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Abstract

The purpose of the thesis was to examine what aspects make up a compelling
user experience by developing a gym workout application for mobile phones.
By combining research and collaborating with test users, an application for
Android and iOS was developed and evaluated. By doing several iterations of
the application it was possible to nd out what contributes to a compelling
user experience and implement this in a real product. Gami cation increases
the user experience and has the potential to motivate users. User experience
is a subjective topic which makes it di cult to de ne. Aspects to consider are
standardization, a logical ow and visual e ects. The project outcome was an
application released to the app stores as well as valuable insights into how user
experience can make an impact on the usability of an application.



Sammandrag

Syftet med projektet var att undersoka vilka aspekter som bidrar till en till-
talande anvandarupplevelse och implementera detta i en mobilapplikation med
fokus pa gymtraning. Genom en kombination av efterforskning och samarbete
med testanvandare utvecklades och utvarderades en mobilapplikation. Genom
att gora era iterationer av applikationen var det mojligt att undersoka vad som
bidrar till en tilltalande anvandarupplevelse och implementera detta i en pro-
dukt. Anvandandet av spelmoment bidrar till en forbattrad anvandarupplevelse
och har potentialen att motivera anvandare. Anvandarupplevelse ar ett subjek-
tivt amne som ar svart att de nera. Aspekter att ha i atanke ar stardardisering,
ett logiskt ode och visuella e ekter. Vardefulla insikter kunde dras om hur stor
paverkan anvandarupplevelsen kan ha pa en applikation. Projektet resulterade
i en mobilapplikation som slapptes pa App Store och Google Play.
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Dictionary

Backend
The server side part of the application, running on a centralized server and han-
dling requests from the frontend.

Exergames
A term used for video games that are also a form of exercise.

Frontend
The part of the application visible to the user.

JSON
JavaScript Object Notation. A compact text based format for exchanging data.

JWT
JSON Web Token. Format for creating access tokens encrypted with a secret
key.

mHealth
Abbreviation for mobile health, which is the usage of mobile phones in medical
care.

Middleware
A function that interrupts the normal ow of a function and make changes to
the input variables, or in case of a server, the request object.

Node
A runtime for executing JavaScript code on a server instead of in a browser.

REST

Representational State Transfer. A way architecture API’s in a uni ed manner
where the HTTP-verb in combination with the endpoint URL should be self-
explanatory for the action performed.

TLS/SSL
Transport Layer Security / Secure Socket Layer. A security mechanism that
ensures that data transmitted over a network are encrypted.

Ul
User interface, the part of an application that users can see and interact with.

UXx
User experience. The overall experience for someone when using a program or
application.



1 Introduction

In this introductory section the background of the subject will be given with
some of the previous research on how gami cation might improve the user ex-
perience. This is followed by the purpose along with limitations and the project
methodology.

1.1 Background

There are over 300.000 di erent health and tness applications for mobile phones
available on the market, many of them with their own brand or niche. This is a
trending phenomenon known as mobile health application (mHealth), the use of
smartphones and applications in medical care (Steinhubl, Muse, & Topol, 2013).

Although there exists many health and tness applications sharing a similar
scope, almost half of them (40%) has a limited success among the nal users
(less than 5.000 downloads) (IMS Institute for Healthcare informatics, 2015),
for reasons related to considerable di erences in terms of features, engagement
and user-friendliness.

While there seem to be plenty of tools and services to help a person get started
with their training and health goals, obesity in Sweden has increased over the
recent years (Folkhalsomyndigheten, 2018). One of many possible reasons for
that could be that people tend to lose the motivation to change their lifestyle
habits, even with the help of mobile applications.

Gami cation and user experience appear to be a way to keep motivating users.
An example of this is the eld experiment on how badges can increase user ac-
tivity where they found a correlation on gami cation and the user engagement
(Hamari, 2017). Other health and tness applications using gami cation are
\Zombies, run!", where the user outruns zombies, and \Ingress", where the user
captures ags. These two are examples of what is called Exergaming, which
also has proven quite e ective in engaging users in their workout through gam-
i cation (Sun, 2013).

The majority of applications available on the market today does not seem to
be appealing enough for the users to continue their usage, when considering
the limited success among users. There is therefore a need to investigate the
possible elements that makes an application appealing.

1.2 Purpose

The purpose of the project is to investigate how one could develop a mobile
application for gym workouts that is appealing and perceived as easy to use.
The project focuses particularly on the user experience and ways to enhance it
with gami cation.



The following questions are answered in this thesis:

What previous research has been made on user experience and gami ca-
tion in the means of motivating a user?

Which are the elements in the application that seems to be less or more
appealing to the user?

1.3 Limitations

The application developed in this project is focused on gym workouts. There are
other applications out there that niche themselves towards diet, cardiovascular
activities, yoga or a combination of them. To have a clear focus, this appli-
cation’s scope is gym workouts even though healthy meals and cardiovascular
exercise also play a role in a person’s general health.

1.4 Summary of Method

The task was to investigate how to make the user experience compelling and
the application motivating. To determine this, a literature review of previously
performed studies and an empirical investigation were conducted.

The literature review consisted of summarizing results from studies about user
experience and gami cation, as well as examining health and tness applica-
tions that were currently available on the market. The results from the review
served as a backbone when designing the foundations of the application.

The development of the application started at the very beginning of the project.
The application was modi ed as the review and the empirical examinations were
merged into the development. The implementation part of the project consisted
mainly of the core functionality (i.e. the workout diary and schedules), gami -
cation and the user experience.

The empirical investigation on the other hand depended on the feedback from
test users. Their feedback on di erent versions of the application was used to
improve it for the next version. Having test users participating in the process
from the very start was intended to help in discovering issues and problems at
an early stage, rather than at the end of the project.

In addition to the test group that followed the development of the application,
a nal test on a public site was performed towards the end of the project. The
test users were not chosen in advance, instead they consisted of people passing
by that were interested in testing the application. They were given a couple of
tasks to perform, and the results of the test depended on their feedback and
how well they completed the tasks.



2 Literature Review

To gain a better understanding of the eld, it was important to carry out a
literature review. Gami cation and user experience were examined since they
are the main areas of signi cance to the project.

2.1 User Experience

User Experience (UX), refers to how a user is a ected by a product and fo-
cuses on understanding the users’ needs, abilities and limitations. There are
three perspectives of user experience (Turner, 2017). The rst is that its main
attribute is usability and accessibility. The second is that user experience is
something that is di cult to analyze mainly because the perception of what is
easy and desirable is highly subjective. Experiences are personal and of the mo-
ment, according to Turner. The third perspective is that it is a way to indicate
the complexity of human psychology and a fresh way to apply this knowledge
in technology.

A part of the user experience is about where the user expects to nd di erent
functionality, for example menus and titles. Some kind of standardization makes
the experience easier to understand and less frustrating for the user (Dyson &
Jennings, 2014). The user might also feel that the interface is cluttered when
the functionality do not appearing where they are expected or when there are
too many functionalities in focus at the same time (Dyson & Jennings, 2014).

2.2 Gami cation

Deterding et al. de nes gami cation as \the use of game design elements in
non-game context™ (Deterding, Dixon, Khaled, & Nacke, 2011, p. 9). The goal
is usually to engage the users, motivate learning and productivity, as well as
usefulness and physical exercise. The key is to activate the person’s natural
desires of competing against others, gaining status and mastery by learning.
Social aspects also play an important role (Deterding et al., 2011).

Usually gami cation consists of rewards in the form of achievements and badges
that are given to the user when ful lling a streak or completing a challenge. It
can also be competition and making progress visible to others, with high scores
and leaderboards. Studies show that users generally use a product or service
less over time and that gami cation has a positive e ect on preventing this
(Hamari, 2017). This is causing users to be more engaged both in the amount
of time they use the service and the e ort they put in their usage.

It is no coincidence that millions of people around the world suddenly one day
started walking down the streets to catch pokemons when the popular game
\Pokemon Go!" was released (Hern, 2016). Although perhaps unintentional
from the user’s perspective, the game lead to a signi cant increase in physical



activity (Altho , White, & Horvitz, 2016). Furthermore, according to Altho
et al., it was revealed that Pokemon Go! had achieved an increase across all
user groups including the low activity populations.

In a study about the e ects of game-based applications versus performance-
based applications, it was discovered that game-based applications may help
users dissociate from exercises more readily (Gillman & Bryan, 2016), which,
for a user who does not enjoy exercising, might be more favorable.

Gami cation has especially shown e ectiveness in healthy and younger groups,
but has also proven itself with people who has a good overall health, but does
not exercise, as well as unhealthy people (Lee, Lee, & Lee, 2017). According
to Lee et al., ndings suggest that there were di erences in the e ectiveness of
gami cation for di erent kind of groups.

There are some disagreement on gami cation. The term itself is broadly used, a
habit that is criticized by game developers since it only uses a few components
of a game. This adaption, when used for example in tness applications, tend to
erase the natural motivation and hype that a game normally provides (Lister,
West, Cannon, Sax, & Brodegard, 2014). There is also an uncertainty regarding
the use of gami cation when only using game elements and not being an actual
game. Many studies on health and gami cation have targeted exergames and
other games where you need to move and be physically active while playing
(Lister et al., 2014), in comparison to non-game services.

3 Implementation

The developing process was roughly divided into three layers, visualized in Fig-
ure 1, that describe its focus and what would be the most in uential features
that would shape the application.



UX

Figure 1: The three layers of the application. Created by author.

The core layer of the application included basic functionality like creating an
account and logging in to the application. It also included the ability to create
workout schedules, log an ongoing workout and view previous workouts. The
main focus of the application was gym training, which meant the focus of all
the core aspects were for working out in the gym.

The gami cation layer of the application used techniques to motivate the
users and inspire them to increase their performance. The gami cation part of
the application was built upon the core foundation by adding features to the
application on top of the functionality. This was done in order to make the
application more vivid and to give the user a feeling of accomplishment. With
the application reacting to the user, it exhibited behaviors that told the user
that their actions had an impact.

The UX layer of the application enhanced the user experience by adding subtle
animations, thoughtful design choices, a logical ow and soft colors. This layer
surrounded the entire application in a way that every part of the application
somehow contributed to the total user experience.

During the stages of actual implementation, the di erent features of the ap-
plication were administered during separate stages. This chapter goes more
into depth of the implementation procedure of each feature, as well as what
techniques were used.



3.1 Early Stage Mockups

Some mockups were created before and early into the development of the ap-
plication, see Figure 3 to 8. At that point in time the most basic functionality
had already been decided, but there was still some uncertainty as to what more
functionality the application should have. More mockups of the early stage ideas
can be seen in Appendix F. There was no speci ¢ method used to create the
mockups. Instead, inspiration was taken from other applications when creating
the design.

To make the application easy to survey, the overview of today’s workouts was
added, see Figure 3. By presenting today’s workouts on the dashboard there is
no need for the user to search for the most current information, which might
decrease the number of taps for the user. The idea with the dashboard was
to have the most important information collected in one place. At that point,
there had been discussions about incorporating statistics and achievements into
the application. Because of that, those features were added as sections to the
dashboard as well.

The design of the application was meant to be light and spacious. To accom-
modate this, the dashboard was drawn with white background and plenty of
space between the di erent sections. The color palette of the application was
intended to be pastel and have a calm and fresh feeling. Because of that, shades
of green, blue and purple were chosen, see Figure 2.

Figure 2: The color palette that was used in the entire design of the application.
Created by author.

When it came to the actual workout views, the thought was to give them more
emphasis by forgoing the white background and instead use the base colors in



the palette, see Figure 4 to 7. The hope was that by doing so it would give the
users a fun feeling and would make them feel energized.
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Figure 3: Early mockup of the dashboard. Created by author.
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Figure 8: Header fully expanded in the dashboard view. Created by author.

3.2 Core

This section explains the implementation of the core functionality, starting with
a brief explanation of a few concepts and then proceeding with the di erent parts
of the core implementation.

3.2.1 React and React Native

React is a JavaScript library used for building user interfaces. The library per-
mits large web applications to be developed without reloading the entire view.
Instead, React creates an in-memory data structure cache, commonly referred
to as the virtual document object model (DOM). When the application state
changes, the new computed DOM is compared to the previous one and only
the necessary things that changed are re-rendered. This makes view rendering
much more e ective and predictable compared to if the entire view was to be
re-rendered.

React Native is the React architecture applied for developing against An-
droid and iOS. The principle of React Native is the same as with React with
the di erence that it uses native views for a speci ¢ platform instead of the
DOM element of an HTML document. It runs in a background process where
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the JavaScript code is interpreted. This is done directly on the device. Com-
munication with the Native platform is done via an asynchronous bridge.

3.2.2 Basic Workout Schedules

Implementing this in a simple and intuitive way proved a bit harder though.
A few problems that has been present are whether or not to allow custom
exercises, because if there is a de ned set of exercises, that set has to be large
and cover the majority of the users’ needs, creating new sets for a given exercise
without forcing the user to do too many actions or lling out unwanted elds.
An attempt to solve the latter problem was to introduce a copy function which
would copy a set and insert it with the same numbers.

3.2.3 Backend and Database

The backend of the application is hosted on a virtual private server located in
Amsterdam. The operating system used is Ubuntu (version 17.10). This was
chosen due to its good reputation and wide adaption within the industry.

During the development of the product, the entire server side stack was running
on one single machine without any partitioning or load balancing. In a larger
project this would not have been a great option since it introduces a single
point of failure. It also became quite obvious during the project that as soon as
something broke on the backend, the application was broken for everyone.

The choice of the actual server side technology was a bit more complex to
make since there were a lot of good options. The group had experience from
writing servers in both Python and JavaScript. Either one would had been a
viable option so it was mostly a question of which one would be fastest to get
up to speed with. In the end, JavaScript with the engine NodeJS together with
the web framework ExpressJS was chosen.

For the database part of the backend, the main decision to make was to use
either an object oriented database like MongoDB or to use a classical relational
one like PostgreSQL. A relational SQL database and in particular PostgreSQL
was chosen for the project. The reason for this was mainly that the group mem-
bers had more experience with relational databases than with object oriented
ones. Since the gami cation part of the project would need some advanced
queries it would be more e ective to use a more established technology.

3.2.4 API Design

For the commmunication between the frontend (the mobile application) and the
backend (the Linux server), an APl had to be developed. The rst step was
to decide whether to go with the classical RESTful design or with the newer
GraphQL implementation. There was some prior knowledge for both approaches
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within the group and both of them had their own upsides and downsides. Since
the RESTful design was the quickest to get up to speed with, this was imple-
mented in the rst version but was considered to be subject for change later on.

REST is more of a philosophy than an actual speci cation for API design. This
gives some freedom, and responsibility, to the implementer to use the correct
verbs and endpoints. The GET and POST endpoints turned out to be quite
easy to design in a good fashion. What was more di cult was the PUT/PATCH
endpoints. The reason for this was that a workout needs to be partly saved while
the user is interacting with it. If the user for example changes the di culty of a
workout then this speci ¢ information needs to be communicated to the back-
end, together with the workout id and the user token. This is signi cantly less
data than for an entire workout together with all of its exercises. Even though
it in some sense breaks the RESTful philosophy it was decided to implement
these kind of situations as subqueries. In the above example this was solved by
sending a PATCH request to the endpoint /api/workouts/di culty/:id.

In a mobile application it is convenient for the user if all of the data is syn-
chronized with the backend without any need for pressing a save button. Com-
munication asynchronously with the server in the background every time the
application state changes is then necessary. Furthermore, a balance between
too much communication and the risk of losing progress is needed when keeping
the client and server synchronized.
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export function addSetToExercise(
return => {
.getItem('jwt').then( = {

.post(
“https://getpushapp.com/api/workouts/exercise/${
{

b
{
headers: { Authorization: ‘Bearer ${jwt}  }
+
)
.then(({ N =
dispatch({
type: ADD_SET_TO_EXERCISE,
payload: { id: [0].id,
1)
b;

Figure 9: Redux action for making a request to the backend to add a set to a
speci ¢ workout. Created by author.

For this application the balance was to save the application state as often as
possible without causing too much network tra c. Button presses, like chang-
ing di culty or color, immediately sends a request to the server while saving
text input was performed when the component lost focus, i.e. keyboard was
dismissed. This choice was made due to the relative small humber of users.
With a larger number, a di erent approach might have been more appropriate.

3.2.5 User Authentication

The very rst part of the project was to set up a user authentication system
where the users should be able to create an account, logging in to the applica-
tion and, if needed, reset their password.

In the rst version of the authentication system a token was created on the
server side, stored in the database and sent to the user. This token was then
sent to the backend with every request together with a unique identi er for the
speci ¢ user. When a request from the client hit the backend a request was
made to the database to fetch the token for the speci c user. If the token sent
with the request payload matched the token stored in the database, the request
was processed. If no token was attached or if there was a mismatch, an error
was sent back to the client.
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This approach was simple to implement but had several drawbacks. Send-
ing a request to the database to fetch user information for every request both
increased the load on the server and the time it took for the client to get a
response. This was not too noticeable in the beginning since so few requests
were made but would have created a major bottleneck in the future. Another
drawback that was more obvious to the team was that only one person could
be logged in to a speci ¢ account simultaneously.

The entire log in system was refactored to make use of JSON Web Tokens
instead. This way an object containing the user’s id is created on the server
each time the user logs in. The object is then encrypted with a private key and
passed to the client in the response object.

The client receives the encrypted object, i.e. the token, and stores it locally
on the user’s device. Whenever a request is sent to the server the token is
attached to the request in the authentication part of the header. The server
decrypts the token and attaches the user id to the request object before it hits
the actual endpoint. A middleware is used to interrupt the request and handle
the authorization part of it.

The decryption of the token serves two purposes. First, if the decryption is
successful we know that the request is made from a logged in user. Secondly,
by attaching the user id to the request object we can make sure that users only
get access to data they’re authorized for. There is no need to do an extra round
trip to the database to fetch user data since it is all stored in the encrypted token.

Using this new JWT authentication system made it possible to have several
devices logged in on the same account at the same time. This helped a lot
while developing the application and made it possible to collaborate in a more
e ective manner.

3.2.6 Security

Closely related to user authentication and authorization is the security of the
application. Since the data that is provided by the user is considered as sensi-
tive, especially when it comes to handling passwords, it is important to protect
the system from any possible attacks.

All data between the server and client is transmitted encrypted using HTTPS
with signed certi cate. The certi cate was provided by a service called LetsEn-
crypt which provides free TLS/SSL-certi cates that are easy to install on your
own server. Using TLS/SSL helps protect against man-in-the-middle attacks
and also makes sure that the client are communicating with the intended re-
ceiver of requests.
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3.2.7 Backup Strategies

Managing user data on the server side also requires safety in terms of data loss,
so a backup is taken on a regular basis. To handle this a CRON job was set
up which gets run twice every hour. The CRON job calls a shell script which
serves two purposes. First it nds all backups older than 5 days and removes
them. Then a connection to the database is established and a raw dump of the
data is being made.

The database dumps are stored as SQL les on the same server in a designated
backup folder which has restricted access. If a potential attacker somehow man-
aged to gain access to the server they would have a di cult time getting access
to the backup les.

In larger scale applications it would not be su cient to store this data on the
same machine since a system failure might not only destroy the database itself
but also destroy the backups. A more robust way to handle this would be to
store the backups on a separate media, preferably not at the same location as
the database server.

The choice of running the backup script twice every hour and saving the backups
for wve days was done for the sake of keeping the load on the database server
to a minimum and not letting the backups take up too much space. There is a
trade-o for how often backups should be taken in the application. If done too
often the load on the server will be too high and if done too seldom a restored
backup will contain stale data.

One option that was considered but not implemented due to lack of time was
to make use of write-ahead logging. When using write-ahead logging, every
request that makes any change to the data (i.e. all queries except for pure se-
lects) are saved in a separate le. Using this technique allows for backups to be
taken more seldom since the backup in combination with the write-ahead log
will make sure that the data is restorable at any given time.

3.2.8 Server Monitoring

Checking the state of the server and sending alerts when something fails is im-
portant for keeping the downtime as low as possible. Since the server side part
of the application runs on a single machine, thus introducing a single point of
failure, this is even more important.

To handle the monitoring, a service called Datadog was integrated with the
backend server, see Figure 10. This is a real time monitoring service which
is integrated into the core of the operating system and keeps track of impor-
tant metrics such as network requests, system load and memory usage. It was
also integrated with the PostgreSQL database management system so it would
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be possible to monitor the state of the database anytime. In the system it is
also possible to set up alerts to immediately give information to the system
administrator if anything is not working properly.

$scope @  Show| 1Imo The Past Month v [« =
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Connections
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Figure 10: Monitoring dashboard for the database showing one month of usage.
Graphs are visualizing rows fetched, inserts, updates and system load for the
chosen time period. Created by author.

3.2.9 Development Tools

There are several tools helping with the development of the application, related
to React Native and Redux. The most important of them is the stand-alone
React Native Debugger which is built on Chrome Developer Tools. In the
debugger it is possible to both see the output to the console as well as the
current state of the Redux object and which actions are being dispatched.
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Figure 11: Redux Native Debugger showing the dispatched actions to the left
and the calculated state to the right. The slider at the bottom makes it possible
to perform time travel and is useful during debugging. By dragging the slider
back and forth it is possible to replay actions and watch changes in the state
tree. Created by author.

To be able to run the application without using a real device, simulators emu-
lating Android and iOS was being used. This allowed for hot reloading of the
application and a smoother development experience.

3.2.10 Deployment

The deployment process of the application needs to be as simple and fast as
possible to make it easy to ship often. The frontend and backend are deployed
separately since the backend gets updated on a more frequent basis compared to
the frontend. The initial plan for the application was to only make ve deploy-
ments of the frontend, once every second week in the beginning of the project
and once every third week towards the end. This plan proved di cult to stick
to since bug xes often needed to be pushed as soon as they were ready.

To deploy the frontend a system called Expo was used. Using this system
made it possible to continuously push new versions to test users without forcing
them to download a new version from their application store. Towards the end
of the project the application was deployed to both App Store and Google Play
and the user’s kept testing their version from there.

The backend was deployed more often and during development this was done
several times a day. To enable this, a deploy script was written in BASH and
linked as an alias on the server. Deploy of the backend demanded logging in to
the server via SSH and running a command to start the deployment process.
The deploy script starts with pulling down the latest version of the project from
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the master-branch on GitHub. Then the Node package manager is used to in-
stall any new dependencies as well as the latest version of all the existing ones.
It then stops the current running version of the backend in the process manager
and boots up the new version.

3.2.11 Application State Management

Application state is
a topic that might
not need a lot of
thought in the begin-
ning, but as the ap-
plication grows larger
it quickly becomes a
hurdle.

In React Native the
most obvious approach
is to store application
state at the compo-
nent level since it is
already an integrated
part of the frame-
work.  This is not
a bad option if the
state is only used in a
few components that
have a direct connec-
tion.

When the application
grows, a lot of the
state is not limited to
a speci ¢ component
but considered more
global. For the appli-
cation, the schedules
for a logged in user need to be available in several places in the application and
may not be limited to one component.

Figure 12: lllustration of the application state hierarchy.
Created by author.

The schedules need to be fetched from the backend at the moment the appli-
cation boots up or in the case of user logging in. This introduced the problem
of sharing state between components and at the same time avoid fetching too
much data from the backend.
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To solve this problem the design pattern called Flux was used. The speci ¢
implementation used in the application is a library called Redux. As described
in section 3.3, Redux lets you de ne the state in a single store. A Redux store
is a simple JavaScript object, globally available. The entire state of the ap-
plication, including information about which view is currently active is stored
in that object. To separate di erent sections of the store from each other and
avoid name collisions, the store is separated into several di erent objects at the
top level of the store object.

Each section of the store is handled by something called a reducer. A reducer
consists of an initial state and a switch case statement. The initial state is what
the state looks like before it has been altered by the application in any way.
The switch case statement has one case for every action type that is relevant to
that speci c section of the store.

The actions that the reducers listen to are sent via action creator methods.
An action is an object that has two keys, one for the action type and optionally
one for the payload. The action type is a string that describes the action, and
is what the reducers listen for. A payload may be attached to the action if it
needs to pass on new data to the store.

When an action is being dispatched it passes through all of the reducers, but
only the one listening to that speci c action gets a chance to alter its state. The
default case for every reducer is to return its previous state. When an action
object hits a reducer that listens to it, that reducer is responsible for calculating
the new state and returning it. The store object is seen as immutable. Altering
the state therefore has to be done by allocating a new space in memory, not
changing the data at the current location.

Handling asynchronous changes to the Redux state requires a little more thought
than synchronous updates. For example, all actions that require communication
with the backend are performed asynchronously. These actions work di erent
in the way that instead of returning a simple object they are returning a func-
tion, which accepts another function called dispatch as its argument. Inside this
function, any asynchronous code may be run. When it nishes, the dispatch
function gets invoked with the action object as its only argument. In the case of
a request to the backend, two calls are being made asynchronously. At rst the
user token is being fetched from local storage, then it is attached to the request
made to the endpoint of choice. When the result comes back, dispatch is being
invoked with the response from the backend as the action payload.

3.3 Gami cation

Because of the evidences from the literature review that gami cation does pro-
vide some form of motivation, unintentional or not, and the fact that it should

19



encourage both non-active users as well as active users, it was decided that it
would be incorporated into the application.

3.3.1 Achievements

To make the application more entertaining, a variety of achievements have been
used. These are gami cation elements that are commonly used in applications
in order to increase the user’s motivation (Glover, 2013). The idea behind this is
to notify the users of their progress and triggering the feeling of being challenged.

Achievements are awarded to the users when small challenges in the applica-
tion are completed. When completed, the user receives a badge, which can be
seen in their achievements page. Every achievement has three di erent levels:
bronze, silver and gold. Each achievement is a secret to the user until it has
been ful lled. The reason behind this was to create a fun and surprising feeling
whenever a user receives one. Achievements are not only used to give the users
more motivation to increase the amount of exercise, but also to encourage more
diversity in the type of workout, and highlight potentially bad or harmful pat-
terns.

One example of this is the \Spontaneous" badge, see Figure 13. This badge
is earned when the user uses the \Quick start™ function in the application.
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Figure 13: \Spontaneous" badge for level silver. Created by author.

3.3.2 Calculating achievements

The calculation of achievements is done on the server side. A single endpoint is
responsible for initiating the calculation, saving the result to the database and
returning it to the client. Before deciding on the approach, the group discussed
several di erent solutions. The most straightforward solution would have been
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to calculate achievements each time a change is made to any of the workout re-
lated parts of the application. This would have included such things as setting
a start and end time for a speci ¢ workout or adding an exercise to a workout.
Even if this approach would be possible to implement, scaling it would be far too
resource intensive. The next option was to split up raw calculations of achieve-
ments to several endpoints. An endpoint for a speci ¢ achievement would then
only be called if there was a chance that a change in the state could lead to the
user gaining an achievement. This option would be the least demanding in the
sense of computing resources. Even though this approach did not make it into
the implementation stage, it was foreseen that it would most likely introduce
unwanted side e ects and di culty to keep the code clean and separated.

A middle way was to calculate all achievements at once and do it via only one
request to the backend. Making a GET request to a speci ¢ endpoint together
with the user’s access token triggers a function in the backend. In that function,
all achievements for that speci c user are rst deleted, then a list of promises
are created and invoked. Each promise is responsible for a single achievement
and is resolved when that particular achievement calculation is nished.

const calculateAchievements = (req, oL , db) => {

.any('DELETE FROM achievements_user WHERE user_id = $1°',
.then(() => {
Promise.all([
calculateNightOwl(
calculateChickenLegs (1

calculateInstructionsRead(req.
calculateSpontaneous(req.u
1).then(() => {
-es.sendStatus(200);
)

Figure 14: Achievement calculation done with the Promise in JavaScript. Cre-
ated by author.

This approach turned out to work. If the function is invoked when the user
presses the achievement link in application, the achievements are most often
returned without any noticeable delay for the user.

3.4 User Experience

The user experience part of an application is something that has to be considered
early in the process and cannot be applied at the very end. It has to be weaved
into the development.
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3.4.1 User Testing

The target age of the users is around 20 to 30 years, because younger peo-
ple are generally more accustomed to use mobile phones (Abeele, Beullens, &
Roe, 2013). Studies also indicate that they appreciate gami cation more than
older users (Bittner & Schipper, 2014). From that information, the project had
enough ground to make the assumption that the target group should be young.

Since the main focus of this application has been the user experience, it has
been important to get feedback from real users. To get feedback, test users
have been used from an early stage of the project. Around 30 test users with an
age ranging within the target age and with mixed experiences of training have
been used. The mix of experienced users and beginners regarding gym workouts
was chosen in order to receive feedback from users with di erent perspectives.

The feedback was collected by unstructured interviews with the test users, where
the focus from the interview was the feedback that the user had. In order not
to modify or in uence the user’s own ideas, the user did not receive speci c
questions but more general questions of their impressions and experiences of
the application.

The intention was to release the application every other week in order to collect
the feedback of every version from the test users. As mentioned previously in
section 3.1.9, \Deployment", the application was deployed more often due to
hot- xes of bugs. The changes and upgrades made from the previous to the
next version were based both on feedback from the users and on a plan created
in the beginning of the project specifying what functionality should be included.

In order to get more extensive feedback on the nal version of the applica-
tion, an event was held on the campus of Johanneberg where the application
was displayed. The testers were given a set of smaller tasks, such as creating
an account, starting a workout and editing it. All the tasks are displayed in the
list below and were performed in the order they appear from top to bottom in
the list. The rst sentence is the task that the user received, and the sentence
in italics is what the tasks tested. The tasks represent the main functionality of
the application and the user gets to test buttons and the layout of the di erent
parts of the application.

1. Create an account. Tests how easy the \Create account” screen is to
understand.

2. Start a workout and name it. Tests the user experience of the start screen
and the Edit Workout screen.

3. Add a leg exercise and add a set. Tests how comprehensive the user nds
it to add and exercise and how easy it is to edit the exercise.
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10.

Copy the set. Tests the intuition of the copy set functionality.
Delete the set. Tests the intuition of the delete set functionality.

Read the instructions of the exercise. Tests the overview of the Edit Ex-
ercise view since the user is supposed to nd the instructions icon.

Set the di culty of the workout and the end time. Tests how easy and
smooth the user can edit the properties of the workout.

Check your calendar. The user has to access the menu in order to nd
the calendar, which tests the intuition of the menu layout and placement
on the screen.

View your achievements. When did you achieve it? The user has to go
through the menu again and click on an achievement in order to see the
details of it.

Log out. Tests how easy it is for the user to access the log out icon from
the menu through the settings.

Their performance during the tasks were observed and a lot of valuable feedback
was received. The event resulted in a wide range of test users, from people who
had barely set foot in the gym to people who go there on a regular basis. A lot
of data was collected and over 100 people downloaded the application to their
phones.
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Figure 15: Poster from campus usability test. Created by author.
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