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ABSTRACT 

In the emerging field of wearable computing, the on-body 
technology has improved and become commercially 
attractive, gaining widespread acceptance. Smartwatches are 
now the new trend of wearable technology. Although 
multiple models have already been manufactured, there are 
still some challenges that must be overcome to make them 
more attractive to the society, such as the way of browsing 
information in a small screen. In this paper, we present a 
comparative evaluation between two user interfaces used to 
display information on smartwatches, Card and List. We 
conducted a user study to elicit the difficulties found while 
navigating through a smartwatch, using both interfaces. We 
tried to identify which interface was faster and efficient 
while browsing for particular information. Although the 
obtained statistical results do not show significant 
differences between them, we have noted that overall the 
participants tend to prefer List than Card. 
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INTRODUCTION 
The smartwatch is a form of wearable computing that is 
gaining attraction in the consumer market. It can be paired to 
a smart phone using Bluetooth connection, making it 
possible to display parts of the phone features, such as 
notifications. It also contains computational resources, which 
enables it to run applications [15].  

Although a smartwatch offers a wide range of functions, its 
user interface design is still challenging due to the device’s 
screen size. Researchers are still looking for better 
navigation methodologies, and solutions for a smartwatch to 

overcome the difficulties encountered by users during their 
interaction with the device [1, 2]. 

In this paper, we present a comparative evaluation of two 
user interfaces for displaying information on smartwatches, 
List and Card. We compared them in supporting one task 
(browsing) using hierarchical datasets, with 20 items at each 
level, in a total of 3 level hierarchies. Our goal is to find out 
which of the two interfaces is more efficient for browsing on 
small screens. Efficient meaning faster to browse and select 
items, and less prone to making incorrect selections. 

This paper is organized as follows. We first provide related 
work, and then we describe in the detail the two user 
interfaces, List and Card. We then explain the design and 
procedure of our study, followed by the summary of our 
comparative evaluation solutions. We close our paper with a 
discussion on the study results and future work. 

Our main contributions are: 

1. A proof-of-concept of the two UIs for a smartwatch 
2. Findings of a user study 

RELATED WORK  
Technological advances have made possible a new 
generation of small and powerful smartwatches. With the 
release of Android Wear and the Apple Watch, resurgence 
for smartwatch offerings could be seen in the industry. 
Pebble recently announced they sold their one-millionth 
device [16] and market research suggests over 700 thousand 
Android Wear devices were sold in 2014 [17].  Released on 
April 2015, it is estimated that Apple has already sold more 
than 4 million Apple Watch units [18].  

Despite belonging to different brands, these smartwatches 
have several things in common. All of them can be paired to 
a smartphone through a Bluetooth connection and they can 
be used as its extension. They were developed to display 
notifications, track footsteps and to record voice messages, 
and beyond that they also have the ability to install and run 
applications. Smartwatches might be considered as a new 
way to store and obtain individual personal data [19]. 

Unlike traditional digital watches, smartwatches are not 
locked into a fixed set of functions. They have impressive 
technical capabilities, however there are still many open 
questions about what end users might expect from a 
smartwatch. Schirra et al. [2] interviewed five smartwatch 
users about their experiences with the devices. The 
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overwhelming use is as an extra screen for notifications. A 
lot of criticism was levelled towards the poor usability of 
third-party applications, and only having a very small subset 
of the functions available on the smartphone itself.  

One important challenge is working out the best ways to use 
watches in tandem with other devices. People use them as an 
extension of their smartphone, so it’s very relevant to look at 
better ways of getting them to interact [12], and even extend 
this further to laptops or desktop computers [10]. There are 
also several non-functional concerns that smartwatch 
designers need to consider, such as color and form. Many 
users expected to have “dressier” watches that could be used 
in different circumstances [1]. 

However, many studies have been done to evaluate the 
potential of today’s smartwatches as a complementary user 
interface to mobile support systems [20], there is still a lack 
of literature on how to design user interfaces for this kind of 
device considering usability concepts. Porges [3] suggests 
smartwatch designers need to find more efficient notification 
and viewing methodologies in order to make the entire 
experience more intuitive, along with the ability for text-
based input. 

A few of the above-mentioned challenges were addressed 
with the release of The Apple Watch in 2015. However, its 
UI still presents several problems as remarked by Budiu [4]. 
These include the implementation of gestures that could be 
used on the device, and the UI design itself. Some research 
has been done on different input techniques including: the 
use of tapping gestures on the screen [5], sensing which part 
of the finger is touching the screen [13], and physical 
movement of the watch itself, twisting, tilting, clicking or 
panning [6]. Some studies have even tried to move the 
interaction away from the watch face by sensing deformation 
in the user’s skin [11] or adding input to the watch strap [14]. 
These new methods are very innovative and make good use 
of the limited size available on watches. However, the 
current smartwatches on the market do not incorporate most 
of these techniques. Possible reasons could be the newness 
of these interactions, fear of making the cut, reliability issues 
(size constraints), and aesthetics [1, 2]. 

Much of the research on interacting directly with the screen 
has focused on text input rather than navigation. Leiva et al. 
[7] looked at the traditional “QWERTY” soft-keyboard 
layout, comparing three enhancements, which either zoom in 
on the keyboard or offer an indication of which key you are 
pressing. These are examples of taking interfaces people are 
used to on a smartphone, and adding to them. The 
combination of familiarity and small enhancements did show 
improvements in text entry, reducing errors and increasing 
entry speed. Other research has looked at a complete change 
in text entry approaches for tiny screens. Dunlop et al. [8] 
and Cho et al. [9] used grouped letters on the screen to aid 
text input. This technique should be familiar to users of 
traditional mobile phones with number keypads where each 
number represents three or four letters for text. However, it 

isn’t familiar to touchscreen devices, in both studies it was 
noted that people needed to learn new techniques but the 
users in the studies quickly adapted to them. 

Given the research that has been done, and the results 
obtained, it seems clear that there is still a long way to go 
before people fully understand and adopt smartwatches. 
People have become used to the touch screen paradigm so it 
seems sensible to keep exploring it.  

INTERFACES 
In this section, we describe two user interfaces that take 
different approaches to display information on 
smartwatches.  

List 
List is defined as multiple line items displayed in a vertical 
arrangement as a single continuous element. Lists are 
composed by a single continuous column of tessellated sub-
divisions of equal width, called rows, which work as 
containers for tiles (Figure 1). Tiles are responsible for 
holding content that can contain lines of text, and the amount 
of text can vary between tiles within the same list [22]. Lists 
can be scrolled only vertically trough swipe gestures, and can 
also be used to display hierarchical data sets (Figure 2). 

The literature suggests that when there are more than three 
lines to be shown in list tiles, the best practice is to use card 
instead of list [22]. However, due to the smartwatch screen 
size, sometimes it is hard to follow this rule and the list 
component becomes the simplest way to display information 
and navigate through the device. 

 
Figure 1: List contents and behaviour. The arrow represents 

the scrolling movement and each container represents one row 
with the tile content. 

 
Figure 2: List with an item selected. The list component 

unfolds the selected item from the first item into another list. 



  
Figure 3: Example of a grid of cards 

Card 
Cards are composed by unique related data that acts as an 
entry point to more detailed information [22], and it can also 
be used to display hierarchical data sets (Figure 3). 
Generally, card component is used when there is the need to 
display more than three lines of text. 

Cards provide sequential instead of direct access, and for this 
reason they are preferable to the alternative list component 
on smartwatches. 

USER STUDY 

Application and Apparatus 
A custom mobile application was built in Android Studio, 
using the Android SDK. It simulated both List and Card UI, 
to be used in the experiment. 

It would have been ideal to carry out the study using a 
smartwatch, but unfortunately there was not one available 
when the experiment was conducted. Instead, a smartwatch 
screen was simulated as a small square with 39mm height 
and 34mm width measurement on an Android phone. The 
phone was an LG G2 with a resolution of 424 pixels per inch 
(Figure 4). The phone was held on a tabletop stand at a 20-
degree angle to simulate that is was being used on a wrist. 

 
Figure 4: LG G2 Android Phone, showing smartwatch 

application. 

The List UI was implemented as a continuous list of single 
items, where four equally spaced items could be displayed at 
a time (Figure 5). Each item contained one line of text and 
was approximately 8mm in height, with a grey background, 
and a white border. In the case of a long text string, it scrolled 
across the item space as a marquee, to show the entire text to 
the user. Users were able to scroll smoothly up and down 
through the list, to search and select an item. 

For the Card UI, a 2x2 grid of cards were displayed on the 
screen. Each card was approximately 15mm wide and 15mm 
high, with a grey background, white text, and white border 
(Figure 6). Following the List UI definition, each card 
contained at least one line of text. In the case of a long text 
string, it appeared as up to 5 lines of text on the card. 
Participants were able to swipe left and right to navigate 
through a new screen with 4 cards per screen. A line of 
progress dots in the bottom centre of the screen showed how 
far the users were through the cards. 

 
Figure 5: List UI items arrangement. Total of 20 items, 4 

displayed at a time. 

 
Figure 6: Card UI items arrangement. Total of 20 items, 4 

displayed at a time, with page indicator. 

Hierarchical browsing was implemented for both List 
and Card UI, where a selection from one level takes the 
user to a sub-level of items. For example, selecting 
‘Canada’ from the List UI would give a new List UI 
containing Canadian cities. An item selected in the first 
level lead to another dataset in the second level, and an 
item selected in the second level lead to another dataset 
in the third level. For each interface, the other levels 
displayed new lists with the same number of items 
displayed in the previous level (20 in all cases), but 
with different data. Following the same pattern, the two 
other levels on the Card UI displayed new grids with 
the same amount of cards as the first level, also with 
different data.  
Hypothesis  
We expected the Card UI to perform poorly when 
browsing for items. Since cards provide sequential 



instead of direct access, it could hamper the easy and 
fast access to any random item selection. Whereas, the 
List UI allows direct access, enabling the user to 
quickly scan the displayed information.  

In addition to that, card content is displayed in separate 
pages, which could be distractive and difficult to find 
particular information. On the other hand, lists present 
items in a vertical arrangement as a single continuous 
element, which would facilitate the task of browsing for 
particular information, being less distractive.  
Participants 
We recruited 16 participants, asking them directly to 
participate in our study. One of them was a smartwatch 
user and others were regular users of touch devices, 
such as smartphones or tablets.  They were graduate 
students except for two office workers. The participants 
average age was 24, ranging from 20 to 31. They were 
unpaid volunteers. However, to increase motivation, 
some cookies were given to them after preforming the 
experiment.  
Experimental Design 
A controlled user study was conducted to compare the 
two user interfaces in terms of helping users perform 
one important task on smartwatches: browsing. Each 
participant was asked to perform the browsing task to 
measure the efficiency of each view. We chose the 
aforementioned task because it is generally used to 
evaluate navigation through hierarchical data [21].  

The study was run as a within-subject design, that each 
participant performed the browsing task using both, 
Card and List UI. We divided the participants into two 
equal groups, for the purpose of achieving 
counterbalance. The first group started performing the 
browsing task on the List UI, while the second group 
started performing the browsing task on the Card UI.  

Each participant was asked to perform the browsing 
task, 13 times on each interface, accounting 26 
performances per participant. The browsing tasks 
covered two types of selection (Figure 7):  

(a) Single Level Selection: In this selection mode, the 
user was presented with a dataset, comprising of 20 
distinct items. The user was asked to browse to, and 
select items, one at a time. For example, the user was 
asked to find and select 'China' from a dataset of 20 
countries. The item could be in any position in the 
dataset. A single trial required the user to make 6 
separate selections from the same dataset, before 
moving on to the next trial.  

(b) Hierarchical Selection:  In this selection mode, the 
user was able to navigate through 3 different levels of 
the same interface type. Each level presented 20 
distinct items. The user was asked to browse and select 
a specific item, on each level, one at a time. For 
example, the user was asked to find and select 'UK' on 
the first level, 'London' on the second level, and 
'Twickenham' on the third level. Each trial consisted of 
6 separate sets of three level selections, for the same 
dataset. 

 
Figure 7: Summary of the number of trail executed on each 
view, the number of tasks per trail, and the total number of 

items selected. 

Datasets used for the study were generated by the 
research team, some of them coming from the Open 
Directory categories dataset available at 
http://www.dmoz.org. Following our experiment goal, 
which is to compare the efficiency of List and Card UIs 
when browsing for particular information, and not the 
user interface design, we have used the same dataset for 
both views. The data was unordered, giving the 
participants no clues as to where a particular item was 
located.  

For each interface, the participant was always asked to 
perform the 9 single level trials before performing the 
4 hierarchical trials. Each trial in the List UI had an 
equivalent trial in the Card UI, with the same items, in 
the same order, and the same selections being asked for. 
The only difference was the order of the trials, which 
was always different between the two interfaces. This 
gave some randomness to the data, and meant the users 
didn't know what was coming next. The order of trials 
was also different between participants, no two 
participants completed them in the same order.  

Before beginning real tasks, participants were given 
detailed instructions and shown how to perform the 
browsing task with two examples using both interfaces. 
They also had a chance to perform examples by 
themselves for 30 seconds on each interface, so they 
could get used to them, and to avoid any 
misunderstanding of the tasks.  



Data Collection 
In order to determine the efficiency of the List and Card 
UIs, two types of data needed to be collected. The first 
of these was time to complete, measuring how long it 
took each participant to make each selection. The 
second measure was number of incorrect selections, a 
count needed to be kept of each selection a participant 
made which did not match the one being requested. 

   
Figure 8: Example browsing task (a) Instructions before 

starting task (b) Press start to begin task (c) Swipe through 
card view to find item (d) Select item (end of task) 

For each trial, task descriptions were displayed at the 
top of the phone screen. After reading those 
descriptions, participants were asked to click on the 
“Start” button to indicate that they understood the task, 
and they were ready to start it (Figure 8). After the 
button was pressed, a timer was initiated to measure the 
participant’s time to conclude each trail. The test was 
finished when the participant completed the execution 
of the last requested selection. The timer recorded the 

elapsed time of each selection, in each trail, and the 
time spent by each participant to select a single item at 
the different levels. 

In addition to the trail execution time, the number of 
wrong selections were recorded. For each time that the 
participant selected a wrong item, an “Incorrect” error 
message was displayed and the error was recorded.  

All the results from each trail were logged on to the 
phone's internal memory including the total elapsed 
time to complete it, the time to select each item, and the 
number of wrong selections.  

After concluding the experiment, participants were 
asked to fill out a questionnaire in order to obtain 
subjective data.  Preferences were collected during the 
questioning. The experiment took about 30 minutes per 
participant. 
Results and Analysis 
A total of 126 data points were collected for each participant 
from each view, 54 for single selections and 72 (24 sets of 3 
levels) for hierarchical selections. These data points were 
collected in the form of 13 trials per view, 9 for single 
selections and 4 for hierarchical selections. 

Time to select  
The time to select (TTS) results were split into those for 
single select and those for hierarchical select.  For single 
select, the mean TTS for both Card and List UI was 
calculated for each of the 16 participants. A one-way within-
subjects analysis of variance (ANOVA) was carried out on 
the of mean values for all 16 participants, comparing the List 
UI means to the Card UI means. As there was substantial 
variation in the observations across participants, the 
difference was not statistically significant between List and 
Card views (F(1,15) = 1.777, p > 0.5). The overall mean TTS 
for single select can be seen in the first graph (Figure 9), with 
quite large standard deviation across the 16 participants, 
shown as error bars. Overall, 11 out of the 16 participants 
had a faster mean TTS with the List UI, this suggests some 
trend towards List for discussion but no hard conclusions can 
be drawn without statistical significance. 

A similar analysis was carried out for the hierarchical 
selections. This time the mean values were calculated from 
the total TTS for each set of 3 level selections, e.g. the time 
taken to select "UK > London > Twickenham," was a single 
data point. The ANOVA of the mean values for the 16 
participants again showed no statistical significance (F(1,15) 
= 1.631, p > 0.5). The resulting p value was in fact very 
similar between single and hierarchical select (0.20 and 0.22 
respectively), so little difference can be seen between each 
method. The graph (Figure 10) shows the overall mean and 
standard deviation of the hierarchal results for List and Card 
UI. As with the single select trials, hierarchical select had 
some trend towards List UI with 11 out of the 16 participants 



having a lower TTS using that interface, although 
interestingly it wasn't the exact same participants as with 
single select.  

The standard deviations in the graphs (Figures 9 and 10) 
highlight the variation in mean time taken by each 
participant. This is likely to be partly down to the 
participants' different levels of experience with touch screen 
interfaces, and how quickly they react to information on the 
screen to make selections. It's also interesting to look at the 
individual means for each participant, in four cases the UI 
they had the lower mean TTS for with the single select, was 
the opposite of the one they had the lower mean TTS for with 
hierarchical select. For example, participant 4 had a mean 
TTS of 6826ms and 7921ms for List and Card UI 
respectively in the single select trials, and 6700ms and 
5826ms for List and Card UI in the hierarchical select mode. 
This shows a complete switch of which UI they performed 
better with in each selection mode. 

The interface which the participant used first seemed to have 
a bearing on which one they performed more quickly with. 
In the single select trials, of the 8 participants who used List 
view first, 5 of them were faster with Card view, and all 8 of 
the participants who performed Card view first were quicker 
with List view. For hierarchical select there was an even split 
(4-4) for the best UI in terms of TTS when it was List UI 
first, and 7 out of 8 had a lower mean TTS for List when Card 
was first. This shows some degree of learning as they 
conducted the experiment. It once again gives some 
indication that the List view is the faster of the two views, 
although still not enough to be statistically significant. 

Number of Errors  
The participants made very few incorrect selections (errors) 
during the trials. Summing up all the errors for all 16 
participants over all the trials, a total of 31 incorrect 
selections were made for the List view and 26 for the Card 
view. With such little data it seemed highly unlikely that 
there would be any statistically significant results. 

Taking the total number of errors in the single select trials 
for each participant, and carrying out a one-way within-
subject ANOVA between List UI and Card UI, gave no 
significant result (F(1,15) = 0.789, p > 0.5). It was the same 
case running an ANOVA for the total errors in the 
hierarchical trials (F(1,15) = 0.172, p > 0.5). These results 
are easy to understand when looking at the graphs (Figures 
11 and 12) for the mean number of errors in each trial mode. 
The mean number of errors is near to one in all cases, 
showing just how few errors were made. The standard 
deviation is close to, or even higher than the mean values, 
which is undesirable to draw conclusions, but largely 
because the numbers are so low, and in a lot of cases no 
errors were made at all. 

 
Figure 9: Mean selection time for single select List and Card, 

with standard deviation error bars 

 
Figure 10: Mean selection time for hierarchical select List and 

Card, with standard deviation error bars 

 
Figure 11: Mean of total incorrect single selections for each 

participant, with standard deviation error bars 

 
Figure 12: Mean of total incorrect hierarchical selections for 

each participant, with standard deviation error bars 

 



Subjective Data 
We asked each participant to answer 3 questions, to collect 
subjective preferences using a 10 point likert scale [Rating: 
1=strongly disagree; 10=Strongly agree] (Figure 13). 

Question List View Card View 

Q1. This interface 
is easy to learn. 8.4 8.3 

Q2. It is easy to 
navigate through 
this interface. * 

7.4 6.7 

Q3. It is easy to 
find items on this 
interface. * 

6.7 7.1 

Figure 13: Average preference scale ratings for the both 
interfaces using a scale of 1=Strongly disagree and 

10=Strongly agree. The questions with difference in rating 
between both UIs are marked with an asterisk (*). 

From Figure 13, it is notable that there was some difference 
in the means for questions 2 and 3. So we did a Wilcoxon 
Signed-Rank Test to determine if the differences were 
statistically significant. 

A Wilcoxon Signed-Rank test revealed no significant 
difference for questions 2 and 3 (Z=-1.47 and p=0.14; Z=-
0.49 and p=0.62, respectively). 

Although, the obtained results couldn’t be considered 
statistically significant, while answering the questionnaire, 
more participants indicated that they found the list view 
easiest to navigate through than the card view. We attribute 
this assumption to the fact that list presents the whole items 
in a unique page and people just need to scroll it up and down 
to quickly scan the entire content, while the card view breaks 
the content into different pages.   

However, more participants indicated that finding items on 
the card interface was easier than the list interface. This 
preference could be attributed to the fact that for this 
experiment we only used text data sets. For the card view 
these texts were broken into three lines, while in the list view 
it were represented in a single line of text, which may have 
hindered the dynamic reading of the presented content. 

DISCUSSION AND FUTURE WORK 
Besides statistically non-significant results, there are some 
important findings to support our hypothesis that List UI 
outperforms the Card UI on a smartwatch, in terms of 
browsing-task completion time and subjective satisfaction. 
We attribute this outcome to the fact that list shows multiple 
lines of items in a continuous vertical arrangement as 
opposed to the distinct blocks of information on card UI, 
thereby making it easier for users to scan the displayed 
information without distractions.  

It was interesting that the one participant who was already a 
smartwatch user picked the card as the worst interface, 

complaining that despite the fact that information is visually 
presented in a better way on the card interface, it remains 
easier and faster to browse and navigate through the list 
interface. The participant also stated that while using his own 
device, he tries to avoid every app that presents information 
using the card UI.  

List UI attempts to solve the issue of displaying information 
in an efficient and accurate way on a device that has 
limitations regarding its screen size, by forming a contiguous 
scrollable block of items. The advantage of the list view is 
that it can show all items on a single screen, which only needs 
to be scrolled up or down, avoiding distractions while 
looking for information.  

Additional user studies with a factor-based comparison 
would be needed to generalize our results considering other 
issues. For example, further evolutions using other sets of 
data types, such as images, would shed more light on the 
benefits of list view on a smartwatch. 

CONCLUSION 
We presented two types of user interface commonly used on 
smartwatches, List UI and Card UI. A controlled experiment 
was conducted to investigate which of them could improve 
users’ performance for one type of task on smartwatches: 
browsing.  

The aim of our study was to find out which of the two 
interfaces was more efficient when browsing for particular 
information and navigating through the smartwatch, 
regarding the limitations of its screen. 

Although the obtained results couldn’t be considered 
statistically significant, we have noted a greater inclination 
towards List UI, when compared to Card UI, in terms of 
speed, efficiency, and participants’ preference. 

We have assumed that this inclination by List might be 
related to its way of displaying the entire information content 
in a unique page, which facilitate the information scanning. 
However, to consider these results truthful, more studies 
need to be done considering other types of data sets, for 
example images and text, and also other ways to navigate 
through these two types of interface, Card and List.  

In conclusion, smartwatches are the new trend of wearable 
technologies. However, many issues need to be overcome 
until they reach the mass adoption. 
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