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Abstract

In recent years, mobile-device apps have become the most common platform for augmented reality
contents. The following work aims to identify the best touch-gestures for the interaction with virtual
objects in augmented reality apps. An experimental study has been carried out on 80 people aged
from 15 to 23 years-old. Three tasks have been evaluated: translation, rescaling and rotation of a
3D object. The considered gestures are: 1-finger tap, 1-finger pan, 2-finger pan, 2-finger rotation,
Pinch-to-zoom and the Hold-and-move, which has been designed specifically for augmented reality
apps. The goal is to find the best gesture to perform each task, from the point of view of the usability.
Both objective and subjective measurements have been performed, to ensure an exhaustive evalua-
tion of the usability. This analysis can help mobile app developers deciding the gestures to use to
implement frequent tasks in 3D object’s manipulation.
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1 Introduction

Augmented reality (AR) is a concept that sits between virtual reality and the real environment. The
technology is characterized by the creation of sensory experiences constituted by the fusion of real and
virtual elements. Augmented reality, in its most generic acceptation, is actually being used for various
applications that goes from entertainment to medicine [1]. However until the latest years, the access to
the technology was very restricted due to the very expensive hardware and to the non-homogeneity of
the platforms. Today we are in font of a new scenario for the usage of augmented reality.

In the last 20 years augmented reality has moved from being a theoretical concept to being a “perva-
sive” technology. In June 2017 at the World-Wide Developer Conference (WWDC), Apple introduced a
framework called ARKit [2] to provide augmented reality’s base technologies to millions of iOS devel-
opers. Thanks to this framework, developers could create AR apps without worrying about implementing
the complex computer vision algorithms needed to make an AR experience work. Only one month after
the release of iOS 11, the mobile OS that supported ARKit, the number of downloads of AR apps have
exceeded 3 million units [3]. A couple of months later, Google introduced its ARCore framework [4], the
Android answer to Apple’s ARKit, although available only on a few device models. Thanks to ARKit,
iOS has immediately become the biggest AR platform in the world, with almost 500 millions supported
devices [5], followed by Android.
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The main functionalities provided by those frameworks are: plane detection, hit-testing, light esti-
mation, dimensions estimation and position-tracking through visual inertial odometry. Those function-
alities have favored the development of many apps based on the superimposition of virtual objects on
real surfaces and the consequent interaction with them. Virtual objects may vary a lot, e.g.: videogame’s
scenarios and characters, furniture, model-cars and illustrative models.

Those apps are designed for smartphones and tablets, which usually are not able to detect the position
of the user’s hands in the scene. For this reason the interaction with virtual objects takes place with
touch-gestures, particular movements of the fingers on the screen of a touch-screen device. This scenario
highlights a new challenge in the field of human-computer interaction. Numerous studies of usability for
generic AR applications have been executed. However those studies were not focused on AR experiences
implemented with touch-screen mobile devices. Some studies have also been carried out in the field of
the usability of touch-gestures, in the context of generic smartphone apps. The tasks evaluated in those
studies were related to the interaction with 2D user interfaces. Nevertheless, to the best of our knowledge,
a study on the usability of touch-gestures in the context of AR apps has never been executed. For this
reason the goal of this document is to evaluate the best gestures, in order to increase the usability, for
improving the interaction with virtual objects in AR apps. The basic interaction with a virtual object
in a generic AR app includes three tasks: translation, rescaling and rotation. All three tasks have been
evaluated in the present study. Each task can be performed with various gestures, the goal of the study is
indeed to find the best one for each task.

For the realization of the study an iOS app has been developed with the goal of measuring objective
metrics, such as precision, execution time and success rate. In agreement with the ISO definition of
usability (ISO 9241), subjective measurements have also been performed. In particular, the ease of use
and the overall satisfaction have been measured.

The remainder of the paper is organized as follows. First, some related works are reported in Section
1, both in the fields of usability for AR and touch-gestures. Then, the proposed solution is explained in
Section 2 in terms of methodology, materials, procedure and evaluation method. Results of objective and
subjective measurements are presented in Section 4. Section 5 discusses the research findings and gives
an example of application by describing a case study. Finally, Section 6 concludes the paper.

2 Related works

We report two categories of related studies: the ones focused on the usability in generic AR experiences
and the ones concerning the usability of touch-gestures for various purposes. With respect to existing
literature, in this paper, the usability of touch-gestures for AR experiences in the context of mobile
devices is analyzed for the first time.

2.1 Usability in Augmented Reality

In [6] the authors have conducted a study to establish a set of usability principles for the development and
evaluation of smartphone applications using the AR technology. The authors developed those principles
by analyzing existing research on several topics: heuristic evaluation methods, design principles for
AR systems, guidelines for handheld mobile device interfaces and usability principles for tangible user
interfaces. The authors performed an heuristic evaluation of three popularly used smartphone’s AR apps,
in order to identify usability problems. Although the principles founded in the study are still valuable,
they have been obtained by analyzing apps in vogue in 2013 which are now obsolete. Furthermore the
principles founded by this study are not focused specifically on the interaction with virtual objects.

In [7] the authors focuses on usability principles for Mobile Augmented Reality applications (MAR).
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The authors have identified the need to introduce AR-related usability principles when developing and
designing MAR services, to ensure that they conform to some generic guidelines and provide user expe-
riences that meet users’ expectations. In the study a MAR application aimed at product marketing was
designed, focusing on providing an interactive experience based on the usability principles. In addition,
experts were invited to measure the usability of the system based on a mobile-specific heuristic evalua-
tion checklist. The study concludes with the definition of 11 usability heuristics for MAR applications,
identified by the authors and other experts. Although the usability principles are valuable they have been
obtained with an application of a specific category (marketing). Furthermore the principles are broad and
they do not include specific indications for designing the interaction with a virtual object in AR. The use
of the gestures is mentioned as a valuable technique of interaction, but the study does not specify which
gestures to use.

Some studies [8] [9] have also been conducted on the use of gestures based on 3D finger tracking in
augmented reality. Although this method of interaction is probably more engaging, the recent diffusion of
HMAR (Handheld Mobile Augmented Reality) technologies have favored the use of 2D touch-gestures.
To the best of our knowledge, no study has ever been conducted to evaluate the performances of touch-
gestures in the HMAR context.

2.2 Usability of touch-gestures

Various studies have been conducted in the field of the usability of touch-gestures with users of selected
age groups.

In [10] the authors investigates pre-kindergarteners (2-3 years of age) ability to perform multiple
gestures on multi-touch surfaces. They found that these infants could effectively perform additional
gestures, such as one-finger rotation and two-finger scale up and down, just as well as basic gestures,
despite gender and age differences. The authors also identified cognitive and precision issues that may
have an impact on the performance and feasibility of several types of interaction (double tap, long press,
scale down and two-finger rotation). Therefore they proposed a set of design guidelines to mitigate the
associated problems and help designers envisioning effective interaction mechanisms for this challenging
age range. During the execution of the test, the execution time and success rate were measured. The study
found that pre-kindergarteners are able to perform relatively complex gestures and that gender and age
differences are not significant in interaction success rates.

In [11] the authors address children aged between 3 and 6 years old and they report their touch-
screen performance with standard tap and drag-and-drop interactions on smartphones and tablets. The
study show significant improvements in children’s touch performance as they grow from 3 to 6 years,
and point to performance differences between children and adults. The research also correlates children’s
touch performance expressed with task completion times and target acquisition accuracy with sensori-
motor evaluations that characterize children’s finger dexterity, graphomotor and visuospatial processing
abilities, and report significant correlations. The authors used their findings to recommend guidelines for
designing touchscreen interfaces for children by adopting the new perspective of sensorimotor abilities.

The study [12] investigated optimal target sizes (e.g. software buttons), and spacing sizes between
targets, for smartphones user interfaces intended for older adults. Two independent variables were stud-
ied — target sizes and spacing between targets — for two common smartphone gestures — tap and
swipe. Dependent variables were accuracy rates, task completion times, and participants’ subjective
preferences. 40 older adults recruited from several daycare centers participated in both tasks and a post-
session questionnaire. At the end the authors report the design recommendations that they have drawn
from the experiment.

In [13] the authors conducted performance measurements and observational evaluations of 20 elderly
participants. The tasks included performing basic gestures such as taps, drags, and pinching motions and
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using basic interactive components such as software keyboards and photo viewers. The study found
that mobile touchscreens were generally easy to use for the elderly and a week’s experience generally
improved their proficiency.

The findings of those studies and their method of execution are valuable, but the results are limited
to users of particular age groups and they are not related specifically to AR apps. Moreover none of the
above-mentioned studies make a comparison between different touch-gestures for a particular task.

In 2017 Tsai et al. made a more complete study [14], involving children, adults, and the elderly. The
research consisted of two stages of experiments. In the first experiment, three existing gestures used by
the Android system were evaluated: drag, pinch, and double-touch drag. In the second experiment, two
additional re-designed gestures were tested: multi-long press and slide down. The users’ performances
were measured based on their overall time, success time, accuracy, Fitts’ Law values and a subjective
questionnaire. Among the five gestures, drag and multi-long press were categorized as the drag gesture,
and pinch, double-touch drag and slide down were categorized as the enlarging gesture. The results show
that children and adults outperformed the elderly in gesture operation. With respect to smartphone size,
the subjects had faster response times and better Fitts’ Law values on 6-inch phones. When comparing
the subjective preference and the objective use measurement values of the two drag gestures and three
enlarging gestures among the different age groups, it was found that children and adults were consistent,
whereas the elderly were inconsistent. Overall, in operating the original drag and pinch gestures, the
elderly exhibited better objective use measurements, but they preferred the improved gestures, such as
slide down. This study is complete in terms of the user base, and the usability has been measured with
both objective and subjective measurement. However a task of rotation has not been evaluated and the
study is by no means related to AR apps, which involves the manipulation of 3D objects.

As summarized in Table 1, a lot of studies in the literature tried to define some usability principles
for augmented reality applications. Those principles are usually very generic but they fit well for a broad
spectrum of applications. Some effort has also been done to evaluate the usability of touch-gestures,
especially for the sensible category of users. However, most of the approaches in the literature did
not focus on the evaluation of touch-gestures for HMAR specific tasks, like the interaction with virtual
objects on a real surface of the user’s environment, which is central in most of AR apps today. For this
reason, the approach proposed in this paper, may be a viable solution to define the gestures to use for 3D
objects’ manipulation in AR specific apps.

3 Proposed solution

3.1 Methodology

The methodology of analysis adopted in this study is inspired by the one used by Tsai et al. in [14].
This methodology was chosen because it was designed specifically for gestures in mobile devices and
it considered both objective and subjective measurements. The present work applied the same usability
evaluation techniques to the most common tasks in HMAR apps. A task is an action that the user is re-
quired to execute, on which measurements are performed. The use of the adjective “best” for the gestures
is to be intended from the point of view of the usability, in his ISO definition. Such definition (ISO 9241)
states that usability is “the effectiveness, efficiency and satisfaction with which specified users achieve
specified goals in particular environments”. Effectiveness is intended as the accuracy and completeness
with which specified users can achieve specified goals in particular environments. Efficiency is related to
the resources expended in relation to the accuracy and completeness of the achieved goals. Satisfaction
is the comfort and acceptability of the work system to its users and other people affected by its use.

The evaluation of usability has been done with both objective and subjective measurements, as pro-
posed by Lewis [15]. Subjective measurements are constituted by opinions and behaviors of the users,
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Paper Year Focus Participants Age range Evaluation Touch-Gestures

Ko et al. [9] 2013 AR usability. 7 + 20
Specific
(mean 28)

Heuristic evaluation,
usability questionnaire,
elapsed time.

-

Tsai et al. [16] 2016 AR app design. - - Heuristic evaluation -
Hurst and Wezel.
[7]

2013 AR finger tracking. 24
Specific
(18 to 25)

Time, accuracy and
user engagement.

-

Piumsomboon et al.
[15]

2013 AR hand gestures. 20
Specific
(18 to 36)

User subjective. -

Nacher et al. [14] 2015
Touch-gestures
for children.

32
Very Specific
(2 to 3)

Time, success rate,
observation.

Tap, double-tap, long-press,
drag, scale-up, scale-down,
2-finger rotation.

Vatavu et al. [18] 2015
Touch-gestures
for children.

89 + 30
Very Specific
(3 to 6)

Time, accuracy,
sensorimotor evaluation.

Tap, double tap, single and
multi-touch drag and drop.

Leitao et al. [11] 2012
Smartphone’s UI
for older adults.

40
Very Specific
(mean 76)

Time, accuracy,
number of errors.

Tap, swipe.

Kobayashi et al.
[10]

2011
Touch-gestures
for elderly.

20
Very Specific
(60 to 80)

Time, observation,
opinions.

Tap, drag, fixed pinch,
moving pinch.

Tsai et al. [17] 2017
Touch-gestures in
various screen’s sizes
and various age groups.

141
Broad
(10 to 60+)

Overall time,
success time, accuracy,
Fitts’ Law, subjective
questionnaire.

Drag, pinch, double-touch
drag, multi-long press,
slide down.

Our Approach 2019
Touch-gestures
in AR apps.

80
Specific
(15 to 23)

Time, succes rate,
accuracy, ease of use,
satisfaction.

1-finger tap, 1-finger pan,
2-finger pan, 2-finger rotation,
Pinch-to-zoom,
Hold-and-move.

Table 1: Comparison with existing work on AR usability and touch gestures.

observed during the usage of the studied system. When the focus of the study is on the improvement of
user’s satisfaction, then more importance is given to subjective measurements. Objective measurements,
instead, are useful to measure the quantifiable performance of the user in operating the system. Examples
of objective measurements are response time, success rate and error recovery time [16]. When the focus
of the study is on the reduction of errors or on the improvement of efficiency, then more importance is
paid to objective measurements. Given that the intention of the present study is to evaluate the usability
in a complete way, both types of measurement have been executed.

To carry out the subjective measurements we based on the after-scenario questionnaire (ASQ) pro-
posed by Lewis [17]. The ASQ questionnaire evaluates three fundamental components in the usability
of a system: ease of task completion, time to complete a task and adequacy of support information. Be-
ing submitted in the form of a short questionnaire, the usage of ASQ in usability’s measurement is very
convenient. In a study by Wipfli et al. [18] the ASQ has been used to evaluate three different approaches
(gesture-controlled, oral instructions and mouse manipulations) for image manipulation in a surgery set-
ting. In another study [19] ASQ is used to assess users’ experiences and the system usability in a Tongue
Drive System.

Based on the approaches of related studies [14] the usability tests have been executed with different
screen-size devices. In particular, a 4.7” smartphone and 9.7” tablet were used. This distinction has been
made to highlight an eventual correlation between the usability of the gestures and the size of the screen
on which they are executed.

3.2 Materials

80 participants, aged from 15 to 23 years old, have been recruited partly among the students of two
Italian high schools and partly among the students of the Kore University of Enna. Their average age
was 18. A young age group of participants has been chosen as this is more representative of the users
who are inclined to use AR apps. The gender of the participants was equally distributed between males
and females. All subjects used a smartphone or a tablet for at least three years. All tests were carried
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out anonymously. All the subjects had a good eyesight and they were regular users of smartphones and
tablets. The devices used to perform the tests were an Apple iPhone 8 and an iPad (2017 model). Both
devices supported the ARKit framework and had a multi-touch screen necessary to perform multi-fingers
gestures.

An experimental software (tests app) was designed to execute and evaluate the various gestures stud-
ied. The tests app was coded with Xcode in the Swift language, and took advantage of the functionalities
provided by the ARKit framework. During the execution of the experiment, the mobile device was
connected to a PC to collect the data. The connection to the PC was made wirelessly to eliminate the
hindrance of a cable.

Three tasks were identified for the execution of the tests, each executable with more than one gesture.
Those are: translation, rescaling and rotation of a virtual object in augmented reality. Overall the tested
gestures are six: 1-finger tap, 1-finger pan, 2-finger pan, 2-finger rotation, Pinch-to-zoom and Hold-and-
move (Fig. 1).

Figure 1: The tocuh-gestures for the manipulation of a virtual object tested in the study.

1-finger tap is the simple touch of the screen in one point. The pan gestures are those that involve
dragging the fingers on the screen and can be executed with one or two fingers. The 2-finger rotation
gesture involves the execution of a rotation movement of two fingers around a pivot point. The Pinch-to-
zoom gesture involves the widening or the closing of two fingers from the initial position, respectively
to zoom in or out the object. Finally, the Hold-and-move gesture, designed specifically for augmented
reality, plans to hold one finger on the virtual object while moving the device around to translate the
selected object.

Each user performed all task-gesture combinations three times. The task-gesture combinations were
repeated several times, in order to measure the success rate (ratio between number of correct executions
and number of incorrect executions). If the user released the fingers from the screen before completing
the task or if the result did not fall within a certain precision threshold, the execution was considered
incorrect. The precision threshold is a range of distance (translation task), angle (rotation task) or scale
factor (rescaling task) where the result of the gesture is considered acceptable.

Some UI (User Interface) elements were used to give an hint to the user on the task to execute. For
the translation task a virtual cross was placed on the real surface, indicating the point where the virtual
object had to be placed (Fig. 2). For the rescaling and rotation tasks, a colored bar was used, which
gradually filled up as the user approached the required target (Fig. 7). Furthermore, the name of the
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Task Gestures

Translation
1-finger tap,
1-finger pan,
Hold & move.

Rotation
2-finger rotation,
2-finger pan.

Rescaling
Pinch to zoom,
2-finger pan.

Table 2: The touch-gestures tested for each task.

task-gesture combination was shown on the screen to remind the user of the task to perform.

Figure 2: The red cross on top indicates the point where the object (the cup) has to be placed.

Figure 3: The green bar on the right is going to fill as the user is reaching the goals required by the
rotation and the rescaling tasks.

3.3 Procedure

Before starting the experiment, an operator collected some basic information about the users: gender,
age and years of experience with the use of smartphones and tablets. Each user have been given about 5
minutes to practice with the chosen gestures, in order to reduce the differences of the user’s expertise with
such gestures. For the execution of the tests, the users were split randomly into two equally-numbered
groups: the first group performed the entire test (all task-gesture combinations) on the 4.7” smartphone
and the second on the 9.7” tablet. In addition to the user, an operator was present in the room, to provide
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indications on the tasks to be performed and to supervise the correct functioning of the system.
The virtual object was placed by the operator on a table of a sufficient size to also contain the target

cross, when present. The user then performed the tasks standing, as is usually the case when using AR
apps. To make the measurements independent of the position of the device with respect to the virtual
object, the operator tried to position the device always at the same distance from the virtual object. The
user was asked to perform the gestures with one hand and use the other one to hold the device.

Each user performed all task-gesture combinations (7 combinations), three times each, in the order
shown in Table 2 . Therefore, in total, 21 measurements were made for each user. Between one task
and another, the operator intervened briefly to configure the app appropriately. After executing all tasks,
the user answered the usability questionnaire on the just used gestures. In total, the experiment required
about 15 minutes per person.

3.4 Evaluation

As previously reported, this study evaluates the usability of the gestures through objective and subjective
measurements. When a user executed a task, the system recorded the objective evaluation for each
gesture. The parameters measured objectively are:

• Execution time: the execution time of a correctly performed gesture (from the moment the finger
touches the screen to when it leaves). If the gesture has been executed correctly several times, the
average time is considered.

• Success rate: ratio between number of correct executions and number of incorrect executions. If
the user released the fingers from the screen before completing the task or if the result did not fall
within a certain precision threshold, the execution was considered incorrect. The success rate is
measured for each task-gesture combination.

• Precision: Measured in percentage and only for the rescaling and rotation tasks. In the rescaling
task it is a function of the scale factor of the object: the initial dimension represents 0%, while the
target scale factor represents 100%. In the rotation task it is a function of the angle of the object:
the initial angle represents 0% while the target angle represents 100%.

• Distance to target: Measured in meters and only in the translation task. It is the distance between
the center of the object and the center of the cross that indicates the target position. It is an
indication of the precision of the translation gesture.

The subjective measures were based on the ASQ questionnaire, in agreement with the research by
Tsai et al. [14]. In particular, two questions were asked with possible answers on a Likert scale from 1
to 7, where 1 indicates “very satisfied” and 7 “very dissatisfied”. The two questions investigated the ease
of use of the gestures and the overall satisfaction.

4 Results

For each task-gesture combination, five parameters were measured: distance or precision, execution time,
success rate, ease of use and satisfaction. From the results of the measurements, it was noted that there
are no significant differences in performances between smartphones and tablets, therefore the data have
been reported without specifying the device on which they were collected.
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4.1 Translation

In the translation task, as a precision metric, the distance between the virtual object and the cross indicat-
ing the target position was measured, after the gesture was executed. This distance, reported in meters, is
not to be considered very accurate, as it is estimated by ARKit’s computer vision algorithms. However,
it acquires value if used as a comparison parameter between the gestures.

Table 3 shows the mean and standard deviation of the metrics measured on 80 participants for the
gestures of translation of the virtual object. For each parameter, the best value among the three gestures
was highlighted in yellow. Regarding the distance, the 1-finger tap and 1-finger pan gestures have an
almost equal average value (0.16 m), however the standard deviation (S.D.) is much lower in the 1-finger
pan, which is therefore the most accurate. The Hold-and-move gesture reports an average distance of
0.23 m with a standard deviation of 0.20 m, making it the least accurate.

Task: Translation Distance [m] Time [s] S.R. Easiness Satisfaction
Gesture: 1-finger tap

Mean 0.17 0.0 64% 1.1 2.2
S.D. 0.18 0.00 34% 0.5 1.7

Gesture: 1-finger pan
Mean 0.16 1.75 78% 1.2 1.5
S.D. 0.04 0.50 35% 0.7 1.0

Gesture: Hold & Move
Mean 0.23 2.99 75% 2.4 2.0
S.D. 0.20 0.63 29% 1.5 1.2

Table 3: Summary table of the parameters measured for the three translation gestures. Highlighted in
yellow the best values between then. (S.R. stands for Success Rate).

For the 1-finger tap gesture, the execution time was considered null because the gesture consists
in performing a single touch of the screen, thus resulting the fastest. For the 1-finger pan gesture, the
average execution time stood at 1.75 s, with a standard deviation of 0.50 s, therefore placing in second
position in terms of speed. The slowest translation gesture was found to be the Hold-and-move, with an
average time of almost 3 s and a standard deviation of 0.63 s.

Regarding the success rate (percentage of correct executions) the best gesture has turned out to be
the 1-finger pan, with an average of 78% (standard deviation 35%), followed by the Hold-and-move with
average of 75% (standard deviation 29%). In the last position is ranked the 1-finger tap with an average
of 64% (standard deviation 34%).

The ease of use and satisfaction are subjective parameters, measured on a Likert scale from 1 to 7 (1
is better). The 1-finger tap gesture was rated as the easier one, with an average score of 1.1 (standard dev.
0.5), slightly detaching from the 1-finger pan (m. 1.2, s.d. 0.7). The Hold-and-move gesture resulted
more difficult, with an average score of 2.4 (s.d. 1.5). The 1-finger pan gesture has been evaluated as
the most satisfactory one (m. 1.5, s.d. 1.0), followed by the Hold-and-move (m. 2.0, s.d. 1.2) and the
1-finger tap (m. 2.2 s.d 1.7).

Figure 4 shows the comparison charts of the metrics evaluated for the translation gestures of a virtual
object. The mean values have been plotted. Globally the best gesture for this task turned out to be the
1-finger pan. In addition to scoring better on three of the five metrics, the gesture has been preferred by
most users. As expected, the 1-finger tap gesture proved to be the fastest, while the 1-finger pan proved
to be the most accurate. The success rate is the lowest in the 1-finger tap gesture due to the fact that users
could do only one touch on the screen. The ease of use slightly differ between the 1-finger tap and the
1-finger pan, however the 1-finger pan was considered the most satisfactory by the users.

Regarding the Hold-and-move gesture, it scored a success rate near the 1-finger pan and a satisfaction
score near the 1-finger tap. In terms of precision, execution time and ease of use the gesture was the worst,
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ranking itself to the third place in terms of performances. However, many users reported that they found
it to be more captivating and engaging. For this reason the gesture can find use in games or entertainment
apps in augmented reality.

Figure 4: Comparison charts of the most relevant variables measured for each sets of gestures.

4.2 Rescaling

Table 4 shows the mean and standard deviation of the metrics measured on 80 participants for the virtual
object’s rescaling gestures. For each parameter, the best value between the two gestures was highlighted.
The Pinch-to-zoom gesture resulted the most accurate with an average value of 98% and standard devia-
tion of 3% versus a mean value of 95% and standard deviation of 7% for the 2-finger pan gesture.

Regarding the execution time, the Pinch-to-zoom gesture was the best with a mean of almost 2 s
(standard dev. 0.53 s) versus 2.24 s (standard dev. 0.56 s) of the 2-finger pan. The success rate is also
higher in the Pinch-to-zoom gesture, standing around 91% (s.d. 18%) compared to 88% (s.d. 21%) of
the 2-finger pan.

Task: Rescaling Precision Time [s] S.R. Easiness Satisfaction
Gesture: Pinch-to-zoom

Mean 98% 1.99 91% 1.45 1.27
S.D. 3% 0.53 18% 0.80 0.63

Gesture: 2-finger pan
Mean 95% 2.24 88% 1.27 1.68
S.D. 7% 0.56 21% 0.55 1.39

Table 4: Summary table of the parameters of the two rescaling gestures. Highlighted in yellow the best
values between the two gestures. (S.R. stands for Success Rate).

The users considered the Pinch-to-zoom gesture more satisfactory (mean 1.27, s.d. 0.63) than the
2-finger pan (m. 1.68, s.d. 1.39). On the contrary, the ease of use is better in the 2-finger pan gesture (m.
1.27, s.d. 0.55), compared to the Pinch-to-zoom (m. 1.45, s.d. 0.80).

Figure 5 shows the comparison charts of the metrics evaluated for the virtual object’s rescaling ges-
tures (mean values have been plotted). Globally the best gesture for this task is the Pinch-to-zoom,
having obtained a better score on four of the five metrics. This result is partly due to users’ habit of using
the pinch gesture, implemented in most of the apps. The Pinch-to-zoom gesture is also more intuitive as
there is a meaningful relationship between the widening or shrinking movement of the fingers and the
action being performed on the object. However, the 2-finger pan gesture was considered the easiest to
use, and for this reason it could be used in AR apps for particular users, such as children and the elderly.
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Figure 5: Comparison charts of the most relevant variables measured for each sets of gestures.

4.3 Rotation

Table 5 shows the mean and standard deviation of the metrics measured on 80 participants for the virtual
object’s rotation gestures. For each parameter, the best value between the two analyzed gestures was
highlighted. The 2-finger pan gesture proved to be the most accurate with a mean value of 96% and
standard deviation of 5% against a mean value of 93% and standard deviation of 8% for the 2-finger
rotation gesture.

Task: Rotation Precision Time [s] S.R. Easiness Satisfaction
Gesture: 2-finger rotation

Mean 93% 3.19 81% 1.95 2.32
S.D. 8% 1.04 29% 1.25 1.52

Gesture: 2-finger pan
Mean 96% 2.28 97% 1.23 1.41
S.D. 5% 0.84 9% 0.61 0.80

Table 5: Summary table of the parameters of the two rotation gestures. Highlighted in yellow the best
values between the two gestures. (S.R. stands for Success Rate).

Regarding the execution time, the 2-finger pan gesture performed the best, with an average time of
2.28 s (standard deviation 0.84 s), compared to 3.19 s (s.d. 1.04 s) of the 2-finger rotation. The success
rate was significantly higher in the 2-finger pan, reaching around 97% (s.d. 9%) versus 81% (s.d. 29%)
of the 2-finger rotation. For the 2-finger rotation gesture, being it complicated to execute in a single
movement, we allowed the users to divide the execution into a maximum of three partial rotation stages.
Exceeded the three stages the execution was considered wrong.

The ease of use scored better for the 2-finger pan gesture (m. 1.23, s.d. 0.61), compared to the
2-finger rotation (m. 1.95, s.d. 1.25). Also in terms of satisfaction, the 2-finger pan gesture resulted
significantly better (m. 1.41, s.d. 0.80) than the 2-finger rotation (m. 2.32, s.d. 1.52).

Figure 6 shows the comparison charts of the metrics evaluated for the virtual object’s rotation gestures
(mean values have been plotted). Globally the best gesture for this task turned out to be the 2-finger pan,
having obtained a better score on all five metrics. Although in the 2-finger rotation the fingers’ movement
is more consistent with the action performed, this gesture resulted to be more complex than the 2-finger
pan.

During the execution of the study it was noticed that the performance of the 2-finger rotation gesture
depends very much on the rotation speed that is assigned to the object with respect to that of the fingers.
However, generally, the rotation speed increase goes to the detriment of accuracy.
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Figure 6: Comparison charts of the most relevant variables measured for each sets of gestures.

5 Discussion

As highlighted in Table 1, the novelty of the presented research with respect to existing work in literature
is the evaluation of the best touch-gestures for common tasks in AR apps, i.e., translation, rotation and
rescaling.

For the translation task, the best gesture turned out to be the 1-finger pan with better scores in terms
of precision, success rate and user satisfaction. About the ease of use, it is almost the same as the 1-finger
tap gesture, which proved to be the best for speed of execution. The Hold-and-move gesture, designed
specifically for AR apps, proved to be the worst in all evaluated metrics, except for the success rate for
which it reports a result similar to the 1-finger pan.

Therefore, when designing AR apps, we advise to use the 1-finger pan gesture for translation. If
the speed of execution of the task should be preferred, to the detriment of accuracy, we recommend
using the 1-finger tap. For entertainment apps or AR games, it is advisable to consider the use of the
Hold-and-move gesture, as it resulted more engaging.

Pinch-to-zoom was the best gesture for rescaling. It is the best in all the evaluated metrics except
for ease of use, in which it obtained a slightly lower evaluation than the 2-finger pan. In addition the
Pinch-to-zoom gesture is also the one to which users are more accustomed to for rescaling tasks. The use
of this gesture is also recommended because there is a logical link between the movement of the fingers
and the desired action, which makes it more intuitive.

The best gesture for rotation was the 2-finger pan, as it scored better in all the metrics taken into
consideration. However, this gesture may be less intuitive than the 2-finger rotation, which nevertheless
has inconsistent performances with the variation of the rotation speed of the object with respect to the
fingers. For these reasons it is recommended to use the 2-finger pan gesture, perhaps giving the user an
indication on its proper use.

5.1 Brief case study

The findings of this study has been used to implement touch-gestures in the app “Galileo: AR Physics”,
available on the App Store [20]. The app explains the principles behind some well-known physics ex-
periments and shows them to the user in AR. The user can “place” on his table a 3D animated model of
the experiment and explore it from different angles by moving around his smartphone. Since the main
purpose of the AR experience is to look at the animated model, the only task supported is translation.
The user should be able to move the object around the surface if the initial placement was not optimal.

To perform the object’s translation the user can choose between two gestures: the 1-finger pan or the
1-finger tap. Although the pan gesture performs better overall, the tap is enabled, too, since it has been
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proven to be the fastest and easiest gesture for the task. This decision is also motivated by the fact that
translation is not a frequent task in this app (usually the initial positioning will be correct) so the user
might not develop the habit of using that single gesture. This example shows that when two gestures do
not conflict with each other, both of them can be enabled. In fact, user experience design always starts
from objective principles, but it should also take common sense into account.

Figure 7: Screenshots from the app ”Galileo: AR Physics”. Available on the App Store.

6 Conclusion

The present study has focused on an analysis of the use of touch-gestures in augmented reality applica-
tions for handheld mobile devices (HMAR). The use of gestures has been identified as a fundamental
element in the interaction with virtual objects in HMAR scenery. Results have been obtained with both
objective and subjective measurements on 80 users aged between 15 and 23 years old. The operations
of manipulation of virtual objects taken into account are translation, rescaling and rotation. For each of
these operations (tasks) the use of several gestures was evaluated, in order to identify the best one, from
the point of view of final result, time taken and usability.

Future studies could evaluate the performance of additional gestures designed for specific applica-
tions. One could also evaluate, in a precise way, other subjective metrics such as user involvement, which
could have a significant impact in some categories of apps. It would also be advisable to extend the study
to users of other age groups and with different skills, in order to highlight a possible difference in the
usability of these gestures.
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