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Abstract

Selection in Augmented Reality (AR) is a
common task that can be used to, for exam-
ple, select an item from a menu. There are
many approaches to creating a selection in-
teraction such as controller, gesture or gaze
input, each having their pros and cons. In-
dependent of any particular implementa-
tion, the interaction should be fast and us-
able since it is a common task. Further-
more, the cognitive load should be kept as
low as possible for the best user experience.

A typical menu in augmented and vir-
tual reality is a window with buttons fixed
in virtual space, which forces the user to
keep in mind where the menu is located or
forced to relocate to use it. One type of de-
sign that solves this is hand-centric design.
This design anchors objects in the virtual
space around the user’s hand which allows
the interaction to always be in the same rel-
ative location to the user.

We created a finger based (SwipePie)
and a palm based design (The Widget Pal-
let). These designs were implemented in

a prototype AR system called DatAR and
evaluated using a human-centred design
approach. DatAR is part of a research en-
deavour to explore interacting with large
numbers of neuroscience publications [28].
DatAR provided an environment to im-
plement the designs and provide suitable
tasks for evaluating them. Our goal is both
to improve the selection interaction in the
DatAR system, and to create a general so-
lution that can be used for similar systems.

The results from a pilot study indi-
cated that participants preferred the Wid-
get Pallet designs over the SwipePie de-
signs. A second evaluation examined how
the Widget Pallet designs compared based
on our three criteria: speed, cognitive load
and usability. The results indicate no sta-
tistical difference on all criteria.

1 Introduction

Selecting an item from a menu is a common
task that is seen in different places such as:
the computer, mobile phone, virtual reality
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Figure 1: Visualisation of depression co-occurence | image taken from [32]1

(VR) and in augmented reality (AR). There
are three main ways of interacting with a
menu in VR and AR. The first is a controller
where the most common method is the ray
cast [21]. The second is a gesture-based
method which uses a specific type of head
or hand movement to select an option [25].
The third is a gaze-based method that uses
head or eye movement to gaze at a menu
button to select it [23]. An example of a
system that uses menu selection often is the
DatAR project, which is an AR project that
aims to help neuroscience researchers with
the exploration of their domain literature
[28]. Offering this system in AR provides a
visual way to explore a large amount of lit-
erature and discover how various topics, in
particular brain diseases, relate to brain re-
gions and each other. DatAR is built using
widgets, which are objects containing one
functionality that can be connected with
other widgets. For example, an inlet wid-
get provides data, Figure 2, and an outlet
widget uses data to create visualisations,
Figure 3.

Interacting with widgets and their in-
puts consists of two main actions: selecting
which objects to create in virtual space and

connecting them. The user selects which
widgets and inputs to use and then con-
nects these together to receive results from
the system. An example of what can be
done is to use these widgets and inputs to
create a visualisation that shows which re-
gions of the brain are found to be affected
by the disease depression, see Figure 1.
The creation of a widget is done through
factory widgets, Figure 4, where the user
pinches their thumb and index finger on
one of the objects and drags it away. This
essentially works as the menu for the user
to select which option they would like to
use. The input can be created in the same
way and connection is done by dragging it
into the input location that can be seen in
Figure 2. Our goal is to both improve the
selection interaction in DatAR and to cre-
ate a sufficiently general solution for sim-
ilar systems. To be clear, the aim is not to
change the functionality but how the user
interacts with it.

The process of manually grabbing

1From the video DatAR: An Immersive Literature
Exploration Environment for Neuroscientists | AIVR
conference 2020 https://www.youtube.com/watch?
v=PnOPECRNc_w
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Figure 2: Inlet widget example

inputs and widgets takes considerable
time and effort to complete (speed). The
pinching interaction does not always work
flawlessly and can become frustrating
(user experience) when it takes multiple
tries before the interaction functions
(cognitive load). Trying out the system
and experiencing how much effort it
took to complete tasks was a source of
inspiration for this project. A different
form of interaction could improve the
selection task for the creation of widgets,
leading to the following research question:

Can we create a selection interaction that
works fast, with low cognitive load and a
pleasant user experience?

We address each of the three aspects sepa-
rately:
• Can we create a fast selection inter-

action?
– Our hypothesis is that a fast

method will lead to a good ex-
perience. A slower method that
is usable with low cognitive load
could still be a good solution.

• Can we create an interaction that re-
quires low cognitive load?

– Our hypothesis is that having a
low cognitive load during inter-

Figure 3: Outlet widget example

action will lead to a good user
experience.

• Can we create an interaction with a
pleasant user experience?

– Our hypothesis is that a fast in-
teraction and an interaction that
requires low cognitive load will
impact the user experience in a
positive way. In addition to these
aspects it is important to examine
if the designed interaction is us-
able, intuitive and enjoyable.

To evaluate the proposed designs we
use a human centered design approach,
which means that at the end of a design-
ing phase we use participants to examine
how they use it and to receive feedback on
what works well and what could be im-
proved. We split the evaluation into two
studies. In the first study, the described
metrics of speed, cognitive load and us-
ability will not be used, since answering
surveys for all four designs will take too
much time to complete. The first study
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Figure 4: Factory widgets

is to see which two designs are most pref-
ered by the users and the second study will
compare the chosen designs based on the
three described metrics

The remainder of this document
shows the related work which explains dif-
ferent forms of selection interaction, our
chosen design philosophy and how cog-
nitive load and user experience relate to
the user interface. This is followed by
our design requirements which we used
to create our finger and palm-based de-
signs. We describe the pilot study with
its results, most notable feedback and se-
lected designs. The selected designs were
compared in the last study using our cho-
sen metrics to answer the main and sub-
research questions in the discussion and
conclusion. Finally, we explain the limi-
tations, describe some possibilities for fu-
ture work and reflect on some aspects of
the project.

2 Related work

We review different aspects of design and
interaction to provide background infor-
mation and inspiration for creating a new
interaction design. body- and hand-centric
design could help with ease of use and re-
ducing cognitive load. Selection in VR/AR
has many forms of interaction and there are
possibilities of using gesture or gaze for the
new interaction. Cognitive load and user
experience is important to keep in mind
when designing interactions for users.

2.1 Body- and hand-centric de-
sign

Mobile phones are limited in their interac-
tion space, it only goes as far as the screen
size. Chen et al. [5] proposed body-centric
design with the idea that the mobile device
could be used to navigate through content
with the body as the anchor point. This
means that no matter where the user is lo-
cated the interaction will always be around
the body. The problem of limited interac-
tion space is not an issue in VR/AR since it
is much larger than a mobile device, but the
idea of a body-centric design is still useful.

Objects in VR/AR usually have a fixed
location in 3D space. If it is something that
the user needs to interact with often the
user needs to remember where the location
of it is or make sure to keep it close. With a
body-centric design this object will be an-
chored to the location of the user, which
makes it so that the user does not need cog-
nitive effort to remember where the object
is located.

Xu et al. [34] proposes a hand-centric
design that takes the same idea as body-
centric but using the hand as the centre
point of the interaction. An interface goes
from the wrist to the tip of the finger and is
used for pointing tasks. The research con-
cludes with a set of design considerations
when using a hand-centric design, which
are the following:
• Do not rotate the interface when the

user’s hand rotates.
• Keep the position of the interface in-

side the comfort level.
• Interface in the slightly left bottom

direction works best and use flexion
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movement.
Interacting with the widgets is done with
the hands. Therefore, we expect that it will
be faster, reduce cognitive load and easier
to use the hand as the centre point of the
interaction instead of the body as a whole.
Similar to body-centric this adds the bene-
fit that the interaction can always easily be
within reach.

2.2 Selection interaction in
VR/AR

The selection interaction in VR/AR is the
type of interaction that we want to improve
upon. Selection in this context just means
to select an object in the system not a type
of aiming or gaming related interaction.
There are three types of selection: con-
troller, gesture, and gaze interaction. The
aim of this section is to look into the possi-
bilities of using gesture or gaze interaction
for improving the interaction.

2.2.1 Gesture interaction

Gestures convey information through
body movements [19]. In VR and AR
the Head Mounted Display (HMD) takes
movements from the hands or head and
interprets those movements as a type of
action. It can be used for different tasks
such as controlling a menu [7], browsing a
collection [16], or switching modes. Modes
are distinct user interface inputs where dif-
ferent actions result from the same input
[24]. An example of a mode switch in
VR/AR is during a drawing task where the
user can draw with a pencil and switches
modes with a gesture to change the input to
act as an eraser. There are papers examin-
ing different methods for switching modes
such as by head gestures [25] or hand ges-
tures [26].

In the DatAR system there are two
distinct modes the user can be in: in the
default widget interacting/manipulation

mode the user can grab widgets to move
them in 3D space. If the user wants to
create new widgets they need to switch to
the widget creation mode. Using a hand-
centric design the interaction could be in
front of the user’s hand and if the user
tries to grab a widget the system will get
confused whether a button is pressed or a
widget is grabbed. This is why there needs
to be distinct modes to avoid conflicting in-
teractions.

Head and hand gestures both work
well, although the head based gestures
are most beneficial in a task where both
hands are used simultaneously. In DatAR
it is possible to interact with widgets us-
ing both hands though it is not required or
necessary. The research on hand gestures
shows that using your dominant hand for
interaction and the non-dominant hand for
mode switching works the best and is most
prefered by the user. This would be a good
way to interact with the system where the
dominant hand can interact with the wid-
gets while the non-dominant hand could
use a fist or palm gesture to switch between
the modes.

Gestures can have many different
meanings that can change depending on
the context or culture. This makes them
complex but is able to simplify a task be-
cause we as humans are already familiar
with using gestures. The issue is that there
are no explicit standards for which gesture
fits which context. This makes it a difficult
task to decide what fits in a system and
makes sense to a user [35].

2.2.2 Gaze interaction

Gaze interaction uses the head- or eye-
tracking of the headset to know where the
user is looking. The easiest to use and im-
plement interaction is the raycast method
where rays are cast from the eyes to high-
light and select items [29].

A comparison study between gaze
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and controller aiming showed that gaze
aiming has less cognitive load but lower ac-
curacy than a controller [20]. Furthermore,
with a pointing task no significant differ-
ence was found between the controller and
gaze using the ray cast method [30]. The
difference between controller and gaze se-
lection has also been studied in different
contexts such as a drawing task [23]. The
results from the study showed that the
Dunk brush performed the best and was
prefered by most users while the Dwell
gaze was the worst and was least prefered.
Although, it did show that the gaze inter-
action had the least cognitive load com-
pared to other methods. The Dunk brush
and Dwell gaze may have different effects
in another context such as using the pal-
let to choose widgets. Choosing widgets
will not be as much interaction as choos-
ing a colour and drawing, meaning that
the Dwell gaze could still be useful in a dif-
ferent context even if it ranked the lowest.
When using gaze interaction, specifically
eye-tracking there is an issue with involun-
tary eye movements and the Midas touch
problem making it more inaccurate to use
[33].

2.3 Cognitive load in user inter-
faces

Cognitive load is the working memory that
processes information that we as humans
receive through our senses [1]. Our short-
term memory is the same as RAM, it has
a limited capacity, and it stores informa-
tion that only needs to be remembered for
a short time. If the information is suffi-
ciently important, it can be put through to
the hard drive or long-term memory [10].
This working memory can be compared to
using an interface where the user is using
their senses to navigate and use the inter-
face. When there is too much information
to process in the working memory, it be-
comes too much to handle and this leads

to a cognitive overload. Cognitive over-
load when using an interface can lead to a
worse user experience.

In cognitive psychology, there are
three types of cognitive load: intrinsic, ex-
traneous, and germane. Intrinsic cognitive
load is “the inherent level of difficulty as-
sociated with a specific instructional topic”
[4]. Extraneous cognitive load is “gener-
ated by the manner in which information
is presented to learners and is under the
control of instructional designers” [4] and
germane cognitive load is “the processing,
construction, and automation of schemas”
[27]. Meaning that germane cognitive load
handles the creation of long-term storage
of information. The type of cognitive load
that can be handled by a good UX design
is the extraneous cognitive load, because it
deals with anything that takes up mental
resources that are not related to the main
task at hand [15]. For example, click on the
correct menu item for the page you want.
If the menu does not work correctly or not
the way the user expected then this adds to
the extraneous cognitive load. Small frus-
trations can add up to a bad experience for
the user.

There are multiple ways to measure
the perceived mental effort. One is a con-
struct that provides a means of compar-
ing instructional conditions, combining it
with mental effort ratings and performance
scores [22]. Another way of measuring is
by using instruments such as a heart rate
and/or blood pressure monitor to measure
the cognitive and physical workload [8].
The pupillary response is also a way that
has been used to measure cognitive load.
Greater pupil dilation is found to be associ-
ated with high cognitive load [9]. The last
type of measurement is a subjective survey
such as the NASA-TLX which is a widely
used tool [11] that rates perceived work-
load to assess a task, system, or team’s
effectiveness [12]. The NASA-TLX uses
pairwise comparisons to add weights to
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the scales. To keep the number of ques-
tions low we removed this and will use the
raw version of the questionnaire. Examin-
ing the difference between normal and raw
NASA-TLX shows no conclusive evidence
which is better [11].

2.4 User experience
User experience examines if a created in-
teraction is intuitive, usable and enjoyable
in combination with reducing the cogni-
tive load of a user [13]. A well designed
interaction should work with the limits of
the cognitive load and therefore reduce to
improve the experience [31]. To make sure
this is the case, all elements should be mea-
sured when testing the interaction. There
are numerous surveys that evaluate the
user experience, such as SUS [3], UEQ [17],
PUEU [6], and CSUQ [18]. These all have
slightly different ways of asking how well
the interaction is perceived by the user.

UEQ is the most appropriate for
our task because it asks questions about
whether the interaction is usable on ele-
ments such as efficiency, perspicuity, de-
pendability but also user experience as-
pects such as stimulation and novelty.
Other than answering the question if the
solution is usable we would also like to
know if participants are motivated to use
it or think if it is a novel solution.

Furthermore, the authors of the sur-
vey offer a handbook with helpful infor-
mation about the survey and spreadsheets
which make the analysis easier, because
it provides multiple graphs and statistical
tests.

3 Design requirements

When creating a new interaction concept,
it is important to consider design require-
ments because they describe what the de-
sign should focus on and achieve. Ideally,

all requirements would be met by a suit-
able design although this is not always pos-
sible. Every requirement is colour coded
with green as high priority, orange as
medium priority and red as low priority.
Our aim is to minimally satisfy all high
priority requirements. Requirements that
include no citations were created from per-
sonal intuition based on using the DatAR
system and programming/design experi-
ence.
• Speed

– Fast: The new interaction should
work as quickly as possible.
Having the user spend a lot of
time on simple interactions will
lead to bad usability [34].

• Cognitive load
– Low cognitive load: The interac-

tion should require low cognitive
load from the user. It should feel
as a smooth experience with as
few frustrations as possible.

• User experience
– Within reach: Our focus is to cre-

ate a hand-centric interaction so
the interaction is always within
reach of the user regardless of
their location [34].

– Comfortable: the experience of
using the new interaction should
be comfortable and not have is-
sues such as fatigue or unnatural
positions [34].

– Limited options: The designs
should not contain too much vi-
sual clutter. The more options
given to the user the longer the
decision time will take [14].

– Intuitive: Users should be able
to understand how the new in-
teraction works with as little ex-
planation as possible.

– Customizable: Users have dif-
ferent preferences and ways of
interacting. It should be cus-
tomizable for the user so that it
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is possible to adjust elements.

4 Initial interaction de-
signs

We propose two designs, called SwipePie
and The Widget Pallet, that aim to be fast,
low cognitive load and a pleasant user ex-
perience. This section explains how they
function and which papers inspired us to
create these designs. Explanations which
show that a design requirement is met are
labeled by the name of the requirement in
parentheses. The requirements fast, low
cognitive load, comfortable and intuitive
need to be evaluated before we can state if
the requirement is satisfied.

4.1 SwipePie

Figure 5: SwipePie design

SwipePie is a hand-centric design (within
reach) that follows the dominant hand’s
palm location, Figure 5. This design was
inspired by Banovic et al. [2] that created a
pie style menu for a touch interaction. The
middle row of buttons is located below the
fingers and can be interacted with by tap-
ping. If a button is tapped, it will change
colour to indicate that a widget has been
created. The top and bottom row are not
interactable, but are there to show which
widgets will be available when changing

the button rows (limited options). All but-
tons are at a slight angle to make sure that
the icons are clearly visible. The interac-
tion can be turned on and off by holding
a fist with the non-dominant hand for 0.5
seconds. Turning it on switches the state
to widget creation mode and turning it
off changes the state to widget interact-
ing mode. Switching these modes is to
make sure that no accidental tapping of
the buttons happens when trying to grab
and move widgets. Changing the rows can
be done by making a peace sign with the
non-dominant hand and moving the hand
up and down like a swipe gesture. We
first tried to make the gesture with only
the index finger to initiate a swipe, but this
proved to be difficult for the Hololens 2
since it would often think it is a fist gesture.
The inspiration for the swiping gesture
comes from how smartphones are used to
scroll, but from a paper by Koutsabasis et
al. [16] as well. In the conclusion they
state that swiping up and down gestures
are more usable than a wheel gesture be-
cause that leads to more fatigue.

Figure 6: SwipePie with thumb buttons

In addition to the gesture confusion,
it was also noticeable that switching be-
tween creating the widgets with one hand
and swiping rows with the other hand felt
like a lot of cognitive work. Therefore, we
created an alternative to this design where
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the thumb is used for tapping buttons that
change the rows, Figure 6. This way all
the main interacting with this design is
with the dominant hand and only the non-
dominant hand would be used for turning
the interaction on or off.

4.2 The Widget Pallet

Figure 7: The Widget Pallet design with
gaze feedback in the top left button

The widget pallet is a hand-centric design
(within reach) where the user uses their
non-dominant hand to make the pallet ap-
pear and their dominant hand (Dunk brush)
or head gaze (Dwell gaze) to choose an op-
tion, see Figure 7. Instead of colour op-
tions, the pallet consists of the widget icons
that the user can choose from. The pallet
appears by twisting the wrist to show the
palm as if the user is holding a physical
paint pallet. This makes it an intuitive ges-
ture because it represents the real world
hand positioning. The pallet is placed next
to the hand, since placing the pallet on top
of the hand makes the Hololens confused
which hand is being used for interaction
or accidentally open the Hololens palm

menu. Selecting an option from the pallet
can be done by tapping the button with the
index finger or using head gaze by pointing
the gaze cursor on an option for one sec-
ond. When interacting by tap the colour of
the button changes and a sound is played
to indicate that a tap is performed while
the gaze interaction shows a red line that
extends from the middle to the width of the
button to show the second long dwell time.
There are arrow buttons placed below the
pallet to change rows when more than nine
widgets are available in the system. This
keeps the design flexible and not limited to
only nine total widgets (limited options).

5 Pilot study

There are four designs that should be tested
with participants. The two goals of the pi-
lot study is to get initial feedback on the
designs and to determine which two de-
signs are considered most preferable. The
two best will be improved based on the
feedback and compared using our chosen
criteria in the following study.

5.1 Evaluation method
They were asked to sign a consent form,
then given an explanation that DatAR is
a system with the aim to help neuroscien-
tists explore their domain literature where
one of the core ideas is to use a widget sys-
tem to explore the data. The five widgets
used in the evaluation were explained in a
video to show the participant how to use
inputs, connect widgets and the function-
ality of each widget. Each participant used
all four designs (SwipePie Swipe, SwipePie
Thumb, Widget Pallet Touch and Widget
Pallet Gaze) for the same tasks. The or-
der of the designs was randomised using
a Latin Square (appendix A) to ensure that
the learning effect would not heavily influ-
ence the opinion on a design. Keeping the
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Figure 8: Pilot study design ranking results

order the same for each participant could
lead to a more positive opinion for the
third and fourth design, since the partici-
pants become more used to the system and
the tasks near the end of the evaluation.
Explanations of how to use the different
designs were provided through text and
GIFs. When participants understood the
explanation, they put on the headset and
performed the tasks shown in the virtual
space (appendix B.1). The tasks that were
created for this evaluation are actions that a
user would perform in a normal setting of
the system. This consists of creating wid-
gets, input and connecting them together.
We chose this over specific selection tasks
so that we can examine how it performs in
the system under realistic conditions. Af-
ter completing all three tasks, the partic-
ipant provided feedback on their experi-
ence on the topics of aesthetics, usability
and improvements that could be made.

5.2 Results and feedback
Eight master students from the GMT (6),
HCI (1) and AI (1) programmes partici-

pated in return for a €10 movie voucher for
the hour-long evaluation. After perform-
ing the tasks with each design, the partici-
pants were asked to rank the designs from
best to worst. 4 points mean the design is
most prefered and 1 point is least prefered.
Based on the responses from the partici-
pants the designs rankings are shown in
Figure 8.

The SwipePie design had some tech-
nical and design issues that ended up
frustrating participants. The following list
is the most notable feedback (F) and our
observations (O) during the evaluation.

• F/O Inaccurate gesture performance
– Observation: All participants

had issues using the gestures.
They performed inaccurately
and would not always respond to
what the participant was doing.
This inaccurate performance led
to frustration for the participants.

– Analysis: The Hololens would
often be confused. Resting your
hand on the table was seen as the
fist gesture and enabled the inter-
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action by accident. It would also
confuse the swipe gesture for the
fist gesture, which made the in-
teraction disable while the par-
ticipant was trying to switch the
rows. Additionally, when it came
to the swiping, it would only
work sometimes and at other mo-
ments it would change multiple
rows while the gesture was only
performed once.

• F/O Accidental button tapping
– Observation: Every participant

accidentally tapped the buttons
and created widgets that were
not intended.

– Analysis: To avoid acciden-
tally creating widgets, the design
needed to be switched to wid-
get manipulation mode before
interaction with widgets. This
was something that participants
would forget which led to acci-
dental button tapping.

• F/O Gorilla arm effect
– Observation: The interaction re-

quires participants to hold their
arm up to use the interaction. All
participants told us during the
evaluation that they felt fatigue.

– Analysis: The arm position cre-
ated a lot of tension in the mus-
cles. Even for short periods of
time (30 - 60 seconds) it showed
that fatigue was felt. This is not
an issue with the Widget Pallet
because it uses a more relaxed po-
sition.

• O Different hand sizes
– Observation: The design was fit

to a small hand, participants with
larger hands needed to perform
uncomfortable movements to in-
teract with the buttons.

– Analysis: When implementing
we made sure to have a right
and left handed version, but

did not consider different hand
sizes in the initial design. This
showed that when creating a de-
sign based on the fingers it is im-
portant to make it work and test
for different hand sizes.

• F One hand for all the main interac-
tions

– Observation: Two participants
mentioned that they did not like
using both hands actively for the
interaction.

– Analysis: The comments show
that switching between hands
for performing the swipe gesture
made it feel like a lot of work
cognitively. It would be better to
keep all active interactions based
around the dominant hand. In-
teractions such as enabling the
design could still be used with
the non-dominant hand since it
doesn’t need to be used often and
thus not an active interaction.

The two Widget Pallet designs were
clear favourites of the participants. The
following list is the most notable feedback
(F) and our observations (O) during the
evaluation.

• F/O Intuitive and easy to use
– Observation: Four participants

found the touch and gaze meth-
ods to be easy to use for complet-
ing the tasks.

– Analysis: The Widget Pallet de-
sign is simple compared to the
more complex SwipePie design.
This design is easy to under-
stand, since the participants only
need to think about opening the
pallet and choosing a button op-
tion.

• F Colour contrast
– Observation: One participant

noted that it could use other
colours to provide more contrast.
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– Analysis: The colour or aesthet-
ics were not considered during
the initial design. The light grey
was chosen as a default option
but this colour made it difficult to
distinguish the buttons and icons
at first glance.

• F/O Accidental button tapping
– Observation: Five participants

told us that they would some-
times accidentally tap the wrong
button or thought that the wrong
button responded to the tap.

– Analysis: Examining the record-
ings it became clear that, because
the hand is difficult to see when
using the headset, the partici-
pants misjudged the location of
their finger and moved it to a
different button than the one in-
tended. Participants suggested
making the pallet bigger to avoid
this issue.

• F Gaze deemed better than touch
– Observation: Three participants

mentioned that, even though the
touch variant felt most natural
to them, the gaze variant was
perceived to be more accurate
and thus gave more confidence
to use.

– Analysis: Compared to the orig-
inal paper [23], the one second
dwell time was not experienced
as a long time by six participants.
One participant mentioned that
it felt too long and another said
it felt too short. The reason we
think that most participants did
not mind the dwell time, is be-
cause this interaction does not re-
quire them to immediately per-
form grabbing actions when cre-
ating widgets. Most participants
would first get all the elements
needed to perform the task and
then place the input and wid-

gets together. This is different
from Pfeuffer et al.’s task, where
the dominant hand needs to be
used for painting immediately
after choosing a colour

• F/O Gaze selection indication
– Observation: One participant

gave feedback that the red bar
showing the gaze timer was not
clear enough to show that a but-
ton was selected. In the record-
ings it can also be seen that par-
ticipants in the beginning were
confused if a widget was created
or not.

– Analysis: When the red bar dis-
appears it can mean that the gaze
selection is completed, but it can
also mean that the participant
looked away and ended the gaze
timer. This led to confusion be-
cause it gave no other visual or
audio feedback.

• F Static pallet
– Observation: One participant

told us that to use the pallet you
need to sit straight and not move
to any side because the pallet
does not move with you. This
made it difficult to use the pallet
in other positions.

– Analysis: The pallet was created
to be static to make it easier to tap
the buttons. This decision was
based on the suggestion from Xu
et al. [34] which stated to not ro-
tate the interface with the user’s
wrist. The comment made us re-
alise that this would restrict the
user to only a single position in-
stead of being able to use all the
virtual space.
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5.3 Widget Pallet version two

Figure 9: Contrast and gaze feedback com-
parison between version 1 (top) and ver-
sion 2 (bottom)

Increasing the size of the pallet was con-
sidered due to comments by participants.
This change was not made because increas-
ing the size would make it more difficult to
have the pallet fit inside the limited FOV
of the Hololens. Nevertheless, three as-
pects of the pallet were improved for the
next evaluation. The pallet changed from
a grey colour to a light and dark wood tex-
ture. This was done to make it more aes-
thetically pleasing and provide more con-
trast to make the icons more recognizable.
The selection feedback for the gaze variant
was also improved. A yellow colour is dis-
played to indicate that the user is gazing at
one of the buttons and a sound is played
when the gaze is completed. This provides
better feedback to the user that a widget
has been created. See Figure 9 to compare
the difference in contrast and gaze feed-
back between the first and second version.
The final improvement is that the pallet
rotates with the user’s wrist movement to
ensure that the pallet is always facing the
user. This way no matter where the user is
positioned the pallet can always be used.

6 Widget Pallet compari-
son study

The results from the pilot study showed
that participants had the highest prefer-
ence for the widget pallet designs. The
designs have been improved and will be
compared in this study. The comparison
study has two goals. First, to determine
which of the two designs performs best
based on our chosen criteria. Second, is to
use the results to answer the main research
and sub research questions.

6.1 Evaluation method
Similar to the previous study, they were
asked to sign a consent form, received in-
formation about DatAR, the widgets and
explanations of how to use the designs.
There were three tasks to perform per de-
sign. The first task was to get familiar with
the interaction and the following two tasks
were timed (appendix B.2). The tasks were
the same for both designs. Compared to
the pilot study there are two changes made
to the tasks. One task has been removed
and replaced with a short task that con-
tains all basic interactions to test whether
the participant understood how to use the
design. The last task description has been
altered, because the min-max filters can
be inaccurate when releasing so a larger
range was given for the participant to use.
This change was made because in the pre-
vious study participants were too focused
on getting the exact number given and the
point is to perform the steps in the task not
test a specific widget. After completing the
tasks, the participant answered the NASA-
TLX questionnaire, the UEQ questionnaire
and an open question that asked if there
were any improvements to be made on the
design. To examine whether there is a per-
formance difference between participants
familiar with the designs and participants

13



Task 1 (16 participants) Task 2 (16 participants)

Touch 00:32,57 +/- 00:14,94 01:48,30 +/- 00:54,14

Gaze 00:32,95 +/- 00:19,29 01:51,48 +/- 00:34,51

Table 1: Average task time divided per design. Time result after the +/- is the standard
deviation

Task 1 (16 participants) Task 2 (16 participants)

Pilot New Pilot New

Touch
00:28,21

+/- 00:11,58

00:36,93

+/- 00:17,34

01:35,22

+/- 00:41,73

02:01,38

+/- 01:04,40

Gaze
00:23,28

+/- 00:05,50

00:42,62

+/- 00:23,53

01:45,87

+/- 00:35,48

01:57,09

+/- 00:34,95

Table 2: Average task time divided per study group and design. Time result after the
+/- is the standard deviation

that use it for the first time, the participants
were split into two groups. One group
containing the pilot study participants and
the other group containing the new partici-
pants. To balance the learning effect for the
timed tasks, the two groups were split in
half once more where 4 participants of the
group started with the touch design and
the remaining half started with the gaze
design.

6.2 Results
15 master students and 1 computer science
professor participated in the second evalu-
ation study. All 8 participants from the pi-
lot study and 8 new participants took part
in the study.

6.2.1 Time performance

The time performance results give an in-
dication of how well the participants are
able to complete a task using the designs.
While the tasks were created to make them
as realistic as possible, human factors can

influence the performance, such as: pro-
ficiency in grabbing objects, proficiency in
connecting widgets and understanding the
task. Some participants were more profi-
cient in using the Hololens than others and
this needs to be considered when looking
at the times.

The touch design has a slightly faster
average than the gaze design. To find dif-
ferences in the designs we chose the Mann
Whitney U test, because the Shapiro Wilk
test showed that the data is not normally
distributed and the Levene test shows that
the data is of equal variance. The Mann
Whitney U test shows no significant differ-
ence (α = 0.05) was found between touch
vs gaze in task 1 (p = 0.78) and touch vs
gaze in task 2 (p = 0.42). The average time
results can be seen in table 1.

The pilot group was faster than the
new participants group in all tasks. The
Mann Whitney U test shows there is a sig-
nificant difference (α = 0.05) in the pilot
group being faster than the new group in
gaze task 1 (p = 0.01). However, no sig-
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Figure 10: NASA-TLX average score result per scale

nificant difference was found between the
groups in touch task 1 (p= 0.38), touch task
2 (p = 0.32) and gaze task 2 (p = 0.50). The
average times for the task per group can be
seen in table 2.

6.2.2 NASA-TLX

The touch and gaze design both have a
low scoring in all scales and it shows only
small differences between mental demand,
effort and frustration with no difference be-
tween physical demand and performance.
A Mann Whitney U test was used, because
the data contains ordinal values, and found
no significant difference (α = 0.05) in the
scales in mental demand (p = 0.92), phys-
ical demand (p = 0.83), performance (p =
0.42), effort (p = 0.78) and frustration (p =
0.95). Figure 10 shows the average scores
per scale.

6.2.3 UEQ

There is no baseline available to compare
the two designs against. Only compar-
ing the designs against each other will not

show if the design on its own is consid-
ered usable. For this reason, we first exam-
ine the scores against the UEQ benchmark
which contains the results of 468 product
evaluations. It scores on the scales of bad,
below average, above average, good and
excellent. Following the benchmark is the
comparison of the two designs to see if
there are any significant differences found
between the scales.

6.2.3.1 Touch benchmark The bench-
mark in Figure 11 shows that the touch ver-
sion of the widget pallet scores above av-
erage (only slightly below good) in the ef-
ficiency and novelty scales and good in the
attractiveness, perspicuity, dependability
and stimulation scales.

6.2.3.2 Gaze benchmark The bench-
mark in Figure 12 shows that the gaze
version of the widget pallet scores above
average in efficiency, good in attractive-
ness, perspicuity, dependability and nov-
elty and scores excellent in stimulation.

15



Figure 11: Touch design UEQ benchmark result

Figure 12: Gaze design UEQ benchmark result

6.2.3.3 Comparing designs The results
in Figure 13 show slight differences be-
tween the attractiveness, perspicuity, de-
pendability and stimulation scales. There
are also some bigger gaps where efficiency
is scored higher for touch and gaze being
scored higher for the novelty scale. Per-
forming a two sample T-Test with unequal
variance (α = 0.05) shows that there is no
significant difference found in all scales of
attractiveness (p = 0.94), perspicuity (p =
0.73), efficiency (p = 0.31), dependability
(p = 0.69), stimulation (p = 0.74), novelty
(p = 0.27).

6.2.4 Design requirements

Based on the results shown, table 3 shows
a summary of the design requirements and
if the design has met the requirement.

7 Discussion

7.1 Can we create a fast selection
interaction?

No significant difference in speed of task
completion was found between the touch
and gaze design, but there was a difference
between the pilot group and new group for
gaze task 1 (section 6.2.1)

7.1.1 Touch vs Gaze

We expected the gaze design to work
slower than touch because of the one sec-
ond dwell time. This does not seem to
have an impact when performing tasks. A
reason for this could be the use of the dom-
inant hand. In the touch design the dom-
inant hand is close to the pallet to tap the
button and then moves to the widgets to
grab and connect them. This is not the case
with the gaze design because the hand is
free and does need to move back and forth
to the pallet to use it. This difference could
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Figure 13: UEQ product comparison graph

Requirement Widget Pallet Touch Widget Pallet Gaze
High priority
- Fast ✓ ✓
- Low cognitive load ✓ ✓
- Within reach ✓ ✓
- Comfortable ✓ ✓
- Limited options ✓ ✓
Medium priority
- Intuitive ✓ ✓
Low priority
- Customizable

Table 3: Results of the design requirements

be a factor that the times are more similar
to each other, besides the aspect that some
participants were more proficient in using
the hololens than others.

7.1.2 Pilot group vs New group

The difference between the pilot group (8
participants) and the new group (8 partic-
ipants) for the first gaze task indicates that
with practice users may become more fa-
miliar with the interaction and thus work
faster. The pilot group was already famil-
iar with how the designs worked and were
able to use it proficiently whereas new par-
ticipants were trying to understand how it
worked. This statistical difference is not

seen in the second task because the task
contained many steps and every partici-
pant had moments where they forgot the
next step and had to read the task again.

7.2 Can we create an interaction
that requires low cognitive
load?

Participants did not experience any notice-
able difference between the touch and gaze
designs and both scored low in cognitive
load. The most notable results are the
slight differences in average between men-
tal demand, frustration and effort (section
6.2.2). Mental demand and frustration is a
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combined section because the higher men-
tal demand influenced frustration.

7.2.1 Mental demand and Frustration

The touch design has a slightly higher score
in mental demand and frustration because
participants would sometimes press the
wrong button. This is because their hand is
occluded by the pallet which makes it dif-
ficult to estimate the location of the hand.
Suggestions were made, similar to those in
the pilot study, to make the pallet larger or
to space the buttons out more. The feed-
back of participant 10 gave a new insight
saying “Maybe if the button gets highlighted
where the finger is hovering over it would be
easier to compare the position of your finger to
the widget menu and you can adjust easier and
therefore click easier.” Highlighting the but-
ton where the finger is hovering over could
be a solution to the issue of accidental but-
ton tapping.

7.2.2 Effort

The gaze design shows a slightly higher
score in effort because using the head
movement to create a widget is perceived
to be only slightly more effort than tapping
the button. Since the gaze cursor comes
from the forehead, not between the eyes,
it forces the participant to either look fur-
ther down than it is comfortable or to move
their hand up to select an item from the
bottom row of buttons. Participant 9 sug-
gested “It would be easier if the panel was not
tilted and instead straight up, so you can look
directly at it.”. Changing the angle from
tilted to straight up could lead to less head
movement being required to select a wid-
get.

7.3 Can we create an interaction
with a pleasant user experi-
ence?

No statistical difference was found be-
tween the touch and gaze design for the
user experience. However, there are some
slight differences in average scores be-
tween perspicuity, efficiency, dependabil-
ity, stimulation and novelty (section 6.2.3).
Dependability and stimulation are com-
bined into one section because they have
similar reasons for the differences in re-
sults.

7.3.1 Perspicuity

The slightly lower score for gaze in per-
spicuity is because it took a little more ef-
fort to get accustomed to. People in gen-
eral are more used to tapping a button than
needing to gaze at it. This made it less intu-
itive for the participants and even a small
group of participants tried to tap the but-
tons when it was explained to use the gaze
method.

7.3.2 Novelty

The slightly higher score in novelty for the
gaze design is because it is an interaction
method that participants were not used to.
This made it feel more innovative and cre-
ative to them.

7.3.3 Efficiency

The time performance result shows no
clear difference between the designs but
participants did score the gaze design
lower in efficiency. This shows us that par-
ticipants do experience the dwell time to
be slower than touch. Participants have
mentioned during the evaluation that they
like the instant response of the touch pal-
let compared to waiting for the dwell time.
Participant 5 mentioned in the feedback “I
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would prefer the physical touch of the pallet but-
tons, as they feel more natural and don’t have
a forced-delay in my head movement.”. Par-
ticipants 16 and 8 did note that they had
trouble understanding the force needed to
press the button saying: “The feedback for
when a button was pressed was not always as
clear to me.” and “I sometimes had to push
harder to confirm a ’click’ than I anticipated”.
To avoid the button being pressed by just
moving the finger over it, there is some
force required to push in the button.

7.3.4 Dependability and stimulation

The touch design scores higher in de-
pendability because the instant response of
pressing the button makes participants feel
more in control. However, a small group
of participants mentioned during the eval-
uation that gaze felt more accurate than
touch because of the issue with pressing
the wrong button. This explains why the
stimulation score for gaze is slightly higher
because the accuracy makes participants
more motivated to use it. Sometimes there
was an issue with the gaze during evalua-
tion where a slight head movement would
move the cursor away from the button and
stop the dwell time. Participant 16 wrote
in the feedback ”I had a bit of trouble keeping
my gaze stable on the menu on my arm”.

8 Limitations

This research contains two limitations in
the method and one limitation that is a
learning point when performing research
in the future. The comparison study con-
tained a small sample size and almost all
of the results were non conclusive. How-
ever, the averages in the metrics show dif-
ferences, for example, the average of ef-
ficiency being much lower for gaze. We
think that evaluating the designs with a
larger sample size could show possible sta-

tistical differences for the NASA-TLX and
UEQ results. The differences in time per-
formance results are small. Therefore, we
do not think a statistical difference will be
found there. Furthermore, we made the
decision to use realistic tasks to best test
the designs with DatAR. The goal states
that the solution should work in DatAR but
also be general enough to work for similar
systems. We did not conduct an experi-
ment to specifically test the selection per-
formance of the designs. We believe that
the designs are usable in other systems, but
this should be tested to get a more general
idea of how it performs.

The learning point we discovered,
while writing the pilot and comparison
study, is that we should have taken notes
during evaluation. In the text there are
places where “some participants” is men-
tioned, or a variation of it, because these
comments were said during evaluation but
were not written down. Keeping better
track of how many participants made a
particular comment will make the writing
stronger in the future.

9 Conclusion and Future
work

To conclude this thesis and to answer the
main research question: Can we create a
selection interaction that works fast, with
low cognitive load and a pleasant user ex-
perience? The results show that both de-
signs meet the criteria of working fast, with
a low cognitive load and a pleasant user ex-
perience. Because there are no significant
differences found between the designs, we
can say that the best choice of design will
come down to the preference of the user.
Table 4 shows the pros and cons for each
design to help with this choice.

There are three possible avenues for
future work. We were unable to use con-
trollers, but it could be interesting to com-
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Touch Gaze

Pros

• Creating the widget
works instantly

• Perceived as more nat-
ural

• Easy to use

• Perceived as more ac-
curate

• Easy to use

Cons

• Difficult to see hand
which leads to pressing
the wrong button

• Difficulty understand-
ing force needed to
press the button

• Long dwell time
• Slight head movements

can reset the dwell
timer

• Using head movement
is perceived to be more
effort

Table 4: Pros and cons list of the touch and gaze designs

pare the designs with controllers against
the hand tracking of the hololens to exam-
ine if there are any differences there. It is
also possible to look further into the men-
tioned limitations to evaluate with a larger
sample size to see if there are any statistical
differences to determine if one design per-
forms better than the other and to study the
performance of the designs using a general
selection task to evaluate the selection time
and number of errors.

10 Reflection

Reflecting on the thesis we are content with
the choices made regarding the method
and environment. We mentioned that not
having a general selection performance
task is a limitation and it is something that
could be further researched. However, it
does not make the thesis weaker for not
having it. The designs perform well and
could be used in other systems, but to bet-
ter generalise this should be further tested.
Making the tasks as realistic as possible
was a conscious decision because it was
the best option for the environment and it
showed that the tasks were not biased to

make the designs look better than they are.
DatAR was a great environment to use

for the project because it is still in develop-
ment which meant there were enough pos-
sibilities for creating a thesis project. An-
other advantage was that the system could
be used and adjusted instead of needing to
spend time building a system from scratch.
The biggest issue was the data not work-
ing, but since the thesis was design focused
this had little impact.

The biggest hurdle during the thesis
was trying to find participants for the stud-
ies, especially the pilot study. It was a
mistake to try and hold evaluations dur-
ing an exam period, which was something
we did not check before sending out the
message. It also became clear that hold-
ing evaluations on campus was more ef-
fort than other thesis, where the partici-
pant only needs to open a link and an-
swer a survey. This meant only a small
group of people were interested in par-
ticipating. By sending messages directly
to other students it eventually got to the
number of people we wanted to. It was
easier for the comparison study because
there were more responses and all the par-
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ticipants from the previous study agreed
to come back for the next one.
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Appendices

A Latin square pilot study

• SwipePie Swipe (A)
• SwipePie Thumb (B)
• Widget Pallet Touch (C)
• Widget Pallet Gaze (D)

A B C D
C D A B
B A D C
D C B A

Table 5: Random order for pilot study
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B Evaluation tasks

B.1 Pilot study tasks
• Task 1: Inspect a resource

– Create a disease class input

– Create a concept of class widget

– Add disease input to widget

– Create Resource inspector widget

– Add Anxiety as input

• Task 2: Brain region co-occurrence

– Create a disease class input

– Create a concept of class widget

– Add disease input to widget

– Create co-occurrence widget

– Create a region class input

– Add region and depression to co-occurrence widget

– Create brain widget

– Connect widgets together

• Task 3: Brain region co-occurrence with filter
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– Create a disease class input

– Create a concept of class widget

– Add disease input to widget

– Create co-occurrence widget

– Create a region class input

– Add region and depression to co-occurrence widget

– Create brain widget

– Connect widgets together

– Create min max widget

– Connect min max to co-occurrence and brain

– Filter the results for “number of times cerebral palsy co-occurs with a given
region” to about a 100.

B.2 Comparison study tasks
• Task 1: Interaction check task

– Create a disease class input

– Create a concept of class widget

– Add disease input to widget

– Create co-occurrence widget
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– Create brain widget

– Connect widgets together

• Task 2: Inspect a resource

– Create a disease class input

– Create a concept of class widget

– Add disease input to widget

– Create Resource inspector widget

– Add Anxiety as input

• Task 3: Brain region co-occurrence with filter

– Create a disease class input

– Create a concept of class widget

– Add disease input to widget

– Create co-occurrence widget

– Create a region class input

– Add region and depression to co-occurrence widget

– Create brain widget

– Connect widgets together

– Create min max widget
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– Connect min max to co-occurrence and brain

– Filter the results for “number of times cerebral palsy co-occurs with a given
region” between a range of 100 - 150
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