
IN DEGREE PROJECT INFORMATION AND COMMUNICATION 
TECHNOLOGY,
SECOND CYCLE, 30 CREDITS

,  STOCKHOLM SWEDEN 2018

Designing a User-Centered Music 
Experience for the Smartwatch

OSCAR LINGER

KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING AND COMPUTER SCIENCE



 

 
  



 

 
 

Designing a User-Centered Music Experience for the Smartwatch 

Oscar Linger 
Degree project in Information and Communication Technology 

Master of Science in Interactive Media Technology 
KTH Royal Institute of Technology 

linger@kth.se 

Supervisor Karey Helms 
Examinator Roberto Bresin 

June 14, 2018 

ABSTRACT 
With a rapid growth in smartwatch and smartwatch audio technologies, there is a lack of 
knowledge regarding user needs for smartwatch audio experiences and how those needs can be 
satisfied through user-centered design. Previous smartwatch user behavior studies suggest that 
audio app usage is not a primary use case for the smartwatch. However, audio applications are 
increasingly incorporated into smartwatches, which leads to the question of the apps’ purpose, 
validity, overlooked contexts and use cases. This thesis aims to understand what kind of audio 
experience(s) a user-centered design process might generate for smartwatches.  

The design process generated insights from smartwatch users of audio applications, that were 
used as design guidelines for Context Awareness, Micro-interactions, and Device Ecosystem. 
The resulting prototype HeartBeats considers Context Awareness with heart rate music 
recommendations, Micro-interactions with one-handed song skipping and Quickplay music, and 
Device Ecosystem with speaker access and phone battery support. 

 

 
Användarcentrerad design av en musikupplevelse för smartklockor 

SAMMANFATTNING 
Med en snabb teknisk utveckling av smartklockor och tillhörande ljudteknik finns det en 
kunskapsbrist om användarbehov och hur dessa kan tillfredsställas genom användarcentrerad 
design. Tidigare forskning om smartklocksanvändares beteenden tyder på att ljudapplikationer 
inte är ett huvudsakligt användningsområde för smartklockor. Ljudapplikationer implementeras 
dock allt mer i smartklockor, vilket leder till frågan om vilket värde de ger och om 
användningsområden möjligen har förbisetts. Den här uppsatsen syftar till att förstå vilka sorts 
ljudupplevelser en användarcentrerad designprocess skulle resultera i för smartklockor. 

Designprocessen resulterade i insikter om smartklocksanvändares beteenden med 
ljudapplikationer, vilket användes som designriktlinjer för kontextmedvetenhet, 
mikrointeraktioner och ekosystem av enheter. Den resulterande prototypen HeartBeats nyttjar 
kontextmedvetenhet genom att rekommendera musik med användarens hjärtrytm i åtanke, 
mikrointeraktioner med en gest för att byta låt och snabbstart av musik, samt ekosystem av 
enheter genom snabb åtkomst till klockhögtalare och stöd för att spara telefonbatteri. 

  



 

  



 

ACKNOWLEDGMENTS 
I gratefully acknowledge the valuable contributions and friendship of 
my colleagues at the digital rights management company, Karey 
Helms and Roberto Bresin at KTH, fellow classmates, and all the 
awesome participants. 

 

 



 

  



 

Designing a User-Centered Music Experience for the 
Smartwatch 

Oscar Linger  
KTH Royal Institute of Technology 

Stockholm, Sweden 
linger@kth.se 

ABSTRACT 
With a rapid growth in smartwatch and smartwatch audio 
technologies, there is a lack of knowledge regarding user 
needs for smartwatch audio experiences and how those 
needs can be satisfied through user-centered design. 
Previous smartwatch user behavior studies suggest that 
audio app usage is not a primary use case for the 
smartwatch. However, audio applications are increasingly 
incorporated into smartwatches, which leads to the 
question of the apps’ purpose, validity, overlooked 
contexts and use cases. This thesis aims to understand 
what kind of audio experience(s) a user-centered design 
process might generate for the smartwatch. The design 
process generated insights from smartwatch users of 
audio applications, that were used as design guidelines for 
Context Awareness, Micro-interactions, and Device 
Ecosystem. The resulting prototype HeartBeats considers 
Context Awareness with heart rate music 
recommendations, Micro-interactions with one-handed 
song skipping and Quickplay music, and Device 
Ecosystem with speaker access and phone battery support. 
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INTRODUCTION 
In the mobile industry, smartwatches are widely 
considered the “next big thing” [1]. However, Ha et al. 
[2] write that many smartwatch companies have failed to 
achieve expected sales due to the watches being 
unsatisfactory designed for its users. Therefore, a user-
centered design approach may be of interest. 

Baker, Hong & Hillinghurst [3] furthermore describe the 
problem of “dealing with people”, where it is difficult to 
design for the right level of functionality, and to predict 
whether users will still wear the smartwatch after the 
novelty wears off. Here, Baker, Hong & Hillinghurst [3] 
argue that wearable devices may need to provide a 
different service than smartphones in order to become 
popular.  

When considering what the smartwatch could add to the 
experience, differently than the smartphone, Pizza et al. 
[4] report that it gives users a quicker and less disruptive 
access to information than the phone. The smartwatch is 

here considered a companion to the phone [4]. However, 
as the smartwatch technology continually develops, there 
may be new opportunities for other use cases and 
experiences.  

A new part of the development is the incorporation of 
audio applications and streaming technologies into the 
design of new watches, such as the Samsung Gear 3 [1]. 
Lyons [5] reports that smartwatches are used to remotely 
control music from the phone, but that there may be an 
opportunity for the smartwatch to work independently 
from the phone if it has its own storage or streaming 
capabilities. With these new features available, one 
question is how these technologies will be designed, and 
what users will enjoy and adopt. 

The objective of this thesis is to explore and evaluate 
user-centered design concept(s) for the smartwatch audio 
experience. The experience should contribute to meeting 
user needs and goals, and build upon the properties of the 
smartwatch. The research question to be considered is: 
What audio experience(s) might a user-centered design 
process generate for the smartwatch? 

The project will be based around a user-centered design 
approach with iterative design and evaluation. The 
research methods used may create insights into potentially 
overlooked contexts and use cases, as well as answer the 
question whether the smartwatch is or is not a suitable 
device for audio experiences.  

Delimitations of this project include focusing the design 
on smartwatches rather than wearables in general, and 
only analyzing major audio apps and smartwatches on the 
market. 

The paper is structured around three design guidelines 
developed from user insights found in this study and 
related research: Context Awareness, Micro-Interactions, 
and Device Ecosystem. The guidelines are described in 
the results section, and the background section describes 
related work that influenced them during the project. The 
guidelines are then further addressed in the discussion and 
conclusions of the paper. This paper will first provide a 
background, followed by the method, results, discussion, 
and conclusions of the study. 

BACKGROUND 
This section introduces smartwatches, smartwatch music 
design with Micro Interactions and Device Ecosystem, 



 

and music recommendation systems with Context 
Awareness using heart rate tracking. 

Smartwatches 
The smartwatch category is gaining market traction with 
built-in cellular technologies, SKUs from fashion brands, 
and more advanced kids watches [6]. According to IDC 
[6], the leading smartwatch on the market is the Apple 
Watch, with 31.6 million units shipped in 2017 and 
forecasted to ship 71.6 million units in 2021. 
Smartwatches, moreover, hold 50% of all patents in the 
category of smart wearable technologies [7]. 

A smartwatch can be defined as: “a mini device that is 
worn like a traditional watch and allows for the 
installation and use of applications” [8]. Users typically 
wear it either during work hours, active hours, or all day 
[9]. Smartwatches are characterized by their closeness to 
the body, haptic feedback, and convenience [10], as well 
as their need for being aesthetically appealing [1]. 
Smartwatches also add user value through the use of 
sensors, such as for heart rate, activity, and strolling range 
[11]. 

Smartwatch interactions are typically short and frequent 
[9]. Mobility has been described as the core of the 
smartwatch [1], and Ogbanufe and Gerhart [10] 
emphasize convenience as the smartwatch’s main benefit. 
Though Smartwatch interactions are reported to be fewer 
in the presence of others [12], Jeong et al. [9] note that 
smartwatches may be less socially disruptive than 
smartphones.  

Even though the smartwatch enables the use of apps, its 
most used feature is still the clock [12]. Ha et al. [2], 
however, argue that its “watchness” may change in the 
future as more wearable devices become smart. After the 
clock, other described use cases include viewing 
notifications, activity tracking, voice commands, and 
various apps [4]. Complementary goods (e.g. apps) have 
been reported to be a possible contributor to smartwatch 
use, but not a contributor to the intention to use [1]. 

In regard to the intention to use smartwatches, Ha et al. 
[2] describe how users perceive the smartwatch as a set of 
functional sensors rather than a watch or a phone. As the 
design focus has been on representing watch and phone 
content (i.e. remediation), while still presenting the user 
with many options for action, the result has been a 
perceptual gap. This discomforting gap causes the user to 
create new cognitive models for understanding 
smartwatch use and hinders the intention to use or 
purchase smartwatches [2]. 

Considering the purchase intention of future 
smartwatches, Dehghani [13] considers four factors: 1) 
the watch should be clearly positioned as a companion 
device or an independent product, where the latter should 
enable unique functions that the user could not carry out 
with other devices, 2) interactivity with a smart 

environment should be a basic consideration, such as 
controlling home appliances, 3) companies should invest 
in healthcare monitoring, and 4) the watch should be 
positioned as a technology product or an accessory.  

When designing for the smartwatch, it is not clear 
whether smartwatches should have a high or low level of 
functionality. Baker, Hong & Hillinghurst [3] explains 
how some practitioners believe that the smartwatch 
should be good at one thing, while others believe it should 
be able to perform several functions. These two directions 
of technological diversification and technological focus 
are also shared as two possible futures in the smart 
wearable technology category [7]. One consideration here 
is the battery life trade-off, where users are restricted to 
choose between either a few specific functions with a 
long battery life, or many functions with short battery life 
[2]. Wu et al. [14] argue that the smartwatch needs to 
provide functional value for users to wear them. 

Smartwatch Music Design 

Micro Interactions 
The International Conference on New Interfaces for 
Musical Expression (NIME) has since 2001 researched 
music interface design [15]. One such design is Leimu, 
which uses a wrist-mounted optical sensor to track hands 
and objects for music interaction. There are a few 
examples of new interactions for smartwatch music 
players: Ahn et al. [16] investigates the possibility of 
changing music volume by holding one finger on a 
volume button and sliding another finger on the edge of 
the smartwatch display, Oakley et al. [17] considers the 
possibility of changing music volume by sliding two 
fingers up and down on the display; Reyes et al. [18] 
explores the use of a wrist-flick gesture to switch between 
two control modes in a music player, and then to use a 
magnetic thumb ring to perform actions according to 
different rhythms;  Gong et al. [19] uses long wrist-
swipes to scroll through a number of songs, short wrist-
swipes to scroll one song at a time, and then selecting the 
song by a double-tap of the thumb and index finger.  

This previous research has influenced this project’s 
development of the design guideline Micro Interactions 
for smartwatch input methods. 

Device Ecosystem 
There are furthermore considerations in regard to the 
ecosystem of other devices. Lyons [5] considers the 
smartwatch connection to the phone in cases of how data 
should be stored between devices and in the cloud. Lyons 
[5] argues that one may need to carefully consider, if for 
example, watches should be able to store music on the 
watch itself, stream music from the watch or to stream 
music from the phone. The Samsung Gear 3 smartwatch, 
for example, has become more of an independent device 
with internal speakers and a native Spotify application 
[13]. Moreover, Kubo et al. [20] explores the context 



 

awareness of smartwatches by transferring a smartwatch 
music player screen to a phone when lowering the watch 
arm, as well as using the smartwatch as a controller for 
scrolling through a list of music tracks on the phone by 
using a wrist-tilt gesture. 

This previous research has influenced this project’s 
development of the design guideline Device Ecosystem, in 
which smartwatch dependencies to other devices were 
considered.  

Music Recommendation Systems 
With the evolution of audio compression and mobile 
music players, there has been an explosion in music 
content availability [21]. Schedl, Knees and Gouyon [21] 
describe how this availability has made music 
recommendation systems central to music streaming 
platforms, and the top source of revenue for the music 
industry.  

One major music streaming platform is Spotify, which 
provides its users with a large catalogue of music [22]. 
With its large user base, various methods are used for 
understanding content and user behavior, so that music 
recommendations may better suit user needs [22]. Diaz 
[22] moreover writes that one way to potentially improve 
music recommendations is to consider the user’s context, 
as users listen to music with different levels of 
engagement and in different situations.  

One issue with providing simple access to a large library, 
discussed by Kamalzadeh et al. [23], is a lack of user 
control. Here, Kamalzadeh et al. [23] built and showed 
how an increased user interactivity through tag-based 
music exploration may be an important complement to 
that of Spotify. 

Context Awareness & Heart Rate Tracking 
Another consideration for music recommendation systems 
is mobile and context-awareness Schedl, Knees and 
Gouyon [21]. Lee et al. [24] explored this topic by 
developing and validating the approach for an activity-
aware smartphone system that recognized a series of 
activities using sensors and provided the user with 
recommended music for those activities. Lee et al. [24] 
explains that context-aware music recommendation 
systems for mobile use have typically considered single 
metrics, such as matching music to heart rate, but that it 
was not used in the study as it would not have been 
practical to expect users wearing heart rate sensors in 
their daily life. Pessemier and Martens [25], for example, 
showed that heart rate monitoring fitness trackers can 
recognize a variety of physical activities. 

There are several ways in which heart rate tracking can 
improve music recommendation systems: Liu and Hu [26] 
reduced the stress level of several airplane passengers’ 
heart rate with a  music recommendation system, 
Karageorghis and Jones [27] reported a music tempo 
preference for 131 bpm at 90% maximum heart rate 

treadmill exercise, Bai and Kawagoe [28] developed a 
system to provide appropriate background music using 
heart rate and activity duration, and Nirjon et al. [29] 
showed how heart rate tracking enabled users to achieve a 
desired exercising tempo with music recommendations 
that improved over time. By recording a series of 
physiological measures during music listening, 
Krumhansl [30] reported significant effects of music on 
physiological measures, such as heart rate, and reasoned 
that music may evoke emotional responses in the listener. 
Trost et al. [31] furthermore discuss two possible ways in 
which musical rhythm may affect heart rate. The first way 
is that high tempo music may induce high arousal and low 
tempo may induce low arousal. The second way is with 
chill experiences. Chill experiences are musical moments, 
independent from tempo, which creates high pleasantness 
and an increase of bodily functions [31]. Heart rate, 
although with conflicting findings in literature, may 
moreover possibly rhythmically adapt to musical beat (i.e. 
rhythmic entrainment), potentially creating a degree of 
affection for the music [31].  

This previous research has influenced this project’s 
development of the design guideline Context Awareness 
for smartwatch music recommendations. 

As smartwatches now enable heart rate tracking in daily 
life, heart rate may be used as a metric for improved 
context awareness in music recommendation system, for 
example in streaming services such as Spotify. 

METHOD 
This section will describe the studies theoretical grounds 
in research through design and user-centered design. 

Research through Design (RtD) is a scientific approach to 
design [32]. Scientific contributions of RtD can be the 
identification of: opportunities for current or new 
technology to make an impact in the world, gaps in 
behavioral theories and models, unanticipated effects of 
artifacts; and templates for how to bridge theories to 
problems, contexts, and users [33].  RtD may suit this 
work for exploring how smartwatches may make an 
impact in the world, how smartwatch audio apps currently 
work with users, and generalizable design insights for 
practitioners and researchers in the field. 

Basballe and Halskov [34] describes how RtD work 
commonly consists of first uniting research and design 
interests; and then having them influence each other, the 
choice of methods, and evaluation. The design is typically 
finished with focus on design, and then evaluated from a 
research perspective [34]. 

When evaluating the quality of RtD work, Zimmerman et 
al. [33] suggest reviewing the work’s process, invention, 
relevance, and extensibility. Zimmerman et al. [33] 
furthermore argue for the importance of having the 
research being of actual relevance. It is far too common, 
according to Zimmerman et al. [33], that design research 



 

projects lack motivation, a description of the current 
situation, and its preferred outcome. Such research may 
risk not making an impact in the world [33]. 

When conducting design work, knowledge may be seen 
as a part of action [35]. In this view, Schön [35] considers 
each design task as unique, and the process of tackling a 
design problem as a sort of knowing-in-action. Here, 
doing and thinking complements each other, as doing 
extends thinking, and thinking cultivates doing. Schön 
refer to the idea of doing and thinking feeding off each 
other as a reflection-in-action.  

The type of design work I conducted in this study was 
based upon the ISO definition of human-centered design: 
“an approach to interactive systems development that 
aims to make systems usable and useful by focusing on the 
users, their needs and requirements, and by applying 
human factors/ergonomics, and usability knowledge and 
techniques” [36]. I furthermore translated user-centered 
design to draw upon methods and processes conducted by 
recognized experts in the field (e.g. Cooper et al. [37]; 
Chisnell & Rubin, [38]). Such methods included 
interviews, personas, and iterative prototyping with user 
testing. Reasons for choosing user-centered design over 
for example activity-centered design [39] is due to the 
need for user insights regarding smartwatch and audio, a 
more established and tested array of methods, as well as 
practical difficulties within the project for recruiting users 
for in-person contextual studies for activity insights. 

RESULTS 
The results are described in regard to process, design, and 
evaluation. The process describes the methods and 
learnings from the collected data, followed by the 
methods and learnings from the design process and 
evaluation.  

Process 

Understanding the Domain 
To understand the base of the domain, I conducted six 
interviews with people at the digital rights management 
company who either design or work with smartwatch apps 
or audio applications. I then interviewed seventeen 
smartwatch audio users to create an understanding of 
behaviors and needs (eleven male and six female, of 
which seven in Sweden and ten in the US). The 
smartwatch users were everyday people from the age of 
25 to 55. I transcribed, analyzed, and created five 
personas from the user data to map out archetypical 
smartwatch audio users. Three of the personas used 
smartwatches with music primarily for remotely 
controlling music on the phone. One persona used the 
smartwatch with music solely for accessing downloaded 
music while running. The fifth persona Mary (further 
described in this report) used a contemporary smartwatch 
with music primarily independently from the phone 
through offline and streaming technologies. 

By analyzing the interview data, I created a project vision 
statement to create a clear direction for the project. The 
vision was discussed with three experts in smartwatch 
audio development, so as to learn from practitioner in the 
field: Visionary and bold user-centered smartwatch audio 
experience(s), that explores and validates near future 
design concepts, to inspire and inform future work”. 

The personas were prioritized with two experts in 
smartwatch development according to the vision 
statement and a set of criteria, such as use of modern 
smartwatches and cellular streaming. The vision and the 
personas were visualized through an impact map to give 
an overview of the work. I provided further details on the 
primary persona from the interview data and developed a 
corresponding user journey to map out typical smartwatch 
audio situations. 

Mary, the Moving Music Mom 
The primary persona was Mary, the moving music mom. 
One main reason to choose Mary was that she was the 
only persona utilizing the cellular and Wi-Fi technologies 
of contemporary smartwatches. With these technologies, 
Mary used the smartwatch more as an independent music 
player, while personas using less advanced watches used 
the watch more as a companion to the phone. For the 
remainder of the study, I focused on this persona and 
music experiences. Mary can be described briefly in 
regard to: Context Awareness, Micro-Interactions, and 
Device Ecosystem:  

Context Awareness. With three kids, Mary has always 
something to do. Having music in the background gives 
her then both joy and calm throughout the day. She uses 
the watch for music on-the-go and during multitasking, 
such as while doing chores, working out at the gym, or 
going for walks. The choice of music depends on her 
mood. 

Micro-interactions. With the smartwatch, Mary usually 
just puts on a music station and then just let it flow. When 
Mary hears a song that does not suit her mood, she 
typically skips it. Sometimes when multitasking, 
however, Mary is not able to skip songs. 

Device Ecosystem. As Mary just wants some music in the 
background, she oftentimes plays music directly from the 
watch speakers instead of trying to find her headphones. 
The watch speakers are convenient as they are always 
with Mary, and headphones distracts her from her 
surroundings. 

Keeping the phone alive is important for Mary. Mary 
wants to be able to communicate with her family and 
calling from the phone feels more secure than calling 
from the watch. Therefore, she happily uses the watch to 
stream music to save battery on the phone, for example at 
the gym or during her kid’s sport practice.  



 

Design Guidelines 
The Context Awareness refers to how Mary’s mood and 
activity influences her music selection. Micro-
Interactions regard how Mary wants a quick way to 
practically access and skip music. The Device Ecosystem 
considers Mary’s choice of external and internal speakers, 
and dependency to the phone. The Context Awareness, 
Micro-Interactions, and Device Ecosystem was used as 
guidelines to support and guide the design process and 
were further shaped by the described literature in the 
background section. 

Competitive Audit 
To understand the smartwatch design space, I conducted 
heuristic analysis of three major smartwatch audio 
applications and familiarized myself with music players 
on six contemporary smartwatches. I learned that 
smartwatches use various types of input methods: 
physical buttons, touch screen and rotatable bar, and that   
music players often either controlled content from other 
devices or played offline or streamed content on the 
watch itself. 

Design process & Evaluation 
In order to generate and evaluate design concepts, I 
started with moderating an ideation session with four 
participants experienced in design; I then iterated further 
on ideas, created Lo-Fi prototypes, and conducted three 
cognitive walkthroughs with participants. Main learnings 
from this ideation process were that music may influence 
heart rate and vice versa through music recommendation 
systems, gestures may be used as an input method, and 
that the smartwatch often is dependent on various 
connected devices. 

When developing the heart rate music recommendation 
concept, I considered Affective Loops. Affective loops 
refer to when artifacts consider user expressed emotions 
and responds with emotive feedback, which engages users 
in a loop of actions creates a feeling of involvement [40]. 
Höök [40] describes how the artifact does not try to infer 
emotions but engage the user in an interactional process.  
With this in mind, I decided to avoid presenting the user 
with interpreted mood recommended music. Also, 
because I would not know if the user wanted to stay in or 
change their mood. Instead, I decided to give the users 
more agency by letting them to choose a general direction 
of the music based on level of arousal. Then, the user 
could adjust music to better suit their mood. This would 
also support the need for increased user interaction, as 
described by Kamalzadeh [23]. 

In considering an appropriate song skipping gesture, I let 
nine participants rate a series of gestures’ suitability for 
song skipping, and then I chose the top rated one. Starting 
and ending in neutral position, the gestures were wrist-
flick outwards, flexion, extension, shake, forearm swing 
to the side, and forearm swing upward. Each gesture was 
performed once and rated and then twice in succession 

and rated. When they performed each gesture, I skipped 
songs remotely. Song skipping was considered 
specifically as it was the primary action of Mary while 
mobile. I moreover learned that multiple participants used 
the wrist-flick gesture naturally when asked to skip a song 
using a gesture of their own choosing. 

The Hi-Fi prototype was developed through five iterations 
of user tests (a total of 20 participants). The user tests 
were conducted either in person with a simulated watch 
on a wrist-mounted phone, or remotely via video call on a 
computer so as to access more participants. During the 
tests, the participants were first asked to explore the 
prototype by themselves while thinking out loud, so that I 
could observe their initial reactions and understanding of 
the prototype. They were then asked to perform tasks for 
each of the prototype’s features and answer a series of 
questions in a questionnaire. There was a slight difference 
in testing the Song Skipping Gesture for in-person and 
remote user tests. In the in-person tests, the participant 
was tasked to walk around in the room and follow the 
watch instructions on how to use the skip gesture. When 
they flicked their wrist, I skipped the currently playing 
song from a remote watch. In the remote user tests, the 
participants were asked to perform the gesture, but 
without the actual skipping of songs. Eight smartwatch 
users participated in the final user test (five in-person, 
three remotely). 

Key issues found in the user tests were: keeping screen 
content on the small screen minimal to avoid confusion, 
educating the users about using heart rate with music, 
worries of unintentional action detections with gestures, 
and that Bluetooth and Wi-Fi connections of devices 
easily caused confusion.  

Design 
The design process resulted in the prototype HeartBeats 
(Figure 1). The core idea of the prototype is to provide a 
quick and convenient way of starting background music 
with minimal screen interaction on-the-go. Reducing the 
time to start and control music, as well as the need to 
interact with other devices, may make the user more 
attentive to other activities. Features such as Heart Rate 
Modes makes music recommendations more context 
aware, QuickPlay Music with heart rate tracking and 
Watch Speaker Access allows the user to quickly play 
recommended music, Wrist-Flicking avoids two handed 
interactions, and the Music Player Switch Notification 
reduces the need to monitor phone battery.  

The proposed design will be explained from the 
guidelines: Context Awareness, Micro-Interactions, and 
Device Ecosystem.  

Context Awareness 
Mary wants music to be either uplifted or calmed down. 
To support Mary in controlling her mood with music the 
music player allows her to adjust any upcoming music  



 

 
Figure 1. A) QuickPlay Music Button, B) Now Playing View, C) Heart Rate Modes, D) Song Skipping Gesture, E) Watch Speaker Access, 

F) Music Player Switch Notification.

with three so called Heart Rate Modes: Motivate Me, 
Follow my Heart, and Calm me Down (Figure 1, C). 

The three modes work by measuring Mary’s heart rate 
and adapting upcoming music recommendations 
accordingly. The music influence of arousal level, as 
previously described, may be considered with the 
Motivate Me and Calm me Down functions. When Mary 
taps Motivate Me, upcoming music recommendations 
adjusts to Mary’s heart rate in order to motivate her and 
get her going (e.g. to heighten arousal, for feeling uplifted 
or to motivate taking a walk). Follow my heart 
continuously adjusts upcoming music to match Mary’s 
current heart rate (e.g. when Mary just wants music to suit 
her mood automatically). Calm me down uses heart rate 
music recommendations to get Mary to a relaxed state 
(e.g. lower arousal after a long work day or to cool down 
from exercise). The concept is made to work with activity 
recognition, where the recognition of activities could 
enhance the specificity of the music recommendations. 
For example, the concept may then recommend different 
music in Motivate Me mode when focusing at work or 
going for a run. The idea is that the different modes may 
support the system’s context awareness by letting the user 
decide a general direction of how they want the music to 
be. The system is furthermore expected to learn from 
musical events that affects the user’s heart rate, if any, 
and use those to direct the user to a desired heart rate. 

The Heart Rate Modes are available in the playback 
screen, which means that Mary can adjust the upcoming 
music of any station, playlist or song. The idea is that if 
Mary’s listening to a specific artist, the Motivate me mode 
could for example play her more upbeat songs from that 
artist. In the case that the artist does not have any upbeat 
songs (or songs to excite Mary), similar artists that 
provide upbeat songs would be selected, such as a music 
station or an artist radio. The Calm me Down mode would 
work in the same way, but instead aiming for relaxation. 
The Follow my Heart mode intends to select music that 
suits Mary’s current heart rate and situation, meaning that 
music may be automatically adjusted to be exciting, 
relaxing or something in between.  

Micro Interactions 
Mary wants quick and easy access to background music 
when she does chores and other on-the-go activities. To 
support Mary playing music quickly from the wrist, the 
design presents her with a prominent button for 
QuickPlay Music (Figure 1, A & B). QuickPlay Music 
uses the Follow my Heart mode by default to play 
recommended music. The purpose is to give Mary a quick 
and easy way to play recommended background music  

The primary action Mary performs when already listening 
to music with the smartwatch is skipping songs. However, 
sometimes the screen interaction is too cumbersome. To 
support Mary easily skipping songs on-the-go, the design 
presents Mary with the option of skipping songs with a 
flick of her wrist (Figure 1, D). The gesture works by 
quickly rotating the wrist outwards and back and can be 
disabled in the settings. The wrist-flick gesture is the 
same as available in the Android Wear OS, where it is 
used for skipping notifications. 

Device Ecosystem 
Mary plays music through the watch speakers as it is a 
convenient way to quickly access music on-the-go but 
chooses to sometimes play music external speakers. To 
support Mary in switching from watch speakers to 
external speakers, the design presents her with a output 
picker with Watch Speaker Access in the playback view 
(Figure 1, E). This output picker includes the watch 
speakers as an option, even though it is not an external 
speaker. When any device is chosen to output music, such 
as the watch speakers, a corresponding symbol is placed 
in the playback screen.  

Mary feels dependent on the phone for communication 
and would rather deplete the watch battery than the 
phone. To keep Mary’s phone battery up when listening 
to music, the design presents her with a Music Player 
Switch Notification (Figure 1, F). The notification informs 
Mary when her phone battery reaches 30% and gives her 
the option to play music on the watch instead. In the case 
that the music playing on the phone was available through 
Wi-Fi or cellular streaming, the watch would then access 
that music. When the same music is not available, then 
the watch would play offline music stored on the watch. 



 

Considering the case where Mary would play music from 
the phone to a pair of Bluetooth headphones, the switch 
would automatically connect the watch to the same 
headphones (e.g. in situations where Mary does not want 
to disturb others).  

Evaluation 
The prototype (Figure 2) was evaluated through five 
iterations of user tests, with a total of 20 participants (14 
male, 6 female M = 32.8, SD = 8.6). 18 of the participants 
were smartwatch users, and two participants considered 
purchasing smartwatches.  The final iteration included of 
8 participants (6 male, 2 female, of which 5 in-person and 
3 remote) and resulted in a System Usability Score (SUS) 
of 79.7. The participants were everyday people in ages 23 
to 56 (M = 35.9, SD = 11.4). SUS is a questionnaire used 
for measuring usability [41]. A score of 79.7 may be 
graded A- in the scale A-F, where 68 (grade C) is the 
average perceived usability of systems, and the highest-
grade A+ would be a score between 84.1-100 [42].  

 
Figure 2. Prototype during user tests. 

From the questionnaire and the spoken feedback, I 
learned about both the features’ perceived usefulness and 
usability. The scores described below are averaged from 
the user test questionnaire items in a scale of 1-5. 1 
represents a strong disagreement of the given statement, 
and 5 represents a strong agreement of the given 
statement.  

Overall, the participants rated the prototype with 4 in 
believing the application’s capabilities met their 
individual requirements. The scores of the separate 
features are described below with the spoken feedback in 
regard to Context Awareness, Micro-Interactions, and 
Device Ecosystems. 

Context Awareness 
From the questionnaire, Motivate Me scored 4.3 in easy 
understanding of what it would do, 4.3 in likelihood of 
frequent use, and a 4.1 in likelihood of use when 
exercising. Follow my Heart scored 4.5 in easy 
understanding of what it would do, 3.3 in likelihood of 
frequent use, and a 3.5 in likelihood of use for quickly 
playing music. Calm me Down scored 4.6 in easy 
understanding of what it would do, 4.1 in likelihood of 

frequent use, and a 3.5 in likelihood of use during 
exercise. 

In asking the participants situations of use, or not use, the 
Motivate Me mode was considered useful during exercise 
(e.g running, interval running, or gym workout), 
motivation during work, in the morning, for certain tasks, 
and for discovering new music. The motivating aspect of 
the music was reasoned to support exploration. Moreover, 
one participant commented that as he typically listened to 
a lot of focus-based music at work, which would bias his 
music recommendations outside of work. The Motivate 
me mode would then possibly help him to avoid the focus 
recommended music outside of work, as it would more 
likely play up-tempo songs.  

Follow my Heart was said to be used when running and 
walking due to variations of the pulse, but also mentioned 
to be a good way to make recommended music better. 
However, one participant said that as it was based on 
recommendations, they could be “very right, or very 
annoying”.  

Calm me down was mentioned to be “magical for 
relaxing at work”, but also good for calming down at the 
end of a workout. However, one comment noted the more 
likely use if it was smart in the sense of automatically 
suggesting the Calm me Down mode at the end of a 
workout. 

Micro-Interactions  
From the questionnaire, the QuickPlay Music scored 4 in 
easy understanding of what it would do, 4 in easy 
understanding of why it uses heart rate tracking, 3.6 in 
believing the feature would give quick access to music 
that suits their mood, and a 4 in likelihood of frequent 
use. The Wrist-flick gesture scored 4.4 in easy 
understanding of what it would do, 1.9 in awkwardness of 
use for skipping songs, a 3.8 in believing it would make it 
easier to skip songs while walking, and a 4.3 in likelihood 
of frequent use.  

In asking the participants situations of use, or not use, the 
QuickPlay Music was considered useful for quickly 
putting on music. However, there were some confusion in 
if the suggested music would be recommendations or 
recently played. Some participants moreover, wanted to 
make the function customizable in the sense of choosing 
default playlists to play when pressing the button.  

The Song Skipping Gesture was considered useful when 
walking, running, exercising, and carrying things. 
However, a frequent concern was the unintentional 
skipping of songs, which would decrease its usefulness. 
One example of where it would be annoying was when 
users have a limited number of skips, like in the Spotify 
Free app. 



 

Device Ecosystem 
From the questionnaire, the Watch Speaker Access 
function scored 4.6 in easy understanding of what it 
would do, 4.8 in believing it would be easy to put on 
music through watch speakers, and a 1.9 in likelihood of 
frequent usage.  The Music Player Switch Notification 
scored 4.1 in easy understanding of what it would do, 4.3 
in believing it would make it easier to keep the phone 
alive, and a 4 in likelihood of frequent use. 

In asking the participants situations of use, or not use, 
watch speakers were considered by some participants 
problematic due to low audio quality and awkwardness in 
public social situations. However, some participants 
commented that it would support quick sharing of music, 
for example when saying goodnight for the kids. Other 
use cases were listening to audiobooks when walking 
around alone in the house was, listening to music when in 
the shower, while gardening, or doing quick tasks without 
headphones. 

In asking the participants situations of use, or not use the 
Music Player Switch Notification, some participants 
stated that it would be convenient not having to monitor 
the phone. One mentioned that his iPhone 8 plus usually 
had good battery most of the time, and several noted the 
importance of seamless transfer of headphone connection 
from phone to watch, but that it may be technically 
difficult. 

DISCUSSION 
The purpose of this thesis was to explore and evaluate 
user-centered design concept(s) for the smartwatch audio 
experience. The experience(s) should contribute to 
meeting user needs and goals and build upon the 
properties of the smartwatch. The research question 
considered: what audio experience(s) a user-centered 
design approach might generate for the smartwatch.  

The resulting design particular, HeartBeats, supports the 
persona Mary in quickly activating heart rate recommend 
music, quickly accessing watch speakers, and the ability 
to skip songs on the go using a wrist-flick gesture. The 
Music Player Switch Notification reduces the need for 
monitoring low phone battery. All prototype features, 
except the Watch Speaker Access received positive 
average scores in questions regarding usefulness and 
usability. This result may suggest that while the Watch 
Speaker Access may be useful for the persona, it may be 
less extensible for a wider user group in likelihood of 
frequent usage. However, the low score may also be due 
to the fact that the watch speaker use case is simply 
expected to be less frequent than the headphone but may 
still be useful in those cases. 

Contributions 
The design guidelines used in the study (Context 
Awareness, Micro-Interactions, Device Ecosystem) 
touches on useful considerations in the literature.  

Context Awareness 
The Heart Rate Modes introduces further possibilities for 
context awareness in music recommendation systems. 
The Motivate Me mode may in technical aspects continue 
from the research regarding exercise and music, and the 
Calm me down mode may draw upon insights from the 
airplane example. This study contributes with a user-
centered use case of heart rate tracking in music 
recommendation systems, as well as a platform for further 
research into the heart rate music connection, such as 
possible entrainment effects.  The modes may moreover 
be compared to Kamalzadeh’s et al. [23] idea of tag-based 
music discovery, where an increased user control of 
upcoming music may complement an otherwise passive 
user experience. 

Micro-Interactions 
The Micro-Interactions considers the small screen of the 
smartwatch, typical mobile and short interactions, and 
movement sensors for gestural input. The Song Skipping 
Gesture builds upon the research of smartwatch input 
methods, and furthermore utilizes the wrist-flick gesture 
as described in the literature. The contributions from this 
study are a user-centered use case for smartwatch gestural 
input, which technical feasibility may be further explored. 

Device Ecosystem 
The Device Ecosystem considers the connection between 
multiple devices, and how they may be used and 
understood by the user. This guideline may be considered 
in relation to the perceptual gap, as described by Ha et al. 
[2]. Here, the Watch Speaker Access and Music Player 
Switch Notification may help the user in viewing the 
device as more of a standalone device, rather than 
dependent on the phone. Instead, the watch may be used 
for offline, Wi-Fi and cellular music, while the now 
playing view for the phone may function more as a 
remote. The Watch Speaker Access furthermore opens the 
question of how input and output may be handled. For 
example, in HeartBeats, the design considers the output 
of music, while other watches also consider the input of 
music. This consideration may provide a further user 
understanding of where music is played from, in regard to 
situations where for example Wi-Fi speakers may act as 
music control (i.e. input) for the music, and other 
Bluetooth speakers more acts as a music player (i.e. 
output). 

The discussion section further considers the study’s 
research through design quality by its process, invention, 
relevance, and extensibility, followed by future studies. 

Process 

Research Through Design 
Apart from on its own, the resulting design particular 
gives scientifically valuable contributions in the sense of 
insights into user behaviors. The design process may be 
valuable for practitioners prototyping and user testing 
with wearables, such as by using web prototypes with the 



 

horizontally wrist-mounted phone. There is also valuable 
knowledge in the design particular as a platform for 
further scientific inquiry in: context awareness in music 
recommendation systems, the music heart rate connection, 
the use of gestural input for the smartwatch, and the roles 
and behavior of smartwatches and users the device 
ecosystem. 

User-Centered Design 
The user-centered design process generated several 
features to support Mary in her daily activities. However, 
features such as the Watch Speaker Access showed less 
extensibility than the Heart Rate Modes. This may be due 
to the choice of persona, and a lack of participants to 
explore the extensibility of the persona. An activity 
centered design approach may have focused more on the 
activity, which may have resulted in more extensible 
features. However, due to the choice of remote user 
studies, it may have been difficult to gather satisfactory 
contextual data of the participants’ activities. However, 
factors such as being a parent did seem to indicate a more 
likelihood of using features such as the Watch Speaker 
Access and the Music Player Switch. 

In-person versus remote user studies 
The design process involved a mix of face-to-face and 
remote user interviews and user tests. A benefit of remote 
user interviews and user tests was the wider availability of 
participants. A downside of remote user interviews user 
tests may be the decrease in observable information 
through video calls, and smartwatch usage over time. 
Moreover, due to the test of the Song Skipping Gesture 
was slightly different in the in-person test versus the 
remote, it might have had an effect on the result. 

Sweden and the US 
The user interview recruitment was conducted both in 
Sweden and in USA. The reason for this was the 
availability of participants with cellular connected 
smartwatches in the US, and the potentially bigger 
smartwatch market. Cellular functionality for 
smartwatches was not available in Sweden at the time of 
the study.  

Phone Prototype 
The in-person user testing used a wrist-mounted phone 
prototype and was therefore different from common 
smartwatches. Differences included a higher weight, 
bigger physical screen, no physical buttons, no tactile 
feedback, and a slight unsteadiness during wrist-flicking. 
The virtual prototype dimensions, however, were the 
same as an Apple Watch. The remote user tests restricted 
prototype usage to the computer and not on the wrist, 
which may have affected the experience further.  

Wizard of Oz 
The wrist-flick gesture was tested using Wizard of Oz, 
which did generate a quick and believable experience. At 
a few occurrences, though, participants wanted to test the 
limits of the wrist-flick gesture, which was not observable 

by me. The wizard of oz skipping of songs for the Song 
Skipping Gesture was not tested in the remote user tests, 
where only the gesture was tested and discussed. 

The Affective Loop 
I aimed to minimize the effect of an Affective Loop by 
focusing the music adjustments on arousal rather than 
emotions. However, there may still be an Affective Loop 
due to the recommendations and heart rate dependence. 

Square Watch Design 
The design of the prototype was influenced by the Apple 
Watch, due to its leading market share and thus larger 
user group. However, the prototype was not dependent on 
the apple watch framework, so as to avoid limiting the 
design. The design focus lies instead on taking 
smartwatch properties into account, such as heart rate 
tracking.   

Invention  
The prototype’s music experience is different from what 
the alone phone can provide.  

HeartBeats enables the use of heart rate tracking for 
music recommendations. The phone may require an 
additional sensor to make mobile measurements of heart 
rate, which the smartwatch enables. There may be other 
ways to achieve the same functionalities, however, as for 
example [29] used sensor-equipped earphones to track 
heart rate for music recommendations. A difference here 
would be the increased dependence of another device (e.g. 
phone or watch), if visual music controls were considered 
necessary with the earphones.  

Considering the Song Skipping Gesture, then smartphones 
do provide the option for gestural input. However, a 
difference with the smartwatch is that it is wrist-worn 
rather than hand-held. This means that the smartwatch 
allows for hands free interaction.  

In regard to the Music Player Switch Notification, 
smartwatches such as the Samsung Gear 3 does allow for 
switching between the phone and watch music players. 
However, a difference in the prototype is that the switch 
is automated, and that it provides a reason for switching 
between the music players.  

The watch speaker access works similarly as in the 
Samsung Gear 3, where the user may switch to watch 
speakers in the playback controls. A difference is that the 
prototype’s watch speaker controls are available in the 
output controls as speakers, while the Samsung Gear 3 
provides a default setting for watch speakers. 

Moreover, the idea of providing a quick and convenient 
way of starting background music, with minimal screen 
interaction on-the-go, may arguably fit well with the 
smartwatch’s focus on mobility [1] and convenience [10]. 



 

Relevance 
The prototype is relevant for providing insights into users’ 
audio behavior with contemporary smartwatches, as well 
as a user-centered design for those behaviors. This may be 
of relevance for designers and companies developing 
future smartwatch technologies. Insights created from 
designing for the smartwatch, such as the wrist-mounted 
phone prototype, are relevant for practitioners who wants 
to quickly test watch concepts with users.  

The guidelines Context Awareness, Micro-Interactions, 
and Device Ecosystem may be further explored in the 
creation of future music player design guidelines for the 
smartwatch. These also provide a platform for further 
research into context awareness, gestural interactions, and 
the connections and roles between different devices. The 
latter may be important for considering the perceptual 
gap, as discussed by Ha et al. [2]. 

By exploring context awareness in music 
recommendation systems with the Heart Rate Modes, 
there might also be an opportunity to find generalizable 
insights for recommendation research as a whole, as noted 
by Schedl, Knees and Gouyon [21].  

Extensibility 
Some of the prototype’s features seem to be more 
extensible than others. The Heart Rate Modes and Song 
Skipping Gesture received higher scores of likeliness to 
use than for example the Watch Speaker Access. This fact 
may be due to the choice and details of the persona. The 
Music Player Switch Notification appeared in between as 
it depended on the user’s own dependence on phone 
communication, and phone battery issues. The prototype’s 
focus on convenience and mobility may moreover support 
previously described characteristics of the smartwatch. 

The music content available in the app was satisfactory to 
the persona but may need to include other musical content 
(e.g. online playlists) to attract a wider user group. 
Including online playlists (not only offline playlists) 
seemed to be a necessity for many participants, compared 
to only accessing online music stations. However, this 
preference for playlists may be due to the fact that Spotify 
subscriptions was more common among the participants 
than other music services with music stations, such as 
Pandora Music (Pandora Music was not available in 
Sweden during the time of this study). 

With the persona’s focus on music preferences, the work 
was delimited to music experiences rather than audio 
experiences in general. Other audio experiences, such as 
podcasts, radio, or audio books, may be further explored. 

Future Studies 

Heart Rate Modes 
Further studies could investigate the technical 
implementation the Heart Rate Modes with live heart rate 
tracking and music recommendations. This could be 
explored both using smartwatches, but also through other 

heart rate tracking technology. There is also the question 
of determining what music to suggest for what heart rate, 
and the possibility of increasing or decreasing the heart 
rate for the purposes described in this paper.   

Machine learning may furthermore introduce an 
opportunity to explore new music characteristics that 
could affect heart rate. One potential example could be to 
register songs that has an effect on the user’s heart rate 
and learn how to use those songs to affect the user’s heart 
rate. Chill experiences and rhythmic entrainment may be 
such contributors. This way, other metrics to potentially 
affect heart rate, other than musical tempo, may be 
identified and further explored. A consideration here 
could be the possible heightening of heart rate when 
performing the Song Skipping Gesture, and how the 
system may take that into consideration. 

Moreover, data privacy should be considered when 
tracking heart rate, as it may lead to other insights than for 
the purpose of music recommendations. 

Device Ecosystems 
Furthermore, there is the opportunity of further exploring 
the smartwatch’s role in its connection to other devices. 
Both in terms of a personal area network, but also for 
external speakers and music players, switching between 
devices. Headphone music controls may be an alternative 
to the song skipping gesture as many of the participants 
were comfortable with wearing headphones, although 
some mentioned difficulties in using them. Another 
consideration could be how to seamlessly transfer the 
music from the phone to the watch combined with the 
transfer of Bluetooth headphone connection between the 
devices, such as during the Music Player Switch.  

Virtual Ecosystems 
Besides the physical device ecosystem, there is also the 
possibility of considering the smartwatch’s virtual 
ecosystem. For example, the music player screen may be 
available through other apps, such as the activity app on 
the Apple Watch. Here, music controls are available by 
swiping left or right, and the inclusion of the heart rate 
modes or quickplay button here may give the user quick 
access and control of adjustable music when exercising. 

CONCLUSIONS 
I have conducted a user-centered design process to 
explore and evaluate smartwatch audio experiences. The 
work resulted in the user validated prototype HeartBeats.  
The study contributes with unique insights from 
smartwatch audio application usage and how those 
insights may be used in design and evaluation. 

The reader will learn of user insights regarding: Context 
Awareness, Micro-Interactions, and Device Ecosystem. 
The design for Context Awareness resulted in heart rate 
music recommendations, Micro-Interactions resulted in 
the use of hand gesture identification, and the Device 



 

Ecosystem for connections to the phone, and internal and 
external speakers.  

The Context Awareness concept may be useful for 
considering how contextual information, such as heart 
rate tracking, may be used in mobile music 
recommendation systems. Further research may provide 
insights for recommendation research as a whole, and 
insights into the heart rate music connection. 

The Micro-Interactions may be useful when considering 
how the user should interact with the smartwatch in a 
convenient and mobile way. Further research may here 
explore the technical implementation of used gesture, and 
potential risk for unintentional action detection. 

The Device Ecosystem may be useful for considering the 
smartwatch inherent connections to different devices, 
such as the phone, and speakers. Further research may 
explore how the controls and information on different 
devices may work together, such as with music controls 
on headphones. 

The concepts of Context Awareness, Micro-Interactions, 
and Device Ecosystem may be further explored in 
developing design guidelines for smartwatch audio 
design.  
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