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We have developed a gesture-controlled user interface (GCUI) application called OpenGesture, to help users
carry out everyday activities such as making phone calls and controlling home appliances. OpenGesture uses
simple hand gestures to perform a range of tasks via an augmented reality television interface. This paper
introduces OpenGesture, and reports evaluative studies of its usability and inclusivity. The results of our
evaluation lead us to the proposal of a framework for GCUI development, which may act as a reference for
future GCUI-based applications.
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1. Introduction and Objectives
The evolution of diverse technologies has in turn led to diverse styles of interaction. For example,
most people use a keyboard and pointing device (e.g. a mouse) when they interact with a
computer, even though this is not the optimal solution for all types of users (Trewin and Pain,
1999). Most people also use a remote keypad to control their televisions, they use a push-button
interface evolved from an ‘old-fashioned’ telephone to interact with their mobile phones, and a
proprietary handset evolved from a joystick to play computer games. More novel interaction is
increasing in popularity, especially touch-screen technology (e.g. Apple i-Touch/Phone/Pad) and
motion-sensing technology, as in the case of the Nintendo Wii. However, many users still
experience problems with such interactive devices.
The main objective of the study presented in this paper is to evaluate whether a gesture controlled
user interface (GCUI) could be effectively used by people who may feel uncomfortable using
typical handheld devices, perhaps because of difficulties associated with dexterity and/or visual
and cognitive impairment – problems often evident with some older and disabled users. GCUIs
have proved popular in computer gaming recently (e.g. Microsoft Kinect), but there has been
limited research into their effectiveness in more serious scenarios.
To perform our evaluation, we developed the OpenGesture application, an open source
augmented reality application, which enables users to undertake everyday tasks via a television
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screen (for example interacting with appliances, using the telephone, switching lights on and off,
and answering the door). After running the application (which is initiated by selecting a preconfigured television channel), a user can see his or her image on the television screen, which is
filmed through a connected webcam. The user can point at different icons using hand gestures to
perform various tasks. When the user points or makes a gesture to an icon on the screen,
OpenGesture executes the related task or command.
We report two evaluation studies in this paper, both of which used various implementations of
OpenGesture to test alternative interface designs. These studies have led us to propose a framework for GCUI development that can act as a guideline for the inclusive design of future
applications with gesture-controlled user interfaces.

2. State of the Art
Gesture based interfaces have been used in many technologies for some time, although predominantly in the research domain. Initially, gesture interaction was developed as an alternative
to a simple command interface i.e. every single gesture was transformed into a command to
operate applications. More recently, techniques such as capturing body movements, recognizing
and interpreting human actions, and animating virtual humans, have given rise to a number of
virtual reality applications with more natural interaction. Gesture technologies have found their
way into the home with the introduction of products such as Nintendo’s Wii (2006). Wii makes
extensive use of the gesture interface in a variety of games, from bowling to tennis, allowing the
user to interact in a more natural style than with previous gaming devices. Microsoft’s Kinect also
offers similar interaction without the need for a remote control device (XBOX Live Vision and
Kinect, 2006). Researchers are now exploring 3D virtual environments (VEs) in Human-Computer
Intelligent Interaction (HCII) systems (Moeslund et al, 2003). This may allow us to take advantage
of varying styles of interaction, and so expand the capabilities of the interface.
GCUIs have also recently found applications in healthcare, training industries, and industrial 3D
simulations (GestureTek, 2009). Digital television technologies are also now beginning to support
gesture interaction (Sellek, 2010).
According to Norman (2010), gesture interaction is the ‘new excitement in the halls of industry’.
Advances in the size, power, and affordability of microprocessors, memory, cameras, computer
vision techniques and other sensing devices are now making gesture-controlled devices feasible.
Bhuiyan and Picking (2011) present a chronological history of gesture-controlled devices, and
conclude that we are now in the position to identify new opportunities to implement GCUI
technology in many different areas. These opportunities include:
1. Assisted living and independence: Technologies such as multi-agent systems, safe communications, rich environments, increased intelligence of home appliances, and collaborative
virtual environments are now converging and represent an important enabling factor for the
design and development of virtual elderly and disabled support environments. Gesture
controlled systems can include more people connected through assistive technologies and
support independence (Starner, Auxier and Ashbrook, 2000). The TeleCARE project
(Camarinha-Matos and Afsarmanesh, 2001) aims to design and develop a configurable
framework for virtual communities focusing on supportive assistance for elderly people.
2. Simulation and Rehabilitation: Simulation can improve the realism of gestural animation in
several ways. Users can ride, play, and participate professionally in a virtual environment
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(Moeslund et al, 2003). GestureTek has developed a computer that generates a virtual reality
therapy world. The virtual reality environment guides patients through clinician-prescribed
interactive rehabilitation exercises, games and activities that can target specific body parts. Patient
performance of the application can be measured and recorded. There are also several gesturebased research projects and technologies available based on augmented reality to teach or train
people for post stroke rehabilitation, (Xun Luo Kenyon et al, 2005; Shen, Ong and Nee, 2009).
3. Training and Education: Solutions can be developed for training and educational purposes. In
rehabilitation, or fitness centres, it can train people based on the user’s profile, performance,
and body structure. Taking a natural input from the body movements is the most important
advantage here over traditional modes of interaction.
4. Elderly users: Elderly people who are more mature than most gamers, with physical limitations, are actively using Wii for fun, or rehabilitation on television or computer screens. By
using physical gestures, it gets them moving and keeps their mind active through the
personalized gesture based interface. Pensioners aged 80 and above, at the Sunrise Senior
Living Centre in Edgbaston, UK for example, have reported very positively when playing
bowls with the Nintendo Wii (Borland, 2007).
5. Entertainment: Gesture technology can provide more entertainment opportunities. GestureTek has presented different types of entertainment using gesture such as interactive advertisements, signage, movies, and interactive screens. Wii, Sony Eyetoy (2003) and Microsoft’s Xbox have demonstrated different entertainment opportunities such as playing music,
personalized gaming and so forth.
6. Convergence: Technologies are being converged. Many computer-based applications are
going to be converted to mobile platforms and television-based applications if they haven’t
been already. Similar convergences have been happening in our home entertainment technologies. Digital television is now common in every household; Net television (Philips Net TV,
2010) merges the Internet with digital television. Gesture television (Sellek, 2010) includes
cameras and/or sensors with the digital television. With simple selection and pointing hand
gestures, users can eliminate cumbersome processes in managing connections and controls
between multiple devices, as well as in sharing information/data (Lee et al, 2008). Gesture
controlled systems can be converged with familiar and popular technologies such as the
television and webcam. Moskvitch (2011) for example, has reported a converged technology
based gesture-controlled application (XTR3D, 2011).
The current state of the art indicates that gesture-based interaction will become more and more
prevalent. Indeed, there have been many recent commercial developments in this area, and a wide
range of academic research in the past to inform good design practice. It is also clear that GCUIs
may offer opportunities for people to interact with computers who may struggle with more
traditional devices. This leads us to the identification of two main research questions that the rest
of this paper will focus on:
1. Do GCUI’s provide usability and inclusion for a wide range of users?
2. If so, what is a good configuration for a GCUI?

3. Methodology and experimental approach
Two evaluation studies are reported in this paper, both of which followed an experimental
approach suggested by Rubin, Chisnell and Spool (2008). The first concentrated on usability and
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inclusivity evaluation, the second focused on the timing of gesture interaction for different age
and ability groups. For the first study, three scenarios were selected for the sessions to provide
realism: inspecting the status of a refrigerator, making a phone call, and using a DVD player.
A total of 70 participants took part in the two evaluation studies, 22 of whom were identified as
older or disabled users. This section summarizes the methodological and experimental approach
taken, and the preparatory work involved.

Laboratory Configuration
The studies took place in the Usability laboratory of Glyndŵr University, Wrexham, Wales, UK.
The research facilities of the lab are highly suitable for conducting such studies, as they have been
used successfully for assisted living research in the past (Picking et al, 2010). We acknowledge that
the employment of usability laboratories for elderly users has been criticized (Newell et al, 2006);
however, it has been observed that with sensitive consideration, a usability lab does not have to
be threatening or intimidating (Picking et al, 2011). Though sometimes it is difficult, many
problems can be overcome by building a diverse user base, forming a long-lasting partnership
with older and disabled people, and developing approaches for effective interaction with the
target user group. A home style environment can also be created in a usability lab (Picking et al,
2010). The usability laboratory in Glyndŵr University has been furbished in the style of a typical
living space (Figure 1), using fixtures and fittings often found in an elderly person’s
accommodation.
The laboratory is configured with a testing room with a one-way mirror to an observation room.
Participants use a television screen monitor connected to a computer. The test room also has video
recording equipment (VRE) installed and a web camera attached to the PC. The web camera
captures the participant’s gesture; the VRE software records what is happening in the room and
on the screen. Using this facility a user’s performance, success rate, and so forth can be recorded.

Figure 1: Usability laboratory showing an elderly and disabled participant
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Pre-test Arrangements
The studies were verified by the Glyndŵr University research ethics committee, due to the
sensitive nature of the work and the potential vulnerability of participants. Each participant
signed their consent to undertake the tests. Participants were also asked to review and sign nondisclosures and recording permissions. The participants were briefed before and debriefed after
each session.

Tasks
Participants experienced each task to evaluate the GCUI, following the lines of a typical within
groups study. Different interface design options of the application were used to accomplish the
objectives of each study. For example, in scenario 2 of the first study, users were asked to
complete making a phone call. They pointed on the telephone icon, and then the care-home
/friends icon to make a call. In this study, such tasks were evaluated with alternative interface
designs and with varying distances between the user and interface.

Post-test Debriefing
After the sessions were completed, participants were interviewed and filled out post-sessions
questionnaires. A de-briefing interview was also conducted, for example to discuss any particular
problems that came up for the participant, or where participants failed or had taken an unusual
length of time to complete a task.

4. Experiment 1
This section explains the first evaluation study. Identifying usability aspects of the gesture
controlled user interface and the configuration or parameters of the GCUI are the main focus.

Hypotheses
The first hypothesis addresses the optimal placement of interaction objects on the interface screen.
Objects can be placed in different patterns on a screen. There should be a balance between the
position of a user, mobility to reach an object and distance between the objects.
Breadth and depth of interaction is considered in the second hypothesis, in other words: what is
the best number of menu options and how many levels of menu hierarchy are acceptable? These
questions are related to cognitive memory limitations of a user, which is particularly interesting
for inclusive design, as such limitations increase with age. In this hypothesis, we have tested
different menu hierarchy designs of interaction. The third hypothesis investigates preferred
distances between a user and the screen. The fourth and final hypothesis combines the preferred
interface characteristics derived from evaluating the aforementioned hypotheses and evaluates
whether such a combination has good usability.
Therefore, the four hypotheses of the study are as follows:
H.1

There is an optimal placement of interaction objects in the GCUI

H.2

There is an optimal breadth and depth of menus, and

H.3

There is an ideal distance from users to the GCUI

H.4

The best configuration of the above is a usable design.
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These hypotheses are evaluated with the usability of the prototype application according to the
metrics defined in the Common Industry Format (Rubin et al, 2008) for the usability test.

Participants
A total of 24 participants took part in this study, eight of whom were aged over 50 years old. Two
of the older participants had some form of mobility disability.

Method
Three scenarios were selected for the sessions to provide realism: inspecting the status of a
refrigerator, making a phone call, and using a DVD player. A usability questionnaire was
designed using Perlman’s guidelines (Perlman, 2009). The questions relating specifically to H.1,
H.2 and H.3 were also included in the questionnaire.

Tasks
Participants began with one of the three scenarios to evaluate the GCUI. Within that scenario,
participants used pointing gestures to perform the tasks. Different interfaces of the application
were used to identify the three configurations or parameters mentioned in the previous sections.

Results
Means and standard deviations were calculated by transposing the Likert scale used in the
questionnaire ranging from a score of 5 (for strongly disagree) down to 1 (for strongly agree). In
the cases of H.1, H.2 and H.3, a rank order average (ROA) was calculated for the 24 participants.

The Best Configuration
This configuration is based on participants’ feedback on the most suitable or optimal placement
of interaction objects, breadth/depth of interaction menus and distance of the user from the
screen. The results of the feedback are shown below.

Optimal Placement of Interaction Objects
Participants were asked to provide their preferred arrangement of interaction objects. Three styles
of menu placements were given to them: a rectangular, circular and triangular arrangement, as
illustrated in Figure 2.
To establish the single most popular style of placement, the cumulative value was calculated by

Figure 2: Example of ‘triangular’, ‘rectangular’ and ‘circular’ configurations
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giving a weight to each preference, where one has the highest rank down to three for the lowest
rank. A rank order average (ROA) was calculated for the 24 participants (p), where:

ROA=
Where n = no of items, r = rank value.
Equation 1: Rank order average for optimal placement of interaction objects

The result of the optimal placement of interaction objects is shown in Table 1, is a rectangular
style. In this configuration, participants pointed out perceived mobility and comfort of using
interfaces in post-test interviews. These issues influenced them to select the most appropriate one.
Cumulative value optimal place
of interaction ranking
Triangle: 1.88
Rectangle: 1.45
Circle: 2.67
Table 1: Cumulative value ranking for optimal place of interactions

Optimal Range of Interaction
Participants were asked to provide their preferred breadth/depth (hitherto described as range) of
interaction menu design from a choice of 3x4 (i.e. 3 choices per screen, with 4 levels of menu), 4x3,
or 6x2.
Again, to find the single most preferred style, a rank order average (ROA) was calculated. The
results are presented in Table 2.
Cumulative value of ideal range
of interaction ranking
3x4 options: 1.71
4x3 options: 1.33
6x2 options: 2.75
Table 2: Cumulative value ranking for optimal range of interaction

The 4x3 option was chosen as the preferred menu range by the user. This means the most
preferred range of the interface is 4 options per menu with 3 levels of menu depth.

Ideal Distance of Interaction
Four choices were given to identify the ideal distance of a user and GCUI for a 19 inch (48.26 cm)
screen. To find the ideal distance between a user and interface screen, a rank order average (ROA)
was again used, resulting in a preferred distance of 240cm as shown in Table 3.
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Cumulative value of ideal
distance ranking
120cm: 3.63
180cm: 2.17
240cm: 1.46
300cm: 2.63
Table 3: Cumulative value users ranking for ideal distance of interaction

The position of a user in front of a camera can clearly change the interaction and usability
experience. Screen size has a direct influence on this distance. The Society of Motion Pictures and
Television Engineers (SMPTE) recommends the ideal television viewing distance should be
adjusted such that the extreme ends of the screen width occupies a minimum angle of 30 degrees
to the viewer, corresponding to a viewing distance that is 1.87 times the screen width. According
to the ‘2-to-5’ principle for optimum television viewing distance, the nearest seating position
should be limited to approximately twice the screen width whilst the furthest seating position
should be no more than five times the width of anyone’s screen. Given that for this study a screen
width of 48cm, this suggests a maximum of 240cm. The preferred distance of 240cm is therefore
on the limit of this range.
It appears then that there may be a mismatch between the best viewing distance and the best
interaction distance. This makes some sense, as OpenGesture’s augmented reality requires the
user’s image to be superimposed on the screen. In future versions, this anomaly could be rectified
by using a wide-angle lens on the webcam (e.g. Logitech TV Cam, 2010), and positioning the user
nearer to the screen. This would also benefit older users who may have some visual impairment.

Design and Layout
After researching the configuration for the GCUI, participants were asked about their perceptions
of the usability of the interface (H.4), and specifically in the areas of design and layout, ease of use,
learnability and satisfaction. A Likert scale was used ranging from a score of 5 (for strongly
disagree) down to 1 (for strongly agree). The findings are summarized in Table 4.
Means for each question ranged from 2.69-3.21, with the standard deviation for each question
between 0.74 and 1.1. These results suggest a slight bias towards the positive, suggesting that the
GCUI interface was acceptable, if not embraced with enthusiasm. However, an analysis of
variance (ANOVA) between age groups of 18–30 (6 participants), 31–40 (7), 41–50 (3), 51-60 (3), 6170 (3), and 71-80 (2) showed no significant difference in the evaluation across the age groups (as
shown in Table 5), suggesting that OpenGesture does offer inclusivity, even though this should
be regarded as tentative given the relatively small sample size.
In terms of the hypotheses stated at the outset of this experiment, we can tentatively accept H.1
(there is an optimal placement of interaction objects in the GCUI), H.2 (there is an optimal breadth
and depth of menus) and H.3 (there is an ideal distance from users to the GCUI), although the
rank order calculation of preferences does not offer the most statistically robust test. The final
hypothesis H.4 (the best configuration of the above is a usable design) was subject to a more
rigorous ANOVA, and the lack of significant differences in usability across the age groups
suggests that we should also accept this hypothesis.
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Question
Design and Layout

Ease of use

Learnability

Satisfaction

Mean

s.d.

1. I liked using the interface.

2.7

1.0

2. The organization of information presented was clear.

2.96

0.88

3. The interface was pleasant to use.

2.69

0.88

4. The sequence of screens was clear.

3.13

0.9

5. It was simple to use this system.

2.91

0.99

6. It was easy to find the information I needed.

3.21

0.74

7. It was easy to learn to use the system.

2.96

0.95

8. The information provided by the system was easy
to understand.

3.37

0.87

9. I felt comfortable using the system.

2.69

0.92

2.74

0.86

10. Overall, I am satisfied with this system.
Table 4: Descriptive statistics from the usability questionnaire

Question
1.

2.

3.

4.

Mean Square

F

Sig.

Between Groups

1.187

1.123

.383

Within Groups

1.057
.718

.619

.420

.828

1.539

.228

2.097

.116

1.983

.133

.688

.639

.273

.922

2.522

.070

.547

.738

Between Groups

.591

Within Groups

.824

Between Groups

.371

Within Groups

.883

Between Groups
Within Groups

5.

6.

7.

8.

Between Groups

10.

.725
1.665

Within Groups

.794

Between Groups

.878

Within Groups

.443

Between Groups

.673

Within Groups

.978

Between Groups

.249

Within Groups
9.

1.115

Between Groups

.910
1.607

Within Groups

.637

Between Groups

.456

Within Groups

.833

Table 5: ANOVA with independent variable age, dependent variable usabilty score
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5. Experiment 2
The second experiment and its analysis are now presented. In this study, participants’ success
rates and timings of task completion were recorded and measured. A simpler version of the
gesture controlled user interface was used with four tasks arranged as a rectangle and at a
distance of 240cm, as recommended in experiment 1.

Hypothesis
In this experiment, time and success of the tasks were recorded to investigate the hypothesis:
H.5

the GCUI can be an inclusive design

Movement time (MacKenzie, 1995) in the GCUI was investigated to find age-related constants
that could be used in a Fitts’ Law analysis (Fitts, 1954), as described in Equation 2. These constants
are always empirically determined, and this experiment reports how new constants related to the
age of the users have been derived. It is important to identify these values for an interface as these
have a direct link with the movement time. The relative movement time can be easily determined
for a GCUI, if we know these constant for users of different age groups. Gesture interaction and
its relation with age and ability of users were also investigated.
MT = a + b log2(1 + A/W)
Equation 2: Fitts’ Law to measure movement time of an interaction. The time to move and point to a
target is a logarithmic function. Where MT is the movement time, a and b are empirically determined
constants that are device dependent. A is the distance (or amplitude) of a movement from start to
target centre, W is the width of the target.

Participants
A total of 46 people participated in experiment 2 which included the same proportion of the age
groups described in experiment 1. Participants with any sort of disability were identified and for
the sake of this study, were classified as a special group. The participants of this group were
wheelchair users, people with limited mobility, vision impairment, dyslexia, or having problems
with daily activities, self-care, and so forth. Two participants in the special group had dyslexia,
one participant was a wheelchair user, one participant suffered from depression, and two
participants had some form of mobility and vision problems, making a total of six in all. They
covered the spectrum of the age range.

Tasks
Four tasks were selected for this study as shown in Table 6. Visual examples of these can be seen
in Figure 3. An analysis and comparison using Fitts’ law with the GCUI was then undertaken by
using the data recorded from this study.
Two different sizes (20 pixel and 10 pixel square shapes) of objects were used for tasks 1 and 2 and
two different distances between the screen objects (210 pixel and 150 pixel horizontally) were
used for tasks 3 and 4. Audio feedback on executing a command was included in this study. By
doing this, participants could hear different sounds for selecting each object in the GCUI.
For each condition, a pre-recorded audio script was played back to every participant in order to
assure reliability of the approach. A stopwatch, integrated with the application, was used to record
the timing. The session was tightly controlled and unbiased for all participants. A participant’s
108

Journal of Research and Practice in Information Technology, Vol. 45, No. 2, May 2013

JRPIT 45.2.QXP_Layout 1 24/10/14 2:31 PM Page 109

Towards a Framework for Inclusive Gesture Controlled User Interface Design

successful completion of a task was also recorded. It was considered as a success when a
participant finished a task.

Figure 3: Top: participants of the 51-60 year age group in the usability lab (left top), and interaction
with The OpenGesture application (right top), Bottom: An 80+ year old participant in different
condition (left bottom) and a participant with limited mobility using a wheelchair (right bottom).

Task name

Description

Task 1:
Select a standard size object
to perform a task.

In this task, performance and success rate of different users
can be identified

Task 2 :
Select a smaller size object

Size of a target object is one of the key variables in Fitts’ law.
Using this task, we compared the effect of size in a GCUI with
the timing recorded for Task-1.

Task 3 :
Switching from one task
to another task

This is another important interaction, which can be considered
to be highly used in typical scenarios.

Task 4:
Switching from one object
to another object in a closer
distance

Distance of objects is another important parameter in Fitts’
law. Using this task, the effect of distance in a GCUI can be
compared with the timing recorded for the other tasks.

Table 6: List of tasks in the time and age factor study
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Results
All participants successfully completed the tasks. However, the time taken to complete a task
increased with the increase of participants’ age, which was not unexpected. Differences of timing
for each age group are presented in Table 7.
Descriptive Statistics
Timing of task 1

Timing of task 2

Timing of task 3

Timing of task 4

Age group

Mean
value

Std
Deviation

Mean
value

Std
Deviation

Mean
value

Std
Deviation

Mean
value

Std
Deviation

18-30

.572

.069

.702

.109

.720

.121

.545

.0854

31-40

.662

.136

.842

.178

.729

.149

.567

.0671

41-50

.740

.052

.956

.037

.848

.112

.610

.0752

51-60

1.106

.066

1.154

.129

1.258

.117

.780

.0755

61-70

1.202

.033

1.308

.073

1.308

.203

.956

.0709

71-80

1.664

.043

1.756

.073

1.802

.066

1.116

.0639

80+

1.700

–

1.840

–

1.820

–

1.250

–

Special

1.362

.313

1.497

.308

1.179

.319

1.061

.243

Table 7: Success rate of the user with age group

There now follows a Fitts’ analysis of the data. We concentrate on identifying parameters that can
be applied to individual age groups. Although the age groups are arbitrary, the parameters can
act as points to approximate the relative changes to human performance as age increases. We are
also interested in establishing where disabled users fit into this spectrum.
Two variables in Fitts’ law are analyzed in term of the gesture interaction reported in this paper
(distance between objects and size of objects). For task 1 and task 2, two types of interface designs
were used to analyze the variables. In task 2, the sizes of the objects were changed. Participants
interacted, i.e. selected an object, with the usual size object in task 1 and smaller size objects in
task 2. The effect of size on movement time, is shown in Table 8. There is a difference in mean
values of the timings for both tasks. For a smaller sized object interaction time increases.
Tasks

Mean value of timing

Standard deviation of timing

Task 1

.9808

.41211

Task 2

1.1150

.39721

Table 8: Effect of size on movement time

Tasks

Mean value of timing

Standard deviation of timing

Task 3

1.0959

.42703

Task 4

.7683

.25468

Table 9: The effect of distance on movement time
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Tasks 3 and 4 analyzed collected data for the analysis of the distance variable. The effect of
distance in movement time is shown in Table 9. Clearly, the interaction time is lower when the
objects are at a closer distance.
The term log2(1 + A/W) from Fitts’ law is generally known as the index of difficulty (ID). It describes
the difficulty of a task. Mathematically interpreted, Fitts’ Law is a linear regression model. The
equation can be re-written:
MT = a + bID
Equation 3: Fitts’ Law re-written incorporating index of difficulty, with regression coefficients:
a (intercept) and b (slope)

In this experiment, the size and distance of the target vary from one task to another. So, an index
of difficulty (ID) can be ranked for each task, based on the time taken in the observed studies. The
rank ID of task 4 is 1, task 1 is 2, task 3 is 3 and task 2 is 4. These ranks correlate with the variables
used in each task (size and distance). After plotting the IDs with the mean values of movement
time, which is shown in Figure 4, the best-fit slope and intercept can be calculated by conducting
a simple linear regression analysis. The slopes and intercepts give the values of a and b for each
age group. As movement time varies with age, we can identify constant values for each age group
as shown in Table 10. It must be noted that these constant values identify the relative differences
between the age groups, and should not be taken as fixed constants for generic application. This
is due to the arbitrary scaling on the x axis, as the absolute relationship between the tasks’
difficulties are unknown.

Figure 4: Movement time plotted against index of difficulty
Const

18-30

31-40

51-60

61-70

a

.48

.476

41-50
.5

.756

.903

b

.0619

.089

.115

.127

.116

71-80
1.07
.206

80+

Special

1.18

.99

0.189

.113

Table 10: Identified constants for each age group
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An analysis of variance (Univariate General Linear Model ANOVA) was run to test the effects of
timing between the different groups of the participants as shown in Table 11. This repeatedmeasure ANOVA revealed a significant effect of the age on the participants’ timings. For example,
F(7,38) = 52.208; p< 0.05 for the first task. The result is similar for other tasks. However, these
variances are within .5 to 2 seconds and there was no difference in the success rate for completing
a task for participants of any age group.

Recorded fastest timing of task 1

Between Groups
Within Groups

Recorded fastest timing of task 2

Between Groups
Within Groups

Recorded fastest timing of task 3

Between Groups
Within Groups

Recorded fastest timing of task 4

Between Groups
Within Groups

df

Mean Square

F

Sig.

7

.989

52.208

.000

38

.019

7

.879

35.130

.000

34.636

.000

27.708

.000

38

.025

7

1.013

38

.029

7

.349

38

.013

Table 11: ANOVA analysis for the timing of the four tasks

In terms of the hypothesis stated at the outset of experiment 2, H.5 (the GCUI can be an
inclusive design), it is important to note that all tasks were successfully completed, but at
different speeds for each age group. It is expected that reaction time and movement time should
increase with age, and that harder tasks would be tougher for aged people to achieve.
Interestingly, the special group’s performance lies somewhere between the 61–70 and 71–80 age
groups, and that the slope of performance does not increase markedly with more complex tasks
as age and disability become factors. Given these observations, we are confident that we can
accept H.5, that a GCUI can be inclusive for a wide range of ages and disabilities.

6. A Framework for Inclusive GCUI Design
We now reflect on the results of our experiments and propose a framework that supports
inclusive GCUI design. The parameters proposed here are not meant to be adhered to strictly,
as all user populations have their unique attributes and requirements. Rather, this framework
can act as a benchmark, or reference point for future GCUI design projects.
The GCUI framework aims to act as:
• An enabling mechanism to support the development of GCUI for inclusive design in home
or telecare environments.
• A means by which professional approaches to develop GCUIs can be fostered through
creativity, innovation and continuous development.
• A means of demonstrating to the users and others that usable, inclusive and effective GCUIs
can be designed.
• A means to support consistency of Gesture Controlled User Interfaces.
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A Gesture Controlled User Interface can be developed under a framework with three parameters:
Optimal placement of interaction objects, optimal range of interaction and ideal distance of the
user from the GCUI. The basic structure of the framework consists of these three main categories,
derived from experiment 1. These categories have been adopted to represent what we might
consider to be the high-level components of any GCUI. A diagrammatic representation of the
framework is presented in Figure 5.

Figure 5: The figure shows the GCUI framework.
Three parameters are: 1) four (1, 2, 3 and 4) objects placed in a rectangular arrangement, 2) three (a, b
and c) ranges (depths) of interaction and 3) the ideal distance (d) is 3 to 5 times the screen size.

According to Lieberman (2003) a model operates much like a lens; it focuses attention on items of
direct concern while obscuring or omitting everything else. A model is the simplification of a
complex system for the purpose of communicating specific details. One of the aims of the GCUI
framework is to give greater attention to using and applying this for any GCUI. It provides a
simplified structure for assessing where and how the use of choices can be most effective. The
framework can be applied in conducting gesture controlled research and in developing different
applications.
After evaluating the usability, inclusivity and effectiveness of the GCUI prototype application, this
framework underpins a roadmap for achieving a wide variety of gesture controlled applications.

7. Future Work and Conclusions
Future research needs to focus on developing innovative new concepts to integrate natural multimodal systems in the GCUI framework, as well as on designing new interfaces appropriate to these
new multimodal systems. Oviatt et al (2000) cite several examples of multimodal concepts, future
research directions, advantages, optimal uses, language and dialogue processing and so forth.
There is a growing interest in designing multimodal interfaces. These interfaces incorporate
vision-based technologies, such as tracking and interpretation of gaze, head position, body
location and posture, facial expressions, lip movement, pen style based writing, touch and manual
gesturing. Modalities are also increasingly likely to include more than two input modes.
The gesture controlled user interface developed in this research can be extended further by
integrating multimodal natural input and feedback options. This may make the application more
accessible for users with special needs, but we also need to be careful that such extensions do not
reduce usability.
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Convergence of television technology with interactive computer technology allows a great
opportunity for developing home-based GCUI applications. The convergence of this familiar
technology can promote inclusivity of many technologies such as the world wide web, email, and
so forth. As a result, it becomes very important to have a natural and familiar style of interaction
with this convergent technology. We argue that the research reported in this paper offers a
significant milestone in achieving this.
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