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Abstact-In this article, we investigate the usability of user
interfaces based on hand gestures which are implemented using
Kinect Il and “Leap Motion” devices. In order to investigate the
usability, we propose gesture usability testing framework and
perform experiments using three widespread gestures dedicated
for option selection. The experiments were carried out using
mentioned devices. The experiment results show that “Grab to
select” gesture for “Leap Motion” gives best results in terms of
execution time for every button placement on Ul.
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I. INTRODUCTION

In recent, the usage of Kinect Il and “Leap Motion” devices
can be observed in many areas such as gaming, business, or
remotely controlled robotics. The usability of natural user
interfaces which can be developed using such devices as
“Kinect-I" and “Leap Motion” has important role for
determining the quality of the product.

Although usability plays important role, recent studies show
that, not all user interfaces developed for “Kinect-II” and
“Leap Motion” are user-friendly due to their lack of gesture
controls [1]. Therefore, this study is dedicated to finding
effectiveness of common gestures that are developed for Kinect
I1. Also, we applied one of the tests for “Leap Motion” device
which is dedicated for controlling PC applications.

In this study, we present a solution to test the effectiveness
of common gesture motions for “Kinect-II” and “Leap
Motion”.

Il. RELATED WORKS

As paper states, interface buttons using Kinect, tests
Natural User Interface controls in terms of Execution time by
creating interaction types as comparison points. The research
aims to increase usability of Kinect when controlling NUI
elements on an application [2].

Another experiment compares two type of gesture
recognition system using multiple devices such as Kinect,
“Leap Motion” with comparison to Mouse and Keyboard. The
paper [3] analyzes under which circumstances micro gestures
are more useful, and under which macro gestures prove more
advantageous.
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A research [4] was made on Primary School Students
‘Attitude towards Gesture Based Interaction which compares
Microsoft Kinect’s usability towards Keyboard and Mouse
usability. Research states according to test results that even if
mouse and keyboard was easier to use, gesture based interfaces
increase student’s motivation and engagement for the same
study subject. From this statement, we can have prevision and
obtain certain Kinect motion issues.

Kinect Kiosk User Experience Evaluation lets users to be
able setup their own profiles and store the information of user
interface preferences for an individual user. This lets users to
have their own flexible set of controls when using Kinect to
control Graphical User Interfaces [5].

The research [6] made on usability of hand gesture input,
tests the usability factor of hand gesture inputs in different
circumstances. The aim of the testing in the paper is to
identify any usability problems with the “Leap Motion” and
the application interface.

I1l. GESTURE TESTING FRAMEWORK

To measure the effectiveness of motion types using
Kinect -1l and “Leap Motion”, we focused on three main
gesture types that are used commonly today. These are stated
as, “Grab to select” where user makes fist motion of hand to
select specific menu button on interface. “Wait to select”, the
gesture type that provides users to select when the hand gesture
stands on specific menu item after a time lapse and “Push to
select” that user does forward and backward hand motion while
on a button to trigger click.

s

To determine usability of “Kinect-11” and “Leap Motion’
gestures a testing procedure will be followed. For this purpose,
an application is developed to find execution time of hand
gestures with commonly used Ul design. This will allow us to
get precise data from user interactions. Later, the data is printed
to Txt file to be able to note it down for our research goal.

The system is developed using Unity Engine, it has 3
scenarios with 9 randomly highlighted clickable buttons (see
fig. 1) which are placed on the canvas in such a manner that
they cover uniformly all the window.
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Fig. 1. Placement of Buttons

The scenarios in the system represents 3 hand gesture types.
These are, “Wait to select”, “Grab to select” and “Push to
select” for “Kinect-II" and “Leap Motion”. Buttons are in a
square formation 3 at top, 3 at middle and 3 at the bottom
placed side by side. The purpose of this formation is to find out
the effectiveness of each hand gesture in differently located
buttons on user interfaces.

After user completes the click sequence for all buttons,
system prints execution time in txt file with specific gesture
type and button that are clicked.

The system indicates user with begin button to start testing
procedure. After the button is clicked, user makes necessary
selections on supposedly highlighted button. Each time a
highlighted button triggered, system once again indicates user
with count down timer starts from 5 seconds. When the time
reaches 0, user attempts to click another highlighted button.
With each button click system prints execution time of buttons
pressed by the user. This helps us to see performance of user for
each button on Interface.

As we can see from Table 1 buttons 5, 6, and 9 have 3
lowest execution times compared to other buttons. During the
test, we observed that, most users perform faster executions if
the buttons are closer at the side of hand that controls
“Kinect-11".

Table 2 — “Grab to select” Gesture — Kinect Il device

B USERS Avg
L 1 2 3 4 5 6 7 8 9 10

1] 199 3.38 3.86 3.75 293 243 3.22 251 2.74 3.04 2.98
2 2.32 4.04 3.71 2.10 3.03 2.36 3.71 241 3.47 3.25 3.04
3| 197 2.25 191 2.08 1.84 2.46 2.69 1.85 2.15 191 2.11
4 2.10 3.05 281 2.04 2.37 3.03 357 2.84 2.79 3.07 2.76
5| 144 1.69 1.49 244 172 211 2.50 1.41 1.78 212 1.87
6| 1.70 1.44 197 152 157 2.03 2.18 1.84 212 1.77 1.81
7 2.78 4.11 2.78 451 4.44 4.16 3.78 3.62 3.14 4.47 3.77
8| 290 191 2.10 2.05 197 2.30 2.72 2.55 2.34 271 2.35
9 343 1.71 3.16 4.69 219 2.32 3.10 2.19 3.45 3.84 3.00

In “Grab to select” data from Table 2, buttons 3, 5, 6, 8 have
faster execution times than others. During the test, it is
determined that users find and grab the button at center and at
the side where they control “Kinect-11" easier. When buttons
placed at corners users grab is more unstable than other button
placements.

Table 3 — “Push to select” Gesture — Kinect 11 device

USERS

B Avg
L 1 2 3 4 5 6 7 8 9 10

1] 196 3.71 3.81 4.44 212 5.43 2.29 3.45 241 3.14 3.27
2 2.83 212 3.88 2.10 1.94 1.94 257 1.81 2.45 2.22 2.38
3| 249 477 5.82 2.65 1.97 2.50 3.62 3.53 251 241 3.22
4| 361 3.83 4.30 3.55 6.09 2.68 497 3.74 412 2.98 3.98
5 1.65 2.98 2.07 3.50 171 2.59 1.98 1.55 247 1.83 2.23
6| 273 411 4.17 2.95 1.82 3.14 3.06 2.65 412 2.33 3.10
7 3.95 3.48 4.03 6.69 2.78 2.89 2.78 341 3.26 3.85 3.71
8| 233 3.83 5.55 6.99 2.10 3.02 5.39 2.15 2.87 3.22 3.74
9 212 3.64 5.14 4,70 217 3.84 2.68 3.98 251 3.23 3.39

IV. EXPERIMENT

The goal is to measure gesture performance of the user
interface implemented using “Kinect-1I” and “Leap Motion”
devices.

In our experiment, we use “Kinect-11"” and “Leap Motion”
devices connected to the Personal Computer. Unity’s 5.0 was
used for the development and testing of the system.

Also, original firmware SDKs for both devices are used
during the development of the system.

Results on button execution time given in
Seconds. Milliseconds order.

Table 1 — “Wait to select” Gesture — Kinect Il device

USERS

B Avg
L 1 2 3 4 5 6 7 8 9 10

1| 398 3.38 3.89 3.83 417 4.33 4.50 3.24 3.74 3.65 3.87
2| 396 3.78 454 4.58 4.85 4.01 471 3.87 4.01 381 421
3| 436 3.62 4.42 5.70 3.58 4.46 591 3.67 3.64 4.21 4.35
4| 422 4.75 421 4.76 3.43 4.21 4.45 4.42 3.97 4.14 4.25
5] 381 4.37 3.73 4.25 3.13 2.33 2.78 245 2.83 4.14 3.38
6| 361 411 2.90 3.26 331 3.93 3.65 2.87 2,97 3.14 3.37
7| 482 533 4.14 3.94 3.64 458 4.62 428 371 3.46 4.25
8| 384 3.59 3.81 3.71 5.05 4.42 4.46 423 441 3.84 413
9| 340 3.65 3.52 3.45 3.26 4.28 3.90 3.80 451 3.42 371
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“Push to select” Gesture values from Table 3 shows us that, 5
at the center and 2 at the center top buttons have lower values
compared to other buttons. According to test reviews, when
users do push movement, it is observed that they partly loose
the control of hand movement towards the buttons standing at
sides, this causes users to get out of button area and cause
“Kinect-1I" to not register a click trigger. Users find easier to
push buttons standing at the center and at top center, this way,
they do not lose control of the hand movement.




Table 4 - “Wait to select” Gesture - “Leap Motion” device

5 USERS Avg
L 1 2 3 4 5 6 7 8 9 10

1] 444 | 320 | 368 | 340 | 305 | 367 | 374 | 315 | 287 | 278 | 3.9
2| 357 | 327 | 295 | 288 | 289 | 231 | 348 | 279 | 288 | 280 | 2.98
3| 328 | 293 | 201 | 326 | 350 | 492 | 398 | 287 | 305 | 283 | 3.35
7| 361 | 479 | 378 | 356 | 348 | 399 | 393 | 270 | 282 | 273 | 353
5| 431 3.24 3.32 321 3.62 291 3.61 2.52 2.63 2.58 3.19
6| 343 | 316 | 326 | 268 | 315 | 378 | 335 | 263 | 270 | 293 | 3.10
7139 | 310 | 216 | 325 | 298 | 361 | 386 | 277 | 288 | 275 | 3.3
8| 441 | 268 | 268 | 335 | 317 | 365 | 353 | 267 | 263 | 273 | 3.5
9| 292 | 285 | 572 | 275 | 313 | 315 | 348 | 293 | 308 | 280 | 3.28

When users stay on “Leap Motion” sensors, they centralize
their hand on “Leap Motion” and this lets them to trigger
button 5 faster than the other buttons.

Table 5 — “Grab to select” Gesture — “Leap Motion”

USERS

B Avg
Il 1 2 3 4 5 6 7 8 9 10

1| 134 1.54 1.25 1.52 1.79 1.88 1.15 2.29 1.79 242 1.69
2| 147 | 154 | 141 | 1239 | 189 | 101 | 139 | 0.8 | 101 | 1.33 1.33
3| 196 1.41 115 1.77 1.73 1.40 131 2.24 1.74 1.38 1.61
4 | 1.03 0.96 1.28 2.25 121 1.93 1.18 1.56 124 111 1.37
5| 091 [ 089 | 112 | 142 | 139 | 156 | 1.15 | 088 | 0.1 1.01 1.12
6| 137 1.71 1.34 1.69 1.90 1.65 1.48 1.28 121 111 1.47
7| 184 1.72 154 1.66 1.29 1.08 1.95 1.08 1.33 1.01 1.45
g| 172 | 114 | 153 | 114 | 139 | 171 | 113 | 067 | 0.99 1.29 1.27
9| 142 1.49 124 1.61 1.74 1.18 1.88 154 1.77 1.18 1.50

Despite “Kinect-1I"’s “Grab to select” gesture (easier to
click center or top-center button Table 2), “Leap Motion’s”
“Grab to select” gesture makes interactions easier if the
buttons stand at the center or bottom-center of the screen.
Because users mostly lower their hand in testing session while
keeping their hand on “Leap Motion”. It gets easier to trigger
click on the center-bottom (button 8) and at the center (button
5).

Table 6 — “Push to select” Gesture — “Leap Motion”

USERS
B Avg
L 1 2 3 4 5 6 7 8 9 10

1 1.61 1.69 2.52 2.24 2.14 2.36 219 2.83 1.44 1.36 2.03
2| 1.09 1.71 0.99 2.02 1.34 1.50 1.52 2.03 1.42 217 1.57
3| 204 2.87 0.94 3.05 1.44 1.87 2.09 215 1.46 1.28 1.91
4 1.09 2.33 151 152 1.21 2.22 2.07 1.36 1.52 0.86 1.56
5| 101 2.78 0.96 1.09 118 1.43 0.87 0.99 113 0.73 1.21
6| 142 2.35 252 2.52 1.64 2.36 154 1.81 1.16 124 1.85
7 1.81 3.49 2.36 3.53 1.74 2.45 1.84 1.29 1.23 1.19 2.09
g | 131 1.41 1.18 151 1.25 1.10 1.34 118 1.06 0.66 1.20
9| 311 2.06 4.26 1.76 2.70 2.36 2.56 2.20 224 1.23 2.44

In “Push to select” Gesture for “Leap Motion”, it is the same
situation here as in “Grab to select” Gesture of “Leap
Motion”.
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Fig. 2. Comparison of execution time for “Wait to select” Gesture on Kinect
and “Leap Motion”

By comparing “Wait to select” gesture for “Kinect-II” and
“Leap Motion”. We see that users spend more time on moving
hand on “Kinect-1I"" device than the “Leap Motion”. Since
users need to wait for 2 seconds to trigger button click all the
values for this specific gesture stands above 2 seconds.

Even if in some button placements they get close values,
“Leap Motion’s” execution time performs 11.22% faster than
“Kinect-11" for Wait and Select Gesture.
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Fig. 3. Comparison of execution time for “Grab to select” Gesture on
Kinect Il and “Leap Motion”

When we look at the Grab and Select Gesture on both
devices the gesture of “Leap Motion’s” execution time
performs 60.38% faster than “Kinect-11".
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Fig. 4 - Comparison of execution time for “Push to select” Gesture on
Kinect Il and “Leap Motion”

In “Push to select” gesture type for both devices, “Leap
Motion” performs 58.64% faster than the Kinect Il in terms of
execution time.

V. DISCUSSION

During this experiment, we measured the performance of
known gesture types for “Kinect-II” and “Leap Motion”.
After the tests on 10 random users, “Grab to select” gesture
for “Leap Motion” gives best result at all locations for
interacting on Ul between all gesture types. Also, “Leap
Motion’s” effectiveness is higher than “Kinect-II” in all
gestures for controlling Ul. We observed that “Wait to select”
gesture for “Kinect-1I” device performs slow if button
placements are at the opposite side of hand that controls the
“Kinect-11". “Leap Motion” performs fast in all conditions but
we see that users can make even faster executions if the
placements are in the middle up, center and bottom of the
screen. It is observed that Bottom corner sides for the
placements of buttons reduces interaction effectiveness in all
gesture types. This depends on “Kinect-II"’s and “Leap
Motion’s” detectable range and correct user movements. In
“Push to select” and “Grab to select” gestures, “Leap
Motion” has top 3 fast execution times for the buttons placed
at the middle up, center and the bottom of the screen.

VI. CONCLUSION AND FUTURE WORKS

In this study, we have investigated 3 gestures (“Wait to
select”, “Grab to select”, “Push to Select”) which are widely
used in “Kinect-II" and “Leap Motion” applications. The
system can be used as guidance to determine the effectiveness
of gestures and devices.

Results in Fig. 3 show us that, “Grab to select” gesture for
“Leap Motion” performs the best in terms of execution time.

In the future work, we are planning to study more gestures
which can be applied in natural user interface.

68

REFERENCES

[1] N. Schwarz, "Designing for XBox Kinect," A Usability Study, 17
December 2010.

[2] T. Pirttiniemi, "Usability of natural user interface using Kinect,"
University of Tampere, Tampere, 2012.

[3] D. Cronin, "Usability of Micro- vs. Macro-Gestures in Camera-Based
Gesture Interaction,” pp. 3-10.

[4] A. M. T. A. M. loannis Vrellis, "Primary School Students' Attitude
towards Gesture Based Interaction: A Comparison between Microsoft
Kinect and Mouse," in Advanced Learning Technologies (ICALT), 2014
|EEE 14th International Conference, Athens, 7-10 July 2014.

[5] M. M. Ciril Boahk, "Kinect Kiosk User Experience Evaluation,”" Faculty
of Computer and Information Science, Ljubljana, Slovenia.
[6] A. A.-R. B. A.-Q. Jafri, "Usability Evaluation of a “Leap Motion-Based

Educational Application," in Usability Evaluation of a “Leap Motion -
Based Educational Application, Riyadh, SpringerLink, pp. 171-185, 2016.



