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Abstract. Previous studies about tactile interaction by older adults show some
important design considerations that should be applied in order to create more
usable and accessible applications. The related results have been applied during
the development of a serious game destined to support a social activity with
older adults using touchscreen devices. An exploratory study investigates the
use of touchscreen mobile devices by 17 older adults and 5 children. The results
of an empirical observation allow a description of the participants’ appreciation
of touchscreen devices, a typology of common errors, the gesture strategies of
tactile interaction and design proposals to support interaction.

Keywords: Serious game, interaction techniques, touchscreen, older adults,
interaction error, participative user-centered method.

1 Introduction

Older adults’ attitudes towards new technologies can interfere the way they perceive
and interact with technologies. The subjective evaluation of handiness, control and
ease of use of technologies can prevent from anxiety, misgivings and reluctance [1].
Touchscreen devices are perceived as ready-to-use and manipulate thanks to the mo-
bility of the devices and direct interaction on the display screen [2]. Besides, the
popularization of touchscreen mobile devices and their perceived usefulness are
impacting their acceptance and older adults’ motivations.

Digital games have entertainment and therapeutic values for older users [3]. They
could be used to learn interaction techniques, prevent from technological exclusion
and support social activities.

In order to evaluate the use of social and ludic activities to facilitate the discover-
ing of touchscreen devices, we designed a serious game. The system “Puzzle Touch”
is consisted of tactile puzzle games. The pieces of the puzzle representing parts of an
image should be re-arranged by tactile interaction. The images used for the puzzle
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games represented views of the city where the participants live in, extracted from old
pictures, postcards, maps and engravings provided by the city hall archives.

Age-related changes on functional skills and little experience with technologies are
pointed out as factors affecting usability issues of digital games [3]. Besides, older
users special needs and difficulties have to be taken into account when designing or
developing applications destined to their use. Several studies evaluated interaction
techniques and interfaces for older adults and they provide important information to
conceive more accessible and usable interactive systems.

This paper describes how the results of previous experiments were applied during
the design of the social game “Puzzle Touch”.

This game was installed on 7 handheld touchscreen devices with different screen
sizes (3.5 to 10 inches) and allowing pen or finger interaction. 17 older adults (58 to
85 years old) participated of this exploratory study. 5 children (9 years old) were in-
vited to join one group of participants in order to create inter-generational activity.
The activity took place in a public place where the participants were used to take
computer lessons.

The next section 2 presents some related work. Then, the conception phase
presents how the related studies results have been included on the development of this
system, on section 3. Our exploratory study is presented on section 4. Section 5
presents the results of this study, including participant’s appreciation, a typology of
common errors and an analysis of gesture strategies. Finally, section 6 presents a con-
clusion and some perspectives for future work.

2 Related Work

Several studies evaluated interaction techniques for older adults using touchscreen
devices and provided guidelines and recommendations for conceiving more accessible
and usable systems and applications [4—11]. Literature review about tactile interaction
of older users shows that several parameters should be taken into account during
the design phases of an application [12]. Some reviews focus on one specific situa-
tions of use, as recommendations for mobile phones [13] or the use of handheld
computers [14].

Older adults are a heterogeneous populations due to the individual age related
changes and the evolution of their characteristics [15, 16]. Several studies suggest
participatory activities to conceive devices and systems, including future users during
the development phases to get their point of view and feedback [14, 17]. However it is
not easy to include older users on research studies [17]. One of the reasons is trans-
port or displacement to the university or laboratory. Besides, controlled activities can
be used for specific studies but they are sometimes very different than ecological and
realistic situations of use. Some authors proposed group studies or working in pairs
during the experiments in order to help users feel comfortable and observe the possi-
bilities of partnership and support [18-20].

Older users could really benefit from some advantages of touchscreen and hand-
held portable devices. In addition to health care and medical assistance applications
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[2, 21], games and ludic activities can be helpful to maintain social activities and
networks [3, 22], providing cognitive stimulation and also initiating new users to
technologies.

The next section describes how the results of previous studies about interaction
techniques for older adults using touchscreen have been applied for conceiving a sys-
tem destined to support a social activity with older users. Then, an exploratory study
is conducted on a familiar place where participants were used to take computer
lessons.

3 Conception of a System to Support a Social Activity with
Older Users Using Touchscreen Mobile Devices

The objective of this system is to help older adults discovering touchscreen handheld
devices and learning tactile interaction techniques. The serious game “Puzzle Touch”
should also support a social activity, facilitating the acceptance and affecting user’s
attitudes towards new technologies. The observation of the interactions should pro-
vide information about the users’ difficulties and strategies.

The system should be suitable to the different screen sizes of handheld devices.
The chosen orientation mode is portrait so right handed and left handed users could
use the same gestures. This configuration has also been successfully used in two pre-
vious studies [7, 22], by consequent targets will be initially placed at the bottom of the
screen.

The system should support pen and finger interaction. This first version is single-
touch: only one piece should be moved at the time.

Some studies about the gestures of interaction of older users indicate a preference
for long gestures instead of taps [1, 8, 23, 24]. This system simulate drag and drop on
the touch screen: the user touches to select a piece and slips his finger or pen through
the screen to move the target (drag). When the user releases the touch, the target stops
moving (drop).

Most studies about better target sizes concern only tap interaction. Tapping for se-
lecting targets on vertical monitors (17 inches screen), authors recommend 16 mm
targets width and 3 to 6 mm spacing for older users without motor impairment [4]. As
the available handheld devices have smaller screen sizes, the system “Puzzle Touch”
uses smaller targets sizes. One study concerning tap gestures on a small screen (4.3
inches) compares 5, 8 and 12 mm width targets for 9 targets placed on a 3x3 grid.
Target spacing compared is 1 and 3 mm between targets. Authors describe better
results when touch selection is followed by audio or audio tactile feedback and bigger
target sizes [5]. Another study used 6 mm width targets on small screens size (3.7
inches) during digit input tasks. Results show better performances when the touch is
followed by a magnifying visual feedback [9].

For this system, target sizes vary according to the number of puzzle pieces and the
screen sizes. The system presents different numbers of targets: 9 large, 12 medium or
16 small pieces according to the game options. As the puzzle pieces are placed ran-
domly in the bottom of the screen, it is not be possible to generate enough spacing
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between targets and targets can overlay. Our proposal is to add a visual feedback (the
touched target is placed on the top of the others) and a thick black border (1 mm)
replacing the space between targets (Fig. 1). Target sizes according to the number of
puzzle pieces and the screen sizes are detailed on the Table 1.

Table 1. Target sizes according to the screen sizes of two different devices, Galaxy Note II
(WXGA 1280x720 Super AMOLED) and Galaxy Note 10.1 (WXGA 1280x800 LCD)

Number of targets Target sizes on 5 inch screen Target sizes on 10 inch screen
9 25x16 mm 46x35 mm
12 19x19 mm 19x16 mm
16 35x35 mm 35x27 mm

The interactive system uses old images of the city (postcards, old pictures and en-
graving reproductions kindly provided by the city hall archive) as well as pictures of
historical places. Puzzle games were generated from the selected images, cut on with
9, 12 or 16 rectangular pieces. Images had different colors (grayscale, soft colors or
colored photography) and represented different subjects (landscapes, portraits, statues,
objects, maps). A watermark is displayed on the background of the grid (30% opacity)
(Fig. 2). The task consists of placing the targets on the grid (Fig. 3).

The system should be functional on different operational systems. HTMLS, Java-
script, JQuery and Php have been chosen as they support all the necessary interaction.

The Table 2 below synthetize the parameters that have been taken into account
during the design phase.

Table 2. Characteristics and design choices for the system

Characteristics Design choices
Task Target selection, displacement and positioning on the grid
Gesture of interaction Move (drag and drop)
Target size Large, medium and small
Target color Grayscale and color
Target number 9,12 or 16
Target position Bottom of the screen
Spacing between targets Replaced by thick borders (1mm)
Feedback Visual feedback

4 Exploratory Study

4.1 Methodology

The study was consisted of two sessions with two groups of users. It took place in a
public place where the participants were used to take computer lessons. Each section
last about 90 minutes:
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e 30 minutes: 1) presentation and explanation about the main principles of the game,
2) exchange about the touchscreen devices and 3) interview about participant’s
previous experiences with puzzle, video games and use of information and com-
munication technologies.

e 60 minutes: free playing, individually or in small groups (2 or 3). Participants were
allowed to choose and try the different devices and input techniques. After each
game, an electronic questionnaire asked user appreciation.

Data were collected through empirical observation and questionnaires. The interactive
system recorded tactile interaction data on the touchscreen. The experimenter
observed the activity, took notes and helped the participants to use the devices.

| . COE— ]

Fig. 1. One piece of Fig. 2. Screenshot of the puzzle Fig. 3. Screenshot showing a
the puzzle and the game at the beginning. The targets state of the game
black border are randomly placed at the bottom

and the grid with a watermark is

displayed at the top.

4.2  Apparatus

The system described on section 3 were installed in 7 handheld touchscreen devices
with different screen sizes and allowing finger or pen interaction: 3 iPads with 9.7
inches screen, 1 Galaxy Note with a 10 inches, 1 Galaxy Note II with a 5 inches
screen and a pen, 1 Samsung S3 with a 4.7 inches screen and 1 IPhone with a 3.5
screen.

Table 3. Characteristics according to the situation of use and user's choice

Characteristics Used devices and situation of use
Situation of use Inside a room, with tables and chairs, artificial lights and windows. Wi-Fi
connection available. Monitors and instructors available to help if needed.
Device position Handheld or fixed (over a table)
Screen sizes 3.5 to 10 inches, resolution 149 to 306 ppi
Screen orientation Portrait mode (locked)

Input technique Single-touch, with finger or pen
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4.3  Subjects

The first group was composed of 6 older users, 2 men (58 and 76 years old) and 4
women (66, 67, 75 and 85 years old). The second group was composed of 11 older
adults, 4 men (74 to 83 years old) and 7 women (70 to 87 years old) and 5 children, 2
girls and 3 boys (all 9 years old). Two women didn’t want to tell their ages, but they
had more than 65 years old and they were retired.

According to previous studies about older user’s interaction with computers and
touchscreen, the age-related changes on cognitive[9], motor [25] and visual skills [22]
affect user’s performances. The conditions of this study didn’t allow measuring the
user’s skills. Nevertheless some effects related to manual dexterity have been ob-
served and reported.

Three women had some difficulty to use the devices. One of them wore a splint on
the right hand. She was right handed, she wasn’t able to hold the devices but she
could still uses her left hand or the right hand fingers to interact. One had arthritis and
complained of some pain on the arms at the end of the section. One had arthrosis and
deformation on the index finger. She used the middle finger to interact.

None of the participants were visually impaired uncorrected. All of them were able
to play puzzle games with small 16 pieces, even on the 3.5 inches screen device.

Other aspects of life history and individual characteristics can also be used as pre-
dictors of performances such as education [20], health conditions [2] and previous
experience with technologies [19, 26]. Most of the participants (12 of them) use a
computer every day or almost every day. The children do not use a computer so often,
but they have more frequent access to touchscreen devices. Only one older participant
has a touchscreen tablet and uses it every day or almost every day.

All the participants have already played puzzle games, mostly with jigsaw shapes
on cardboard. Only one older adult plays it regularly. Three older adults use to play
electronic games almost every day (Facebook apps, online Flash games, computer
games with conventional input techniques as mouse and keyboard).

5 Results

5.1 Participants Appreciation

The benefits of a social activity as shown by other studies about ludic activities and
digital games seem to be confirmed [3, 22]. All the participants were pleased to learn
how to use tactile devices with this entertainment activity. They said it was preferable
to learn how to interact with an unknown technology during a ludic activity, without
constraints or judgment. Playing games affected positively older users’ attitudes to-
wards technologies. They felt comfortable to ask the instructor or the more expe-
rienced users help when they had some difficulties during the activity. Working in
pairs or in group help them learning to one from another, as practiced by some group
studies [19, 20].

They were also able to discover solutions to common errors or difficulties together.
For example, as the children had more experience with touchscreen devices, they
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were able to help the older users. Children helped the older ones to start interaction
and also observed their main errors, providing solutions or correcting the gesture.
Showing their interest on touchscreen devices, they encouraged older users to be more
curious about it and try to discover new tips.

5.2  Common Errors during Touchscreen Interaction of Older Adults

Common errors have been observed and classified into four categories according to
their causes: devices (Table 4), input techniques (Table 5) and interactive system
(Table 6). This analyze must be completed through more broad studies.

Table 4. Common errors related to the device

Description Proposals
Pushing physical buttons: turn off, vo- Special case to hide physical buttons (i.e. inside a box with
lume controls. Small buttons are hard to a flap, a slipping panel)
find, to identify and to push. New design and explicit buttons.
Touching soft buttons: back to home, Possibility of disabling soft buttons
back to another page, take screenshots. Define a constant location
Soft buttons are hard to find and Better design for easier identification
to identify.
Reflection on the screen Protector film
Finger marks on the screen Pen interaction, cleaning tissue
Problems to hand hold Special case to prevent the device of slipping or

falling down

Table 5. Common errors related to the input technique

Description Proposals

Pen: Touches with the side of the pen, Pen could have touch points by the sides
pen only works straight up

Pen: Buttons change the interaction if Pen could have explicit buttons
pushed Pen buttons could be disabled by the user
Fingers: Single touch detection of Identify accidental touches

another point of interaction

Table 6. Common errors related to the interactive system

Description Proposals

Pieces come back to the second touch Prioritize target interaction zone according to the context

position
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Some errors or difficulties could be related to the user’s skills or impairments. As
the condition of this study did not allow measuring user’s visual, cognitive or motor
impairments, the table below only report some errors probably related to the individu-
al manual dexterity (Table 7).

Table 7. Common errors probably related to the user’s manual dexterity

Description Proposals

Place the palm of the hand on the Define interaction and non-interaction zones

screen to control the movements of the

fingers
Hiding the screen Adapting target sizes
Unregistered touches (low capacitance, Pen interaction would be more convenient

dry skin, fingers side or nails)

5.3 Strategies for Touchscreen Interaction

Users adapt themselves according to the situation and device. Different strategies for
interacting with the targets have been observed and analyzed. They are described on
the table below (Table 8).

Table 8. Gestures and strategies of interaction on touchscreen by older users

Kind of gesture Supported by the system Proposals and support

Slipping the finger or the pen Yes N.A.
from the initial position to the
final position: slowly

Slipping the finger or the pen  No, the pieces arrive later Optimize the system’s perfor-
from the initial position to the mances

final position: fast

Small gestures pushing the Yes Smoothing the gestures
piece Tutorial
Online help to new users

Fast gestures, pushing the No, pieces stay where the finger Similar to a swipe, test the
pieces as they would continue released the screen direction and continue the
on the same direction trajectory of the targets

6 Conclusion and Planned Activities

Touchscreen devices and the system “Puzzle Touch” can be used to support game
and inter-generational activities. This seems to facilitate the appropriation of new
technologies.
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The existing studies about tactile interaction of older adults are helpful but don’t
embrace all the different situations of use and the individual characteristics of this
heterogeneous population. It is not possible to designers to determinate or to know in
advance what kind of devices will be used neither the screen sizes nor position. Fur-
thermore, all the characteristics of use have an effect on user’s interaction. It is not
possible either to preview user’s abilities or impairment. So systems should be res-
ponsive and flexible [20].

The results of this exploratory study give important issues to design more accessi-
ble, usable and ergonomic interfaces. This observation method could be considered as
a contribution for the participative user-centered method.

Following the results and the proposals of this study, a new version of our system
“Puzzle Touch” can be released. The next version of this interactive system should
support the use of different input techniques (pen, finger) but also or multi touch inte-
raction. The detection of multi-touch should prevent accidental touches from inter-
rupting the interaction, i.e. when the user touches outside the targets, it should not be
considered to the game. Touching outside the gameplay area or pushing buttons
should not interrupt the activity. A detailed analysis of older users’ tactile gestures
could provide more information to support their interaction.
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