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ABSTRACT  

Though there have been studies exploring usability evaluation methods for mobile 
applications, there is little documented research comparing evaluation methods for 
smartwatch applications. The purpose of this study was to explore how usability evaluation of 
smartwatch applications can be conducted. This was done by discussing what usability 
attributes are appropriate for the evaluation of smartwatch applications and by exploring what 
unique insights, strengths and weaknesses the results of the different methods of usability 
evaluation offer. As there are many different methods that could have been explored, after 
interviewing four user experience designers, the decision to focus on context and type of 
evaluator was made. Four types of tests were chosen that matched these variables: heuristic 
walkthrough, heuristic contextual walkthrough, laboratory test with end users, and in-situ tests 
with end users. A total of 18 participants were recruited and the results showed that the 
heuristic walkthrough was the most effective in terms of identifying the most and highest 
severity usability issues in the least amount of time. In general, the expert-based evaluations 
fared better than the user-based ones, revealing higher severity, more frequent, and most 
unique usability issues. Meanwhile, the in-situ tests revealed the least number of usability 
issues, as well as the least severe ones. Furthermore, the interviews and usability testing 
suggest that readability and comprehensibility are legitimate usability attributes to consider 
for smartwatch application usability evaluation.  

 

SAMMANFATTNING 

Trots att det har gjorts studier som undersöker utvärderingsmetoder för mobila applikationer, 
finns det lite dokumenterad forskning som jämför utvärderingsmetoder för smartwatch 
applikationer. Syftet med denna studie var att undersöka hur användbarhetsutvärdering av 
smartwatch applikationer kan genomföras. Detta gjordes genom att diskutera vilka 
användbarhetsattributer som lämper sig för utvärdering av smartwatch applikationer och 
genom att undersöka vilka unika insikter, styrkor och svagheter resultaten de olika metoderna 
för användbarhetsutvärdering kunde erbjuda. Eftersom det finns många olika metoder som 
kunde ha undersökts, efter att ha intervjuat fyra UX designers, beslutet togs att fokusera på 
sammanhang och vem som utvärderar användbarhet. Fyra typer av tester valdes som 
matchade dessa variabler: heuristic walkthrough, heuristic contextual walkthrough, laboratory 
test with end users, and in-situ tests with end users. Totalt 18 deltagare rekryterades och 
resultaten visade att den heuristiska genomgång (heuristic walkthrough) var den mest 
effektiva när det gäller att identifiera flest och de med högsta prioritetsproblem i den kortaste 
möjliga tid. I allmänhet, expertbaserade utvärderingar klarade sig bättre än de 
användarbaserade; de avslöjade värre problem oftare med flest unika användbarhetsproblem. 
Samtidigt avslöjade in-situ tester minst antal användbarhetsfrågor och de minst allvarliga. 
Dessutom intervjuer och användbarhetstester tyder på att läsbarhet och begriplighet är 
legitima användbarhetsattribut för tillämpning av användbarhetsutvärderingar av smartwatch 
applikationer.	
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ABSTRACT 
Though there have been studies exploring usability evaluation 
methods for mobile applications, there is little documented 
research comparing evaluation methods for smartwatch 
applications. The purpose of this study was to explore how 
usability evaluation of smartwatch applications can be conducted. 
This was done by discussing what usability attributes are 
appropriate for the evaluation of smartwatch applications and by 
exploring what unique insights, strengths and weaknesses the 
results of the different methods of usability evaluation offer. As 
there are many different methods that could have been explored, 
after interviewing four user experience designers, the decision to 
focus on context and type of evaluator was made. Four types of 
tests were chosen that matched these variables: heuristic 
walkthrough, heuristic contextual walkthrough, laboratory test 
with end users, and in-situ tests with  end users.  A total of 18 
participants were recruited and the results showed that the 
heuristic walkthrough was the most effective in terms of 
identifying the most and highest severity usability issues in the 
least amount of time. In general, the expert-based evaluations 
fared better than the user-based ones, revealing higher severity, 
more frequent, and most unique usability issues. Meanwhile, the 
in-situ tests revealed the least number of usability issues, as well 
as the least severe ones. Furthermore, the interviews and usability 
testing suggest that readability and comprehensibility are 
legitimate usability attributes to consider for smartwatch 
application usability evaluation.  
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1.INTRODUCTION 
Usability evaluation methods have been employed since the early 
80’s by designers and HCI practitioners to ensure the user-
friendliness and usability of all kinds of computer artefacts, 
ranging from desktop operating systems to mobile applications. 
The recent commercial upswing of smartwatches has rendered the 
application of usability evaluation of smartwatch applications 
equally relevant. Smartwatches pose additional challenges and 
opportunities compared to mobile phones, as the artefact is worn 
like an article of clothing or jewellery and is with the user at all 
times. For example, because the timepiece is worn directly on the 
skin, the haptic feedback of notifications can be even more 
obtrusive and distracting. Furthermore, smartwatches provide 
quick access to the user in the sense that one does not reach into a 
pocket to pull out the device to sneak a peek at the screen.  These 
features plus the glanceable nature of smartwatches offer the 
potential to leverage the user’s context to meet needs in a way that 
is unfeasible even for smartphones. 

Unfortunately, this flexibility that makes the smartwatch unique 
also makes studying smartwatch use challenging, as the wide 

range of use contexts are potentially not easily simulated in 
usability labs. In a lab, the subject’s usage is focused and 
uninterrupted, while real use might be in social environments or 
stressful situations. On the other hand, field studies require more 
time, so usability evaluation in labs is still the more common [9]. 
One can wonder how the results of usability methods on 
smartwatches differ, and what unique insights one method may 
have over another.  Furthermore, there are different usability 
attributes that one measures when performing usability testing, 
such as efficiency, effectiveness, and satisfaction, according to 
ISO 9241-11 [6]. This begs the question if the same usability 
attributes apply or if the definition of usability should be 
expanded to include other measures in the case of smartwatches.  

This study explores how usability evaluation of smartwatches can 
be conducted by investigating different methods and criteria for 
conducting usability testing on smartwatch apps. By first 
interviewing user experience designers to identify which insights 
they seek from usability testing of smartwatches, this study selects 
and implements a range of usability testing methods to see what 
unique strengths and drawbacks the different methods offer in the 
context of smartwatch applications. Moreover, a discussion of 
relevant usability attributes in the case of smartwatch usability 
testing is provided, based on the findings of the interviews and 
implementation of usability testing methods.   

1.1.Delimitations 
The interviews were conducted solely at Bontouch AB, a mobile 
application development company located in Stockholm, Sweden. 
This is due to the fact that the study was conducted at their office. 
Furthermore, because their products only included Apple Watch 
applications at the time that this report was being written, the 
usability evaluations were conducted on an Apple Watch 
application.   

2.THEORY AND RELEVANT WORK 
This section is an overview of the topics of smartwatches and 
usability evaluation methods. It continues with prior research in 
the field of usability testing and concludes with the research 
question explored in this study.  

2.1.What is a smartwatch? 
According to Juniper Research [11], Apple Watch and Android 
Gear are the two biggest vendors of smartwatches, measured in 
sales in 2015. In terms of functionality, the rivalling types of 
smartwatches share many features, such as displaying time, watch 
face customisability, weather display, and activity tracking. Both 
types are tethered to the user’s smartphone, which means the 
phone has to be in range of a bluetooth signal to receive 
notifications and other information forwarded from the phone. 
Both platforms make use of voice input and voice commands to 
perform tasks and send messages [15].  



2.1.1.Apple Watch 
As mentioned in the delimitations, this study will focus on Apple 
Watch applications. A few design features are appropriate to be 
familiar with for the sake of understanding design and usability 
decisions discussed later in the report.   

2.1.2.Complications 
The Apple Watch features complications (Image 1) beyond telling 
time” [1]. Example complications include moon phases, weather 
reports, daily activity tracker. The user can decide which 
complications they would like to have on their watch face.   

Image 1. Apple Watch watch face with sunset, moon phase, 
and timer complications. 

2.1.3.Glances 
Glances (Image 2) are “scannable summaries of the information 
you seek out most frequently” [1].  To access them, the user 
swipes up from their watch face. For more information, the user 
can tap any Glance to open its corresponding app. 

 Image 2. Apple Watch watch face showing Glances  

2.1.4 Smartwatch as the Smartphone’s Companion 
The smartwatch is a companion device to the smartphone, as 
many smartwatches on the market cannot work independently. For 
example, the fitness application of the Apple Watch relies on the 
GPS of the iPhone, as well as the accelerometer in the watch to 
accurately measure the distance and speed of the user’s workout. 
This is a limitation that causes users to feel “tethered” to their 
phones, as they often had to switch back to the phone to perform 
or complete tasks [16]. 

2.2. Usability and Its Attributes 
ISO 9241-11 [6] defines usability as the “extent to which a 
product can be used by specific users to achieve specified goals 
with effectiveness, efficiency, and satisfaction in a specified 

context of use.”  From this definition one can surmise that “the 
property of usability is relative to the users, their goals, and the 
physical and social context of use” [17].   
When performing usability tests, evaluators need features to 
measure to determine the quality of applications.  The Nielsen 
Norman Group [13] identify five quality components of usability 
as learnability, efficiency, memorability, errors and satisfaction. 
Learnability focuses on how easily users finish a task the first 
time they use an application. Efficiency determines how fast users 
can perform tasks once they have learned the design. 
Memorability is determined by seeing if users recall how to 
perform tasks after a period of non-use. Errors refers to how many 
errors users make, how severe these errors are, and how easily 
users can recover from the errors made in a design. Satisfaction is 
about how pleasant it is to use a design [13].  
In the context of mobile applications, Zhang and Adipat [18] 
added four more attributes based on literature and usability studies 
on mobile applications. These attributes were effectiveness, 
simplicity, comprehensibility, and learning performance. 
Effectiveness is the completeness and accuracy with which users 
achieve tasks. Simplicity is the degree of comfort with which 
users achieve goals. Comprehensibility (readability) measures 
how easily users can understand content on mobile devices. 
Learning performance measures the learning effectiveness of 
users in mobile applications. 

2.3.Usability Evaluation Methods 
Usability evaluation methods have existed in the field of HCI 
since the early 80’s, fuelled by the need to assess and improve the 
usability of computer programs and websites. Usability testing in 
the laboratory became the de-facto method for evaluation to 
determine how well users can use a user interface. An effective 
usability study measures user performance in terms of speed, 
accuracy and errors, complemented with qualitative subjective 
evaluations [5]. 

2.3.1.Expert-based inspection methods 
In the 90’s, usability experts explored other methods to bring 
down the capital and time costs of laboratory usability evaluation. 
The result of this exploration was expert-based inspection 
methods, such as heuristic evaluation and cognitive walkthroughs. 
In heuristic evaluation, user interface specialists study the 
interface thoroughly and seek out properties that they know from 
prior experience will lead to usability problems [7]. Often times, 
experts compare the application against a set of accepted usability 
principles, called Nielsen’s heuristics [3, 7, 14]. Nielsen created 
this set of ten guidelines or rules-of-thumb to allow for the 
assessment of an interface according recognised usability 
principles, such as consistency, visibility, and minimising users’ 
cognitive load [3].  
Po, Howard, Vetere, and Skov recommend adding a scenario to 
the evaluation in order to shift the focus from being product to 
being use-oriented [14]. This method is called heuristic 
walkthrough. An extension of this is the contextual walkthrough, 
wherein evaluators perform a walkthrough of the product in the 
intended situation of use.  
In order to make evaluation possible even earlier in the 
development phase, guidelines were introduced to provide 
developers with specific recommendations about the design of an 
interface [7]. Apple’s Human Interface Guidelines are an example 
of such a technique.  
A study [7] published in 1991 compared these different usability 
evaluation methods by conducting four different methods on a 
software user interface. The methods compared were heuristic 



evaluation, usability testing, guidelines, and cognitive 
walkthrough.  They concluded that heuristic evaluation found the 
most serious problems with the least amount of effort, though it 
also reported many low-priority issues.  
In 1997, Doubleday, Ryan, Springett, and Sutcliffe also compared 
results from and cost-effectiveness of expert evaluation and end-
user testing [3]. They found that heuristic evaluation was more 
useful for identifying the cause of the problem while user testing 
was better for identifying symptoms of problems. Though 
heuristic evaluation was effective in finding usability problems, 
and though usability testing is time-consuming, they conclude that 
user testing is still of importance due to the fact that heuristic 
evaluators will not always behave as one expects.  

2.3.2.Mobile Usability Evaluation Methods 
With the advancement of consumer mobile devices, the extra 
dimension of mobility was added to user testing. At the time, there 
were established guidelines for usability testing of desktop 
applications. However, researchers [19] were unsure whether 
these methods, criteria and approaches would be applicable to 
mobile applications due to the new user cases and technical 
limitations. While the desktop computer was stationary, mobile 
devices could be used while users were standing, walking or 
sitting in different lighting and noise environments, making them 
more prone to distraction from their surroundings. Zhang and 
Adipat [18] identified six additional challenges with usability 
testing on mobile applications: connectivity, the small screen size, 
the different display resolutions, the limited processing power, and 
data entry methods. The era of mobile computing intensified the 
discussion of whether evaluation of mobile devices could be done 
solely through laboratory experiments, as it was assumed that they 
should be done in the field to account for the use-context. The 
advantages and drawbacks for each method are identified in the 
sections below.  
Laboratory experiments 
Zhang and Adipat [18] list several advantages of performing 
usability testing of mobile applications in laboratories. First, the 
tester has full control over the experiment by defining a task and 
procedures that match the goal. Secondly, one can easily measure 
usability attributes by controlling irrelevant variables in a usability 
test. Thirdly, it is easy to use video and audio recordings to 
document subjects’ reactions and emotions while using the 
application.  
One of the biggest limitations of conducting usability testing in 
the laboratory setting is that it ignores the mobile context of the 
user.  The different use cases of the mobile application may not be 
simulated in the laboratory setting, as there are unpredictable 
environmental factors such as noise, poor lighting, or use while on 
the move.  
Field studies 
The advantages of performing field studies, also known as in-situ 
studies, is that it accounts for the mobile context. Some claim that 
such studies are more reliable and realistic and are therefore more 
likely to find usability issues that would occur in real mobile 
usage  [9, 20]. 
Beck et al. [2] specify three fundamental difficulties in performing 
in-situ studies. Firstly, it is complicated to establish realistic 
environments that capture the richness of mobile context. 
Secondly, trusted evaluation techniques such as observation and 
think-alouds are difficult to apply in the field. Thirdly, data 
collection is complicated and control is limited because there are 
potentially unknown variables that effect the setup. 

2.3.3.Comparing Lab and Field Usability Testing 
Several studies have been conducted to determine if there is an 
added value in performing field studies and there have been mixed 
results. Some studies claim that there is little added value of 
performing usability studies in the field. In [10], the laboratory 
setting identified the same problems as the field study, with the 
exception of one problem. They maintain that the expensive time 
in the field can be avoided if the laboratory mirrors the realistic 
setup of the user’s context. Similar conclusions were drawn by 
[8]. 
This conclusion contradicts the findings of [12]. They claimed the 
field evaluation was more successful as the environment enabled 
the identification of considerably more usability issues compared 
to the laboratory experiment. Furthermore, it was only in the field 
study that usability problems related to cognitive load and 
interaction style were identified. The value added is a more 
complex list of usability issues otherwise not detected in the 
laboratory experiment. Rogers et al. [21] also maintain that field 
studies were necessary to show how a product was used in the 
proper environment instead of how the researchers had envisioned 
it.  

2.4.Research Question 
Although there have been studies exploring usability evaluation 
methods for wearables and for mobile applications, there is little 
research that compares evaluation methods for smartwatch 
applications. By implementing different methods for performing 
usability evaluation of smartwatch applications, this study aims to 
answer the question:  
• How can usability of smartwatch applications be evaluated?  
This question will be answered by answering two subquestions:  
• What usability attributes or criteria are relevant to measure 

when performing usability tests for smartwatch applications?  
• What unique insights, strengths and weaknesses do different 

methods of usability testing offer in the context of smartwatch 
apps? 

3.RESEARCH PROCESS 
To help select the methods to evaluate, interviews were conducted 
with UX designers. Evaluation methods were chosen based on 
these interviews.  

3.1.Interviews 
As there was little documented research conducted on the Apple 
Watch, knowledge was sought in industry, and more specifically 
at Bontouch, where they have had experience developing Apple 
Watch applications. Three user experience designers and one user 
interface designer were interviewed and asked what insights they 
look for when conducting usability evaluation on smartwatch 
applications.  They were also asked about challenges in designing 
for smartwatch applications, and what usability attributes they 
think are unique to smartwatch applications.  All of the interview 
participants have had experience with designing or working with 
smartwatch applications and three of them wore a smartwatch on 
a daily basis. The interviews, which lasted between 20 and 40 
minutes, were conducted in a semi-structured manner, as a set of 
questions was prepared beforehand and asked in a specific order. 
However, unscripted follow-up questions were asked in cases in 
which more detail seemed relevant. The script gave consistency to 
the questions so that the same questions were discussed by the 
designers, but the unscripted questions allowed for diving deeper 
in a topic and for clarification.  



3.1.1.Data analysis  
The interviews were categorised and analysed to find themes 
about smartwatch application design and evaluation. The relevant 
themes are discussed in the results.  

3.2.Usability Evaluation Methods 
This section delineates how the usability evaluation methods were 
selected and describes the smartwatch application that was 
evaluated. Finally, more details about the procedure of the 
usability tests is provided.  

3.2.1.Selection of Evaluation Methods 
Based on the interviews conducted and the literature reviewed, 
four usability evaluation methods were chosen for this study: 
heuristic walkthrough, contextual walkthrough, laboratory 
usability test, and in-situ test. The issue of testing for context was 
discussed in several studies, as well as by one of the designers. 
Meanwhile, the low time and monetary costs of heuristic 
evaluation makes the method interesting for companies and 
startups that do not always have the necessary resources to 
perform usability testing with users. See Table 1 for a matrix of 
the methods chosen. More information about how the methods 
were chosen are discussed in the results of the interviews.  

Table 1. Matrix of methods chosen in this study 

3.2.2.Description of Evaluated Application 
The SJ Apple Watch application was developed by Bontouch AB 
for SJ Swedish Railways. It stores train tickets purchased through 
the iPhone application (SJ - Swedish Railways). It also offers a 
Glance, which displays departure time, a countdown until train 
departure, and train number and platform number. Once a traveler 
is on the train, the watch application shows a countdown until 
arrival with an animation of a moving train. See Images 3, 4, 5 
and 6 for more information. 
As the smartwatch is considered to be a platform for delivering 
quick, relevant information, the SJ Apple Watch application also 
sends notifications to users in the case of sudden and unforeseen 
changes. For example, if a train changes platforms, is delayed, or 
even cancelled, the user receives a notification.  

Images 3 and 4. Left shows the user’s tickets. Right shows the 
SJ Glance displaying user’s departure time.  

   !                !  
Images 5 and 6. Left shows Glance when user travelling on 
train. Right shows notification when changes or delay occur.  

3.2.3.Participants 
As this study mirrors usability testing conditions in companies 
such as Bontouch, where time is a scarce resource, a low-cost 
“guerilla style” approach of recruitment was used, in which 
carefully selected friends, family members, and employees were 
recruited. A total of 18 participants took part in this study; three 
were Bontouch employees, seven were second-year students at 
KTH’s HCI Master's program, five were recent graduates or 
students of KTH’s computer science program, and three were 
students or recent graduates of Stockholm University or other 
schools.  Recruits were either contacted through Facebook or 
directly at Bontouch’s office. Five of the participants were female 
and thirteen were male, while the ages spanned from 23 to 39.   
Ideal candidates had experience traveling with SJ and had 
experience using the Apple Watch. 17 of the 18 participants had 
experience travelling with SJ, while one did not. Her results were 
still included in the study as they did not differ from those of the 
other participants. One test person was a regular commuter and 
the rest had travelled between 1 to 12 times with SJ in the last 
year. Two owned their own Apple Watch, but most did not, rather 
they borrowed an Apple Watch from a few days to months at a 
time in order to understand the interaction design and 
functionality of the device.  This system worked for most people 
as only two participants indicated that they were not comfortable 
with using the Apple Watch.  
Participants external to Bontouch were rewarded with a movie 
ticket as compensation for their time.  
Expert Evaluations 
Eight different evaluators, four for the heuristic walkthrough and 
four for the contextual walkthrough, were recruited. Half of the 
evaluators were in their last semester of graduate level education 
in HCI at KTH, while others were working professionals within 
the field of UX or software design. All had prior awareness of 
Nielsen’s heuristics but only three had prior experience applying 
them.  
User Evaluations 
The user-based evaluations participants were recruited from KTH, 
Bontouch, and from the author’s social network. Five were used 
for the lab-based test and another five for the in-situ usability test. 
Although some of these users were interested in or worked with 
technology, they were not immersed in the field of HCI, but were 
computer scientists, business analysts and students from 
Stockholm University. Each participant took part in only one test, 
so each test consisted of unique participants.  

3.2.4.Scenario and Tasks 
The four types of usability evaluations all shared the same tasks 
and scenario. The scenario was that the user who lives in 
Stockholm is visiting his/her friend in Uppsala, about 60 km 
away, for the day. First, the user books a same-day round-trip to 
Uppsala using the SJ iOS application. The reason for this is that 

Context

In-situ Laboratory

Evaluators
Expert

Contextual	
Walkthrough

Heuristic	
Walkthrough

User
Usability	test	in	field Usability	test	in	

lab



the Apple Watch application is a compliment to the iOS 
application so to only simulate and analyse the functionality of the 
watch would be to isolate the watch application to the point where 
the use case would not be mirroring realistic use.  
The next part of the scenario takes place at Stockholm Central 
Station ten minutes before departure. The user is asked to use the 
Apple Watch to check the train number, which platform the train 
is leaving from, as well as how much time there is before 
departure.  
The final part of the scenario pretends the user is on the train. The 
user shows his or her ticket to the conductor and checks how 
much time until arrival. Due to time constraints, the test subjects 
did not actually enter the train. This part of the test was only 
simulated.  
The in-situ tests played out this scenario at Stockholm Central 
Station in the square, while laboratory tests took place at 
Bontouch’s headquarters. 

3.2.5.Data Collection 
Both video and sound were collected during the study using two 
cameras contained in a small sling-on bag.  

Image 7. Left shows camera mounted on shoulder. Right 
shows view from camera. 

One camera filmed through a hole in the bag, and it captured the 
user’s environment and context, while the other camera was 
extended and fastened to the strap of the bag so that it was 
mounted on the user’s left shoulder. This camera filmed the watch 
face as well as how the user interacted with the it (Image 7) . Only 
the shoulder camera was used during the evaluations. 

3.2.6.Test Procedure Expert Evaluations 
Both walkthroughs followed the same experimental procedure 
though they were conducted in different environments as 
described above. They started with the evaluator signing a consent 
form as well as filling in a short survey about how often they have 
travelled with SJ in the last year and how comfortable they feel 
using the Apple Watch.  
In the next step the evaluator was given a survey to gather 
information about their experience in the field of HCI as well as 
how much experience they had with Nielsen’s heuristics. They 
were then presented with a list of Nielsen’s heuristics in order to 
ensure that they fully understood them. They read through the 
different heuristics and were encouraged to ask questions if they 
were uncertain about their meaning. The evaluators were allowed 
to keep this aid during the walkthrough as well.   
The next part was the walkthrough. First, they were given an 
Apple Watch and an iPhone and asked to download the SJ watch 

application. They were prompted explore the application, and 
asked what they thought the watch application did, based on their 
first impression. Then they were given the scenario and asked to 
perform the tasks mentioned above. They were presented with one 
task at a time, and asked to say the answer to the question out 
loud, or to say “Skip” if they could not complete the task. The 
tasks were not timed in order to avoid stressing the users. While 
performing the tasks, the evaluators were encouraged to think 
aloud. If they found a usability issue, they recorded the issue, the 
heuristic violated, and the severity of the error according to the 
Severity Ranking Scale (Table 2). 
After completing the tasks, the evaluators were asked about their 
general impressions of the application. The length of the each 
evaluation was recorded. 
Table 2. Severity Ranking Scale used by the experts for rating 

the usability issues 

3.2.7.Test Procedure User Evaluations 
In the user-based tests, the participant was also asked to fill out 
consent forms and a short survey. They were given the same 
scenario as in the expert evaluation and asked to complete the 
same tasks, while thinking out loud. They did not, however, 
record issues themselves. Instead, the test moderator went through 
the material of the video in order to identify usability issues and 
rating the severity of the problems. When choosing usability 
errors, the author chose both issues that the users voiced through 
their think alouds, but also issues that the author noticed by 
observing the actions, for example if they pressed on a button 
many times and nothing happened.     

3.2.8.Data Analysis 
The video and sound data was analysed by the author in order to 
identify the usability issues and rating the severity of the 
problems. A problem list was prepared with the usability issue and 
an indication of where the issue occurred.  
The list was presented to the product owner and the designer of 
the SJ Watch application at Bontouch in order to remove the items 
that were not issues, such as those that were deemed as a 
preference or opinion. Three issues were removed in total. Some 
usability occurrences were technical issues that were not specific 
to the SJ application, but rather were technical limitations caused 
by the software and hardware of the Apple Watch. These issues 
were still kept on the list, because they are still problems that 
users experience, and they may be addressed when an appropriate 
update of the watch operating system is released.  

4. RESULTS AND ANALYSIS 
Here, the relevant results from the interviews and the user 
evaluation methods are presented.  

4.1.Interviews 
The interviews are presented in themes that emerged after 
analysis. These themes include usefulness versus usability, users 
and experts, and potential usability attributes for smartwatch 
applications. 

Rating Description

0 I	don’t	agree	that	this	is	a	usability	problem	at	all.
1 Cosmetic	problem	only.	Need	not	be	fixed	unless	extra	

time	is	available	on	project.

2 Minor	usability	problem.	Fixing	to	be	given	low	priority.
3 Major	usability	problem.	Important	to	fix,	so	should	be	

given	high	priority.

4 Usability	catastrophe.	Imperative	to	fix	this	before	
product	can	be	released.



4.1.1.Usefulness versus Usability  
One designer makes the point that different types of tests are 
needed to test different things. For example, if the usability 
evaluator wants to determine how usable an application is, a beta 
application would be ideal to perform a longer user study to 
determine exactly what users do instead of what they think they 
would do in the specific contexts.  Ideally, the test would last three 
months, but minimum one month. This is because in usability 
labs, even when they are provided with a scenario, users can only 
speculate whether or not they would use an application.   
According to the same UX designer, in the case of smartwatches, 
contextual studies feel more relevant, such as diary studies in 
which the user can take pictures of when and how they used the 
smartwatch. Usability testing is good to determine user-
friendliness, to see if users understand the interface, how things 
are connected and that they are not afraid to press on some 
buttons. It does not replace the importance of contextual studies.  

4.1.2.Users and Experts 
One UX designer comments on the nature of user testing and 
research, that it is important not to ask the users what they want or 
what they think. Instead, by understanding what the users are 
trying to achieve, their pain points and patterns, it is the job of UX 
experts to come up with the best solutions. 

4.1.3.Potential Usability Attributes for Smartwatch 
Applications 
One UX designer described the challenges of designing for the 
smartwatch, commenting that the screen is extremely small so one 
needs to test if the text is readable on the screen. This makes the 
case for readability as a potential usability attribute.  
The user interface designer commented that in one of the 
applications that he helped to develop they added animations to 
make using the application an enjoyable experience, but then 
looking back they realised that it slowed down the application. 
The balance between delightful animations and long waiting times 
could also be an attribute to be aware of.  

4.1.4.Summary of Interviews 
From speaking to the UX and UI designers, the variables of 
context and evaluators was chosen for further examination. This 
because of the interesting tension between field and laboratory 
studies acknowledged by prior literature and the designers. In the 
same way, practitioners of user-centered design are experts, but at 
the same time the user stands in the center, so it was an interesting 
dynamic to inspect. These two variables were combined in 
different combinations to make the four different tests because it 
is not possible to isolate the variables, as the tests need both an 
evaluator and a test setting.  

4.2.Usability Evaluations 
The results of the usability evaluations are presented by theme. 
The themes include quantity and quality of usability issues, total 
time of each test, and usability attributes.   

4.2.1.Quantity and Quality of Usability Issues 
A total of 29 unique usability issues were reported across the four 
usability evaluations for the SJ Apple Watch application, with a 
total of 67 occurrences of these issues.   
Figure 1 shows the distribution of the occurrences among the four 
different tests. They each identified between 16 to 18 issues. The 
heuristic evaluations reported a higher number of major issues 
compared to the user evaluations, while the user tests reported a  
higher number cosmetic and minor issues. However, as the 
heuristic tests had fewer participants, the average number of 
issues reported was higher for the heuristic evaluations, as shown 
by Figure 2. The average number of issues identified per person is 
4.25 for the expert evaluators and 3.3 for the user evaluators. 
Between the laboratory and the in-situ studies, the average 
number of issues identified per evaluator is 3.95 for the laboratory 
tests and 3.6 for the in-situ tests. This speaks to the fact that 
heuristic evaluations do not need as many evaluators to discover 
as many problems as user tests. 

Figure 2. Average number of occurrences discovered per 
evaluator by test 

Table 3 shows the average severity (sum of severity/ number of 
issues)  of each of the tests. The laboratory-based tests report a 
higher average severity compared to the in-situ tests. The expert 
tests report a higher average than the user-based studies. 

Table 3. Average severity of usability issue by type of 
evaluation 

The distribution of the severity of the usability occurrences is 
presented in Table 4. In terms of quantity, the expert-based tests 
reported one issue more than the user-based evaluations (34 
compared to 33). In total, laboratory tests identified 35 occurrence 
of usability issues and the in-situ tests found 32. The expert 
evaluations identified more major and catastrophic issues than the 
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user tests (12 compared to 8), and the user evaluations identified 
more cosmetic and minor issues (25 compared to 22).  

Table 4. Distribution of severity of usability issue by type of 
evaluation

4.2.2.Time 
In terms of time, all of the tests took about the same amount of 
time, ranging from 60 to 70 minutes. Expert tests took more time 
to conduct and less time to analyse because the evaluators had 
already recorded the usability issues, while user tests took less 
time to conduct but longer to analyse the footage. Furthermore, 
these times included a discussion and review of the heuristics 
before each session, to make sure everyone had the a basic level 
of expertise in the heuristics. This added an about ten minutes to 
the length of the evaluations. Important to note is that the time to 
walk to and from the in-situ destination, Stockholm Central 
Station in this case, was not included. It took 15 minutes each way 
to walk to the Stockholm Central Station, adding 30 minutes per 
test person onto the time for implementing the tests. When seen 
from that perspective, as shown by Figure 3, the lab test is the 
“cheapest” in terms of time. 

Figure 3. Average time of each type of evaluation 

4.2.3.Benefit/Cost Ratio 
A benefit/cost ratio can be calculated by multiplying the average 
severity with average number of errors and dividing that number 
by the average time spent per evaluation. The reason for choosing 
these figures is that the best tests identify the most and highest 
severity problems in the least amount of time. 30 minutes was 
added to the in-situ tests for walking to and from the site. The 
second row shows the results after ten minutes were omitted from 
the expert-based tests to mirror how the evaluation would be 
administered in reality, where the evaluators would not need the 
time to familiarise themselves with the heuristics before 

performing the evaluation. Table 5 shows that the expert 
evaluations offered the highest benefit/cost ratio. 
Table 5. Benefit/cost ratio of the four types of tests. First one is 

including time for reviewing heuristics. Second is without. 

4.2.4.Recurring versus unique issues 
Table 6 shows that each of the tests identified almost the same 
number of recurring issues. Expert evaluations identified the most 
unique errors followed by in-situ tests. 

Table 6. Number of recurring verses unique issues by test 

4.2.5.Heuristics and usability attributes 
The results show that all of the heuristics were violated, except for 
“help users recognise, diagnose, and recover from errors”.  Some 
usability issues were not covered by Nielsen’s heuristics and so 
were classified as readability, comprehensibility, relevance and 
loading time issues, though only comprehensibility was referred 
to more than 5%. Visibility of system status was the most 
common heuristic violated. The results are presented in Figure 4.  

Figure 4. Distribution of the violated heuristics 

4.2.6.General Observations 
Generally speaking, there was wide spread of the usability errors 
among the four tests, meaning a usability issue was discovered by 
several of the tests. However, two recurring issues were only 
discovered by one of the tests. One of the issues was that on the 
ticket screen there was a dot indicating the number of screens 
there are to swipe between (see Image 8). Though there was only 
one screen, the dot was there, and two evaluators reacted to this, 
saying that it should not be there and was redundant. Only 
heuristic evaluators conducting the contextual walkthrough made 
such a discovery. This is an example of an issue that is not a 
usability problem that confuses or misleads users (or at least it did 
not confuse end users in this study), rather it is following best 
practices or guidelines for design that say that excessive or 
redundant components should be removed.  
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                            !  
Image 8. Screenshot of unnecessary dot on bottom of ticket 

The other issue that was only recognised by one test was found by 
two user tests. Normally, after the user had booked his or her 
ticket, they could see the departure time of their train, as well as a 
countdown until departure in the Glance. This Glance switched 
between the two times every five seconds (Image 9). However, in 
the case of these two users, they did not look at the Glance long 
enough to see the countdown, so they were not aware of this 
functionality. None of the expert evaluators found this error. 

        
Image 9. Screenshot of Glances’ two states showing time of 

departure and countdown until departure 
Both of the errors identified by only one type of test were 
discovered by in-situ tests, so though the in-situ tests did not 
isolate as many issues, especially of higher severity, they did 
identify unique issues, undiscovered by the laboratory tests. 

5.DISCUSSION 
The purpose of this study was to explore how usability evaluation 
of smartwatches can be conducted and to compare the different 
methods’ outputs. The two sub-questions were: 
• What usability attributes or criteria are relevant to measure 

when performing usability tests for smartwatch applications?  
• What unique insights, strengths and weaknesses do different 

methods of usability testing offer in the context of smartwatch 
apps? 

They were meant to answer the main research question: How can 
usability of smartwatch applications be evaluated?  
After conducting four types of tests with a total of 18 evaluators, 
results showed that the heuristic walkthrough was the most 
effective in terms of identifying most and the highest severity 
usability issues in the least amount of time. In general, the expert-
based evaluations fared better than the user-based ones, revealing 
higher severity, more frequent, and most unique usability issues. 
Meanwhile, the in-situ tests revealed the least number of usability 
issues, as well as the second lowest severity average. Furthermore, 
the interviews shed light upon which usability attributes that could 
be relevant to measure.  

The first four sections below are a discussion of how the different 
usability methods differ in their insights, advantages and 
disadvantages, answering the second sub-question, while the fifth 
section discusses the first sub-question. 

5.1.Expert-based Evaluations 
In the case of implementing heuristic evaluation at companies, 
ideally UX and interaction designers could take on the role as on-
site usability experts, so that one does not have to recruit any. 
Additionally, the time needed for conducting the heuristic 
evaluations would be less than needed in this study, as the 
explanation of the heuristics would not have to be covered, which 
would save time. In these experiments, the experts did not have 
any prior experience working with the SJ application, so they saw 
it with fresh eyes. Whether or not this is better than having a 
usability expert who is involved the project has not been explored 
in this study. However, when it comes to attributes like 
comprehensibility and error prevention, if the evaluator already 
knows how the application works and looks, he or she will most 
likely not be as effective in identifying, for example, hard to 
comprehend icons. This is because they already know what the 
icons mean and where the user “should” press. This means that 
only performing an expert evaluation may not be enough for 
evaluating an application several times during the design and 
development of the application, as they will have become too 
familiar with the application to be able to see how a first time user 
would think and behave. Similar conclusions were reached by [3]. 
The fact that there was a usability issue that none of the experts 
found could indicate that testing with experts is not enough if one 
wants to find as many usability issues as possible. It could be 
related to the fact that the heuristic evaluators had more of an 
intent of looking for usability issues, as they were actively 
recording usability issues. Therefore they spent longer time 
looking at the Glance, reflecting about what they thought about it 
and if they understood it, while users who were completing tasks 
stopped looking at the Glance as soon as they got the information 
they sought. 
Another issue is that the experts discovered varying numbers of 
issues. Some experts found as little as two issues while others 
identified as many as eight. This shows that several experts are 
needed to evaluate the application, a conclusion also reached by 
[7]. Furthermore, there is no exact definition of what characterises 
an expert. In this study, experts had studied an HCI-related field 
and only two had worked with UI for five or more years. 
Depending on how strict one is at defining expert competence, it 
may be difficult to find several usability experts at one company.  

5.2.User-based Evaluations 
These evaluations were the second most time-effective of all the 
types of tests. However, because it had the lowest number of 
issues per evaluator as well as the highest percentage of cosmetic 
and minor issues, they still had the lowest benefit/cost ratio. This 
was a surprising result as it differs from the results of [7] where 
usability tests had the advantage of identifying serious and 
recurring problems while avoiding low-priority ones. Based on 
the results from this study, and the need for a system for recruiting 
and compensating users, one can wonder if user-based tests are 
necessary. However, as discussed by [3], user testing is still 
important because experts cannot predict user behaviour and do 
not always behave the way designers expect. A good technique 
could thus be to try and identify as many usability issues as 
possible with the help of experts and guidelines before moving on 
to user testing, so that the users are not exposed to obvious 
usability issues.  



5.3.Laboratory-based Evaluations 
Meanwhile, the laboratory studies found three more issues than 
the in-situ test, as well as more major and catastrophic issues. 
Including the time to walk to and from the testing site, the 
laboratory tests took 29 minutes less per evaluation than the in-
situ tests and took least time to conduct of all the types of 
evaluations.  Furthermore, they were competitive in finding issues 
as they had the second-best benefit/cost ratio. This makes the 
laboratory-based evaluations interesting to conduct, as the time 
savings combined with efficiency of identifying issuers are hard to 
ignore.  
As [18] expressed in their study, the author also felt more in 
control of irrelevant variables in the usability tests compared to 
the in-situ evaluations. For example, the in-situ tests were 
composed in a noisy, crowded train station, the biggest in 
Stockholm. Frequent public service announcements made it very 
difficult to hear the test participants, especially in the video 
recordings. There were numerous inaudible comments due to 
these announcements. One can also wonder whether the quiet and 
stress-free environment contributed to users finding more errors 
compared to the in-situ tests.  

5.4.In-situ Evaluations 
According to the numbers, the in-situ evaluations were the most 
time-demanding due to the time it took to travel to the testing 
location. Furthermore, it was not easy to find the camera 
equipment to film the user’s interactions with the watch. Clip-on 
cameras, such as the Narrative Clip and Go Pro, were also 
explored before the solution of the camera bag presented itself.  
The issues reported by the in-situ evaluations were the second 
lowest severity, meaning the case for in-situ evaluation in this 
study was a weak one. However, one could argue that some 
benefits of the in-situ tests were not necessarily captured in the 
overall numbers and figures. For example, the only two recurring 
unique issues (issues that occurred more than once in only one 
type of evaluation) were both reported by each of the in-situ tests, 
though whether or not this was due to the environment is harder to 
discern. 
Additionally, during one of the heuristic contextual evaluations, 
the iOS application did not get any reception. We were forced to 
move the evaluation to a place of better connection. Also, most of 
the evaluators in the in-situ evaluations wore their jackets, so they 
had to pull away their sleeves from the watch every time they 
checked the watch. This shows that it is not as smooth to access 
the watch as merely lifting the wrist and could have design 
implications. These conditions are a more realistic simulations of 
the conditions of the user. Both of these scenarios could be 
mimicked in the lab, if the evaluators are aware of such issues 
beforehand, so performing at least one in-situ test or ethnographic 
interviews could still be of value in order to be exposed to 
variables and conditions. This is a similar conclusion reached by 
[8] who state that the usability testing conducting in the wild did 
not reveal context-specific usability issues. However, doing a 
contextual study in order to investigate user behaviour in a natural 
environment can make laboratory testing more realistic.  
Kaikkonen et al.[10] also found limited evidence for the benefit of 
in-situ testing, though this case is not as strong as theirs, as 
specific context-aware functions were not tested. This was 
because the smartwatch application evaluated in this study did not 
take advantage of context-aware functionality, like offering a 
quick book function once close to a station.  A conclusion that can 
be reached is that not all smartwatch applications need to be 
exposed to thorough in-situ testing; it seems to be more interesting 

to test if the watch application implements context-aware or 
location-based functionality.  
A summary of the advantages and disadvantages of the different 
methods are summarised in Table 7. 

Table 7. Summary of advantages and disadvantages of 
different types of evaluations 

5.5.Usability Attributes and Heuristics  
The usability attributes defined according to ISO 9241-11 still 
seem relevant for smartwatches, based on the user evaluation 
methods performed in this study. Effectiveness was measured by 
whether or not the users could complete the tasks given to them. 
All the tasks were completed successfully, though at varying 
times. As interactions on the smartwatch are very short, efficiency 
is also relevant to measure, as it is not ergonomically comfortable 
to hold up one’s wrist for too long. Satisfaction can also be 
gauged by asking open-ended questions about whether or not the 
user enjoyed using the application or not.  

5.5.1.Comprehensibility and Readability 
Other potential usability attributes were comprehensibility, 
loading time, missing relevant information and readability. While 
performing the heuristic evaluations, evaluators could leave the 
“Heuristic violated” line blank if they did not feel the error fell 
into any of the heuristic categories. However, none of the heuristic 
evaluators did so; they all chose a heuristic that the issue violated. 
In some cases however, it felt as if experts tried to chose the 
closest category, even if it was not a perfect fit. In other words, 
they opted to categorise the error into one of the existing 
heuristics instead of leaving it blank. As a result, only the author’s 
categorisation of usability issues in the user tests yielded these 
new usability attributes.  
Comprehensibility accounted for four usability issues, often in the 
case when users could not understand what the meaning of icons 
were. Considering the even smaller screen sizes of smartwatches 
compared to mobile phones, there is very little space for text, so it 
is understandable that designers will try to convey content with 
the help of icons instead of text. However, these icons have to be 
tested on users thoroughly in order to ensure that users understand 
their meaning. One issue was categorised as violating readability, 
as the participant commented on the small text of the Glance. 
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Zhang and Adipat [18] chose to group comprehensibility and 
readability together, this study suggest that they are not the same 
thing, as readability refers to text and comprehensibility can refer 
to icons and general understandability of the application.  

5.5.2.Long Loading Time and Discoverability 
The long loading times of the application is most likely due to the 
technical limitations of the Apple Watch hardware, as commented 
on by several reviews of the Apple Watch [4]. However, designers 
can still influence how users experience these long loading times.  
Most important is that designers at least show status bars or icons 
when data is loading, so that users do not think the application is 
non-reactive. This was an issue in the SJ application, when no 
loading icon was shown while the tickets were syncing from the 
mobile to the watch. As a result, when the tickets appeared, users 
did not understand what they had pressed to suddenly make all the 
tickets appear. Based on this, long loading time should not be a 
usability attribute, as it falls into the category of visibility of 
system status. Another point to keep in mind, as one of the UX 
designers mentioned, is to strike a balance between delightful 
animations that increase user experience and slow down the 
performance of the application.   

5.5.3.Visibility of System Status 
Visibility of system status was the heuristic most often violated. 
Looking at the results of the heuristic evaluators,  one can see that 
this heuristic was used for a whole spectrum of errors, including 
not understanding that the Glance switched between countdown 
and time of departure. Also, when the track number was not 
shown, several experts categorised it under visibility of system 
status, though it is not necessarily related to the status of the 
system, but rather anything that was not visible. Another was 
confused as to whether the arrival or the departure was displayed 
first when the ticket stated “Stockholm - Uppsala”, and also 
categorised it as the violation of visibility of system status. It 
seems that the heuristic was used for general visibility issues. 
Also, many had not known that the countdown displayed as well, 
most likely deeming it “invisible”. Therefore, this error can be a 
discoverability issue, as this feature or function was not easily 
discoverable. This wide range of what experts would deem a 
violation of system status shows the subjective nature of expert 
reviews, and another indicator that several expert reviews could 
be of value when pinning down causes of usability issues.   

5.6.Critical Discussion of Method 
As this study was an exploration of what kinds of user evaluation 
methods that are suitable for smartwatch applications, any number 
of methods could have been used. In that sense, interviewing 
experienced UX designers to decide which methods to focus on a 
suitable approach to narrow down the field of possibilities. The 
idea of choosing two variables, context and evaluator, to contrast 
seemed most appropriate, as it was a more general approach than 
just choosing one aspect to focus on.  As it is still early days for 
consumer smartwatches and there has little usability research, a 
more general approach seems justified. However, this format does 
not lend itself to easily identifying the cause of usability issues 
because they could be due to two different factors.  
As with all studies, this study’s implementation suffered from 
some flaws. Most importantly, due to the low sample size of this 
study that the results of this study cannot be generalised beyond 
the scope of this study, as they lack statistical significance. In 
other words, even one test person’s results had great potential to 
effect the results. The results in this study are an indication of a 
possibility of a pattern or trend, and this study can only claim to 
offer suggestions for methods and conclusions that can be further 
examined in a more extensive and statistically convincing study.  

Another example of the study’s limitation is that the in-situ test 
was limited in how much it could simulate factors that travellers 
may encounter during a trip with SJ. For example, as the 
participants were asked to pretend that they were taking a train 
with the help of a scenario, the stress of catching a train was not 
simulated. Furthermore, as the evaluators did not get on the train, 
how well the ticket conductors could read the tickets in the watch 
was not evaluated either. 
When it comes to the evaluators, it would have been better to have 
an equal number of participants for the expert-based tests as for 
the user tests, as it would have been easier to compare the number 
of issues. The reason only four were used was because researchers 
in [14] also used four experts, and this study modelled aspects of 
its method after [14]. According to [14], fewer evaluators were 
needed in heuristic evaluations, compared to traditional user tests. 
This was demonstrated in this study as well, as the less number of 
expert evaluators still found as many issues as end users.  
Another issue was that the identifying of usability issues and 
severity could have suffered by the evaluator effect as only one 
evaluator determining what was an issue or not.  To mitigate this, 
the product owner and UI designer went through the issues and 
removed some of the issues, but it was still not as thorough as 
having another usability expert to discuss the issues with. As a 
result, some issues maybe would not be considered issues by 
another usability evaluator.  
Finally, it is important to emphasise that the participants in this 
study were recruited through the author’s social networks so they 
do not offer an accurate representation of target user group of the 
SJ Apple Watch users. Participants met minimum requirements 
such as having experience travelling with SJ and familiarity with 
the Apple Watch, but they were not regular SJ Apple Watch users. 
Therefore, it is uncertain if the results in this study mirror those of  
the SJ Apple Watch user population.   

5.7.Future Research 
It would be interesting to see how the in-situ tests would have 
been if evaluators would have gotten on the train and experienced 
a whole trip from the booking of the application to arrival in the 
city of destination. This type of test could recruit users who are 
already planning on travelling and would ask them to record the 
whole trip experience. It would not be task-based, but rather a 
type of unmoderated ethnographic study. Not only would it catch 
usability issues, but it could also gauge how useful the users found 
the application, for example, whether they opted to use their 
smartwatch to check information or if opted for their phones. 
Furthermore, a similar study with a more statistically significant 
and representative user sample would be suitable to conduct. 

6.CONCLUSION 
In conclusion, this exploration of usability evaluation methods for 
smartwatch applications has resulted in a comparison of four 
different types of evaluation methods by combining two variables, 
context and type of evaluator. Comparisons revealed that the 
expert-based evaluations were the most effective in identifying 
usability issues, as they revealed the most issue and those of the 
highest severity. However, as earlier studies have stated, usability 
testing with users is still advised as experts cannot foresee how 
users end up using a product.  Laboratory studies also fared well 
compared to the in-situ studies, which led to the conclusion that 
in-situ testing can be limited to an ethnographic study before 
conducting laboratory testing, in order to experience what factors 
users face in the environments of typical use. These conditions 
can then be simulated in the laboratory. Finally, the traits of 
comprehensibility and readability seemed well-suited as usability 
attributes for usability testing of smartwatch applications. 
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