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Abstract. FaceMe is an accessible head-tracker vision-based interface
for users who cannot use standard input methods for mobile devices. We
present two user studies to evaluate FaceMe as an alternative to touch
input. The ﬁrst presents performance and satisfaction results for twelve
able-bodied participants. We also describe a case study with four motorimpaired participants with multiple sclerosis. In addition, the operation
details of the software are described.
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1

Introduction

Nowadays, mobile device usage is growing rapidly. But, users with special needs
ﬁnd challenges using these devices. To oﬀer the same opportunities to all members of a society, users with the full spectrum of capabilities and limitations
should be able to access all Information and Communication Technologies [20].
Users with motor impairments (mainly in the upper-body) may be unable to
directly use mobile devices or they may experience diﬃculty interacting via touch
[1,21]. So, how can users with motor impairments interact with mobile devices?
Kane et al. [13] reported that people with disabilities rely on mass-market devices
instead of using devices specially designed for them. One approach to accessibility is to utilize built-in sensors, for example, sensors which do not require
touch input or an external switch. Not surprisingly, there is a higher adoption
of tablets than smartphones for people with motor impairments since the larger
format brings more possibilities for interaction [21].
The integration of cameras on mobile devices combined with greater processing capacity has motivated research on vision-based interfaces (VBI). Whereas in
desktop computers, VBIs are widely used in assistive tools for motion-impaired
users [14], in mobile contexts the use of VBIs is relatively new. VBIs detect and
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use the voluntary movement of a body part to interact with the mobile device,
achieving a non-invasive hands-free interface. FaceMe is a new head-tracker interface for mobile devices [18]. It works as a mouse replacement interface in desktop
computers [23] and oﬀers promise as a device for accessible computing [14]. The
objective here is to explore, extend, and evaluate FaceMe as an assistive tool for
mobile devices.

2

Related Work

While users with perceptual impairments (e.g., vision, hearing) may encounter
problems with computer output, people with motor impairments face diﬃculties
in computer input. This latter group cannot employ standard input devices, and
instead use established solutions for desktop computing. The interfaces range
from head wands or switches [16] to eye trackers [4] to head trackers [15].
There are fewer assistive tools for mobile devices than for desktop computers.
Mobile accessible solutions typically arrive through third-party developers or via
the operating system. Examples include screen magniﬁers or screen readers (e.g.,
VoiceOver on iOS or Talkback on Android) which support users with sight loss.
For able-bodied users, touch gestures are widely used. So, accessible alternatives are required to perform standard gestures. An example is AssistiveTouch
on iOS which uses a single, moveable touch point to access the device’s physical
buttons.
An alternative to touch input is voice-control (e.g., SIRI on iOS or Google
Now on Android) which is beneﬁcial for users with vision or motor impairments.
But, these methods do not oﬀer total control of the system, as they are usually
for speciﬁc tasks such as opening an app or placing a call.
Other mobile input mechanisms involve external devices such as switches
to detect and incorporate the user’s body motion. Detecting body motion can
be done by processing data from various sensors, such as the gyroscope or the
front camera. In this research, we focus on processing images provided by the
device’s front camera. The data are used for vision-based control and interaction.
Commercial applications, such as the Smart Screen on Samsung’s Galaxy S4, use
camera data to detect the position of the face and eyes to perform functions like
scrolling within documents, screen rotation, or pausing video playback. However,
additional research is needed to explore the detection of body motion as an
input means for users with physical impairments. Notably, there are some related
projects [8,9] or apps [7,11,19,22] and some research on vision-based interfaces
integrated in speciﬁc applications, such as gaming or 3D interaction [6,10].

3

System Description

FaceMe is a head-tracker for mobile devices (developed in iOS 8.0) that uses
front-camera data to detect features in the nose region, to track a set of points,
and to return the average point as the nose position (i.e., the head position of
the user).
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The nose position is then translated to the mobile screen by a pre-deﬁned transfer
function based on diﬀerential positioning. The interface reports the change in
coordinates, with each location reported relative to the previous location, rather
than to a ﬁxed location. To perform a selection, we use a dwell-time criterion.
FaceMe is stable and robust for diﬀerent users, light conditions, and backgrounds [17]. Earlier work established the method’s viability in a target-selection
task with able-bodied users [18].

4

Evaluation

Two user studies were conducted to evaluate FaceMe as an alternative input
system for mobile devices. The studies aim at determining if all regions of the
device screen (an iPad) are accessible for users.
The ﬁrst user study involved simple pointing tasks that spanned all the
regions of the device screen. The task was a picture-revealing puzzle game. A
picture was covered with an m × n grid of tiles (with three diﬀerent tile sizes);
participants had to move over all the tiles to remove them and to uncover the
image (see top row Fig. 1). A tile was selected and removed immediately when
movement of the user’s head/nose produced a coordinate inside the tile. This
selection mode is equivalent to a 0-ms dwell-time criterion.
The second study used a point-select task with a 1000 ms dwell-time criterion
for selection. The task simulated the iOS home screen on an iPad (see Fig. 1a)
with three icon sizes (see Fig. 1b–d). Participants were asked to select all the
icons, which were distributed across the screen.

Fig. 1. Top row: screenshots of the picture reveal puzzle game with three diﬀerent tile
sizes. Bottom row: (a) iOS home screen on an iPad. (b–d) Screenshots of the simulated
iOS home screen with three diﬀerent icon sizes.
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Participants and Apparatus

Twelve able-bodied unpaid participants (4 females) were recruited from the local
town and university from an age group of 20 to 71 (mean = 34.8, SD = 18.3).
None had previous experience with head-tracker interfaces.
Four participants with multiple sclerosis (two female) participated in the user
study. Ages ranged between 46 and 67 years. They all need assistance in basic
daily activities due to their motor and sensory impairments. They possess some
control of their heads, although the range of movement is limited. They all use
wheelchairs and lack trunk control. Three have vision disturbances.
The tests used a iPad Air (2048 × 1536 resolution, 264 dpi)1 . which was
placed on a stand over a table (see Fig. 2).

Fig. 2. Two of the motor-impaired participants performing the user studies.

4.2

Procedure and Design

We followed a within-subjects design with one independent variable for both
user studies. The levels for the target size were the same for both studies: 44 px,
76 px, and 132 px. According to the iOS Human Interface Guidelines [2], the
optimal sizes are 44 × 44 px for a UI element and 76 × 76 px for an App icon.
The third level (132 × 132 px) was chosen to simulate a zoom or screen magniﬁer
operation.
For the ﬁrst user study (picture-revealing puzzle), we had 391 tasks for the
44 px level, 130 tasks for the 76 px level, and 35 tasks for the 132 px level. For the
second user study (home screen icon selection), we had 24 tasks for each level of
the target size independent variable.
Each able-bodied participant completed two blocks of three conditions presented randomly; each motor-impaired participant completed only one block.
Thus, there were (12 participants x (391 tasks + 130 tasks + 35 tasks) x 2 blocks)
1

That means a resolution of 1024-by-768 Apple points. From now on, we refer to the
Apple point as px and assume a 1024-by-768 px resolution.
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+ (4 par x (391 tasks + 130 tasks + 35 tasks) x 1 block) = 15,568 tasks for the
ﬁrst user study, and (12 par x 24 tasks x 3 conditions x 2 blocks) + (4 par x 24
tasks x 3 conditions x 1 block) = 2016 tasks for the second user study.
The dependent variables for both studies were task completion time (eﬃciency) and whether or not all regions of the screen were reachable (eﬀectiveness).
Participants also assessed the usability of FaceMe using the System Usability
Scale (SUS) questionnaire [5] and a comfort assessment based on ISO 9241411 [12].
4.3

Results and Discussion

First User Study: Picture-Revealing Puzzle. All able-bodied participants
were able to uncover all the tiles of the puzzle in all the size conditions.
The mean completion time was lower for the 132 px condition (20.4 s) compared to 76 px (58.0 s) and 44 px (579.5 s). The diﬀerences were statistically
signiﬁcant (F2,22 = 220.1, p < .001). Pairwise comparisons with Bonferroni corrections revealed signiﬁcant diﬀerences between all pairs (p < .05). See Fig. 3a.

Fig. 3. Completion time by participant group for (a) the picture-revealing puzzle user
study and (b) the home screen icon selection user study. (Color ﬁgure online)

Two of the four motor-impaired participants were able to uncover all the tiles
of the puzzle in all the size conditions but the other two had diﬃculty with the
smallest tile size (44 px). Figure 4 shows the evolution of the uncovered tiles for
the motor-impaired participants: most started uncovering the tiles in the center
of the screen and left the tiles placed in the edges of the screen for the end.
These observations suggest that FaceMe is a viable accessible input method
that enables users to access all the screen regions as long as the interactive
elements have a minimum size of 76 px. As far as possible, those elements should
be placed toward the center of the screen.
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Fig. 4. Time evolution of the uncovered tiles for the motor-impaired participants.

Second User Study: Home Screen Icon Selection. All the able-bodied
participants were able to select all the targets in all the size conditions.
The mean completion time was lower for the 132 px condition (34.5 s) compared to 76 px (50.1 s) and 44 px (73.0 s). The diﬀerences were statistically
signiﬁcant (F2,22 = 178.5, p < .001). Pairwise comparisons with Bonferroni corrections revealed signiﬁcant diﬀerences between all pairs (p < .05). See Fig. 3b.
Two of the four motor-impaired participants were able to select all the targets
in all the size conditions but participant CS4 had diﬃculty with the 44 px tile
size and participant CS3 felt tired and was not abled to ﬁnish the test with the
44 px and 76 px tile sizes (see Fig. 5).

Fig. 5. Targets that could not be selected by the participants CS3 and CS4.
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Observing the results obtained, we can argue that FaceMe can be used for selecting targets as long as they have a minimum size of 76 px. Considering the targets
that could not be selected by participants CS3 and CS4, targets should be placed
toward the center of the screen to the extent possible.
Usability. The overall average SUS score was 87.1 (SD = 10.3). According
Bangor et al. [3], scores higher than 70 are in the acceptable range. Our score
(87.1) is above Excellent in the adjective ratings scale. Figure 6 gives the results
for the questionnaire of assessment of comfort. Overall, FaceMe received a positive rating, even in the question about neck fatigue.

Fig. 6. Assessment of comfort questionnaire results. (Color ﬁgure online)

5

Conclusion

In this work, FaceMe, a touch-alternative head-tracker vision-based interface for
users with physical limitations was presented and evaluated through two user
studies with twelve able-bodied participants and four motor-impaired users with
multiple sclerosis. The results indicate that FaceMe can be used as an alternative
input method for motor-impaired users to interact with mobile devices, allowing
them to perform point-select tasks across all the regions of the device display.
The study with the motor-impaired participants highlights the importance of the
size of interactive elements (recommended minimum is 76 px) and their location
on the screen (preferably toward the center).
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