

Figure 2.5: Borg CR10 RPE Scale

During or directly after the physical activity, the subject subjectively rates
his or her level of exertion. The subject should not focus on singular factors
like muscle pain in arms/legs or shortness of breath, but rather a total feeling
of exertion. When utilizing RPE reports in the context of training sessions,
the duration of the exercise is often multiplied with the exertion rating for
quantifying the training load of a session [22].

2.5.2.2 Pre-Training Wellness (PTW)

Research shows that by recording athletes self-assessment of well-being, it
is possible to predict overtraining based on a set of parameters of fatigue,
sleep, stress and muscle soreness [22]. PTW reports have shown to be able
to predict overtraining and improvement in competitive performance [15].
Recent studies have also shown that PTW reports can be used to described
changes in perceptual fatigue through a team sport season [23].

A PTW questionnaire rates fatigue, sleep. Soreness and stress on a scale
from 1 to 7, each value represented by a description from excellent/great to
terrible /bad, shown in Figure 2.6. It also may include a value for registering
illness.
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Figure 2.6: Pre-Training Wellness questionnaire [23]
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Chapter 3

Requirement Specification

This chapter outlines the requirements of the system. In relation to
the chosen user-centered design methodology, this section describes the
Requirement Analysis and the Conceptual Proposal phases, both completed
in close collaboration with the staff and athletes at Tromsg IL. An overview of
the system and the required functionality is presented along with a conceptual
architecture.

3.1 Overview

The envisioned system shall serve as a tool for capturing, persisting,
presenting coach knowledge and expertise in the domain of competitive
sports. The requirements of the system ranges from the ability for a coach
to digitally persist sets of exercises, to collecting reports related to fatigue
and exertion from individual athletes.

As the users of the system will be mostly people with non-technical
backgrounds, and with a varying degree of technical competence, all features
of the system must be easy to use, and present a clear and simple User
Interface (UI).

At an abstract view, the system will be comprised of two main components.
The first is a library that supports capturing and presenting the digital
footprint of expert coach knowledge, for use as an e-learning tool for exercise
drills. The other main component is a set of tools for registering and
presenting reports from athletes regarding fatigue and exertion, as there is
a link between exercise intensity and training benefits [22].
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3.2 Coach Knowledge and Expertise

In professional sports, it is not uncommon to have players and staff
members leave the organization after a period of time. During the period
of engagement, the coaching team will contribute with expert knowledge,
and in the case of a soccer team, instill a certain style-of-play. If this expert
knowledge is undocumented, and a coach decides to leave the team for
other ventures, the information and knowledge is no longer available to the
organization. Another factor to consider is the new arrival of both coaches
and players. Professional sports teams tend to be comprised by athletes
and coaching staff with differing languages and sports culture. Today,
presentation of exercises is performed using flip-overs and small, handheld
whiteboards.

The tools for planning exercises are also quite rudimentary. Figure 3.1 shows
a screenshot of the planning system currently in use by the head coach at
Tromsg IL.

We suggest a system that will allow sports organizations to capture
the digital footprint of this expert knowledge in the form of technical
exercises and exercise plans. The system will also enable presentation of the
captured content to new and existing players, coaching staff and potentially
to partnering organizations. The content uploaded to the such a system
would also allow for educating the organizations younger teams regarding
style-of-play.

3.2.1 Capture

The content of the captured expert knowledge will be in the form of videos
and textual information. The users will need to be able to upload video
snippets illustrating different aspects of an exercise, along with text and
images for further clarification and identification. This requires both an
interface for uploading of content, as well as a back-end storage system for
persisting the data.

We propose a simple web interface for performing the content uploading, as
it simplifies deployment and increases client side availability. The storage
solution needs to support both Binary Large Objects (BLOBs) for the video
files, and persisting the exercises in a structured manner.
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Figure 3.1: Planning interface currently used by Tromsg IL
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3.2.2 Plan

In professional sports, combinations exercises are constructed in order to
reach specific goals, so capturing only stand-alone exercises will not be
sufficient. = When performing the requirement analysis for the Ruoksat
system, the main coach at Tromsg¢ IL informed us that the planning of
exercises is done in weekly batches, with each daily session being comprised
by multiple exercises. This means that the Ruoksat exercise library needs to
implement the support for combining multiple exercises into a daily training
session, and also plan and organize one session for each day of the week.
This requires that the system is able to persist structured data for daily and
weekly exercise plans.

As with the content capturing functionality, we propose a web interface
for organizing exercise plans, as this would make the tool available to
the coaches from multiple locations, with only the need for an internet
connection and a web browser.

3.2.3 Present

The presentation of the content is crucial for the system to be useful. Support
for video playback and rendering of corresponding textual information are
needed, and the layout must be organized in a way that is easy to navigate.
In addition, the exercise content displayed must be clear and simple to
understand. The interface for presenting the content must be able to
communicate with the systems databases, either directly or through some
form of mediating service.

The example exercises we have collected from Tromsg IL show a main
exercise drill along with some coaching points, or details related to the
exercise. This means that the system will need to support highlighting, or
hiding, elements of the exercise data, based on a desired level of detail in
the presentation.

When presenting the initial plans for the head coach at Tromsg IL,
he expressed a desire for linking the exercise to a match related motivational
event. The ability to relate exercises to actual match incidents is helpful in
conveying the importance of an exercise to participating athletes. Another
feature requested during this requirement analysis was the ability to project
the video from the exercise onto an external display (i.e. big screen TV),
as this enables the coaches to present the exercise to the entire team
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simultaneously.

Since training sessions usually take place outdoors or on off-site locations,
the device running the presentation of the system will need to be portable.

3.3 Perceptual Fatigue and Athlete Exertion

For top level athletes, fatigue and exertion are important factors to consider
when planning and executing workout sessions. A big part of the Ruoksat
system is the ability for the coaches to consider the physical state of
both individual athletes, but also the entire team. The current situation
is that Tromsg IL is utilizing a Pre-Training Wellness (PTW) form [23],
which is delivered each morning by all of the athletes, along with a
Rating of Perceived Exertion (RPE) [32] after each training session. The
wellness reports are used to keep track of each players physical state, and
in combination with the post-workout RPE reports, the medical staff can
assess the athletes on an individual basis.

Being able to vary exercise load and intensity for each session based
on physical feedback from the participating athletes is crucial [32]. Keeping
track of the exertion levels and the general wellness of each individual athlete,
allows the coaches to adjust exercise intensity, or rest specific athletes, to
avoid serious injuries [23]. Additionally, by recording the perceived fatigue
of the entire team, the weekly exercise plan can be fine-tuned to achieve
peak performance and low fatigue levels on match day [22].

When defining the requirements for the Ruoksat system, Tromsg IL
presented us with the current solutions for capturing and utilizing these
kinds of athlete report data. Currently, the medical staff is handing out
and collecting paper sheets for the players to register a perceived rating of
exertion immediately after each training session. The same goes for the
PTW reports. This results in a lot of paperwork and manual registration for
the medical staff, and there is no dedicated system for storing, aggregating
and presenting the registered data, with no means for longitudinal analysis
(i.e. weekly or monthly). In addition, medical staff is receiving the PTW
ratings directly before practice, giving them no time to analyze and adjust
according to the reports.

After a discussion with the medical staff at Tromsg IL we presented
ideas for digitally gathering the reports, and displaying the data in a simple
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interface. We decided upon a web interface for presenting the data, and that
reporting of PTW and RPE should be supported on smartphone devices,
making the submitting process of the reports accessible and convenient.

3.3.1 Athlete Status Report Application

The application that will enable athletes to report their physical status needs
to support two different kinds of reports; daily pre-training wellness and a
rating of perceived exertion. As the athletes should be able to use their
private mobile phones for reporting, the application needs to be supported
by variety of different smartphone devices. Another aspect that has to
be considered is the varying level of technical competence, and that the
interaction design of the application needs to be adapted to the users.

3.3.2 Athlete Status Web Interface

For presenting the report data registered by the athletes, we propose
implementing a web interface, opposed to a stand-alone, platform specific
application. Utilizing web browsers for the interface simplifies development
and deployment, as well as significantly improving accessibility.

The need for a web interface for displaying data related to the athlete
status reports introduces a set of requirements. The interface will need to
present data from several reports simultaneously, and the system is of an
asynchronous nature, as it would not be practical for the medical staff to
receive the reports directly from each athlete, without being able to persist
the data. This along with a need for keeping historical data for tracking
trends and athlete development, introduces a need for a back-end storage
system.

Through active discussion with the medical staff at Tromsg IL, and
an iterative requirement analysis we have discovered the need for the
following set of functional requirements for the interface.

Overall Team Average

Based on the collected data, the interface should display a day-to-day overall
status for the entire team. This includes an average of the RPE reports
from all the athletes, along with the average fatigue levels for the team.
Additionally, in order to monitor the exertion and fatigue trends of the
team as a whole, this section of the interface should show a chart of the
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most recent team reports. As this interface is part of the Ruoksat exercise
system, the medical staff must be able to forward a suggestion to change
training intensity based on the team status.

Individual Athletes

During our requirement analysis, we discovered that the most important
data collected by the medical staff is the data on each individual athlete.
As mentioned previously, adapting the exercise intensity to each individual
athlete is crucial for achieving maximal benefit from each workout session,
as well as avoiding injuries. In order to streamline the process of analyzing
the reports of each athlete, the interface needs to present the data in two
different views; an overview of all athletes, and additionally a more detailed
profile.

The overview would need to display a basic set of information from
the most recent status reports. Based on this information the medical
staff can choose to inspect each athletes physical status profile individually.
The individual profile would need to display complete PTW [3] and PTW
reports, and show historical data for further analysis. Just as the team
status section, the profile interface will need to expose functionality to
enable forwarding of recommendations on exercise intensity for each athlete.
This also includes the ability to suggest that an athlete should be removed
from the practice altogether, based on the report data.

3.4 Non-Functional Requirements

In addition to the functional requirements described in the previous sections,
the system also poses a set of non-functional properties. The following section
presents the main non-functional requirements.

3.4.1 Usability

As mentioned in Section 3.1, the users of the system will be of varying tech-
nical competence, and most of them come from a non-technical background.
This means that the interfaces of the system will need an intuitive layout,
with simple interactions, resulting in a system with a high degree of usability.
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3.4.2 Scalability

The underlying storage systems need to scale horizontally in order to serve
potentially large amounts of data, to big user groups.

3.4.3 Privacy and Security

Privacy is crucial in the system, both in regards to the exercise knowledge
library, and the application for reporting and monitoring athlete status.
Access to the exercise data needs to be secure, as exposure of style-of-play
details and exercise drills may result in losing the competitive edge towards
other sports organizations. The RPE and PTW reports also needs to be held
private, as it contains medical data related to identifiable individuals, and
we also need the players to provide us with a consent to store this data.

3.4.4 Performance

Given the short duration of a training session, and the amount of drills needed
to be performed in that short time period, the coaches and athletes do not
have the time to wait for a slow Ul If the videos take too long to load, the
flow of the training session is interrupted and crucial practice time is lost.
The same applies to the athlete reporting. The performance of the reporting
system is directly related to usability, and the user experience would suffer
greatly from a slow interface.

3.5 Summary

In this requirement analysis, we have discovered a set of functional and
non-functional properties. The Ruoksat system will include clients like
web interfaces, external display applications, smartphones and tables. A
storage system for video files and storing structured data is needed, along
with a series of back-end services to handle the logic between the end-user
interfaces and the underlying storage. We have also presented non-functional
requirements like usability, privacy, performance and the ability to scale
horizontally. A conceptual architecture is illustrated in Figure 3.2.
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Chapter 4

System Model

This chapter presents the general system model. We outline an abstract view
of the architecture and present the three main stages of the system.

4.1 Overview

CAPTURE PLAN PRESENT

Reports
ue|d as1oIax3

Exercise Plan

Back-end Logic

S
Storage
Figure 4.1: Abstract Architecture: Overview
In the requirement specification we described two different applications, a
library for capturing coach knowledge and expertise in the form of exercises,

and an application for collecting and displaying athlete status reports. Both
of the applications will need interfaces that interact with back-end services
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and need persistent storage. Based on this we present a three-tier system
model, divided into three different main stages: Capture, Plan, Present
(Mustrated in Figure 4.1).

4.2 Capture

The capturing stage of the system will need to handle data input both in the
form of uploaded exercises, and Rating of Perceived Exertion (RPE) and
Pre-Training Wellness (PTW) reports from the athletes (Figure 4.2).

CAPTURE

Back-end Logic

¢

Storage

Figure 4.2: Abstract Architecture: Capture

4.2.1 Uploading Exercises

When a user uploads data related to an exercise, the system must propagate
the data from the interface layer to persistent storage. This requires back-end
logic for handling the input. The uploaded exercise will contain both data
describing the exercise and elements related to the exercise, as well as the
video files illustrating the exercise. This means that the back-end logic layer
needs to organize the descriptive data in a structured manner, and forward
it to a database. Additionally, the video data uploaded must be stored in a
data storage suitable for Binary Large Objects (BLOBs).
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4.2.2 Athlete Status Reports

The other aspect of the capturing stage is the handling of RPE and PTW
reports from the individual athletes. Data is sent from the interface to the
back-end, where it needs to be parsed and organized based on a suitable data
model. The data must then be persisted in a database for structured data
for use in the following stages of the system.

4.3 Plan

When an exercise plan is constructed, the system is in a planning stage.
The exercise-planning interface will need to be presented with the currently
available exercises, along with the data regarding the physical status of the
athletes. In addition to downloading athlete status reports and stand-alone
exercises, the planning stage of the system must also be able to upload
constructed exercise plans (Figure 4.3).

4.3.1 Athlete Status Analysis Report

The first phase of the planning stage is the analysis of the athlete status
reports. The medical staff needs to forward an analysis of the registered
RPE and PTW to the coaching responsible for exercise planning, so this can
be considered when constructing an exercise plan. This requires that the
back-end layer is able to forward the analysis report to the exercise planning
tools.

4.3.2 Creating Exercise Plans

In addition to the analysis report, the planning interface will need access to
the exercise data from the storage layer, including both video data and the
structured data describing the exercises. When an exercise plan has been
constructed, it must be linked to the included exercises, along with a set of
specified durations, and persisted in the underlying storage (Figure 4.4).

4.4 Present

In the presentation stage, the exercise plan and the exercises will be forwarded
to a presenter interface. This means that the back-end needs to facilitate
downloading of content from the storage layer.
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4.4.1 Presenting Exercises

The system must support displaying of exercise related content in the
presenter interface; hence, data from the underlying storage will need to be
extracted by the back-end logic, and formatted to suit the data model of the
interface. Additionally, in order to support video playback on a big screen
interface, the system must be able to connect the presenter application to
the big screen interface, through either direct communication or a mediating
service.
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Chapter 5

Ruoksat

This chapter presents the Ruoksat system. Ruoksat is a word from the
Northern Sami language meaning red, as in the norwegian expression rgd
trad, which in english roughly translates to treadline. The idea behind this
is that there is treadline connection between the senior first teams of a soccer
organization and youth academy concerning style-of-play. It also refers to
the connection between the athlete status reports and exercise planning and
execution.

We begin by discussing the system architecture, before describing the
mockups created as visual prototypes and the implemented solution. A
series of details related to the implementation of the system concludes
the chapter. A demo video of the Ruoksat system can be found at
http://site.uit.no/iad/demo. The source code is available upon request
for evaluation purposes.

5.1 System Architecture

5.1.1 Interfaces

The Ruoksat system (Figure 5.1) is comprised by a set of user interfaces
connected to a back end storage layer through a set of services. Residing
in the user interface layer we have several components; A smartphone for
registering and submitting physical status reports (1), and two web browser
interfaces; one for presenting status reports (2) and another rendering a
exercise planning tool (3). Another important interface in the Ruoksat
system is the presenter app, residing on a tablet device, for displaying
and executing exercises (4). The last interface is a big screen display for
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presenting videos from the tablet device on an extended display application

(5).
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Figure 5.1: Arhcitecture: Complete System

5.1.2 Services

In the middle layer, the back-end logic resides. This layer handles the logic
between the interfaces and the underlying storage systems, and consists of
three different services.

The status service (6) handles incoming status reports from the athletes,
and organizes and presents the persisted data for the medical staff Ul
(Figure 5.2).

All data to and from the exercise planning interface and the tablet
presenter app is handled by the exercise planning and presenter service
(7) (Figure 5.3). This service also forwards notifications from the athlete
status interface to the exercise planning to, so the fatigue and exertion
of the athletes can be taken into account when considering exercise intensity.

Figure 5.4 shows the architecture with a display service (8) for extending the

presenter app display. This service allows the user of the tablet to forward
the video to a dedicated app connected to a big screen interface.
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Figure 5.3: Arhcitecture: Exercise planning

5.1.3 Storage

Two different data stores comprise the storage layer, one for serving video
files (or other static data) (10), and database for organizing collections of
data related to the exercises and athlete status reports (9). A more detailed
view of the storage layer is presented in the System Implementation section

of this document (Section 5.4.1).
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5.2 Visual Prototyping

Since this system is designed and implementation in close collaboration with
Tromsg IL, a set of mockups of the planned user interfaces needed to be
created before the implementation could begin. The visual prototyping phase
allows us to abstractly evaluate the usability of the system [7]. Additionally,
by exposing these mockups to the end users of our system allowed us
to re-evaluate the requirement analysis and the conceptual proposals in
collaboration with both the athletes and the coaching staff at Tromsg IL.

5.2.1 Exercise Knowledge Library
5.2.1.1 Presenter

The mockups for the exercise presenter application illustrate a layout for
a tablet device. More specifically, it follows the layout and navigational
pattern of a Windows Store app, as presented in section 2.3. Figure 5.5
shows a visual prototype for the hub page of the application, which is the
main menu of the application, working as an entry point for the user [25].
In the hub page, the user is presented with either stand-alone exercises from
the system, or pre-built exercise sets.

When the user has chosen a specific exercise, he navigates to the section
pages, which shows the exercise plan for that exercise, divided into sections
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ruoksat

exercises exercise sets management

I

Figure 5.5: Mockup: Hub page of the exercise presenter app

or zones of the playing field. Figure 5.6 illustrates the two different layouts
presented to the coaching staff at Tromsg IL during the development of the
system. On the left (Figure 5.6(a)), a section page which shows a football
pitch divided into sections, with some corresponding information in a grid
to the right. In this layout, the user would click the desired sections, and
this would in turn navigate them to the correct exercise (i.e. defensive) for
that zone of the pitch. The other layout presented was Figure 5.6(b), where
the sections are simply divided into a list, each describing the zone and
for which playing positions the exercises is intended. This was the layout
chosen by the coaches, as it was easier to interact with, and also gave enough
information to the user regarding how navigate to the desired exercise.
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exercise name exercise name

stage 2 :: passing stage 2 :: passing

HEEN
o

(a) Soccer field grid layout (b) List layout

Figure 5.6: Mockup: Visual prototypes for the section pages of the exercise
presenter

Presentation of the each individual exercise is performed in a detail page.
This page shows details related to the exercise, in addition to the exercise
video. As with the section pages discussed above, we presented two
different layouts for the coaching staff. One was a content rich detail page
(Figure 5.7(a)), showing discussions related to the exercises, along with a set
of motivational events related to the exercise. The other visual prototype,
shown in (Figure 5.7(b)), shows a more simplistic layout, with only some
basic information from the exercise, along with a small illustration. The
layout chosen for further development was the simplistic version, as the
Tromsg IL coaches indicated that this layout presented enough information,
and rendered a clearer interface.

exercise name exercise name

stage 2 :: passing
defence/midfield :: zone 3

(a) Content rich detail page (b) Simplistic detail page

Figure 5.7: Mockup: Two different layouts for the exercise detail pages
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5.2.2 Athlete Status Application

As presented in the requirement analysis, the system for registering and
presenting the athlete physical status is divided into two main separate tools
- A reporting tool for the athletes, and an interface that presents the reports
for the medical staff.

5.2.2.1 Reporting Tool

The visual prototype for the reporting tool is a smartphone adapted layout
with a simple set of possible interactions (shown in Figure 5.8). The
navigation is controlled by a button set of three buttons located in the top
of the interface, creating a clear distinction between the navigation and the
main functionality of the application [40].

Figure 5.8: Mockup: Athlete Status mobile web app
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The different views of the interface are shown in Figure 5.8. The left mockup
shows a simple login screen, whilst the other mockups show the layout of
the reporting tools for Rating of Perceived Exertion (RPE) and Pre-Training
Wellness (PTW) reports. The visual prototype for the RPE reporting tool
shows a slider bar, ranging from 1 to 10, with a description of some of
the numbered values. Along with this slider bar, the interface mockup also
contains a date picker tool, and an input field for registering the duration
of the workout session. The duration of the exercise is, as mentioned in
section 2.5.2, used in combination with the RPE value to calculate the total
training load.

Mutha Health Tracker
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Player Name

Figure 5.9: Mockup: Athlete status overview for medical staff

Similarly to the RPE interface, the view for PTW reports also utilizes a date
picker and slider bars. Since the PTW reports consist of multiple values for
each report, the layout presents the user with a set of slider bars, one for
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each category of the PTW report.

5.2.2.2 Athlete Status-Monitoring Interface

The mockups of the web interface for presenting the status reports registered
from the athletes is shown in Figure 5.9 and Figure 5.10. In the visual
prototypes, the web-interface is divided into two different views, one which
shows an overview of all athletes and a profile view, which shows data in
more detail and also historical data presented in charts.

The athlete status overview (Figure 5.9) is comprised by a grid of
athletes, identified through profile images and textual data, showing the
most recent report data registered. A colored bar above each profile picture
indicates the overall physical status of the athlete, along with some data in
regards to the wellness of the athlete.

Figure 5.10 shows the profile view, for when a user of the interface wants to
do further inspection on an individual athlete. He or she is here presented
with the latest reports, a set of charts to display historical data, presented
by last week, month and year, and lastly a discussion forum on the top right
side of the interface.

In both layouts we are using clear separation of content through chunking
of information, and utizling a grid for creating a clear separation between
elements [40]. We highlight important information through the use of colors,
and hide what is not essential to the user.

5.3 Implemented Interfaces

This section describes the implemented interfaces, which includes the finished
layout, and the connection and relation to the underlying back-end systems.
Most aspects of the implementation are done in close collaboration with
coaches, medical staff and athletes from Tromsg IL, in an iterative manner.

HCI methods

All interfaces are designed and implemented based on well-known principles
from the field of Human-Computer Interaction (HCI) [40] [7]. We use a
the contrast between grey and bright colors to guide the user through the
layout, highlighting and differentiating important elements. A combination
of illustrations and textual information is used to adapt to a wide variety of
users [1].
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Figure 5.10: Mockup: Athlete profile for medical staff

In pages of the layout where the user is presented with both an overview
and a more detailed page, we re-use elements from the overview, resulting
in a layout that is easy for the reader to comprehend [40]. All interfaces
also use a combination of grids and white-spaces in order to create a clear
separation between the elements in the layout. Finally, we use the same
color palette for all interfaces in the system, creating a uniform design
language throughout the system.
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5.3.1 Exercise Knowledge Library
5.3.1.1 Capture

Capturing and persisting coach knowledge in the form of exercises is done
through a web interface, as it does not require any advanced form of
interaction, and web browser access is highly available.

Before creating a new exercise in the system, the user must have captured
illustrative videos to be uploaded along with the exercise description. The
layout implemented for uploading exercises is shown in Figure 5.11(a).
When creating a new exercise, the user must specify a name for the exercise,
along with a set of values for describing the exercise (i.e. name, number
of participants, exercise area, etc.). The interface also allows the user to
specify a specific match event related to the exercise, which can be uploaded
directly, or fetched from the Muithu system, where match events are tagged
and extracted. Finally, if there are specific technical details or focus points
important to the exercise, these can be added in the form of a description
and a short illustrative video snippet.

uoksat teamstatus  playerstatus exercises uoksat team status  player status  exercises

anagement Panel

(a) Upload Exercise (b) Week Plan

Figure 5.11: Implemented interfaces for uploading and planning exercises

5.3.1.2 Plan

When a set of exercises is captured in the system, the coaches can use the
planning tool to create weekly exercise plans. Similarly to the interface for
capturing an exercise, the planning of exercises is also done through a web UI.
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The first view presented to the user is a week plan ranging from Monday
to Friday (Figure 5.11(b)). By clicking a weekday, the exercises available in
the system are presented based on which phase they belong to (Preparation,
Passing, Possession and Playing. These exercises can then be combined
together in order to make an exercise plan for each individual weekday,
allowing the user to set the duration of each exercise chosen (Figure 5.12).

Data from the RPE and PTW reports registered by the athletes are also
made available to the coach when planning the exercises. This allows for
adjustments in duration and intensity based on recent and historical data on
the fatigue and exertion levels of the athletes.

5.3.1.3 Present

The interface for presenting and executing the exercises is implemented
on a tablet device, and follows Microsofts guidelines for page design [24]
and navigational patterns [25]. All elements of the interface uses the grid
system [26] for placement and alignment, for opening of the page, and
simultaneously directing focus on important elements. The use of grids
and white space in the canvas also create the perception of a simple and
user-friendly interface [7].

When a user opens the application, she or he is met with a hub page
similar to the planning interface, containing a weekly exercise plan, shown in
Figure 5.13. This differs from the visual prototypes presented in Section 5.2,
where the hub page instead displayed all exercises and exercise sets available
to the user. The decision to change the hub page layout was made to
separate the planning and presentation phases. The coaches would plan the
exercises beforehand, and only the planned exercises were relevant to the
coaches at the time of presentation.

By selecting a day from the exercise plan presented in the hub page, the user
navigates to the section pages of the interface (Figure 5.14). The section
page contains a set of exercises to be executed on the selected day, along
with some information regarding duration, exercise type and other metadata
related to the exercise set.

The detail page shows each individual exercise, and is the main view
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Figure 5.12: Interface for editing daily exercise plans

of the presenter interface (Figure 5.15). This page contains a video player
for the exercise video, some practical details related to the exercise (i.e.
participants, duration, etc.), and a set of buttons organized in a grid.
These buttons are made identifiable through mixing modes, combining an
illustrative icon and descriptive text, for a more user-friendly interface [40].
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Figure 5.14: Section page of presenter app, showing a daily exercise plan
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Figure 5.15: Main detail page of exercise presenter
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Figure 5.16: Screenshots of pages showing exercise motivation and info
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Figure 5.17: Screenshots of pages showing

Each button leads to different pages containing information related to
the exercise. These pages contain the match related motivation for the
exercise, a detailed description, and a list of technical coaching details with
corresponding videos, all shown in Figure 5.16 and 5.17. The last sub-detail
page shows a list of athletes where the medical staff has suggested a change
in training intensity based on RPE and PTW reports (Figure 5.17(b)) (the
names used here are two randomly selected players from Tromsg IL, and
does not reflect operational data.

These buttons allow us to hide information potentially unnecessary to
the user, allowing for a cleaner interface, assisting the user by only
highlighting the most important elements in the detail pages.

Another feature of the implemented presenter app is a progress bar for the
planned exercises. When the first exercise is openeed in the application,
a timeline is added to a hidden top bar in the interface. This bar can be
accessed from any page in the app, and is displayed by swiping down on
the screen (Figure 5.18. When the set duration of the first exercise has
elapsed, the app automatically navigates to the next exercise. However, if
the coach is not finished with the exercise when it moves on to the next, he
can navigate between the exercises by tapping the progress bar.
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Figure 5.18: Progress bar and big-screen display forwarding for exercise
presenter

In addition to the progress bar, the application also shows a bar at
the bottom when a swiping motion is detected. This bottom bar exposes the
button for sending the currently viewed video to a big screen display (also
shown in Figure 5.18). The big screen interface is implemented through
a simple Windows Store app, and when the button is pushed, the link to
the current video is pushed to the big screen interface. When the user is
watching an exercise video on the big screen interface, the stream can be
paused and resumed by pressing the same button. Any video from the
presenter can be sent to the big screen application.

5.3.2 Athlete Status Application
5.3.2.1 Reporting Tool

The user interface of the reporting tool used by the athletes to register RPE
and PTW values is implemented as a web application adapted to support
most modern smartphones. We have chosen to implement the interface as a
web application as opposed to a stand-alone, platform specific, application
in order to achieve easy deployment and a broad platform support.

After logging in to the interface, the user is presented with a set of
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choices in the main menu, as shown in Figure 5.19(a). Here the user can
chose to report the RPE value after a training session, or submit a PTW
report in the morning before practice. In the interface described at the
prototyping phase, the user could switch between these to reports and the
home page at any time through a static navigation menu in the top of the
layout. This was discarded as the usage pattern showed that there were no
situations where the player would register both reports in the same session,
as they need to be reported at different times during the day.

When the wusers chooses to submit a post-workout RPE report
(Figure 5.19(b)), they are met with a row of buttons, where each button
represents a value between 1 and 10, along with a set of words describing
the exertion intensity represented by the numerical values. The sliding
bar in the visual prototypes(Figure 5.8) was replaced by this solution, as
it is easier to interact with on smaller screens, improving the usability of
the interface. The date picker was left out in the final implementation, as
reports should be delivered within 30 minutes after a training session[32].
When discussing the functionality of the tool with Tromsg IL we also came
to the conclusion that the duration of each exercise should not be reported
by the athlete, but registered post-workout by the medical staff, as this
simplifies the reporting process.

Through the testing phases of the interface, the athletes and the main
staff member at the medical team at Tromsg IL discovered some desirable
features that were missing. The first feature was the ability to add an
additional RPE report, for days where the athletes had multiple workout
sessions. Secondly, the athletes requested the ability to leave a comment
alongside the registered values.
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Figure 5.19: The player RPE and wellness reporting tool, optimized for
smartphones

The interface for the PTW reports (Figure 5.19(c)) is constructed in similar
fashion, except containing three different categories to report. As in [23],
each value for the PTW is represented by a textual description, instead of
a numeric value. The user simply selects the values corresponding to their
physical status, and submits the form. When first describing the interface,
it contained a set of five different PTW values to register, but two categories
where removed due to issues related to storing personal data.

5.3.2.2 Athlete Status-Monitoring Interface

The athlete status-monitoring interface presents the data reported by the
athletes, and is implemented as a web interface for the same reasons as
the reporting tool. It enables the medical staff to inspect the reports
from any device running a modern web browser, and presents the data in
three different views; an overall team status average, an overview of each
individual athlete, and an athlete profile view.

The view displaying the team average contains fatigue and RPE values for
the entire team, along with a graph displaying the historical averages for
either the last week or the last 30 days.

In the overview (depicted in Figure 5.20) the user is presented with a
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Figure 5.20: Layout: Athlete status overview for medical staff

grid of all the athletes from the team and the last reports submitted. In
the figure only three players displayed, and since this is real data from
operational use, the names have been been removed). It contains the name
of the athlete, a colored bar indicating the average PTW values reported,
and the RPE values from the most recent workout session.

The colored bar works as an easily identifiable indicator of the reported
wellness of the player. The average value of the wellness report is used to
decide the coloration of the bar. Through a discussion with the medical
staff at TIL, we decided to display everything at normal or above from the
PTW rating (Figure 2.6) as green, indicating that the player is feeling well.
Scores on the lowest en of the scale are represented by a red color, which
indicates that the player is not feeling well, and rest should be considered.
Values between these are displayed with a yellow colored bar, as this may

need further investigation, or it could that the athlete is simply having a
bad day [23].
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Figure 5.21: Layout: Athlete profile for medical staff

The profile picture presented in the mockups was omitted in the implemented
interface, as the medical staff did not need it to aid in the identification of
the athletes, and would take up valuable real estate on the page. Another
change from the prototyping phase is that the interface now enables the
medical staff to view a comment related to the RPE report, by clicking the
RPE value in the layout.

Lastly, the user has access to a profile view for each athlete (Figure 5.21).
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This view is comprised by several elements. A set of the last reported
RPE and PTW values submitted by the athlete, along with the average
RPE value for the last 7 and last 30 days. The same colored bar as in the
overview, indicating the general wellness of the athlete, is also available
in this view of the interface. Through feedback from the end-users of the
system the need for historical data was expressed. A chart displaying
historical RPE values is therefore presented in the profile view, enabling the
user to switch between viewing data from the last 7 or last 30 days through
a radio button.

A crucial part of the Ruoksat system is the ability for the medical
staff to pass on a report, based on analysis of the athlete status data, to
the coaching staff responsible for exercise planning. This is enabled by
presenting a set of controls for suggesting a change in training intensity, or
indicating that the athlete should rest during the next training session. The
intensity change was initially indicated in percentages, but after a discussion
with the end-users it was discovered that this would be too finely grained.
Thus, the final interface allows the user to indicate a change in intensity in
a more coarse grained manner. If a user reports any intensity change, this
information is passed on to the exercise planning service, and is persisted in
the storage layer.

Discussion between individual athletes and the medical staff is replaced by
a simple comment related to the last report, as more detailed discussions
would be conducted in a face to face meeting with a player, and not through
the Ruoksat system.

5.4 System Implementation

5.4.1 Storage

In our requirement specification we outlined a need for two different data
stores for the Ruoksat system; one for storing video files and one for
structured data related to exercises and athlete status reports.

Based on the work by Hansen in [14] we have chosen to use OpenStack
Object Storage for our video storage needs. He found that the consistency
model and focus on unstructured binary content, makes OpenStack suitable
for storing and delivering video files to multimedia applications. The
storage solution was also currently deployed and available to us at the
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time of implementation. The video files used in the Muithu system, which
was the main case study in the analysis performed by Hansen, are very
similar in resolution and size as the ones suitable for the Ruoksat system.
Additionally, OpenStack provides us with eventual consistency while being
fault tolerant, and supports adding storage nodes on demand, with no
master node, rendering a highly scalable data store [10].

For storing our structured data we have chosen to design the system
using MongoDB as our document database, as it is suitable for storing
enormous amounts of records and allows for aggregation and analytics
through a Map-Reduce framework [30]. This makes it ideal for our RPE
and PTW reports, where there are several records inserted every day and
future analysis of historical data is highly likely. MongoDB is also a good
match for our structured data related to exercises due to the support for
embedding documents inside other documents [30]. This allows us to create
one-to-many relationships between a weekly plan for exercises and each
exercise included in the plan. Through this embedding scheme we can fetch
the entire set of exercises with only one query.

During the development of this system a regular SQL database has
been used as a temporary solution for the prototypes, as the planned iAD
MongoDB storage instance has not yet been deployed. Data related to
exercises and athlete reports is stored in single tables, emulating MongoDB
documents, and is organized to be directly portable to a MongoDB instance.

In order for us to be able to store the athlete status reports in our
system, we have had consent forms signed by all players at Tromsg IL.

5.4.2 Implementation Details

The implementation of the system utilizes several of the same software
components as the Muithu system [18]. The reason for this is that Muithu
is currently in operational use, and the majority of the players and coaches
from Tromsg IL already have a registered account there. Sharing the Muithu
database makes it more convenient for the users, as we minimize the number
of different accounts they have to manage and keep track of. The software
stack used when implementing the system is presented in Table 6.1.

Since Muithu does not expose any kind of external authentication methods,
and the fact that motivaional events of the exercises are fetched from Muithu,
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Server Operating System | Windows Server R2 Standard
Web Server IIS 7.5

Database MongoDB

Video Storage OpenStack Object Storage

Web Interface Razor Syntax (C#, HTML5, CSS3)
Tablet Interface Windows Store apps (C#, XAML)
Back-End Logic ASP.NET (C#)

Client Side Scripting Javascript (jQuery, AJAX)

Table 5.1: Software Stack

we have chosen to implement the web interfaces and the services on the
same web server instance as Muithu. This means that we are using Windows
server as our operating system, and that IIS 7.5 is used as our web server
platform. In addition to the SQL database used from the Muithu system for
user authentication, we have designed the system to be implemented using
MongoDB for structured storage. However, as explained in the previous
section, we have implemented the prototype using a Microsoft SQL server
solution for storing structured data. Based on the storage system analysis
by Hansen [14], we are using the OpenStack Object Storage for managing
video files in the system.

5.4.2.1 Services and Web Interfaces

With the underlying server architecture being comprised of Microsoft
software, we have implemented the web interfaces using ASP.NET, utilizing
the Razor View Engine!, which allows combining HyperText Markup
Language (HTML) with server code written in C#. This is advantageous
for when developing systems with usability in mind, as it narrows the gap
between the interface and the back-end logic.

The services used to connect the web interfaces to the back-end storage is
either implemented directly into the web interface using the aforementioned
Razor syntax, or is included in the same web server instance as a stand-alone
ASP.NET web service.

Thttp://www.asp.net/web-pages/tutorials/basics/2-introduction-to-asp-net-web-
programming-using-the-razor-syntax
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5.4.2.2 Client-Side Scripting

When it comes to interactive web interfaces, client side scripting is often
useful to facilitate simple patterns for interacting with the interface. In
our web interfaces, we use Javascript code for implementing this client
side scripting. JQuery Mobile? is used to style and handle interactions
in the mobile web application for sending athlete status reports, and the
charts showing historical data related to the RPE reports are generated
using a Javascript library called Highcharts®. Asynchronous calls from the
web interfaces to the back-end services are performed using Asynchronous

JavaScript and XML (AJAX)*.

5.4.2.3 Exercise Presenter App

The application for presenting exercises is implemented on the Windows
Store App-platform. The main reasoning for this is that with the launch
of the platform for Windows 8 apps, Microsoft released a clearly defined
set of User Experience (UX) guidelines [26]. These guidelines focus on
user-centered design, and adhere to most of the HCI principles presented
in Section 2.1. By following best practices highlighted by Microsofts UX
guidelines, we know that we are utilizing techniques and methods that are
well documented and tested, and have been proven to render user-friendly
interfaces.

With Windows Store apps we can use the same programming language as in
the back-end services (C#), allowing us to create identical data structures,
which simplifies the serialization and de-serialization of object instances in
the system.

The Model View ViewModel (MVVM) pattern is used when developing the
application, as allows for very flexible interfaces without compromising the
business logic. The pattern also facilitates implementation of code that is
highly maintainable and easy to comprehend.

5.4.2.4 Authentication

For authenticating users in the athlete status application and the exercise
planner, we are using the same user database and methods as Muithu, which

2http:/ /jquery.com/
3http:/ /www.highcharts.com

4http://api.jquery.com/jQuery.ajax/
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is a basic authentication using the WebSecurity Object® from ASP.NET,
implemented using a WebSecurity Database.

The exercise presenter prototype does not currently offer any form of
authentication, as it is still in the early stages of development. In the future
we wish to utilize Codecaps[39] for discretionary access control. Codecaps is
a project currently under development at the iAD-center, where capabilities
containing code allow for the delegated set of rights to not be predefined,
and instead evolve as needed®.

5.4.3 Exercise Knowledge Library

The system components of the exercise are presented in Figure 5.22. The
abstract flow of the system adheres to the following steps. The exercises and
exercise plans are created and stored in the video storage and the structured
database (1 and 2). Then, when a coach wishes to present an exercise,
the data is fetched from the storage layer and populated in the presenter
application (3 and 4). Finally, the presenter can forward the video to a big
screen interface (5, 6 and 7).
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Figure 5.22: Exercise library system architecture

Shttp://www.w3schools.com/aspnet/webpages_ref_websecurity.asp
Shttp://site.uit.no/iad/cloud /codecaps/
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5.4.3.1 Capture

The interface for capturing exercises is basically a web form. When the user
has filled out the form, and chosen the video files for the exercise, the exercise
planning service parses the submitted form. When the data is parsed, the
video files are uploaded through the REST API exposed by OpenStack [14],
and stored as three replicas in different nodes. The structured data describing
the exercise is then persisted in the database, with videos being represented
by a GUID referring to their location in the video storage system.

5.4.3.2 Plan

When a user is planning a week of exercises, each day is planned individually.
We expose a web form for each day, where the user selects from drop down
menus the exercises to include, along with the duration of the exercise. If
the medical staff has suggested intensity adjustments they will be made
visible to the user when planning exercises. As in the capturing process,
the service parses the form and persists the exercise plan in the document
storage. As explained in the storage section, each exercise included in the
plan is embedded into the week plan document, allowing us to fetch the entire
exercise plan in just one query.

5.4.3.3 Present

Presentation of an exercise is done through the Windows Store app. When
the application is launched, a request is sent to a web service component of
the exercise planning service, which returns a JSON object that can be parsed
into an object representing a week plan of exercises. The exercises can then
be navigated to by using the navigation pattern described in section 5.3.1.3.
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{

"WeekPlan":{
"MondayDuration":"25:45:25",
"MondayThee":"Passing",

"Monday":{
"ExerciseData":{

"ID":42,

"Title":"Diamond Passing",

"Stage":2,

"VideoLink":"URI",

n Image n . n URI n R

"PlayersToBeRested":[PlayerNames],

"PubDate":"DATE",

"Info":{

"Duration":"25 min",
"Description":"TEXT"
"Participants":"8-10",
"Area":"10mx10m"

},

"ExerciseDetails":{
"Title":"Accurate Passing",
"Description":"TEXT",
"VideoLink":"URI",

},

"Motivation":{

"Match":"TIL - RBK",
"Event":"Offensive Passing",
"Description":"TEXT"
"CaptureTime":"DATE",
"VideoLink":"URI",
}’
}
}

Listing 5.1: Simplified version of the exercise JSON object

The first time a video is requested from the storage system it is persisted
until the application is closed. The reason for this is that the exercise
videos are often displayed multiple times during one exercise, making sure
all participants have understood the concepts and techniques to apply.
Additionally, since the presenter app is running on a tablet device, it may be
outside wireless network coverage outside on the field, and persisting videos
allows the users to download the videos before starting the training session.

5.4.4 Athlete Status Application

The system architecture and components for collecting, storing and present-
ing the reports, are shown in Figure 5.23. The system flow is divided into the
following stages. First, the report is registered and submitted by the athlete,
from a smartphone device (1). Going through the status collection service,
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the data is stored in the database (2), before being made available to the
user interface for the medical staff (3 and 4).

Coaches Medical Staff Players

player status
web interface

exercise

user planner

interface

(7)

1
(5) 4
back-end
- :
3
storage 2

4

Figure 5.23: Athlete status system architecture

5.4.4.1 Reporting Tool

The smartphone adapted interface for submitting RPE and PTW reports
is implemented using a combination of HTML forms and JQuery Mobile.
JQuery UI allows styling the forms to suit touch interaction on a small
display. When the user submits a report, it is sent to the corresponding
service, which parses the report and inserts it into the document database.

5.4.4.2 Athlete Status-Monitoring Interface

In the overview section of the athlete status interface, all participating
athletes are listed in a grid view. The data related to the players is fetched
from the Muithu-database, and the data from Ruoksat is coordinated with
the player information through the player status service, based on a player
ID stored in the reports.

The profile view interface for specific athletes fetches the last registered
reports from the document database along with some historical data through
a web service request. When the interface has received the data, it draws a
chart by plotting the historical data received, and displays the PTW report
in the form of a colored bar indicating the level of fatigue reported by the
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athlete. If the medical staff wishes to either suggest a change in training
intensity, or completely remove the player from the next training session, a
dedicated record is inserted in the document database. This record is then
forwarded to the exercise planning service to be exposed in the interfaces

for planning and presenting exercises.

5.5 Summary
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Figure 5.24: Arhcitecture: Complete System

In this chapter we have presented the complete Ruoksat architecture, along
with the visual prototypes created before the corresponding interfaces were
implemented. We described the implementation details, and presented the

software used in the implemented system.
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Chapter 6

Evaluation and Results

This chapter presents the methods used to evaluate the system, and the
results gathered through the evaluation. In the evaluation process we have
both conducted user surveys and some performance experiments.

6.1 Methods

6.1.1 User Survey

The Ruoksat system is designed using a user-centered design methodology
and the development process has been driven by user feedback. Through the
previous chapters of this document, we have described how everything from
the requirements to the system implementation has been guided by feedback
from both players and staff members at Tromsg IL. Since the system has
been developed for, and through continuous dialogue with, the end-users,
the most suitable way to evaluate the success of the project is by performing
user surveys for measuring the end-user experience. Additionally, since the
athlete status reporting application has been in operational use for two
months, the users have a good foundation for assessing the system.

We have chosen to perform the user surveys using a set of question
rated on a Likert-scale, as this is suitable for measuring user experiences’.
The surveys are divided into two different sets of questions. The first set
compares functionality of the Ruoksat system to the tools currently available
to the staff and players at Tromsg IL, using a pairwise comparison method
[36]. In the second section of the user surveys, the assessors are requested

to rate HCI related aspects of the interfaces, rendering an assessment of the

Thttp://en.wikipedia.org/wiki/Likert-Scale
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perceived end-user experience. The Likert-scale chosen is a five-point scale
rating from Poor(1) to Excellent(5).

6.1.1.1 Assessors

The assessors participating in the evaluation are divided into four different
groups. The medical staff and players from our collaborative partner Tromsg
IL have been using the athlete reporting component of the system for two
months, making them qualified to evaluate both the functionality and the
user experience aspect of the system. Additionally, the reporting system
is developed in direct collaboration with the medical staff, and almost all
of the features are implemented upon their request. The three members
of the medical staff have evaluated all aspects of the application, and the
three players currently using the mobile reporting tool have rated only that
element of the system.

The evaluation of the exercise components of the Ruoksat system is
performed by showcasing the system for two different sets of potential
users. The first group includes four coaches from the soccer youth academys
in Tromsg, and another comprised by five faculty members connected to
the Tromseg IL senior first team, including a specialist team coach, the
head coach and the current CEQO. This allows us to evaluate the system
concerning both professional top-level soccer, and the posibility and benefit
of early establishment of a specific style-of-play in younger teams.

6.1.2 Performance Experiments

In order to evaluate some of the non-functional requirements of the
system we have conducted a small set of performance experiments on the
response times of the systems most content heavy interfaces. The response
times of user interfaces are directly linked to usability of the underlying
applications [40]. According to [27], a user interface response times below
1000 milliseconds is fast enough for the thought-flow of the user to stay
uninterrupted. Even though the users may still notice the delay, they do
not lose the perception of operating directly on the data.

We have measured the response times of the three interfaces with the
either the largest presented footprint or the most content rich pages to
assess the performance of the user interaction with the system. The first
response time we measured was the time latency of loading a video stream
in the Ruoksat presenter app. Having the application connected to a Wi-Fi
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network, we measured the delay between navigating to a page containing a
video and the video stream being available to the user. The measurements
where performed by implementing a timer utility inside the application.

In addition we measured the response times of the athlete status player
profile (Figure 5.21) and the exercise planning web interface (Figure 5.11(b))
using the network monitor in Google Chrome DevTools?.

6.2 Experiments and Results

This section gives a short presentation of the results gathered, and a
corresponding analysis for each presented result chart. The baselines used
as a comparison in the user surveys are the tools currently in use by the
assessors. An example of such tools and systems is given for each question
in the user survey questionnaire. All questionnaires are available in the
appendix of this document. The error bars presented in the plotted charts
indicate the lowest and highest registered ratings. The Likert-scale used is a
five point system with the following mapping of each rating

e 1 - Poor

e 2 OK

3 Good

4 Very Good

5 Excellent

6.2.1 Exercise Knowledge Library

There were a total of 9 assessors participating in the user survey of the
exercise knowledge library. The participants are divided into two different
classifications, one set of 4 junior coaches, and 5 assessors associated with
the Tromsg IL senior first team, including the head coach and the CEO.

Ruoksat as a planning tool

The assessors in the user survey were asked to evaluate the exercise planning
aspect of the Ruoksat system, along with the resources they have currently

2https://developers.google.com/chrome-developer-tools/?hl=no
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Ruoksat as a planning tool

excellent 5

verygood ,

good 3

ok 2 2

poor |
Baseline Ruoksat Baseline Ruoksat

Academy Coaches TIL First Squad Faculty

Figure 6.1: User Survey: Ruoksat as a planning tool

have available, i.e. pen and paper, calendars or other planning tools. Figure
6.1 shows the results gathered from the survey. Here we see that the youth
academy coaches rate the baseline between, OK and Good, where some users
indicate that the tools currently are Very Good and others rating it as Poor.
The assessors from Tromsg ILs first team are unanimous in rating the baseline
at OK. In both participant groups, using Ruoksat for exercise planning is
rated between Very Good and Excellent, indicating that all assessors believe
that the Ruoksat system for exercise planning would be an improvement to
the current solutions.

Ruoksat as a presentation tool

In the second question set in the user survey, the users were asked to rate
the baseline and the Ruoksat system as tools for presenting exercises. The
baseline in this question could be pen and paper, overhead presentations or
other similar resources. As Figure 6.2 shows, the results from both assessor
groups are nearly identical. Rating the baseline between OK and Poor, whilst
giving the Ruoksat system a rating close to Excellent. The variances in the
answers are minimal. From these results we can conclude that the end-users
view the Ruoksat system as a vast improvement to tools used today for
presenting exercises.
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Ruoksat as a presentation tool
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Figure 6.2: User Survey: Ruoksat as a presentation tool

Ruoksat as a coaching tool

Figure 6.3 illustrates the evalution of the Ruoksat system as a tool for
coaching players during exercise execution. The baseline in this question
could be flip-overs, portable white-boards or similar resources. The results
from this rating show a high degree of variance, but all assessors rate
the Ruoksat system as an improvement compared to other tools they are
currently using.

Ruoksat exercise content

In the last pairwise comparison of the Ruoksat Exercise library we asked
the users to compare the exercise data they currently have available from
different sources (i.e. YouTube, Secrets2Sports?®), to the possibility of having
exercises from the Tromsg IL senior first team available. The results plotted
in Figure 6.4 indicate that both groups participating in the survey would
rate the potential Ruoksat exercise content Very Good to Excellent as clear
improvement to the exercise database they currently have access to (OK on
average).

3https:/ /no-fotball.s2s.net /home.php

71



Ruoksat as a coaching tool
excellent 5
A
verygood 4
L 2
good 3
ok 2 A
2
poor 1
Baseline Ruoksat Baseline Ruoksat
Academy Coaches TIL First Squad Faculty
Figure 6.3: User Survey: Ruoksat as a coaching tool
ser Survey: Ruoksat for exercise content
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Figure 6.4: User Survey: Exercises from Ruoksat

Ruoksat Exercise Library User Experience

Finally, in the last section of the questionnaire the assessors are asked to
rate the user experience of the system interfaces, based on four different
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Interaction Ruoksat Exercise System
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Figure 6.5: User Survey: Interaction design of Ruoksat exercise interfaces

categories: Usability, Design, How easy it is to navigate and The presentation
of information. This is an important rating related to the thesis, as our
main focus throughout this project have been adapting to the users in order
to maximize usability and create a good user experience. The results are
presented in Figure 6.5, and show that the average rating of all categories
are above Very Good, indicating that we have succeeded in creating user-
friendly interfaces.

6.3 Athlete Status Application

In our second user survey, we asked the medical staff at Tromsg IL to evaluate
the athlete status application component of Ruoksat system. This part of
the system has been in operational use for two months, with three players in
a test group delivering daily Rating of Perceived Exertion (RPE) and Pre-
Training Wellness (PTW) reports. The baseline in this questionnaire is the
methods currently in place for collecting and evaluating these reports, which
is handing out and collecting paper forms filled out by the players. With the
current solution, the PTW reports are collected directly before the training
session, leaving little or no time for the medical staff to analyze them before
the practice begins. The assessors in this user survey are the 3 members of
Tromsg ILs medical staff involved in collecting and analyzing these status
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reports.

Collecting Reports

Using Ruoksat for collecting athlete status reports
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verygood 4
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ok 2

poor 1
Baseline Ruoksat

Figure 6.6: User Survey: Using Ruoksat for collecting athlete status reports

Figure 6.6 show the results of the comparison of the Ruoksat system to the
baseline. Here we see a significant improvement from the baseline being rated
slightly above OK, and the Ruoksat system rated as Excellent for collecting
status reports from the athletes.

Archiving Reports

Todays solution for archiving the status reports means placing the paper
forms somewhere the medical staff can find them at a later stage. Taking this
into consideration, it is not surprising that we see a vast improvement from
the rating of the baseline and the Ruoksat system in Figure 6.7. The ability
to persist status reports and have historical data displayed upon request is
crucial for long-time monitoring of the status of the athletes.

Viewing Reports

In the third pairwise comparison of the questionnaire, the medical staff was
asked to rate the ability of viewing the collected reports. The current solution
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Using Ruoksat for archiving athlete status reports
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Figure 6.7: User Survey: Using Ruoksat for archiving athlete status reports

Using Ruoksat for viewing athlete status reports
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Baseline Ruoksat

Figure 6.8: User Survey: Using Ruoksat for viewing athlete status reports

for this is reading through the last paper forms delivered by the athletes.
The plot in Figure 6.8 show that the assessors rated the previous solution
as Poor, whilst we see a considerable improvement when it comes to the
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content presentation provided by the Ruoksat system, which was rated close
to Excellent.

Forwarding Reports to Coaches

In the last comparison in the user survey, the assessors gave a rating of
report forwarding (Figure 6.9). More specifically, how easy it is to let the
team coaches know if they have any concerns regarding player fatigue or
exertion. Even though we see a noticeable improvement from the baseline to
the Ruoksat rating, the improvement is still not quite as significant as with
the other features of the system. We speculate this is because the receiving
component of these forwarded reports is not yet in use by the Tromsg IL
coaches, so there is no real way for the medical staff to assess the effectiveness
of this feature.

Using Ruoksat for forwarding athlete status reports

excellent 5

verygood ,

good 3

ok 2

poor 1
Baseline Ruoksat

Figure 6.9: User Survey: Using Ruoksat for forwarding athlete status reports

Athlete Status Application - User Experience

As with the exercise component of the system, usability and user experience
has been the main focus when designing and developing the athlete status
app. Figure 6.10 shows that this focus has paid off, and that all user
experience elements are rated close to Very Good or above, further indicating
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Interaction Athlete Status Interface
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Figure 6.10: User Survey: Interaction design of athlete status web interface

that we have succeeded in creating a system which exposes user-friendly
interfaces.

6.3.1 Athlete Status Reporting Tool

In order for the system to be useful for the medical staff and coaches, we
need player participation. We have had three players from the first team
using the system on a daily basis, and have asked them to rate the reporting
tool compared to the pen and paper solution used previously.

Sending reports

In the first question, we asked the assessors to evaluate the process of sending
RPE reports to the medical staff. Figures 6.11 and 6.12 show the results
gathered from the questionnaire, both indicating a significant improvement
from the baseline. This indicates that the players prefer the Ruoksat solution
to the methods previously used by the medical staff.

Athlete Status Reporting Tool - User Experience

The user experience of the reporting tool is crucial for keeping the system in
use, as a difficult and unorganized user interface could lead to the system not
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Figure 6.11: User Survey: Using Ruoksat for sending RPE reports

Using Ruoksat for sending Wellness reports
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Figure 6.12: User Survey: Using Ruoksat for sending PTW reports

being used by the players, rendering the system useless. As with the other
user surveys, we asked the players to rate the perceived user experience of
the interfaces, and the results are presented Figure 6.13 . Again we see the
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Figure 6.13: User Survey: Interaction design of status reporting tool

assessors rating the user experience as more than satisfactory.

6.3.2 UI Performance

In our performance evaluation, we measured the response time of the
most content rich interfaces of the system, as these require more back-end
computation and present more data to the end-user. We measured all the
response times using 20 samples, and compared the results to the 1000
millisecond threshold for UT delay according to Nielsen in [27].

Interface Response avg (ms) | min (ms) | maz (ms)
Presenter Video Player | 866 771 1041
Athlete Status Profile | 426 282 670
Exercise Planner 820 691 1042

Table 6.1: Ul Performance Measurements

As illustrated in Figure 6.14, the average response time for all the interfaces
are well within the threshold, and even the longest measured delays are still
within acceptable ranges. The videos in the presenter app is ready to be
played after an average of 866 ms, with the slowest registered delay being just

79




Ruoksat Interface Response times

1200

—_—
—_

1000

Threshold

800

600

Response Time (ms)

866

476
200

Presenter App Videos Athlete Status Porfile Exercise Planner

Interface

Figure 6.14: Measurements: Ruoksat interface response times

above 1 second. The measurements exercise planner web interface, which also
has to stream content from the video storage, show similar results. Finally,
the response time of the athlete status profile interface is well within the
threshold for seamless user interaction, recording an average of 476 ms. Based
on these results we can conclude that the performance of the implemented
interfaces further improves the usability of the system, and renders responsive
interaction, hence improving the user experience.

6.3.3 Result Summary

All results from the user survey regarding the Ruoksat exercise component
were positive compared to the baseline. Both groups of assessors rated
the Ruoksat system as an improvement compared to currently available
tools, with regards to planning, presentation, coaching and the content of
exercises. Additionally, the participants rated the user experience between
Very Good and Excellent, indicating that our focus on usability has been a
success.

In the evaluation of the athlete status application, we saw a significant
improvement compared to the baseline when using the Ruoksat system for
collecting, archiving and viewing athlete status reports. The only aspect
where the baseline was rated as comparable to our system was in forwarding
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reports after analysis. We believe that this may be because the receiving
application of these reports were not in operational, making it difficult for
the assessors to see the possible benefits of the solution. This questionnaire
also requested the participants to rate the user experience of the application,
and all ratings were positive.

The third user survey was related to the athlete status reporting tool.
Here feedback from the players stated that using the Ruoksat system was a
significant improvement to the pen and paper solution used previously. The
user experience of reporting tool was rated between Good and Very Good
by all assessors.

Finally, we performed some performance measurements of the most
content rich interfaces in the system. We found that all of the interfaces
had response times well within the threshold of 1000ms, which is regarded
as fast enough for the thought-flow of the user to stay uninterrupted by the
delay.
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Chapter 7

Conclusion

This chapter presents our achievements, gives some concluding remarks and
outlines possible future work.

7.1 Achievements

This thesis designs, develops and evaluates a system for capturing, persisting
and presenting expert coach knowledge in the form of exercises. The problem
defintion stated the following:

This thesis shall design and develop a system for digitally capturing,
persisting and presenting data input related to exercise execution within
the sports domain. Main focus will be on providing an infrastructure for
uploading and presenting expert coach knowledge and expertise. Intended
use for such an infrastructure is practice planning and execution by exposing
interfaces for managing and presenting wvideos and textual data related
to exercises. Particular focus will be on providing interfaces for athlete
monitoring purposes. FExamples include the ability for players to provide
timely and accurate wellness parameters prior to training sessions, and
subjective perception of exertion after training sessions. Usability and user
experience shall be emphasized, and design and development will be done in
collaboration with end-users.

We proposed a system that exposes interfaces designed and developed
using methods and guidelines from the field of Human-Computer
Interaction (HCI), and best practice User Experience (UX) guidelines
from Microsoft. Our thesis is that providing an infrastructure for capturing
and presenting expert knowledge in the form of exercises, and athlete status

33



reports, will improve planning and execution of exercises in the domain of
professional sports.

The design and development process has been performed in close
collaboration with coaches, medical staff and players from the elite
level Norwegian soccer club Tromsg IL. Through this collaboration, we have
defined a clear requirement analysis, followed by a prototyping phase for
in-process evaluation. Through an iterative process of end-user feedback, we
have designed and implemented a system that allows for uploading exercises,
creating weekly exercise plans and presenting exercises on a tablet device or
big screen display. We have also implemented an athlete status application,
which enables the players to provide timely and accurate Rating of Perceived
Exertion (RPE) and Pre-Training Wellness (PTW) reports. The reports are
archived and presented to the medical staff through a web interface. The
athlete status application is currently in operational use by TIL.

In order to evaluate our thesis we have conducted a user survey with
assessors from the medical staff, coaches and players from Tromsg IL. We
also had coaches from junior teams participating in our user surveys. The
evaluation was performed through three Likert-scale based questionnaires,
where all components of the system where compared to a baseline. The
baseline in all user surveys were the tools currently or previously available to
the assessors. In the evaluation of the exercise component of the system, we
saw a significant improvement in the rating of the Ruoksat system compared
to the currently available tools, regarding planning, presenting, coaching
and exercise content. The results from the evaluation of the athlete status
application showed similar trends, with all assessors indicating that the
Ruoksat system is a considerable improvement compared to the methods
and tools previously used. As our main focus in this thesis is usability and
user experience, we also asked all assessors to rate the usability, design
and how easily the interfaces are to navigate. The feedback stated that all
exposed interfaces provided a more than satisfactory user experience, with
user experience ratings between Good and Excellent.

7.1.1 Concluding Remarks

The feedback gathered through our user surveys indicate that an infrastruc-
ture for digitally capturing, capturing and presenting expert knowledge in
the form of exercises can improve planning and execution of exercises within
the domain of professional soccer. The evaluation of the user experience
related to our implemented interfaces also indicate that using HCI methods,
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well defined best practice guidelines, and a constant feedback loop with the
end-users has resulted in user-friendly, aesthetically pleasing interfaces.

7.2 Future Work

Even through some of the components of the Ruoksat system currently is in
operational use, there are still features planned for future releases.

In the near future, we plan to populate the system with exercises
from the Tromsg IL senior first team. When the system is in full operational
use, we also wish to perform analysis based on statistical data from the
system.

There is a great potential for using the Ruoksat exercise component
for educating players and coaches from the junior teams. We wish to extend
the Ruoksat system so that it will allow for sharing of exercise content,
both to the youth academy for early adaption to Tromsg ILs style-of-play,
but also for exchanging knowledge with partnering clubs. The athlete
status application is currently being considered by other partnering soccer
organizations.

We also plan to port the database of the implemented system from
SQL to MongoDB, as detailed in Chapter 5. The data model designed to
be directly ported from the current SQL solution to a document database.
Another important aspect in getting the entire Ruoksat system production
ready is adding authentication for the exercise presenter application, and
possibly use codecaps [39] for all authentication purposes.
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User Surveys

A.1 Exercise Library Survey
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User Experience Survey

Ruoksat

On a scale from 1 to 5 (poor to excellent), how would you rate...

1a. Using currently available tools (i.e. Pen and Paper, web tools) for planning soccer
practices?

O O O O O
Poor OK Good Very Good Excellent
1b. Using the Ruoksat system for planning soccer practices?

©) ©) O ©) ©)

Poor OK Good Very Good Excellent

2a. Using currently available tools (i.e. Pen and Paper, Verbal Explanation, etc) for
presenting exercises?

©) O O ©) @)

Poor OK Good Very Good Excellent

2b. Using the Ruoksat Presenter App for presenting exercises?

O ©) ©) O ©)

Poor OK Good Very Good Excellent
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3a. Using currently available tools (i.e. Pen and Paper, Discussions, video footage) for
coaching your team during training sessions2

©) ©) O O ©)

Poor OK Good Very Good Excellent
3b. Using the Ruoksat Presenter App for coaching your team during fraining sessions?

O ©) O O ©)

Poor OK Good Very Good Excellent

4a. The exercises currently available to your feam? (i.e. from Youtube, memory, etc)
O O O O O
Poor OK Good Very Good Excellent

4b. The ability to present exercises from the Tromsg IL A-lag from the Ruoksat system to
your team?

©) ©) O O ©)

Poor OK Good Very Good Excellent
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Ruoksat Interaction

On a scale from 1 to 5 (poor to excellent), how would you rate

1. The usability of the Ruoksat presenter app?

O O O O O

Poor OK Good Very Good Excellent
2. The design of the Ruoksat presenter app?

O O O O O

Poor oK Good Very Good Excellent

3. The navigational design (how it is fo navigate between the pages) of the
Ruoksat presenter app

©) O O ©) ©)

Poor OK Good Very Good Excellent

4. The information available in the Ruoksat presenter app?

©) ©) O O O

Poor OK Good Very Good Excellent
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A.2 Athlete Status System Survey
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Ruoksat Athlete Status Application User Survey

On a scale from 1 to 5 (poor to excellent), how would you rate...

1a. Using previously available tools (i.e. Pen and Paper) for collecting RPE and PTW reports?

O ©] O @] 0]

Poor OK Good Very Good Excellent

1b. Using the Ruoksat system for collecting RPE and PTW reports?
O O o] @] ®]

Poor OK Good Very Good Excellent

2a. Using previously available tools (i.e. Pen and Paper) for archiving / storing RPE and PTW reports?

O O o] @] ®]
Poor OK Good Very Good Excellent

2b. Using the Ruoksat system for archiving / storing RPE and PTW reports?

O O o] @] ®]
Poor OK Good Very Good Excellent

3a. Using previously available tools (i.e. Pen and Paper) for reading / viewing RPE and PTW reports?

O O @] O O
Poor OK Good Very Good Excellent

3b. Using the Ruoksat website for reading / viewing RPE and PTW reports?

O O O O O
Poor OK Good Very Good Excellent

4a. Using previously available tools (Verbal Discussion, Pen and Paper, E-mail) for reporting fatigued players (that should be rested or decrease training intensity)?

O O @] O O
Poor OK Good Very Good Excellent

4b. Using the Ruoksat system for reporting fatigued players (that should be rested or decrease training intensity)?

O O @] O O
Poor OK Good Very Good Excellent

On a scale from 1 to 5 (poor to excellent), how would you rate...

5. The Usability of the Ruoksat website?

O O @] O ]
Poor OK Good Very Good Excellent

5. The design of the Ruoksat website?

O @] O (@] o

Poor OK Good Very Good Excellent

5. The navigation pattern (how it is to navigate between pages) of the Ruoksat website?

O O o] @] ®]
Poor OK Good Very Good Excellent
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A.3 Athlete Reporting Tool Player Survey
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Ruoksat Athlete Status Reporting Tool User Survey

On a scale from 1 to 5 (poor to excellent), how would you rate...

1a. Using previously available tools (i.e. Pen and Paper) for handing in RPE reports?

O ©] O @] 0]

Poor OK Good Very Good Excellent

1b. Using the Ruoksat system for handing in RPE reports?
O O o] @] ®]

Poor OK Good Very Good Excellent

2a. Using previously available tools (i.e. Pen and Paper) for handing in Pre-Training Wellness reports?

O O o] @] ®]
Poor OK Good Very Good Excellent

2b. Using the Ruoksat system for handing in Pre-Training Wellness reports?

O O o] @] ®]
Poor OK Good Very Good Excellent

On a scale from 1 to 5 (poor to excellent), how would you rate...

5. The Usability of the Ruoksat reporting website?

O O @] O ]
Poor OK Good Very Good Excellent

5. The design of the Ruoksat reporting website?

O @] o} (@] (0]

Poor OK Good Very Good Excellent

5. The navigation pattern (how it is to navigate between pages) of the Ruoksat reporting website?

O O o] @] ®]
Poor OK Good Very Good Excellent

Comments

[ send |
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