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Abstract

Older people are increasingly using technology in their daily lives, but at the same time, they
often experience problems when interacting with new technology. Younger adults have more ex-
perience in using new technology, but are being challenged by the development towards mobile
computing with new interaction options like 3D-gestures. In gaming, 3D-gestures are perceived
as natural and enjoyable, thereby promising to be a matching interaction technique for future
interaction scenarios. Nevertheless, relevant research areas agree on the challenge whether or
not 3D-gestures are better than existing techniques in a human computer interaction context.

Less experience means fewer expectations and assumptions about how novel interaction tech-
niques work and how they should be approached. Differences in experience are also an interest-
ing domain when looking into the intuitiveness of technology, meaning the extent to which the
specific technology can be used without earlier experience or training. Rather than age or gen-
der, experience could therefore be an important factor for the acceptance of 3D-gestures, which
is what this project aims to investigate further in carrying out a between-subject study.

An experimental laboratory set-up was used to simulate a TV interaction and game task to
evoke natural gestures. The performed gestures were recorded on video by using a kinect for
XBox and Windows. Gestures were also recorded with an accelerometer device around partic-
ipants wrists. The acceptance of the 3D-gesture interaction was analyzed by a triangulation of
open questions, observations and the UTAUT2 research model [1].

The findings indicate that both age groups enjoyed performing 3D-gestures. Previous expe-
rience with certain devices has an influence on the acceptance, however gender was not found
to have any influence. Likewise, age has no influence on the acceptance, although the fun factor
seems to be less important with increasing age. Both age groups want a 3D-gesture-based sys-
tem to be helpful, easy and supporting. The findings also indicate that participants had slightly
varying opinions on whether 3D-gestures are helpful or unnecessary.

Together with the results from the gesture recognition, this thesis contributes with success-
factors and characteristics of the research group. The discovered differences and similarities can
be used for future developments and designs, as well as improve the acceptance of 3D-gesture
interaction.
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1 Introduction

1.1 Review

We are living in a time in which we are moving away from desktop computers to mobile comput-
ing. Modern Smartphones are taking an increasing part in our daily lives and can be helpful in
carrying-out several and various tasks. This development will most likely continue and with it we
are moving away from traditional interactions to exploring more suitable interaction techniques.

In this regard, gestures offer a great opportunity for natural and intuitive interactions [2],
which could make technology accessible for a wider range of people than today. In the user test-
ing of a younger and an older user group, the difference besides age and gender may be various
levels of experience in carrying out gestures, as the two age groups have different technologi-
cal experience. Moreover, the recent mobile paradigm shift encourages to investigate if gesture
interaction can have the same success and acceptance as gestures have had in gaming.

Comparing two age groups has been done in the work of Hurtienne et. al [3] and Stössel
et. al [4]. The aim of Hurtienne et. al was originally to uncover to what extent both age groups
agree on primary metaphors. However, the results proved that both age groups differed in their
prior experience. The aim of Stössel et. al was, on the other hand, to test motor capabilities.
The results indicate that older adults might be slower in performing gestures, but not necessarily
less accurate. Although the study was concentrating on touch gestures, the results indicate the
potential value of gestures in making technology accessible for a wider range of people than
today. Investigating acceptance has been done in the work of Rico et. al [5, 6], and Bobeth et.
al [7]. Here the acceptance was focusing more on a social setting and performance measures.
The study of Bobeth et. al shows that older adults accept 3D-gestures and enjoy interacting this
way, although they may prefer cursor-based interaction techniques. On the other hand Bobeth
et. al argues that to be able to better understand the performance results of older adults, studies
with younger persons are required.

Rather than age or gender, experience could therefore be an important factor. Less experi-
ence means fewer expectations and assumptions about how novel interaction techniques work
and how they should be approached. Comparing two age groups on the basis of previous ex-
perience and to what degree gestures are perceived as positive could therefore contribute to
increased knowledge in this emerging research area in form of a gesture set hierarchy and a
user indication of the acceptance of 3D gestures. The results could also be valuable for compa-
nies developing future mobile interactions and improve gesture based interfaces for novice and
experienced users.

1.2 Problem statement

This study investigates the importances of age, gender and previous experience on the acceptance
and usage of gestures as a user input for human computer interaction.

1
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As for example Kathrin M. Gerling, Frank P. Schulte and Maic Masuch discuss in the field of
gaming, experienced players generally outperformed users who had never played video games
before [8]. This shows that previous gaming experience may affect player performance and
which gestures are carried out. Also, the article discusses that players without prior gaming
experience seemed to encounter more problems when interacting with the game, which is sup-
ported by a lower level of perceived usability and an increased level of negative effect [8]. This
could mean that previous experience has an effect on the acceptance of an unfamiliar interaction
technique.

Rather than to sample novice users and experienced users, this study wishes to compare two
age groups with the assumption that the age groups have different previous experience with
modern devices. The distinction between novice users and experienced users could then follow
users’ age, as shown in the study of Calkin S. Montero, Jason Alexander, Mark T. Marshall, and
Sriram Subramanian [9]. Although participants were recruited based on their technology usage
patterns, they also found that the groups aligned around participants age. The majority of early
adopters ranged from 20-40 years, late adopters were all 61 years or older.

Moreover, to the same extent that older adults may have a low level of confidence when deal-
ing with a new technology [10], there might be a difference in gender on the usage and accep-
tance of gestures. The influence of gender on the usage and acceptance of gestures is therefore
another demographic value this project wants to investigate. This leads further to the following
research hypothesis:

Previous experience is more important than age or gender for the usage of gestures and pref-
erence for gesture interface

This research hypothesis is divided into hypotheses within previous experience and gesture
acceptance.

Previous experience

• Younger people perform different gestures than elderly people.

• Gender has an effect on the types of gestures performed.

• More experienced users perform different gestures then novice users.

Gesture acceptance

• Younger people accept gesture-based interaction more then elderly people.

• Gender has an effect on the acceptance of gestures.

• More experienced users accept gesture-based interaction more then novice users.

1.3 Research question

The purpose of this study is to investigate if previous experience is more important than age or
gender for performance of gestures and preference for gesture interface. The literature review
explains the relevant terms and presents a conceptual framework used to categorize the research
areas. This is followed by a discussion of the design and methodology, and the presentation of the

2
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results. The analysis of the results in relation to the hypotheses is then followed by a discussion
of the open research questions and the direction of future investigation.

3
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2 Review of the background literature

This chapter presents gesture research areas from a literature review and a conceptual framework
to explain related terms and related work.

2.1 Literature review and framework

This traditional literature review follows the overall structured phases of identification, catego-
rization and analysis.

2.1.1 Identification

The available databases at Gjøvik University College and City University have been used in the
literature search, and are restricted to ISI web of science, ACM, Springer Link and Science direct.
Google Scholar supplemented the identification process. In addition I used Zotero as library-tool
to organize visited download-pages and the LaTeX tool BibTex to organize references.

2.1.2 Categorizing

The identified articles are divided into three areas: the recognition of gestures, the interaction
with gestures and the output of gestures. The recognition of gestures is motivated in finding so-
lutions to capture gestures, and the interaction with gestures is motivated in finding appropriate
gestures. The output of gestures covers the actual application of gestures and what this means
for the people applying them. The Figure 1 below can be seen as an illustration of the different
research areas.

Gesture recognition Gesture-based

interaction

Applied gestures &

Human factors

Figure 1: Illustration research areas

Although the three chosen research areas have differences, they are at the same time inter-
woven to some degree, as several research experiments capture gestures, explore gestures and
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apply them to systems. Nevertheless, researchers have within these areas different perspectives
on challenges and future work, which has been the basis for the conceptual framework. More-
over, the research areas are characterized by different success factors.

Gesture recognition defines success in the accuracy of gestures, as for example when repeat-
ing gestures several times or by different people. Important elements in this research area are
technology, hardware and algorithms.

Gesture-based interaction focuses on the actual gestures. Finding natural and intuitive ges-
tures which are easy to remember and to learn are typical success factors.

Applied gestures and human factors are defined as the third research area. The charac-
teristic of this area is the attention to the human carrying out the gestures and on physical or
cognitive boundaries. Success is defined by the acceptance and ability to perform the gestures.

2.1.3 Analysis

The analysis phase follows the three areas described, starting with an explanation of related
terms and continuing with related work.

2.2 Explanation of terms

There are many terms which are used across the literature and which are quite specific to the
area of gesture interaction. These terms are explained in the following section.

2.2.1 Gesture recognition

Gesture recognition is the mathematical interpretation of a human motion by a computing de-
vice [11]. A suggested classification of gesture recognition could be based on the input de-
vice [12, 13], which means either movement-sensor based approaches or camera-based ap-
proaches.

Movement-sensor based approach

Movement-sensor based approaches rely on different kinds of sensors [12], such as accelerome-
ters, gyroscopes, compasses, GPS receivers and cameras that can be used for 3D interaction and
which are typically built into devices, such as Smartphones [14] or into other separate wearable
devices, such as the Nike Plus 1, or a recent Smartwatch 2.

Accelerometer sensors capture motion and produce signal patterns of the captured gestures.
These signal patterns are further used in generating models that allow the recognition of distinct
gestures, as for example to control home appliances with simple hand movements, where up and
down movements could be used to operate a garage door or adjust the volume of your stereo
equipment [12]. The acceleration force is measured in meters per second squared to a predefined
sampling rate, as for example two times a second. Measurement is further applied on all three
physical axes (x, y, and z), including the force of gravity.

1The Nike Plus device is an accelerometer sensor attached to a shoe and connected to an iPod/iPhone through a
wireless Bluetooth connection. Users interact with the mobile device without the need to remove the iPod/iPhone from
their pocket [15]

2A Smartwatch can be described as a normal digital watch, which has implemented functions known from Smart-
phones, as for example accelerometer or changeable apps

5
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Camera-based approach

Camera-based approaches rely on a combination of digital cameras and computer vision algo-
rithms to detect gestures without further tools [14, 12]. Game players are today familiarized to
interact with gestures, for example when using a kinect sensor.

The kinect sensor was launched in 2010 by Microsoft for its Xbox 360 gaming platform,
followed by kinect for Windows in early 2012. The kinect device and accompanying SDK (Soft-
ware Development Kit) provide access to color and infrared (used to calculate depth) cameras
at 640x480 pixel resolution, 20-point skeleton 3 tracking 4 for multiple simultaneous skeletons,
and a microphone array [16]. The measurement characteristics of the Microsoft kinect use an
infrared emitter and sensor to capture body movements by isolating the x, y, and z coordinates
of 20 nodes roughly representing joints in the body. Each camera can capture movement of up
to four people at once, from a range of 4 to 12 feet, even in low light conditions. Finally, data is
interpreted through the use of algorithms, that interpret the input as well as pull out the desired
information [17].

Gesture recognition systems

While humans are particularly sophisticated regarding analyzing gestural selection of other hu-
mans, this task is very complex for computers [18] because gestures do not rely on a one-
to-one mapping of form to meaning [19]. In other words the same gesture can mean several
things the user wishes to accomplish or express, which causes challenges for gesture recognition
systems. One way to distinguish gestures is between continuous- and discrete gesture recogni-
tion [20, 21, 22, 13], also known as online- and offline gestures [23, 11].

Online or continuous gestures are evaluated and processed while they are being performed [23].
Reaction follows within a timeframe of 100 milliseconds [18]. For example a pinch gesture to
zoom into a map can be applied constantly while it is performed.

Offline or discrete gestures include symbols to create new objects or shortcuts to execute ap-
plication commands. Their effect is evaluated after they are completely performed [23]. Reaction
to a gesture follows in the scope between several hundred milliseconds and a few seconds [18].
For example virtual buttons with a plus and minus could be used to zoom in and out a map after
a gesture is pointing towards the buttons.

2.2.2 Gesture-based interaction

Human Computer Interaction can in general be described as the process of communication be-
tween human users and computers (or technologies in general). Users communicate actions,
intents, goals, queries, and other such needs to computers. Computers, in turn, communicate
to the user information about the world, about their internal state, about the responses to user
queries, and so on [24]. To communicate with computers, several interaction techniques can be
used, as traditionally for example a mouse. However, using gestures to interact with an interface
can be described as a new interaction technique and as gesture-based interaction.

3To avoid intensive computational calculations, processing virtual 3D models of a human, one can just use a simplified
version of a skeletal representation of the human body [11]

4To be able to use gestures as interaction technique information about the user in 3D space has to be provided. This
information is tracked, for example by following the users hand position
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Gestures (2D and 3D)

Dan Saffer [25] describes a gesture as any physical movement that a digital system can sense and
respond to without the aid of a traditional pointing device such as a mouse or stylus. Gestures
can be done in the 2D-space, typically as touch movements, or in the 3D-space around the users’
body. In this project, I refine the scope to 3D free-form gestures in space, and not gestures via a
touch screen or any other interactive surface.

Natural gestures

The physical movements in a gesture-based interaction are often described as natural or intuitive
without any further definition. Albrecht Schmidt, Bastian Pfleging, Florian Alt, Alireza Sahami
Shirazi and Geraldine Fitzpatrick believe that user interaction with a system should be invisible,
at least to an extent where the person can focus on performing the tasks, albeit mediated by the
system, without worrying about the technology itself [26]. This means, that natural or intuitive
interaction should come spontaneously, with the most attention on the task and not by being
disturbed by the system. The term spontaneously can be described as unplanned and not self-
conscious [19].

Gesture language

Another reason for describing gestures as natural or intuitive has its origin from gesture lan-
guage. Gestures accompanying spoken language are used to convey information to another per-
son and are mostly done spontaneously. Gestures are normally categorized into four types [19,
27].

• Iconic gestures involve controlled and conventionalized ways of giving information visually

• Metaphoric gestures represent a common metaphor

• Deictics gestures are abstract, pointing gestures used to indicate objects and events in the real
environment

• Beat gestures occur with comments on a persons own linguistic contribution

Wizard-of-Oz

The "Wizard-of-Oz" approach is a useful technique to trigger natural gestures and to determine
a user’s "first guess". After asking participants to perform certain activities, a hidden "Wizard-of-
Oz" (the researcher) is simulating the system by using the remote control. This approach allows
testing ideal applications that do not exist in the real world [28], and additionally, the participant
remains unaware that some or all of the system’s functions are actually being performed by a
human operator [29].

2.2.3 Applied gestures and human factors

Although gestures show promising results when it comes to recognition and being natural or
intuitive, there may still be problem-areas in the applied interaction of the 3D-gestures.
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Ergonomic challenges

As devices are getting smaller or more integrated into other devices, it can be important to look at
ergonomic design challenges. The term ergonomic describes how well a device has been designed
to match the human body. For instance the interaction with small-screen devices reveals the
conflict of interests between creating the smallest physical size that will give the user unrestricted
mobility and flexibility, whilst maintaining dimensions that are defined by the size and the motor
functions of the human hand [30]. In other circumstances gestures could be experienced as
stressful and tiring, impossible to perform, or having illogical imposed functionality. Gestures
should therefore be physically easy to perform.

Cognitive challenges

Gestures can moreover challenge cognitive abilities, which can have an impact on memory.
Gesture-based interfaces require that the users recall, rather than recognize the gesture [31].
Memory may not be studied meaningfully in isolation [32], because memory is related to atten-
tion which in turn is related to making mistakes, having accidents or doing things unintentionally.
Memory, attention and error are also related to emotion. It can therefore be necessary to take a
holistic view on applying gestures to any interaction.

Acceptance challenges

Additionally, issues are referring to how well gestures are accepted and suited for different situ-
ations, especially in regard to mobile contexts, where users can be distracted or disturbed. The
acceptability of gestures can also be a matter of context. Maybe some gestures are well suited in
gaming, while performing gestures in public may be accepted in one location and problematic in
another [33]. But, as Julie Rico, Andrew Crossan and Stephen Brewster argue, this is not simply an
issue of "acceptable" or "unacceptable", but a dynamic decision process that occurs in different
social contexts at different stages of experience [5]. Furthermore different people usually prefer
different gestures, which could lead towards challenges in finding a common denominator.

User Experience

In general, the consideration of positive usability has coincided with a move of technology away
from work-oriented, desktop computing to handheld, mobile and ubiquitous systems [34]. Tech-
nology is now perceived as something that provides an experience unique to the individual rather
than a means to achieve a task. Although the composition of factors which creates individual ex-
periences may vary, user experience has the intent to create a positive experience to influence
the user on the acceptance and behavior [35], which will attract them in future [36].

As 3D gesture interaction can be seen as a new design-principle, the user experience may be
an important factor for acceptance, which further influences its use. There is therefore an urgent
need to understand user experience related to novel modalities [37]. Different researchers have
tried to build a basis of factors to define user experience [38, 39, 40, 31]. Table 1 shows an
overview of these different factors. These factors may not all be valid for this project, since they
focus more on the ease of learning gestures and interacting with complex system such as a display
interface. The user experience in this study concentrates on the acceptance factor and to what
degree gestures are perceived as being positive.
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Table 1: User experience

Factors Description Researchers
Learnability The ease with which people can under-

stand the gesture and begin using it
[38, Nielsen et.
al] [39] [40, Kortum]

Efficiency Steady-state performance of expert users [38, Nielsen et. al]
Memorability How easy is it to remember what to do

and when to do it
[38, Nielsen et.
al] [39] [31] [40,
Kortum]

Errors Error rate for minor and catastrophic er-
rors as well as the ease of error recovery

[38, Nielsen et.
al] [39]

Coverage The amount of operators discovered vs.
the total operators

[38, Nielsen et. al]

Functionality How easy it is to use the experience once
it is learned

[39] [40, Kortum]

Fatigue Level of enjoyment in the experience of
using a gesture

[31, Barclay et.
al] [40, Kortum]

Accuracy Indicator of both its difficulty, and its
uniqueness

[31, Barclay et. al]

2.3 Related work

In the related work section, the analyzed articles, which were found by searching literature
according to the keywords mentioned in the introduction part are presented. After the general
topics in the three research areas have been outlined, the articles are summarized in tables. And
finally, a conclusion from the literature review is drawn.

2.3.1 Gesture recognition

Starting to find an answer to the question of how gestures can be recognized by technology, is still
a challenging issue in gesture-based research. Especially recognition accuracy [41, 42, 43, 2, 17]
and recognition accuracy enhanced by gesture training [43, 44, 45] or both [12] are active
research areas.

Studies show a range from experimenting [42], feasibility [44] and investigation [45, 43,
17] on possible gestures recognition techniques, to more concrete cases, where body and hand
movements [2], just free-hand gestures by using an embedded wireless bracelet [41] or by using
a separate control device [12] were tested.

Since gesture recognition focuses in general on the recognition and capturing of gestures, the
actual gestures have in most cases been chosen in advance [41, 2, 42, 44, 43, 17]. An exception
is the study of Joha Kela, Panu Korpipää, Jani Mäntyjärvi, Sanna Kallio, Giuseppe Savino, Luca
Jozzo and Sergio Di Marca [12], who examined the potential suitability of gestures through a
pre-study in form of a questionnaire. Altogether the studies show differences in the kind and
number of gestures selected. The study of Radu-Daniel Vatavu [45] describes several gesture
scenarios, without actually testing gestures.

Although sensors are increasingly available and of low cost, there might still be technical
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limitations and disturbances of gesture recognition, as for example while moving [12]. Research
is often limited to one source of input signal [2] and might not meet the varying gestures a user
can perform. Moreover users might prefer traditional interfaces, when a gestures interface in
comparison does not yield more value for the user [43].

The research area is mainly driven to find valid methods to capture gestures and on further
research of usage scenarios [45], involvement of user groups [43, 12], testing of new sensors [41,
42] and feedback mechanisms [42, 2]. Although the technical perspective on gestures is an
important part in gesture interaction, it plays a minor role in this study and contributes mainly in
regard to the chosen hardware to capture gestures. Table 2 provides an overview of the analyzed
articles and their main contribution.

Table 2: Gesture recognition

Researchers Approach Contribution
[44, Lu et. al] Movement-sensor

based
Capturing gestures with a wearable
belt in connection to a mobile phone

[43, Amft et. al] Movement-sensor
based

Evaluation of gesture input on a
questionnaire interface running on a
developed watch

[42, Mäntyjärvi et. al] Movement-sensor
based

Experiment with selected gestures to
control a DVD player

[41, Hein et. al] Movement-sensor
based

Testing recognition rate and perfor-
mance of a bracelet input device

[12, Kela et. al] Movement-sensor
based

Defined application in mind. Two
user studies: What kind of gestures
are natural and useful; and an eval-
uation of gestures compared to other
modalities

[2, Song et. al] Camera-based Gesture recognition of both hand
and body movements

[45, Vatavu] Camera-based Evaluating a gesture storage device
for public display interaction

[17, Won et. al] Camera-based Investigation on gender specific
gestures

2.3.2 Gesture-based interaction

A further question within gesture research is to identify intuitive gestures. One straightforward
approach is to ask participants to make free spatial movements according to given tasks [22, 46],
specific activities [33], given functions [14] or given target words [3]. Other more indirect ap-
proaches showed participants a "before" and "after" picture and asked them to perform a suitable
gesture [47] or held a brainstorming session where experts were encouraged to find specific
gestures for an interface [48].

Although the analyzed articles agree on the potential of gesture-based interaction, they still
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face challenges, as that it can be difficult to find natural, intuitive and meaningful gesture vocab-
ularies [47]. Thus, for example the absence of affordances [3] and the possibility to give proper
feedback [48, 46]. Moreover gestures could potentially be affected by user demographics and
cultures [22] and may change over time [14].

Investigating in gesture-based interaction could contribute to a better understanding of nat-
ural and intuitive gestures, although it may be restricted to the investigated interaction, which
again can be limited in the number of gestures. Nevertheless technological problems on the
recognition of gestures can lead to a decrease in available gesture choices. Such drawback could
potentially lead to poorer communication solutions in comparison to display technologies [48].
On the other hand, the recent development in Smartphone usage has shown that the adaptation
of content towards smaller devices might be beneficial, because it is focusing on the main mes-
sage and intention with the content. Table 3 shows an overview of the gesture-based interaction
and their relevant contribution.

Table 3: Gesture-based interaction

Researchers Gestures/device Contribution
[22, Ruiz et. al] 3D-gestures with a

Smartphone
Developed a taxonomy for 3D-
gestures

[46, Wolf et. al] 2D- and 3D-gestures Focus on an auditory interface and to
what degree gestures can be used in
this context

[33, Kray et. al] 2D- and 3D-gestures
with a Smartphone

Investigated whether gesturing with
a mobile phone can help to perform
complex task involving two devices

[14, Löcken et. al] 3D-gestures Conducted a user-centered approach
in finding gestures for a music player

[3, Hurtienne et. al] 2D- and 3D-gestures
with a Smartphone

Based their research on 12 primary
metaphors and if those metaphors
can be used for mapping be-
tween physical gestures and abstract
concepts

[47, Grandhi et. al] 3D-gestures Designed guidelines through under-
standing of gestures

[48, Pasquero et. al] 2D- and 3D-gestures
on a watch interface

Tested and developed a watch which
can acquire information from a com-
panion mobile device through simple
gestures

2.3.3 Applied gestures and human factors

Facing the problems within applied gestures and human factors are the analyzed articles related
to memory [49, 13], ergonomics [7, 4, 50], context challenges in relation to mobility [51, 52] as
well as social acceptance [6, 5].

The studies show some interesting results. Both Eamonn O’Neill, Manasawee Kaenampornpan,

11



Acceptance of 3D-gestures based on age, gender and experience

Vassilis Kostakos, Andrew Warr, Dawn Woodgate [49] and Christine Kühnel, Tilo Westermann,
Fabian Hemmert, Sven Kratz, Alexander Müller, Sebastian Möller [13] suggest that gestures could
fit for a small set of semantically distinct services with memorable and distinct gestures.

The results of Mantei Negulescu et al.; Andrew Crossan et al.; as well as Julie Rico et a. [51,
52, 5], show that gestures in walking conditions were significantly affected by errors [52, 5]
and slower walking [51]. This may not be so surprising since the accelerometer signals contain
both the tilt from the users targeting, and the noise generated by the walking behavior [5]. The
results also show that there can be differences between experiments conducted in the laboratory
or in a real world context.

In general, it is important for users to feel comfortable and in control while using an interface.
Of course basic usability requirements should not change with a gesture-based interaction com-
pared to traditional interactions. This relatively new way of interacting should rather improve
usability and inclusion of different user groups, since gesture-based interaction could decrease
cognitive load and degree of attention.

Nevertheless, it may be a tough challenge to reach those noble goals. Even though many
Smartphones now have the capabilities through accelerometer based sensing, to recognize ges-
tures, users seem unwilling to accept gesture-based interaction outside of the gaming or novelty
application [5]. It may therefore be important to instigate research on the acceptance and adop-
tion of the new input paradigm. Research should reflect on specific needs and abilities to succeed
in applying gestures to an interface. Table 4 shows an overview of the analyzed articles.

2.3.4 Conclusion

Although the three described areas have different success-factors, they agree on the challenge
whether gestures in an interaction context with computers are better than existing techniques.
Traditional user interfaces have the advantage of minimal hardware and sensing requirements,
and being well established and ubiquitous.

On the other hand, natural techniques may be seen as more fun and engaging [53]. In addi-
tion, they open up for future developments, improving computing power, as well as offer mobile
and wearable devices new possibilities for interacting with various applications. As they become
capable of sensing movement in space [22, 3], gesture input could be integrated into clothing,
wristwatches, or mobile terminals to provide a means for interacting with different kinds of
devices and environments [12, 42].

The focus area of this thesis is the overlapping domain of all three research areas, as it is
shown in the Figure 2 below. As a starting point this project wishes to captures gestures with
both accelerometer (movement-sensor based) and kinect (camera-based) signals. Although it
is less important to find accurate gestures, gesture recognition technology and hardware will
be used. Gesture-based interaction impacts this study through finding natural gestures in the
interaction with a TV. Moreover, the captured gestures are applied to a system, where previous
experience, age and gender are important factors for acceptance and investigation.
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Gesture recognition Gesture-based

interaction

Applied gestures &

Human factors

Figure 2: Illustration research focus

2.4 Statement of the problem

Existing technology could be used to stimulate this kind of future interaction, with the objective
to find answers of which gestures to chose for a defined activity and if people are motivated to
use 3D gesture interaction. In the following subsections, it is further described how this study
touches on the three research areas.

2.4.1 Gesture recognition

Although touch is currently the dominating form of interaction with mobile devices, gestures are
increasingly perceived as an equivalent interaction option via the use of accelerometers. Seeing
that acceleration sensors are widely available, small of size and low in cost, their integration into
embedded devices is encouraged. In addition hardware is available to support hand gestures to
control objects and systems with for example the Xbox Kinect. This project will therefore include
the usage of an accelerometer and a kinect to capture gestures. Additionally the interaction with
the TV task is video and audio recorded.

2.4.2 Gesture-based interaction

Similarly to different user groups having varying needs or sharing common needs, gestures may
vary. Either users share similar gestures [22, 33] or exercise very different gestures [45, 12,
42, 33]. In user testing a younger and an older user group, the difference besides age may be
varying experience in carrying out gestures. Nevertheless, it can be expected to not only discover
differences, but also similarities, which could be used to either develop inclusive or specific
gesture-based applications. Categorizing gestures according to age, gender and user experience
could further lead to increased acceptance and hopefully to similar positive user experiences
with interactions as in gaming.

2.4.3 Applied gestures and human factors

In comparing two different age groups, different problems can occur. On the one hand, elderly
are increasingly using technology in their daily lives, but at the same time having problems when
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interacting with new technology. These problems can be attributed to the physical, perceptual
and cognitive changes that accompany the normal aging process [3, 4]. On the other hand,
younger adults have more experience in using new technology, but are being challenged by
the development towards mobile computing, when interacting in a mobile context and being
disturbed. Valid for both age groups can be different personal factors, as for example gender, age
and/or experience.
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Table 4: Applied gestures and human factors

Researchers Research area Measuring factors
[49, O’Neill et. al] Memory Number of incorrect gestures and the

processing time for producing cor-
rect gestures

[13, Kühnel et. al] Memory. Gestures in a
smart-home

Asking if participants could map ges-
tures back to functions followed by
asking for their memorability, how
well gestures fit to the functions, and
assessed the ease of performing the
gesture

[7, Bobeth et. al] Ergonomic. Gesture
based interaction with
a TV

Usability and acceptance

[4, Stössel] Ergonomic. Completion time and error rate
[50, Scott et. al] Ergonomic. Ergonomic

challenges of foot
movements

Human capability associated with
performing foot-based interactions

[51, Negulescu et. al] Mobile context. Cog-
nitive demands while
walking and eyes-free.
Gestures with a mobile
phone

Reaction time, walking speed and vi-
sual focus

[52, Crossan et. al,
2008]

Mobile context. Wrist
rotation while resting,
seated, standing or
walking

Results for time and accuracy under
different conditions

[6, Rico et. al, 2009] Social acceptability Internet survey to examine the social
setting where gestures might be used

[5, Rico et. al, 2011] Social acceptability
factor in whether or
not these gestures will
be adopted

Social acceptability as a factor
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3 Design and methodology

The design of this study was a between-subjects study. A between-subjects study is used to com-
pare results for different participants [54], as here the differences in satisfaction between novices
and experts or gesture performance for younger versus older participants.

3.1 Independent and dependent variables

Data variables can be divided into independent or dependent variables. Additional nuisance
variables can be undesired sources of variation, that may affect the dependent variables.

Independent variable

An independent variable of a study is an aspect that you manipulate to answer specific ques-
tions [54] (What do I change). As for this study, the independent variables were differences in
performance, and acceptance between males and females, between novices and experts, and
between two different age groups.

Dependent variable

On the other hand, the dependent variables (also called outcome or response variables) describe
what happened as the result of the study (What do I observe). A dependent variable is some-
thing you measure as the result of, or as dependent on, how you manipulate the independent
variables [54]. Dependent variables included metrics or measurements such as number of "on-
line" vs. "offline" gestures, intensity, temporal component and position.

The independent and dependent variables for this study are shown in Table 5.

3.2 Participants

This study sampled two different age groups of both male and female participants. Younger
participants in this project were between 18 and 31 years old. Older participants in this project
between 48 and 73 years old.

3.3 Procedures

The operation of a TV was chosen as task, because it allows limiting the interaction to a few
distinct gestures. Moreover both younger and older user groups watch television or are at least
familiar with it, which could be helpful to compare differences based on experience and the
validity of the resulting gesture set.

As this study created an experimental simulation to compare a younger age group with an
older age group, the order and sequence of events was consistent for every experiment. The
"script" experiment sequence of events for this study can be seen in Figure 3 bellow. The complete
script can be seen in the Appendix E.

Having an additional game task has several advantages. The interaction with the TV can be
seen as a menu control. The combination of a menu control and gaming is present for many
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Table 5: Independent and dependent variables

Independent vari-
ables

Dependent variables Measuring

Whether the partici-
pant belongs to the
younger age group
or the older age
group

Previous experience Questionnaire on previous
experience

User experience Questionnaire with different
ratings

Acceptance Acceptance measured with a
standardized questionnaire
(UTAUT2) in the end

Performance Gestures categorized according
to "online" vs. "offline", inten-
sity, temporal component, and
position. Gesture recognition
checked with a binary classifier.
Video observation

games, which makes it therefore reasonable to include the two tasks. Secondly, the TV task re-
quires certain tasks, such as changing the channel. Participants in the game task are on their own,
which has some interesting value for the study. For example in regard to participants’ engage-
ment in the game and how fun they experience it. The disadvantage of having two tasks could be
that one task influences the other regarding the answers given in the acceptance questionnaire.
On the other hand different experiences in executing the TV-task or playing the game could lead
to more holistic results, as the users can have a broader overall experience. The study applied
the following procedures:

1: Previous experience

After having signed the informed consent, participants were asked to scale their previous expe-
rience with modern devices, as for example Smartphone, Wii, Kinect and Tablet. Furthermore,
participants were asked to scale their previous experience with 3D-gesture and touch gesture
usage. Prior experience with technological devices could be biased by real world experiences.
For example if somebody plays Bowling, this could influence the person’s attitude towards a
Bowling game. Rating real world experience was therefore chosen as an additional section. The
whole questionnaire was electronic, using Google Docs. The submissions were time logged. (Ap-
pendix C – Previous Experience Questionnaire)

2: TV-task

Participants in the interaction lab were then asked to take place in front of the canvas screen,
where an accelerometer device was tied around their wrist on their dominant arm. They were
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Figure 3: Sequence of events

told that the instruments would be calibrated, and that they can interact with the TV as soon
as this has been done. They were then asked to execute activities such as to turn the TV on/off,
change channel, volume and/or go back to the menu. The session stopped when the TV turned
off. Data was captured from the kinect and accelerometer device.The interaction was in addition
recorded on video including audio.

3: Game task

In the next session participants were given time to interact with a simple general rated game on
the kinect. Participants were still located in the interaction lab.

4: Questionnaire

After the interaction session the participants were asked to fill out a questionnaire with standard-
ized questions about their experience with this form of interaction. Questions from the UTAUT
model [55] in its second version from 2012 [1] were used. Furthermore, an additional mod-
ule was used to scale different words describing participants’ individual user experience. The
post-questionnaire was again electronic, using Google Docs, with time logged submissions. (Ap-
pendix D – Gesture Acceptance Questionnaire)

3.4 Instrumentation

In this study several instruments were used, which will be described further in the related subsec-
tions. Starting with gesture recognition, where both a camera-based and sensor-based approach
were used to capture gestures.

3.4.1 Camera-based gesture recognition
Brekel Kinect

In the first test-series, a kinect for XBox was used, which is primarily developed as a game con-
sole. To be able to capture and save gestures, one can use the free software Brekel kinect [56].
The Brekel Kinect software uses color pictures or infrared pictures to recognize people. In testing
both options previous to the experiments, the infrared option showed quicker response. It was
therefore used for the experiment. To start the recording of bvh files, the first step is to calibrate
for user tracking. Sunlight, bright cloth colors, or little movement can delay user tracking. Be-
sides closing all curtains during the study, participants were additionally asked to step forward,
backward, or to move their arms, when the software did not manage to find the user.
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GesturePak

In the second test-series, the purchased kinect for Windows arrived. The kinect for Windows is
developed for the use with Windows and has several options for developers. Also it does not
require any hack software, as does the kinect for XBox, and a windows SDK can be used to
develop suitable solutions. Another option is to use existing software to capture movements,
which was chosen for this project. The often as useful mentioned software GesturePak [57] was
purchased for 99 $ (Appendix 69).

GesturePak allows to take snapshots of gestures, and then to decide which axes and body
points to track. Performed gestures can be saved as a XML file. As the user is occupied performing
gestures, snapshots can be done by speech control. While participants followed the instructions
according to the TV task, the researcher was able to give the speech commando "snapshot" to
trigger a snapshot.

3.4.2 Sensor-based gesture recognition
QSensor

The QSensor from Affectiva [58] measures movement with a built in three axis accelerometer
sensor, besides temperature and electrodermal activity. The sensor comes additionally with a
wristband, which was very convenient for this study (Figure 4). To secure the QSensor, it has
to be placed in a pocket and fastened by a velcro. The wristband could thereafter be fastened
by a velcro as well, and therewith easily adjusted for a comfortable fit for different participants
(Figure 5). To read the captured movement data from the QSensor device, one can either use
the free off–the–shelf software from Affectiva, or export files as csv, which can then be imported
to Excel for further processing.

Figure 4: QSensor and wristband

Four categories in a binary classifier are used to log the events and detections (Figure 6). The
binary classifier is used in hypothesis testing, where there are two ways to be right and two ways
to be wrong [59]. It can also be used to test alternatives, with two true outcomes and two false
outcomes.
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Figure 5: QSensor on arm

By analyzing the measurement characteristics the results further show the reliability and
validity of the chosen instruments, but most importantly which kind of gestures are being recog-
nized.
A gesture is handled as an event and the x,y,z-movement data acts as the detecter:

1. True positive: Event occurs and the detecter detects it

2. False positive: Event does not occur but the detecter shows an event

3. False negative: Event occurs, but the detecter fails to detect it

4. True negative: Event does not occur and the detecter correctly shows no event

Furthermore, gestures are categorized based on them being "online" vs. "offline", their in-
tensity, temporal component, and position (Table 6). The framework which was used to place
gestures as being online or offline is shown in Table 7.

3.4.3 Materials used
Questionnaire

A semi-structured questionnaire was used with both open- and scalable questions using a Likert
scale. The open questions in the post-questionnaire asked participants whether they experienced
gestures to be negative or positive.

Previous experience, age, and gender

Previous experience was measured in regard to different devices and gesture experience. Device
usage frequency was using a 5-point Likert scale, where 1=never, 2=rarely, 3=sometimes, 4=of-
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Figure 6: Binary classifier

Table 6: Gesture categorization

Factors Description
Offline gestures Include symbols to create new objects or

shortcuts to execute application commands
Online gestures Evaluated and processed while they are being

performed
Intensity Gravitational g-force
Temporal component time duration
Position X,Y, and Z values

ten, and 5=many times. Gesture experience was measured in regard to 3D-gesture- and touch-
gesture usage. The Likert scale here ranged from 1=not experienced, 2=1-3 months, 3=3-6
months, 4=6 months-1 year, 5=2-3 years, to 7=more than 3 years. Age was measured in age-
ranges, where 1 represents the younger age group and 2 the older age group. Gender was coded
using a 1 or 2 dummy variable where 1 represent male. Current position was coded using 1
to 7, where 1 represent Arts and Social Science, 2=Business, 3=Engineering and Mathematical
Science, 4=Health Science, 5=Informatics, 6=Law, and 7 for other backgrounds.

User experience

The user experience was measured by asking participants to scale how well different words or
phrases described their experience with the gesture-based interaction. The five-point Likert scale
ranged from Strongly disagree to Strongly agree. The chosen words ranged from being positive:
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Table 7: Framework for online and offline gestures

Online gestures Type Description
Iconic Controlled and conventional-

ized ways of giving information
visually

Navigational Gestures to move in a menu
structure

Dynamic Dynamic gestures to execute a
commando

Offline gestures
Deictic (Abstract) Pointing gestures

used to indicate objects and
events in the real environment

Static symbols Symbols with conventionalized
meaning

Fun to use, Engaging, Easy to use, Helpful, to being negative: Frustrating, Annoying, Boring and
Unnecessary.

Acceptance

Acceptability is about fitting technology into people’s lives [32], and to what extend gestures
could be a new way of interaction. The Unified Theory of Acceptance and Use of Technology
(UTAUT) as a construct of different technology acceptance models has already served as a the-
oretical foundation for technology acceptance studies [60, 61, 62] and is reported to explain as
much as 70 percent of user acceptance of technology [55].

The original UTAUT research model from 2003 was extended in 2012 with the UTAUT2 re-
search model. Key moderator values Age, Gender and Experience are taken into account. Hedonic
motivation as a construct was added to the model and herby giving a further indication on user
experience. The UTAUT2 research model was therefore chosen for this study and it is further
explained in the next section.

The UTAUT2 research model [1]

The UTAUT2 research model consists of seven constructs, which are moderated by the variables
age, gender and experience. The constructs are furthermore measured in comparison to a behav-
ioral intention, which can explain determinants of user acceptance and usage behavior.

Four constructs and moderators are used in this project. Performance expectancy, effort ex-
pectancy and hedonic motivation are predicted to be direct determinants of behavioral intention.
Performance expectancy is defined as the degree to which participants believe that using the sys-
tem will help them improve their performance which may be moderated by age and gender.
Effort expectancy is the degree of ease perceived with the use of the system, which is moderated
by age, gender, and experience. Hedonic motivation is defined as the fun or pleasure using a
technology, which is moderated by age, gender, and experience. Behavioral intentions and facili-
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tating conditions are direct determinants of use behavior. Facilitating conditions are the degree to
which a participant believes that an organizational and technical infrastructure exists to support
the system, which is moderated by age, gender, and experience.

The hypothesized relationships mentioned in the theoretical model are outlined in Figure 7
and Table 8.

Performance

Expectancy

E ort

Expectancy

Facilitating

Conditions

Hedonic

Motivation

Age Gender Experience

Behavioral

Intention

Use

Behavior

H1

H1a
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H2b

H2c

H3a

H4a

H4b

H4c

H3b
H3c

H2

H3

H4

H5

Figure 7: UTAUT research model

UTAUT2 questionnaire items The UTAUT2 research model includes standardized questions
for each construct. The advantage of using standardized questions is to collect numerous user
options to equal questions, which can be further used for an indication on the acceptance and
motivation of using gestures in the interaction with technology. The questionnaire items were
adapted by including questions from the original UTAUT research model [55] and excluding
some of the questions from the latest UTAUT2 model. In contrast to the original seven-point
Likert scale, a five-point Likert scale was used. The scale was ranging from disagree to agree.
The respondents needed to answer the following questions:

Performance Expectancy
Using gestures helps me accomplish things more quickly
I find gestures useful in my daily life
If I were to use gestures, I would increase my chances of completing an assigned task

Effort Expectancy
Learning how to use gestures is easy for me
My interaction with gestures is clear and understandable
I find gestures easy to use
It would be easy for me to become skillful at using gestures

Facilitating Conditions
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I have the resources necessary to use gestures
I have the knowledge necessary to use gestures
Gestures are not compatible with other systems I use

Hedonic Motivation
Using gestures is fun
Using gestures is enjoyable
Using gestures is very entertaining

Behavioral Intention
I intend to continue using gestures in the future
I plan to continue to use gestures frequently

Use
Please choose your usage frequency for each of the following
(Never _ Rarely _ Sometimes _ Often _ Many times):
Playstation games
Wii games
Microsoft kinect games
Smartphone app games
Computer app games
PC games
Smartphone
Tablet
E-book reader

Your experience in 3D gesture usage
Not experienced __ __ __ __ __ __ __ Very experienced

Your experience in touch gesture usage
Not experienced __ __ __ __ __ __ __ Very experienced

Gender
Male
Female

Age
18-31
48-73

3.4.4 Methods of data collection used

The benefit of concentrating the experiment on an interaction with a TV, are the relatively re-
stricted interaction possibilities. Activities as turn the TV on/off, change the channel and the
volume, are all activities a "Wizard-of-Oz" can control with a remote control. During the TV task
a MacBook with a TV-screen as background picture was used to simulate a TV screen (Figure 8).
In addition, Apple’s remote control was used to simulate the TV interaction.
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Figure 8: Picture of TV as background picture during the TV-task

Concentrating on specific types of gestures, has the advantage of being able to provide guid-
ance on which gesture should be chosen for a particular action. This approach follows the study
of Roland Aigner, Daniel Wigdor, HrvojeBenko, Michael Haller, David Lindlbauer, Alexandra Ion,
Shengdong Zhao, and Jeffrey Tzu Kwan Valino Koh [63].

Video observation

The validity of the captured data from the movement recognition was further analyzed in com-
parison to the video observation. The videos can be used to record parameters such as:

• Gesture time

• Online or Offline gesture

• One arm or two arms

• Gesture type

• Used space
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The analyzing outcome is then listed in one excel sheet per participant. The advantage of
having an excel sheet is to facilitate the use of data for different comparison studies, for example
the amount of online vs. offline gestures.

Verbal observation

The additional audio recording is providing valuable verbal information. Verbal information in-
cludes anything the participant actually says, which accompanies the interaction event. As the
researcher made it clear not to be able to ask any questions during the study, verbal behaviors
are restricted. Nevertheless, some participants expressed their positive or negative experience,
which will be recorded in the analysis phase.

Together with the outcome from the open questions, participants are asked for any positive or
negative experiences. A summary of positive vs. negative impressions gives a further indication
on the acceptance of performing 3D-gestures.

3.5 Limitations

Technology is rapidly changing, for example in regard to mobile devices. This rapidness of de-
velopment makes it harder to abstract technology from the context of use. The experiment was
conducted partly in a laboratory and partly under controlled circumstances. Although laboratory
studies help to control unknown variables and simplify data collection, the experience of tech-
nology in normal usage situations and emotions may be different than in an artificial laboratory
setup. The simulation can therefore serve as indication of user experience only, not as evidence.

Additionally the interaction is limited to a certain number of activities to interact with a TV.
The results may be valid for similar interaction, but cannot be used in general. Nevertheless,
results may point towards general observations and theories.

A standardized questionnaire was chosen which removes one source of bias. However, whether
these questions are understood in the same way is another matter [64]. Large numbers of re-
spondents can indicate the quality of data gathered from the questionnaire.

The quantitative approach involves the complex and socially based phenomena Human Com-
puter Interaction, which cannot be easily quantified [34]. In addition to observing participants
carrying out gestures, information users provide beyond standardized questionnaires is further
detailed and also more design relevant [62]. The open questions and the recording of verbal
behaviors may help to fulfill this study more holistically. Additionally, this triangulation, which
brings together data from different sources [65], can enrich the analysis by examining findings
from different perspectives.
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Table 8: UTAUT hypothesized relationships

Num. Hypothesis
H1 There would be a significant positive relationship between per-

formance expectancy and behavioral intention to use gestures.
H1a There would be a significant positive relationship between per-

formance expectancy and behavioral intentions to use gestures,
and this relationship would be moderated by age.

H1b There would be a significant positive relationship between per-
formance expectancy and behavioral intentions to use gestures,
and this relationship would be moderated by gender.

H2 There would be a significant positive relationship between effort
expectancy and behavioral intention to use gestures.

H2a There would be a significant positive relationship between effort
expectancy and behavioral intention to use gestures, and this
relationship would be moderated by age.

H2b There would be a significant positive relationship between effort
expectancy and behavioral intention to use gestures, and this
relationship would be moderated by gender.

H2c There would be a significant positive relationship between effort
expectancy and behavioral intention to use gestures, and this
relationship would be moderated by experience.

H3 There would be a significant positive relationship between facil-
itating conditions and behavioral intention to use gestures.

H3a There would be a significant positive relationship between facil-
itating conditions and behavioral intention to use gestures, and
this relationship would be moderated by age.

H3b There would be a significant positive relationship between facil-
itating conditions and behavioral intention to use gestures, and
this relationship would be moderated by gender.

H3c There would be a significant positive relationship between facil-
itating conditions and behavioral intention to use gestures, and
this relationship would be moderated by experience.

H4 There would be a significant positive relationship between hedo-
nic motivation and behavioral intention to use gestures.

H4a There would be a significant positive relationship between hedo-
nic motivation and behavioral intention to use gestures, and this
relationship would be moderated by age.

H4b There would be a significant positive relationship between hedo-
nic motivation and behavioral intention to use gestures, and this
relationship would be moderated by gender.

H4c There would be a significant positive relationship between hedo-
nic motivation and behavioral intention to use gestures, and this
relationship would be moderated by experience.

H5 There would be a significant positive relationship between expe-
rience and behavioral intention to use gestures.
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4 Implementation

4.1 Research approval

Conducting research with humans requires fully informed consent to participate. Privacy and
confidentiality are important factors to keep in mind.

4.1.1 Video recording

Video recording can be problematic in regards to privacy concerns, because participants can be
recognized on the video footage. In Norway it is required to seek approval from the Norwegian
Social Science Data Service (NSD). The approval for this project was sent on the 25th of January
2013. (Appendix H – Notification form and Appendix I – NSD approval).

4.1.2 Ethical approval

Seeking approval for video recording was less important in London where it is more important
to select participants outside of certain age groups. Given the time limits on the project and the
time required by the ethics committees to properly assess the merits of a proposal, participants
were targeted to be above 18 and beneath 65 years of age. The project followed the general
guidelines of the ethical committee on the information sheet and informed consent.

4.1.3 Information sheet

The information sheet or explanatory statement is designed to give participants information
about the research project, such that they can give informed consent to participate in the project.
Another benefit of having a written statement in comparison to telling participants about the
study, is that every participant gets the same information. The information sheet which was
used during the study, can be seen in the Appendix A. However, before giving participants the
informed consent sheet to sign, the researcher verbally told the next steps as indicated in the
script (Appendix E).

4.1.4 Informed consent

To obtain informed consent from participants is one key element of conducting ethical research [66].
This document informs participants briefly about the nature of the research and what participa-
tion will involve. It includes a statement that participation is voluntary and may be terminated
at any time without penalty. Finally this document guarantees confidentiality with the obtained
data and how the researcher can be contacted. In the Appendix B is the template form which
was used for both the pilot studies and the experiments. The signed forms for every participant
are on file.

4.2 Interaction lab

As laboratory facilities for the simulation for this research project, the interaction lab at City
University was made accessible. Starting with becoming acquainted with the lab and instruments,
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the set-up was designed using hardware such as kinect for XBox, an XBox game console, the
QSensor, a PC running Windows 7 with a connected webcam and an additional MacBook. The
applied software included a webcamViewer and Skeletal Viewer.

The webcamViewer is a free off-the-shelf software, which already was installed on the PC. The
webcam was set up to film the big canvas screen and therewith to capture the interaction output.
The SkeletalViewer sample comes together with the Windows Software Development Kit (SDK)
Beta and demonstrates the use of rendering depth, video, and skeleton data. The screen was
recorded as flv (Flash Video File) with the free off-the-shelf software FreeScreenToVideoV2.0.
Both softwares had already been installed on the PC. The audio was captured by using the kinect
as input line-in. Figure 9 below illustrates the chosen set-up. The then following Figure 10 shows
the screen content, which was recorded on video.

Webcam

Logitech QuickCam Pro 5000

320x240 / 30 fps

SkeletalViewer

Free Screen to Video V2.0

Kinect for XBox QSensorMacBook

XBox Game Console PC

Hardware

Software

Webcam

Figure 9: First set-up

4.2.1 TV-task

Based on the basic idea of simulating a TV-interaction in combination with available instruments,
the initial solution was to use an available online platform, as iplayer from BBC or Netflix. The
benefit of using the iplayer would have been that participants may have had knowledge about
it, and therewith would react more naturally in their interaction with it. The drawback was that
it has to be controlled by the mouse, which could have been problematic in regard to playing a
convincing wizard-of-oz. That was the same for Netflix, which additionally demands a monthly
fee for its service.

In trying to find a more convenient solution, the Apple Media Center seemed to be a good
choice, as it can be controlled by a remote control and act as a TV interface. The fact that several
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SkeletalViewer

Free Screen to Video V2.0

Webcam Viewer

Figure 10: Video content recorded from scree

remote controls where available as backup, confirmed the choice of this solution. In being able
to change the input to the overhead projector from PC to laptop and visa versa, it was possible
to run the PC and screen recording in the background, while showing the Apple Media Centre to
interact with. Subsequently, the following tasks were picked to design a TV experience:

1. Turn the TV on

2. Move downwards in the menu to the label "Podcasts"

3. Move upwards in the menu to the label "Movies"

4. Select "Movies"

5. Move upwards in the menu to the label "iTunes Top Films"

6. Select "iTunes Top Films"

7. Move downwards in the menu to the label "5th ranked Movie"

8. Select movie "5th ranked Movie"

9. Pause the movie

10. Play the movie

11. Increase the volume

12. Decrease the volume

13. Fast forward
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14. Stop

15. Fast backward

16. Stop

17. Go back to the menu

18. Turn the TV off

4.2.2 Game task

Three XBox Game CDs were available at City University (Figure 11). Although the game task was
not to record gestures, but more likely to provide a holistic gesture experience, the game should
nevertheless be comparable and controlled between subjects. The adventure game was therefore
not taken, as it may be difficult to control. The evaluation of a baseball game showed that it can
be demanding, as the player both has to hit balls, catch balls and run from base to base. Although
it might be fun and a good exercise, the intention was not to demand too much from participants.
Also, not everybody might understand the concept of playing baseball. Bowling from the kinect
sports CD seemed therefore to be a good choice. It is a familiar sport for both younger and older
age groups, easy to control with six throws for everyone, and points can be compared.

Figure 11: Available Xbox games

Having decided on the TV-task and game-task, the next step was to design the sequence of
events.

4.2.3 Sequence of events

Starting with charging devices and turning on computers, the XBox, and the overhead projector,
the sequence of events started with the TV-task.

1. TV-task

• Open SkeletalViewer

• Open WebcamViewer

• Open Free Screen to Video 2.0 (Records SkeletalView, Video, Sound, and Screen)

• Plug kinect into PC
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• Connect Laptop with screen adapter (Laptop screen is shown on overhead projector)

• Control Apple Media Center with the Apple Remote

2. Game task

• Unplug Laptop

• Unplug kinect from PC

• Plug kinect into XBox

• Choose PC on changer (XBox screen is showing on overhead projector)

• Bowling game with six throws

3. Stop video recording

Having decided on the sequence of events, the next step was to test the experiment in subse-
quent pilot studies.

4.2.4 First pilot

The first pilot study revealed the need to control the experiment even more. Having a controlled
set-up, also makes it possible to compare different groups. Another interesting lesson from the
first pilot study was the researcher’s placement in relation to the participant. In sitting too close
to the first participant, the researcher was captured by the kinect as well. Moving on the other
side, while having the second participant, problems with the remote control occurred, because
the participant crossed the line between the researcher and his laptop, simulating the TV task.
The pilot also revealed that participants needed a confirmation prior to the experiment that there
were no right or wrong gestures.

4.2.5 Second pilot

Both changes in comparison to the first set-up are marked with a green star in Figure 12. The
main lesson from the second pilot was to be aware of demanding situations, for example when
wires had to be switched in the change from TV task to game task. Moreover, the opportunity of
having a test person was used to estimate time used for the different tasks, as well as to evaluate
a system to count bowling scores. Further improvements were made in regards to having open
questions in the acceptance questionnaire.

4.2.6 Third pilot

The third pilot study revealed some improvements made in the questionnaire. Mostly in regards
to structure and meaning, for example having all positive wordings first and then the negative,
and not mixing them. One of the participants commented that situations should be captured,
where participants have had a kinect, but do not use it. This question would to some extend
reveal the acceptance of a gesture-based system. Nevertheless, to ask that question in an open
interview situation would probably be better, as it may require additional questions to follow
up on. Because closed questions were chosen, this question would require too many alternatives
to rate. Alternatives could for example be seen in the fact that game-playing is a social activity,
which could mean that your friend has a kinect. A follow up question would therefore be how
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Figure 12: Second set-up

many times you visit your friend. Alternatively the question for how long participants had owned
a kinect or wii was added. In comparing those answers with the answers given in the 3D-gesture
usage rating, it would then be possible to cross-check answers. Once more were notes taken of
the time used for the different tasks and the score chart was improved. On the basis of the time
frames, it was then possible to estimate the time for the experiments to be around 20 minutes
(Table 9), which was further used as information in posters, the information sheet, informed
consent sheet, and a schedule of daily events for the test days.

Table 9: Time (min) spent per participant

Sequence P1 (2. Pilot) P1 (3. Pilot) P2 (3. Pilot) Average
Q 1 3 2 8
TV 8 5 7
Game 5 4 5
Q 2 3 4 6
Total 21 15 30 20
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4.2.7 Camera-based gesture recognition

After having structured and tested the set-up, the next step was to implement a camera-based
gesture recognition, as the SkeletalViewer just shows the outcomes of movements, but does not
record them automatically. However, using the kinect for XBox for the SkeletalViewer in the TV-
task, a second kinect was needed, which could be used as gesture recording device during the
TV-task and then as kinect for the XBox during the game task (Table 10).

Recording gestures with a kinect for XBox can be done with the Software Brekel Kinect. The
free software saves gestures as bvh (Biovision Hierarchy) files, which can be read by different
3D animation programs. Nevertheless, Brekel Kinect is a kinect hacked software, which is not
necessarily supported or accepted by the already installed Windows kinect SDK on the used
PC. Therefore, a second PC was required, to run the second kinect with the Brekel Software
to capture gestures. The improved set-up, which was then used for the first test-series with the
younger participants can be seen in the following Figure 13 and Figure 14. The green stars in
Figure 13 are again showing the changes made.

Table 10: The usage of both kinects

1. Kinect 2. Kinect
Plugged into PC1 (Skele-
talViewer)

Plugged into PC2 (Brekel
Kinect)

TV X Y
X Change to XBox

Game X Z

In having two kinects, an ongoing problem with the WebcamViewer occurred during the
recording. Because the error message was blocking the video captured by the SkeletalViewer, it
was decided not to use the WebViewer during the experiment series.

4.2.8 Summary pilot studies

Conducting pilot studies prior to the experiment improved iteratively the chosen methods and
structure of the set-up. It helped to estimate the time frames for the experiment and to sched-
ule it. The QSensor showed valid results in being used as accelerometer device. Moreover the
MacBook was used to fill out the questionnaires during the pilot studies. To have an additional
device for the questionnaires during the experiment would be more convenient. Altogether, three
pilot studies were conducted. The first pilot study was on the 5th of February 2013, with two
participants. The second pilot study was on the 13th of February 2013, with one participant. The
third pilot study was on the 19th of February 2013, with two participants. The informed consent
forms are on file.

4.3 Vouchers

Getting participants to participate in studies can be difficult to achieve. To motivate participants
vouchers may be a good solution to give something in exchange for peoples offered time, as well
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2. Kinect for XBox

a) PC 2 (Brekel Kinect)

b) XBox (Bowling Game)

1. Kinect for XBox

PC 1 (SkeletalViewer)

XBox Game Console
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PC 1 and Laptop

PC 1 (SkeletalViewer)

PC 2 (Brekel Kinect)

Hardware

Software

Figure 13: Third set-up

as appreciation. This project handed out cake vouchers, as they are something else then purely
money, liked by both age groups, affordable, and the cake stall selling the cakes was located in
the neighborhood. (Appendix 67 – Receipt 1; Appendix 68 – Receipt 2; Appendix G – Designed
number system with claim codes).

4.4 First test series

The first experiments were running on Wednesday 27th, Thursday 28th of February 2013 and
Friday 1st of March 2013. In total, 26 participants participated during those three days, of which
15 were males and 11 were females, all except two being right handed. 20 participants were
under 30 years old and 6 participants over 30.

Seven participants from the hockey team, six participants from the centre for human com-
puter interaction, four interaction design master students, one participant from the school of
informatics, one participant working in the administration, and three participants from the de-
partment of health research. In addition four participants took part of whom two where asked
on the hallway, and two where brought by another participant. None was above 50 years old.
New time slots on the 13th, 14th and 15th of March, with the objective of finding participants
above 50 were scheduled.
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Figure 14: Third set-up with MacBook

4.4.1 Recruiting participants

The progress of getting participants is time consuming, certainly getting a certain amount of
participants. The first test series was planned with participants from the younger age group, and
then a second test series with participants from the older age group. Two weeks in advance of
the first booked test series in the interaction lab, the search for participants started.

The hockey team was asked and email addresses were followed up from persons who have
expressed interest in taking part. Starting by asking participants to write an email or call to
arrange a suitable time was later improved by having a doodle link where participants could
look for a suitable time slot themselves.

In addition social media channels such as twitter, facebook and linkedin were used to promote
the research project. The researchers’ twitter message was retweeted by three persons from the
university to create a greater impact zone. Flyers in the University and a local library were hung
up. One of the library employees told about St Luke’s, a community centre close bye where
the researcher could meet older people. Later on a meeting with their Service department was
arranged.

4.4.2 Set-up

To capture movements, two kinects for XBox and the QSensor, which was tied around partici-
pants’ dominant arm were used. One kinect was plugged into a PC running Windows 7. Here
the software SkeletalViewer used the kinect to show participants’ movements in a depth color
window, a skeletal point window, and a color video window. All three windows where recorded
during both interaction sessions by the software FreetoScreenVideo as Flash Video file. Addition-
ally audio information was captured during both interaction tasks.
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The second kinect was plugged into another PC running Windows 7, which ran the kinecthack
Software Brekel Kinect. The movement data was captured as bvh files during the TV task. After
the TV task the kinect was plugged into the XBox, which was used for the Bowling game. After
the Bowling game the recording of both the SkeletalViewer and the QSensor was stopped.

A MacBook was used to simulate a TV by having a TV background picture. The screen was
mirrored to the overhead and display canvas. An Apple Remote Control was used to simulate the
gesture outcomes.

4.5 Second test series

The experiments ran on March 13th, 14th and 15th. In total 12 participants took part, one
being 42 and 11 within the age range from 48-73 (8 females and 4 males). The majority of 8
participants were between 53-73. All participants were right handed.

Having participants coming from outside the University, it was necessary to provide the front
desk employees a list with the researchers mobile number to contact when participants had ar-
rived. Because the interaction lab was on the second floor, participants could choose between
taking the stairs or the elevator. Different to the first test series participants could choose to use
the ipad, Windows laptop or print-out questionnaire as alternative ways to answer the ques-
tionnaire. Moreover beverages and cookies were made available (Figure 15), and more cake
vouchers had been purchased.

PC laptop ipad

Print-out questionnaire
Informed consent sheet

Information sheet Beverages & Cookies

Chair used by

 participants

Chair used by

 researcher

Figure 15: Prepared lab room for the older participants

4.5.1 Recruiting participants

Finding older participants can be challenging because of several reasons. London as a city itself
and maybe the city district in particular is more inhabited by younger people. People over 50 are
often very busy. Either having senior positions, or in general busy with their lives, which makes
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it difficult to meet them in situations where they have time.
Because of insurance issues and existing cable spaghetti, it was not possible to move equip-

ment outside the University facilities. Participants needed therefore to come to City University,
which could be another barrier to find people in that age range. Participants were looked for
inside the University, by hanging up 40 improved posters. Interested participants could use a QR-
Code with a link to a new doodle schedule. In addition was the poster showing the researcher’s
email address and telephone number.

In general age can be a delicate factor for many and some may be offended if you assume
them to be over 50, when they are not. Colleagues often don’t know how old people are, and age
may first be revealed if you know them very well.

Moreover, the contact to St Luke’s community center was followed up. First via email and
then with a second meeting. Chocolate was brought as a thank-you gift for the promotion of
the project. Having one person with good knowledge of everybody at the center helped a lot
in getting the possibility to introduce the project, as well as getting email addresses for further
promotion.

In the end, twelve participants were recruited. Two from the centre of human computer in-
teraction. Another city student was responding to the posters and one participant who had pre-
viously worked at the centre. From St Luke’s 8 participants came.

4.5.2 Set-up

To capture movements the kinect for windows and the QSensor, which was again tied around
participants dominant arms were used. The kinect for windows was plugged into a PC running
Windows 7. The position of the kinect for Windows had to be changed to an approximate eye
height, which was the same for every participant. A kinect for XBox, which during the first TV
task was plugged into a second PC running Windows 7 was used. As in the previous set-up, the
software SkeletalViewer was used to show participants movements in a depth color window, a
skeletal point window, and a color video window. All three windows and audio information were
recorded during the TV task with the software FreetoScreenVideo as Flash Video file.

Different to the previous set-up, the recording was stopped after the TV task, and then the
kinect for XBox was plugged into the XBox to start the bowling game. The set-up can be seen in
the Figure 16 bellow. In addition to the required changes by using the kinect for Windows, was a
smaller table used for the placement of the researcher, as it was less restrictive in changing plugs
(green stars).

Similar to the first set up, the MacBook was used to simulate a TV by having a TV background
picture. The screen was mirrored to the overhead and display canvas. The Apple Remote Control
was used to simulate the gesture outcomes. The image bellow shows the two PC screens, which
had been in use during the test series. The screen above shows PC 1, running the GesturePak
Software. The screen below shows PC 2, running the SkeletalViewer Software Figure 17.
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Kinect for XBox

XBox Game Console

Overhead projector

Placement of researcher

during both tasks

Placement of participant

during both tasks

Figure 16: Set-up with the kinect for Windows
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SkeletalViewer

Apple Media Center

GesturePak

Figure 17: Researchers view on instruments during the second test series
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5 Presentation and analysis of data

5.1 Demographics

A total of 38 people completed the final experimental session. 21 were aged 18-31, 11 between
48-73, and six who fell in-between the defined research group. The young group includes 12 male
and nine female participants. The older group includes four male and seven female participants.
All participants had previous experience with computer usage as the word cloud in Figure 18 is
showing.

Games 

Pleasure 

Accounting

Finance 

 Word-processing 

Decision

support  Graphics
Data-storage

Other

Young males

Games 

Pleasure 

Accounting

Finance 

 Word-processing 

 Graphics

Data

storage

Other

Young females

Games 

Pleasure 

Accounting

Finance  Word-processing 

Decision

support 

 Graphics

Data-storage

Older males

Decision

support 

Games 

Pleasure 

Accounting

Finance  Word-processing 

 Graphics

Data-storage
Other

Older females

Figure 18: Word cloud of computer usage

Additionally were participants asked about their current position and chose between Arts
and Social Science, Business, Engineering and Mathematical Science, Health Science, Informat-
ics, Law, and Other. The areas followed programs at City University. Two participants from the
younger age group chose "other", writing in the position as Researcher and Graphic Designer.
Six participants from the older age group chose "other", writing in the position as Retired and
University Lecturer.
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The majority of participants had a background in informatics. Nevertheless, the amount of
non-informatics respectively non-technical can oppose the amount of informatics.

5.2 Triangulation

Triangulation can bring together data from different sources [65], which can enrich the analysis
by examining findings from different perspectives. This study is observing participants carrying
out gestures in the video analysis and the quantitative material from the gesture recognition and
the UTAUT2 questionnaire. Moreover are the open questions, the recording of verbal behaviors
and the user experience scale analyzed.

5.3 Video analysis

In total 37 videos were captured. The total amount of analyzed videos was 31. 20 videos of
the young age group, and 11 videos of the old age group. The captured Flash video files (flh)
were then converted into mp4 video files by using the free software FLV Crunch. The converted
video files could then be analyzed with the free software Subs Factory. Subs Factory was cho-
sen as analyzing tool, because it has a timeline window, showing hours, minutes, seconds and
milliseconds.

By opening and playing the videos in Subs Factory, gestures could then be marked according
to their start and stop time. From that, gesture duration could be calculated. This time analysis
was done for every video and transferred into an excel file per video. This excel sheet was then
further used to script what was said during the TV-task.

Additionally, gestures were described and placed into either offline or online. Moreover, the
excel file was used to record which arm the participant was using, and which gesture space the
performed gesture required.

Together with the qualitative information of the open questions from the acceptance ques-
tionnaire, the excel file presents the analysis of the video files. The excel sheets can be seen in
the Appendix Q. The results will be presented in the following subsections.

5.3.1 Verbal behavior

The results of the verbal behavior are divided into comments from the younger group, and a
second list from the older group. Because participants were told that the researcher would not
answer any questions during the TV-task, not everyone made comments. Nevertheless, this small
representation of both participants in both age groups show similar enjoyment. The complete list
can be found in the Appendix K.

Comments from the younger age group

• Cool

• Fun

• Great

• Amazing
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Comments from the older age group

• Fun

• Amazing and intuitive

• Natural

5.3.2 Questionnaire responses

The presentation of the answers given in the open questions in the acceptance questionnaire are
summarized responses. Participants were asked if they experienced any problems or issues, and
if they would describe their experience as positive. The questionnaire was given to participants
after they had absolved the TV- and game tasks. A complete list of all responses can be found in
the Appendix L.

In using 3D gestures, did you experience any problems or issues?

Responses given by the younger age group (19 responses)

• No problems (eight participants)

• Minor problems (seven participants)

• Problems (four participants)

Responses given by the older age group (9 responses)

• No problems (four participants)

• Minor problems (three participants)

• Problems (two participants)

In using 3D gestures, would you describe your experience as positive?

Responses given by the younger age group (19 responses)

• Agree (19 participants)

Responses given by the older age group (11 responses)

• Agree (seven participants)

• Moderate agreement (four participants)

5.3.3 Online and offline gestures

The frequency of performed online or online gestures was calculated by using SPSS. Online
gestures where coded as 1, and offline gestures 2. The results for each TV-task can be seen in
Table 11.

5.3.4 Gesture space

The video analysis was also used to develop a gesture space grid system, to show the space
volume each participant was using during the TV-task. The grid system was developed to show
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Table 11: Frequency of online and offline gestures during the TV-task

Task Online
Gestures

Offline
Gestures

Turn the TV on 20 11
Move downwards in the menu to the label "Podcasts" 27 4
Move upwards in the menu to the label "Movies" 29 2
Select "Movies" 8 23
Move upwards in the menu to the label "iTunes Top Films" 28 3
Select "iTunes Top Films" 9 22
Move downwards in the menu to the label "5th ranked Movie" 28 3
Select movie "5th ranked Movie" 9 22
Pause the movie 12 19
Play the movie 16 15
Increase the volume 30 1
Decrease the volume 30 1
Fast forward 28 3
Stop 10 20
Fast backward 29 2
Stop 10 21
Go back to the menu 24 6
Turn the TV off 23 7

hand-movements of the dominant arm along the axes x, y, and z. The coordinates were trans-
formed into the excel file, and used for data visualization, which is presented in the visualization
chapter 7.

5.4 Camera-based gesture recognition

During the first test-series with the younger age group, gestures were captured using the Brekel
kinect software and a kinect for XBox. The captured files were saved as bvh (Biovision Hierarchy)
files. From the 21 younger participants, 18 files in total were recorded. During the second test-
series with the older age group, gestures were captured using the GesturePak software and a
kinect for Window. The captured files were saved as xml (Extensible Markup Language) files.
From the 11 older participants, six files in total were recorded.

Whereas Brekel kinect tracks every point of the body in regard to the 20 kinect points, Ges-
turePak had the option to chose which points to be tracked (Figure 19). Because gestures were
mainly made with the dominant arm, the selected tracking-points in the xml files include the x,
y, and z position of the dominant arm and one point from the chest.
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Figure 19: Chosen tracking points in GesturePak

5.5 Sensor-based gesture recognition

Participants were asked to wear the QSensor with the accelerometer sensor on their dominant
arm during both interaction sessions. The captured files were saved as eda files, which here is
used as short-form for electrodermal activity. The files could then be opened with the software
Q, which is developed by the company behind the QSensor device [58]. The software has the
option to export files as csv (Comma-separated values), which then can be imported to Excel.
Time information was not available for every capturing, but was added to the software after an
written enquiry (Appendix F).

The excel file included x, y, and z positions, captured every 500 milliseconds, starting to
count from the actual time, for example 10:03:25,500 (h:t:m:s,ms). The factor time was further
used to map gestures in the excel data. This was done with help from the video analysis, where
the recording starting-point and gesture time-range was apparent. However, the gesture starting
point had to be added to the video starting-point, because Subs Factory always started to count
time form zero. Excel was used to do the calculations.

Furthermore, Excel was used to calculate the magnitude value of the x, y, and z values and
present it as a graph. The magnitude value is showing the direction towards gravity. For instance,
a negative value would indicate a "free fall", whereas a vertical up movement would draw a spike
in the graph. The graph is showing time on the x-axis, and gravity on the y-axis. Moreover is every
gesture performed in the TV-task marked with a starting line and dashed stoping line.

In total 34 eda files were captured. Subtracted by six files from the middle age group, and
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one file from participant three who could not be analyzed because of the missing video, 27 files
had been exported, and imported to Excel. The graphs outcome are shown in the Appendix R.

5.6 Bowling score results

Bowling is a game where a player has to throw a bowling ball towards ten pins which are placed
in a triangular form. In the gaming tasks, players were asked to throw the bowling ball six times.
The number of points, strikes and spares during the interaction were recorded. The player has a
strike when all pins are cleared in one throw. Remaining pins can be cleared in a second throw,
which would be a spare. If the player neither throws a strike or a spare, points of the cleared
pins are counted. The final result is put together from cleared pins and its bonus system by the
number of strikes and spares. To calculate the final result per participant, an Excel template [67]
was downloaded and used.

The resulting number of points, strikes and spares was then analyzed in regard to gender, age
and level of experience. The widespread and accessible software SPSS was used for the statistical
analysis. In total, the results of 32 participants were analyzed, of which 16 were males and 16
females. Males had in sum, 665 points, 16 strikes and 10 spares with an median score of 38.
Females had in sum, 653 points, 15 strikes and 11 spares, with an median score of 32.5.

Divided into age, the young group consisted of 21 participants, whereas the old group con-
sisted of 11 participants. The median number of points of the young group was 33, whereas
it was 40 for the old group. The highest number of points and strikes had one older female
participant, with 98 points and 4 strikes.

The level of previous real life bowling experience was asked by the gesture experience ques-
tionnaire. Participants could rate on a 5-point Likert scale, between never, 1-2 times, under 10
times, and more than 20 times. Those five options were coded from 1 to 5 in SPSS, where 1
represented never, 2 rarely, 3 sometimes, 4 often and 5 many times.

In identifying relationship between points, strikes, spares, and experience, the Pearson’s r
correlation coefficient test can calculate if there is any significant relationship between those
factors. The value of r ranges from –1.00 to 1.00 [28]. If a score between two factors is –1.0, it
means that any increase in one of the factors, will predict a decrease in the score of the other
factor. On the opposite, when a score between two factors is 1.0, it means that any increase in
one of the factors, will predict a increase in the score of the other factor. When the score between
two factors is 0, it means that there is no relationship between the two factors.

The analysis shows, that there is no relationship between previous experience and number of
points, strikes or spares (Figure 20). However, strikes and spares are positive correlated towards
the value of points, which makes sense. The best example would be the older female participant,
who had the most points and highest number of strikes.

5.7 Previous Experience Questionnaire results

The first questionnaire asked participants about their previous experience with computers and
technology, as well as experience in 3D- and touch-gestures. The personal information section
asked participants for how long they had owned a kined or wii, as well as demographic data
such as gender, age and profession. The following subsections present the respective results.
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Figure 20: Correlations between points, strikes, spares and level of previous experience

5.7.1 Experience in 3D-gesture usage

Participants were asked to rate their experience in 3D-gesture usage. They could rate on a 7-
point Likert scale, between 1=not experienced, 2=1-3 months, 3=3-6 months, 4=6 months-1
year, 5=1-2 years, 6=2-3 years, and 7=More than 3 years. Those seven options were coded from
1 to 7 and sorted in Excel according to age and gender.

In regard to age, the younger age group has more experience (Figure 21). Seeing the level
of experience in regard to gender, both young and old males claim to have more experience
(Figure 22).

Figure 21: 3D-gesture experience divided by age
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Figure 22: 3D-gesture experience divided by gender

5.7.2 Experience in touch gesture usage

In a second question, participants were asked to rate their experience in touch gesture usage.
Again, they could rate on a 7-point Likert scale, between 1=not experienced, 2=1-3 months,
3=3-6 months, 4=6 months-1 year, 5=1-2 years, 6=2-3 years, and 7=More than 3 years. Those
seven options were coded from 1 to 7 and sorted in Excel according to age and gender.

In regard to age, the distribution of touch gesture usage is more equally distributed (Fig-
ure 23). In regard to gender, the young age group seems to be equally distributed, whereas older
females might have more experience in touch gesture usage than older males (Figure 24).

Figure 23: Touch gesture experience divided by age

5.7.3 Own game console

In the personal information section, participants were asked for how long they had owned a
gesture-based game console. A Microsoft kinect and Wii represented a gesture-based game con-
sole. Participants could choose between I don’t own a game console, just bought, 1 year, 2 years,
and 3 years. SPSS was again used for the analysis, showing following results in Figure 25 and
Figure 26. The majority does not own a game console. The ones who owned a game console,
owned a Wii rather then a kinect. Furthermore male participants rather owned a game console
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Figure 24: Touch gesture experience divided by gender

than females.

Figure 25: Own game console distributed in regard to age

5.8 Gesture Acceptance Questionnaire results

After the TV-task and game task participants were asked to fill in a questionnaire about their
experience with those gesture based interactions. One section asked participants to scale differ-
ent words or phrases, which described their current experience closest. Here participants could
chose between Fun to use, Engaging, Easy to use, Helpful, Frustrating, Annoying, Boring, and
Unnecessary. The range went from strongly disagree to strongly agree, and was coded from 1 to
5. Table 12 below present the frequency for each phrase.

The results show, that participants agree on gestures to be Fun to use, Engaging and Easy to
use. Furthermore gestures are not perceived as Annoying or Boring. However, the relative high
amount of participants answering undecided to the questions if gestures are perceived as Helpful,
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Figure 26: Own game console distributed in regard to gender

Frustrating and Unnecessary, might indicate less agreement to those wordings. Presenting the
results in a graph shows that the modus of Helpful is placed on undecided (Figure 27). The
factor helpful might therefore be the most critical towards a positive gesture experience.

Figure 27: UX graph, showing modus and mean

5.9 UTAUT2

The response rate of the UTAUT2 questionnaire was 100 percent. The number of answers given
in case of previous experience with Kinect games, Computer App games and PC games was
31 instead of 32. In regard to previous experience with Tablets or E-books was the number of
answers given 30 out of 32. Furthermore did one participant not answer the second hedonic

50



Acceptance of 3D-gestures based on age, gender and experience

Table 12: User Experience

Strongly
disagree

Disagree Undecided Agree Strongly
agree

- - - + - + + +
Fun to use 16 16
Enganging 3 15 13
Easy to use 1 21 10
Helpful 1 13 12 6
Frustrating 9 16 7
Annoying 14 16 2
Boring 19 9 3 1
Unnecessary 11 10 9 2

motivation question.

5.9.1 Descriptive statistics

Results generated from the UTAUT2 questionnaire were again analyzed by using SPSS. Given the
range of participants who participated in this research project and the relative big sample size the
UTAUT2 model requires, descriptive statistics can be used to reflect the results from the sample
used for this study [65]. Descriptive statistics describe data, which can be done by calculating
the mean of the given answers (Table 13). The mean is the average of all data points and most
commonly used in statistical analysis [68].

Given the range on a five-point scale from disagree to agree, Performance Expectancy ranged
from 3.53 to 4.03. Effort Expectancy ranged from 3.97 to 4.44. Both ranges can be seen as high.
Facilitating Conditions ranged from 2.91 to 4.13, showing a more moderate average. Hedonic
Motivation ranged from 4.28 to 4.59. Behavioral Intention ranged from 3.91 to 4.28. The two
latest constructs show again a high score. The respective standard deviations indicate how much
variation there is from the mean. A low standard deviation indicates that data points are close
to the mean, which proves the mean to be more reliable for the data set [36]. The standard
deviations show nevertheless a normal distribution with a valid point of gravity.

5.9.2 Instrument reliability

The Cronbach’s alpha test can be used to estimate to what extent all items within a single in-
strument yield similar results. The Cronbach’s alpha is the most common used measure and
calculates the mean of all possible split-half coefficients. The Cronbach’s alpha value for all 15
items was calculated by using SPSS and was .833, indicating a high level of internal consistency
for the scale within this specific sample.

In testing the constructs separately the Cronbach’s alpha value indicated a negative value for
the facilitating conditions -.012, which can be a reason of both using the mean as central point
of tendency and having a relatively small sampling size. The further data analysis indicated that

51



Acceptance of 3D-gestures based on age, gender and experience

Table 13: Descriptive analyzis

Survey items Mean Std.
Deviation

[Performance Expectancy]
PE1: Using gestures helps me accomplish things more
quickly

3.84 .847

PE2: I find gestures useful in my daily life 4.03 .999
PE3: If I were to use gestures, I would increase my
chances of completing an assigned task

3.53 1.047

[Effort Expectancy]
EE1: Learning how to use gestures is easy for me 4.31 .693
EE2: My interaction with gestures is clear and under-
standable

3.97 .782

EE3: I find gestures easy to use 4.28 .772
EE4: It would be easy for me to become skillful at using
gestures

4.44 .619

[Facilitating Conditions]
FC1: I have the resources necessary to use gestures 3.88 1.385
FC2: I have the knowledge necessary to use gestures 4.13 .942
FC3: Gestures are not compatible with other systems I
use

2.91 1.118

[Hedonic Motivation]
HM1: Using gestures is fun 4.59 .560
HM2: Using gestures is enjoyable 4.45 .675
HM3: Using gestures is very entertaining 4.28 .813
[Behavioral Intention]
BI1: I intend to continue using gestures in the future 4.28 .888
BI2: I plan to continue to use gestures frequently 3.91 .995

the data set in FC1 was not normal distributed, with 15.6 percent negative answers (disagree
and 2), 15.6 percent neutral answers (3), and a peak with 68.8 percent positive answers (4 and
agree). Additionally indicated the data set in FC3 a negatively skewed distribution.

However, the other constructs are indicating a high level of internal consistency (PE .671, EE
.863, HM .914, BI .729) and reliability.

5.9.3 Relationships between variables

The Person’s product-moment correlation was again used to discover relationships between the
constructs and key moderators. Table 14 shows significant correlation between the constructs
and a behavioral intention towards gesture usage. The Facilitating Condition shows a negative
correlation between FC3 (Gestures are not compatible with other systems I use) and the first
behavioral intention BI1 (I intend to continue using gestures in the future). Gender shows no
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correlation. However, age is negative correlation towards hedonic motivation (HM1,2,3).
A positive correlation between experience and Effort Expectancy (EE) can be seen with the

usage of Smartphone App games, Computer App games, and Smartphone. Facilitating Condi-
tions (FC) are correlated with touch gestures, Wii games, Computer app games, PC games, and
Smartphone. PC games is negative correlated with FC3 (Gestures are not compatible with other
systems I use). Hedonic Motivation (HM) is correlated with PC games. Furthermore the correla-
tion analysis reveals a negative correlation between hedonic motivation and age.

In addition shows the correlation analysis, that experience with Wii games is positive corre-
lated towards a behavioral intention.

1 2

1** Correlation is significant at the 0.01 level (1-tailed).
2* Correlation is significant at the 0.05 level (1-tailed).
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6 Discussion

6.1 Gesture recognition
Camera-based gesture recognition

The camera-based gesture recognition initially used the kinect for XBox in cooperation with the
software Brekel kinect. However, due to noisy data output, the second test series used a kinect
for Windows in cooperation with GesturePak to capture gestures. Although the xml files from
GesturePak are of better quality and can be more easily imported to other programs, such as
Excel, they just capture x, y, and z values between two snapshots. The advantage of this approach
is that the software can be used to develop specific gestures, without capturing too much data.
The disadvantage is that a natural gesture flow can be difficult to capture, as the software needs
to be interrupted to take snapshots. Also participants might try to adapt their gestures intensity
until a picture is taken. However, the software is relatively inexpensive and the output can be
used for further developments.

The video recordings from the kinect devices were also used in the analysis. The frequency
analysis in the presentation chapter presented some interesting agreement on which gesture type
was performed.

Online and offline gestures

The distinction between online and offline gestures was made with the following characteristics:
Online or continuous gestures are iconic, navigational or dynamic. Offline or discrete gestures
are deictic or static symbols.

The framework made it possible to place gestures to be online or offline. Iconic gestures
could be simulating a remote control or turning the wrist to indicate that a button is turned
around. Furthermore, primary metaphors as high means up and low means down were recorded
as Iconic gestures. Dynamic commands are movements in one direction, maybe most similar to
touch gestures, performed in a 3D-space. Navigational gestures are dynamic movements in a
menu structure. Offline gestures were distinguished between Deictic and Static symbol gestures.
Deictic gestures are pointing gestures towards the screen, indicating that something is clicked.
Static symbols are signs given to the system. A prominent symbol was the open palm hand,
indicating a stop sign. Static symbols were also performed and held in position until the action
was performed.

The frequency analysis shows that participants performed online gestures to turn the TV on
and off. Online gestures were also chosen when interacting with the menu, leaving the menu or
playing the movie. The actions fast forward and fast backward also tended to be performed as
online gestures. Interesting is the nearly 100 % agreement on using online gestures to increase
or decrease the volume. Offline gestures were performed when conducting distinguished actions
such as selecting or pausing the movie. The action "stop" was often performed as a static symbol
gesture, pointing the open palm hand towards the screen. The pie charts in Figure 28 illustrate
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the gravity points towards online (blue) or offline (green) gestures. Besides the order "play the
movie", the charts advise that there were high agreement.

Online gestures

• (1) Turn the TV on

• (2) Move downwards in the menu to the label "Podcasts"

• (3) Move upwards in the menu to the label "Movies"

• (5) Move upwards in the menu to the label "iTunes Top Films"

• (7) Move downwards in the menu to the label "5th ranked Movie"

• (10) Play the movie

• (11) Increase the volume

• (12) Decrease the volume

• (13) Fast forward

• (15) Fast backward

• (17) Go back to the menu

• (18) Turn the TV off

Offline gestures

• (4) Select "Movies"

• (6) Select "iTunes Top Films"

• (8) Select movie "5th ranked Movie"

• (9) Pause the movie

• (14, 16) Stop

6.1.1 Sensor-based gesture recognition

The sensor-based gesture recognition used an accelerometer device, which continuously cap-
tured x, y, and z values. The benefit of the data output was that it could be further used for a
visual presentation of the movement and the development of a binary detector. Nevertheless, the
computed graphs from the QSensor accelerometer data revealed time and recording issues. Time
had to be matched between the QSensor and the video recording, which was done manually by
finding the start and stop time-points of each gesture. Moreover, data was captured every 500
milliseconds, which may cause deviation in the gesture sequences. Nevertheless, the graphs clar-
ify gesture signatures which can be read and translated into gesture movements. For example
the image in Figure 29 below shows how a circular gesture can be read from the data.

Individuals can be recognized according to the graphs. For example, participant 39 was per-
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Figure 28: Frequencies online and offline gestures illustrated in pie chart

forming fast and powerful gestures, which is visible in the computed graph with both high pos-
itive and negative peaks. However, intensity in comparison to each of the graphs did not reveal
any difference in regard to age, gender or experience.

The data issues indicate, that the capturing of only accelerometer data might not be good
enough. For example, the magnitude graph does not show if gestures moved to the right or left.
This may explain why common Smartphones in addition to accelerometer sensors use gyroscope-
sensors to measure orientation. Although the magnitude value may not be good enough for all
gestures, it can illustrate the functions of a detector, which is discussed further in the next section.

Binary detector

The binary detector was developed by using the standard correlation in Excel (Correl). The
formula calculates if a window over selected magnitude values correlates.
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Figure 29: Magnitude graph indicating a circle gesture

Correl(x, y) =

∑
(x− x)(y− y)√∑

(x− x)2(
∑

y− y)2

Several binary detectors can be used, as for example orientation in calculating angle differ-
ences and many more. However, the basic idea of a detector is to recognize signatures. The
incoming data set is writing zeros, until the gesture is recognized and written as 1 (binary nu-
meral system), which can give an electrical impuls. Some gestures may have a clear signature,
which can be used to identify them in a data set.

The graph of participant 1 is used as an example. Gesture sequence number 2 (Turn the
TV on (2nd time)) was used in the detector. The gesture sequence went from 10:09:20.386
to 10:03:23.838, which correspond to nine rows of data. The data in this window was then
correlated to the whole dataset, resulting in being recognized seven times. This means that the
detector detected one true positive and six false positives. Gesture sequence number 4 (Move
upwards in the menu to the label "movies") is used as second example, as the magnitude value is
showing a higher spike. The gesture sequence went from 10:09:40.826 to 10:09:45.327, which
correspond to 11 rows of data. Here, the detector detected only one true positive.

The advantages of the developed detector are that it detects a correlation between a template
and a sequence of action. In addition, the detector is adaptable in regard to range and sequence,
which makes it flexible and easy to use. For example, the sequence could be made blurrier by
removing numbers or conversely rounding up. On the other hand, the detector struggles in case
of changed values or if the chosen values are too flat, as sequence number 2 showed with six
false positives.

The detector also suits offline gestures, as it would read the incoming x, y, and z values from
a gesture interaction and for example return a true positive, which releases an action. Online
gestures on the other hand are much harder to detect, since they need an initiation phase, like
touching a surface when interacting with a touch gesture based system.
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6.2 Gesture-based interaction and human factors

To begin with, participants expressed concerns about not knowing which gestures to perform in
the open questions. The relatively short session shows nevertheless, that the interplay between
the participant on one hand and the simulated system by the wizard-of-oz on the other hand,
was learned quickly by the participants. For example, participant 18 said that ". . . got better as I
used it more" or participant 39 answered "I had a positive experience . . . after some practice. This
can furthermore lead to the assumption, that people can adapt to a gesture based interaction
technique relatively quickly.

On the other hand, some participants experienced problems with the system, not knowing
that it was controlled by the wizard-of-oz. For example participant 20 was worried that the sys-
tem had not detected her. Participant 21 described her negative experience as . . . some movements
were over the top which made some actions unrecognizable. The answer of participant 33 I wanted
and tried unsuccessfully to move up and down several menu items in one gesture; I’m not sure if
that is possible was difficult to simulate. In a menu-navigation, the wizard-of-oz had to simu-
late constraints. Nevertheless, in observing people dealing with this constraints can confirm the
assumption that people adapt quickly.

Also, people answered that they might not want too many gestures to interact with a system.
Not necessarily because it would be more difficult to learn or to remember all the gestures, but
because it can be challenging for the participant to come up with fitting gestures. Having no clear
instructions was experienced as negative. All those findings may be important success-factors for
3D-gesture developments.

The verbal behavior showed, that the younger age group often was concerned if they did "ok"
after the TV-task. On one hand, this reaction can be affected by having a laboratory set-up, which
might indicate to participants that their individual performance is measured. On the other hand,
this behavior might be a normal human reaction when interacting with an unknown system.
From this, it could be argued that new technological systems need a way to confirm to users that
they did "ok" or that they need to improve. To design for motivation has been done in gaming or
for the social web [69], and can improve an ongoing participation as well as accept.

Although the general purpose of computer usage was asked for in the questionnaire, it was not
part of the experience correlation because the primary concern was gesture usage. Nevertheless,
the data shows that particularly the older age group used a computer for a variation of tasks by
selecting and describing "other" as a purpose option for computer usage. The descriptions ranged
from social networking to Skype, and from holiday planning to editing video. It shows clearly that
although having less technological experience, the older age group still used the computer for a
variety of tasks. Hence, when designing a 3D-gesture system, the tool itself should be designed
for a usage and the targeted users, not the technology.

6.3 Hypothesis

This research project investigated hypothesis within previous experience and gesture acceptance,
which are discussed in the following subsections.
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6.3.1 Previous experience

Young males seem to have more experience with 3D-gesture usage than young females or the
older age group. In regard to the experience with touch gesture usage, older males seem to
have the least experience, whereas the younger age group and older females have similar levels
of experience. The time period participants had owned a kinect or wii game console was also
measured. The findings indicate that young males have owned a wii game console the longest.
The majority had not owned a kinect or a wii game console.

Previous experience was related to performed gestures. In discussing performed gestures in
light of gesture recognition, it is important to distinguish between online and offline gestures as
they require different gesture recognition. Offline gestures define meaning after the gesture is
performed. Online gestures, on the other hand, define meaning while they are performed. Online
gestures might therefore be closest related to a natural interaction, whereas offline gestures still
represent pointing gestures. The discussion about the naturalness of gesture recognition systems
has been ongoing [20], but points towards the interesting question of which kind of gestures
people perform.

The characteristic of performed online and offline gesture was counted from the excel sheets.
Although participants performed gestures of all categories (Online: Iconic, Dynamic, and Nav-
igational; Offline: Deictic and Static symbols), differences were detected. Young males and old
females performed mostly deictic gestures, whereas young females performed more iconic ges-
tures. Old males on the other hand performed more dynamic gestures.

The simulation of the system may have had an influence on which gestures participants per-
formed. For example the upper menu list of the Apple menu was showing on the canvas screen.
No indications were given as to which gesture to perform. Factors as how participants felt with
the concept of a gesture-based interaction and their different mental models can have had an
influence on which gestures they performed.

For example, participants 28 and 20 performed iconic gestures when simulating a remote
control. Participant 28 was imagining her TV at home to perform the required gestures. Partici-
pant 20 asked after the second task "Like I was holding a remote control?". A primary success in
an early task might indicate to participants to continue using this "first-guess gesture", as partic-
ipant 20 did throughout the task. Other participants tried to challenge the system by trying out
different gestures for the same kind of command, as for example participant 6, when holding his
ear to increase volume and placing his index-finger on the mouth to decrease volume. However,
this may also be an indication on how secure you feel in the interaction with technology.

The gesture analysis shows further that almost every participant used his or her dominant
arm to perform gestures. This can be interesting in regard to a watch-like device on the wrist
sensing gestures, as it will show a high reliability. Additionally, participants tended to have a
starting position to perform a gesture to which they returned after the gesture was performed.
This could be used as an initiation phase for online gestures.

Although the data shows differences between younger and older participants, respectively
between male and female participants, this project could not identify significant differences in
age, gender or experience, which influenced performed gestures.
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6.3.2 Gesture acceptance

The presentation of the verbal behaviors shows that both the younger and older age group en-
joyed the gesture interaction. It seems that the older age group primarily liked that the inter-
action was intuitive and natural. This finding can indicate that when gestures are experienced
as natural, an interaction is experienced as very positive. It also shows, that a positive user ex-
perience score can lead to a purchase intention, as participant 14 is saying "Are they selling it
already?".

The answers given to the open question if the 3D-gesture usage was experienced as positive,
shows that both age groups had a positive experience. Young males seem to have a more mature
and restrictive opinion about the usage of 3D-gestures. For example, participant 4 mentions
that . . . for games and pleasure activities it is really good . . . or participant 13 says . . . no need for
controllers which may be dirty or broken. whereas participant 7 excludes a 3D-gesture usage when
tired or feeling lazy. This can of course again prove that young males have more experience with
the usage of 3D-gestures. In comparison to the younger age group, the data shows that older
participants had a ambivalent experience, because they worried about how the technology and
usage of 3D-gestures would affect their every-day lives.

The analysis of both the verbal behaviors and answers to the open questions do however not
show differences in regard to gender.

The result from the user experience scale shows no significant differences in comparison
to age, gender or previous experience. The scale nevertheless indicates that participants vary
in their experience in regarding gestures as helpful and/or unnecessary. For 3D-gesture devel-
opment companies, those factors could be important success-factors for the acceptance of 3D-
gestures. 3D-gesture acceptance was also investigated with the UTAUT2 research model in the
next section.

UTAUT2 Questionnaire

The significance of factors was tested by establishing hypothesis (Table 15), which followed the
UTAUT2 [1] research model.

The hypothesis H1 was found to be significant, whereas age H1a and gender H1b had no
influence as moderators. The significance means that participants who believed in gestures to
be helpful, most likely tend to have a higher intention of using gestures. Neither age or gender
had a significant influence on the correlation between performance expectancy and behavioral
intention.

Moreover, the hypothesis H2 was found to be significant. Age H2a and gender H2b had again
no influence as moderators. The significance means that participants who associated the sys-
tem with being easy, most likely tend to have a higher intention of using gestures. Participants
who had a higher level of experience with Smartphone App games, Computer App games, and
Smartphones’ associated the system with being easier.

Additionally, hypothesis H3 was found to be significant, with nonsignificant moderators age
H3a and gender H3b. The significance means that when a participant believed in a supporting
infrastructure, he or she would tend to have a higher intention of using gestures. The negative
significance in the 3rd facilitating condition means that an increase in that factor, will predict a
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decrease in the intention of using gestures. FC3 asked participants if gestures were not compat-
ible with other systems they used. If gestures would be compatible with other systems, it would
mean that the intention of using gestures decreases. This might indicate that participants are not
sure if existing systems would provide a satisfying infrastructure to use gestures. However, the
correlation analysis just found BI1 to be significant, with a relative weak correlation (the weaker
the relation, the closer the value to 0 [36]). Experience with Wii games, Computer App games,
Smartphone and Tablet showed a positive correlation, whereas PC game experience showed a
negative correlation.

Furthermore, hypothesis H4 was significant. The significance means that an increase in hav-
ing fun or pleasure with a gesture-based system, will predict an increase in the intention of using
gestures. Gender H4a was found to be nonsignificant, whereas age H4b showed a negative cor-
relation. This means, that an increase in age, will predict a decrease in perceived enjoyment
with gestures. PC games showed moreover a positive correlation towards the enjoyment with
gestures.

Lastly, hypothesis H5 showed a positive correlation between Wii game experience and the
intention of using gestures.

The analysis shows that experience with certain devices has an influence on the UTAUT con-
structs. Especially experience with Wii games is positively correlated with a behavioral intention
of using gestures. Gender as another key moderator has not shown any correlations with the
UTAUT constructs. Age on the other hand was negatively correlated with hedonic motivation.

The conclusion might therefore indicate that experience with certain devices is influential on
the acceptance of performing gestures. Gender was not found to have a specific influence on 3D-
gesture acceptance. Furthermore, younger people tend to enjoy gestures more than older people,
although the analysis was showing a weak correlation. Nevertheless, the other constructs corre-
late positively with the behavioral intention of using gestures, which might indicate that older
adults prioritize to have a system which is helpful, easy and supporting, whereas the younger
group also requires the system to be fun.
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Table 15: Summary of UTAUT findings

No Dependent
variables

Independent variables Moderators Significance

H1 Behavioral
Intention

Performance Expectancy None Significant

H1a Behavioral
Intention

Performance Expectancy Age Nonsignificant

H1b Behavioral
Intention

Performance Expectancy Gender Nonsignificant

H2 Behavioral
Intention

Effort Expectancy None Significant

H2a Behavioral
Intention

Effort Expectancy Age Nonsignificant

H2b Behavioral
Intention

Effort Expectancy Gender Nonsignificant

H2c Behavioral
Intention

Effort Expectancy Experience Significant for Smartphone
App games, Computer App
games, and Smartphone

H3 Behavioral
Intention

Facilitating Conditions None Significant

H3a Behavioral
Intention

Facilitating Conditions Age Nonsignificant

H3b Behavioral
Intention

Facilitating Conditions Gender Nonsignificant

H3c Behavioral
Intention

Facilitating Conditions Experience Significant for Wii games,
Computer App games,
Smartphone and Tablet.
Negative Significance for
PC games

H4 Behavioral
Intention

Hedonic Motivation None Significant

H4a Behavioral
Intention

Hedonic Motivation Age Negative significant

H4b Behavioral
Intention

Hedonic Motivation Gender Nonsignificant

H4c Behavioral
Intention

Hedonic Motivation Experience Significant for PC games

H5 Behavioral
Intention

Experience None Significant for Wii games
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7 Data visualization

7.1 Introduction

In analyzing the TV-task video recordings, the required space for different gestures, performed
by different people, was varying. In the comparison between a younger and older age group,
and between males and females, the basic question was how to visualize potential differences
between those four groups, and how gesture space should be calibrated.

7.2 Data visualization

The goal of data visualization is efficient communication, with the challenge to find the right
amount of data to convey the most information. The inclusion of too many details can add more
complexity than necessary, and cause the viewer to miss what is most important [70]. Most
important to show was if gestures were performed by a young or old, male or female person.
Also the gesture volume the participant was using is important information.

7.3 Methodology

Gestures are in general movements in space and numerically expressed through values along
the three axes x, y, and z (3D). Time is an additional value providing information on when the
gesture starts and stops.

7.3.1 Gesture space raster

Although human bodies can be very diverse, structural proportions can be used to part a body.
For example, the size of a head can be placed eight times along the vertical length of a body as
indicated in Figure 30.

Because the video frames are just showing the participants’ upper body, the division in five
parts is sufficient (Figure 31). If the arm then is moved 90 degrees towards the head, another 4
parts can be placed towards the side and 2 parts above the head (Figure 32).

Including the extremities can nevertheless be too accurate, because it is based upon a theo-
retical ideal of a static and non-moving human body. Because the video was showing humans in
movement, and the accurate partition caused overlap (red circles), which again made it difficult
to place gestures, the partition into three parts to the side and one to the top was sufficient. The
sum of all parts are further shown in the following grid, into which gestures can be placed in
regard to their x and y position (Figure 33).

In being able to position gestures along the x and y axis, the next step was to include the z
axis. In the video material, gesture movements are shown towards the screen. This makes it again
difficult to have an accurate grid structure. Nevertheless, distances can be positioned being close
to the body (0), at middle distance (1), and at long distance (2) (Figure 34) with approximately
0-20 cm (0), 20-40 cm (1), and 40-60 cm (2).
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Figure 30: Human body with the proportion of 8 times the head

7.3.2 Using the grid - Data collection

Having a 3-dimensional grid structure, gestures could now be positioned through space. For
example participant 38 was in turning the TV on, moving her hand from (x,y,z) r5,1,0 to r5,4,1,
to r5,6,2 as indicated in the following figure Figure 35. The data collection was done for all
participants and for every task, and then transferred into the analysis excel file (Appendix Q).

7.3.3 Collapsing 3D into 2D

Having analyzed every gesture and placed them into the x, y, z grid, it was now possible to
visualize the data.

An image can have three dimensions, and was therefore chosen as format for the visualiza-
tion. The x and y axis positioned the gesture, whereas the z position differed in size. In general a
dimension can vary in size, value, texture, color, orientation, or shape [71]. Size was chosen as
a consequence of gestures made towards the viewer and the increased space volume away from
the body. This can be explained by looking on the following top-down image in Figure 36. In the
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Figure 31: Human upper body with the proportion of 5 times the head

figure it is clearly visible that gestures can be made along the x axis from left to right, and away
from the body along the z axis in the distance ranges 0, 1, and 2.

Flattening the gesture space into the seven three divided sections, illustrates again why size
was chosen as mode to draw the z-dimension (Figure 37). Less gesture space is required close
to the body, which increases in size away from the body. Furthermore the image describes why
gesture spaces are drawn as layers upon each other.

Moreover layers are drawn with a twenty percent visibility, which makes background layers
visible (Figure 38). The opacity indicates if sections have been less or more distinct. Less distinct
will be marked as blurry, while more distinct will be marked sharply. This leads to the claim that
blurriness or darkness can be used as indication of how often a participant has used a section
in the gesture-interaction. Because all gestures performed in the eighteen TV-tasks lay on each
other, a maximum color indicates big space volume and visa versa.

Of course, if layers had been drawn with hundred percent opacity shown in Figure 39, just
the top-layer would be visible. This visualization is not useful as it does not show how much a
section was distinct. The distinction is indicated by the histograms in the shown image.

Another option would have been to draw marks as outline, as figure Figure 40 is showing.
The outer ring here is biggest, and visualizes more space. However, the grid was designed as
indication of space, and how gestures occurred within this space. Adding more complexity to
the drawing, can distract the basic message of how much space was required. By removing
unnecessary information, a visualization demands a lower cognitive load.

3D-volume is cumulative by summarizing all z-sections from 0-60 cm as the arm will be
throughout all sections. To visualize for instance a basic gesture as in Figure 41 with an out-
stretched arm as the outline drawing (a), would distract the message that space is also required
from 0-40 cm (b). To visualize marks as fill is therefore more valid and makes it easier to read
where the most exposed areas are.
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Figure 32: Human upper body with the proportions to the side and to the top

A second argument in favor of having a fill rather then an outline will be the fact that the z-
dimension is produced by a variation in light energy, which on a paper medium can be produced
by variation in size or value [71]. In using size as the indicator, a bigger fill (z=2) is producing
less light energy, which means being closer to the viewer. In contrast, a smaller fill (z=0) is
producing more light energy, which means being further away from the viewer. As gestures are
made towards the screen (camera), the argument is valid.

From this it is clear that the x and y axis are used to have a mark at the top/bottom, to the
right/left, whereas z is indicated as a fill in three different sizes according to z0, z1, or z2.

7.4 Presentation

To visualize age and gender, an easy system was designed. Circles are used for the young age
group, whereas squares with round edges are used for the old age group. A gap on the top is
used for females, whereas a gap on the right side indicates males. In addition three different
sizes are used for the z values (Figure 42).

Moreover, an outline of the human body and metadata in form of a number indicated the
amount of captures within that square used as visual cues in the visualizations. Contrary to
gesture space shown for every participant in the appendix, the image here in Figure 43 is showing
a collective of the young females, young males, old females, and old males. The collective consists
of nine young females, ten young males, seven old females, and four old males. The young male
participants p7 and p12 are excluded, because they both were left handed.

Appendix M shows gesture space for young females; Appendix N for young males; Appendix O
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Figure 33: Human upper body placed in the gesture grid system

for old females; and Appendix P the gesture space for for old males.

7.5 Discussion

The visualization in Figure 43 indicates that older females used the upper space more then the
other groups. This finding is also confirmed from the gesture categorization, showing that older
females used more deictic gestures. Both young groups used the vertical side of the dominant
arm, whereas it seems that the older group used most space from the body center and upwards
in a v-form.

Nevertheless, the young age group was almost double in size, which can cause a wrong im-
pression. Also include the layers all 18 tasks of which some are more or less identical, as moving
in the menu or doing a selection. Future work could categorize the layers differently. Also the
developed grid system can be used for further developments.

The knowledge of gesture space can be important in the design of gesture interactions and
virtual realities. It may further affect how environments are designed to support gesture-based
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Figure 34: Z-postion

interaction systems. An interesting comparison could for example investigate if used gesture
space in virtual realities varies to real world scenarios.
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Figure 35: Required space by participant 38 when turning the TV on
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Figure 36: Top-down perspective on participant and gesture space in the interaction lab
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Figure 37: Top-down perspective flattened into seven three divided sections

Figure 38: Layers drawn with a twenty percent opacity
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Figure 39: Layers drawn with a hundred percent opacity

Figure 40: Layers drawn as outline

Figure 41: Cumulative gesture space
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Figure 42: System to differ between age and gender
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Figure 43: Gesture space comparison between young females/males and old females/males
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8 Summary and conclusion

8.1 Summary

The findings in the discussion have shown that previous experience is more important than age
or gender for the usage of gestures and preference for gesture interface. The research question
has been proven to be true. However, the findings have also shown differences between the
research groups, which are summarized in Figure 44.

8.2 Implications for the future

The outcomes of this project open for future work. The visualization of the gesture space was
done manually, which was time consuming. An automatization of the process can help to draw
the diagrams. Another improvement could be done in regard to adding time as an additional axis
to the visualization. This could be done in form of a cube, where three faces are used to show
the x, y, and z coordinates, and the fourth face to show time. Having the visualization animated
could be another future development. The advantage of an animation would be that it focuses on
the gesture movement, without showing the person performing it. Another time measurement
could also be to count how long participants needed to come up with a gesture, and if it shows
differences related to age, gender or experience.

The six participants who were outside the age groups in scope for this project, can be used
for later analyses. Additionally, future work could narrow down the age groups. Moreover, this
project presented the verbal behavior and positive/negative answers to the questionnaire as a
summary. Future work could code the outcome in a ratio of positive to negative and compare the
results with other design iterations or systems. Also, a non-verbal video analysis could give valu-
able information on user behavior during the study. The young age group was for example not
analyzed while playing with their stickman animation or while the Breckel kinect was calibrated.

Additionally, the data files from the Breckel kinect can be filtered for noise and used in future
developments. The binary detector could then be used to test if true positives are detected for
similar gestures of other participants. This would allow to extract gestures which have a high
detection and discard gestures with a low detection level. Also, it would test the reliability of the
gesture detector.

Finally, the simulated system could be developed. With the system set up, the similarities
between the age groups regarding high recognition rate and positive user experience can be
validated. Also it would be interesting to see if online gesture can be initiated from a starting
position.

8.3 Strengths and weaknesses

The results of this project were analyzed from different perspectives, which indicates a high
validity. Also different tools were used from the three research areas gesture recognition, gesture-
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based interaction and applied gestures and human factors. The development of the gesture grid
system to place and visualize gestures can make it easier to design 3D-gesture based systems,
which otherwise have a strong technological focus. Alltogether, this work presents a broad picture
of the 3D-gesture research area.

The weakness of this project may be seen in different group sizes and relative narrow age
groups. The oldest participant had noticeably more difficulties with the concept of performing
3D-gestures. But as he answers if he experienced gestures to be positive I think I was very positive,
there is a good chance for 3D-gesture based systems to make technology accessible for a wider
range of people than today.
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Figure 44: Summary of main findings
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A Appendix - Participant Information Sheet

A comparison study between a younger and older age group on the acceptance of performing 
3D-gestures 

PARTICIPANT INFORMATION 
 
We would like to invite you to take part in a research study. Before you decide whether you 
would like to take part it is important that you understand why the research is being done and 
what it would involve for you. Please take time to read the following information carefully and 
discuss it with others if you wish. Ask us if there is anything that is not clear or if you would like 
more information. 
 
What is the purpose of the study? 
In this study I want to compare two age groups (18-30 years old and 50+ years old) with the 
objective to investigate to what extend the factors previous experience, age and/or gender has on 
the acceptance of using body movements (3D-gestures) as interaction style in the 
communication with modern devices. Furthermore, I am interested to investigate what kind of 
gestures people do.  
 
!is study is performed as partial ful"lment of the requirements for my Master degree in 
Interaction Design, undertaken at Gjovik University College in Norway, under the guidance of 
City University London. 
 
!e research will be carried out in week 9. Your participation will be required for approximately 
15-20 minutes. 
 
If you choose to participate please contact me via phone (07544 995 709) or email 
(hans.comtet.1@city.ac.uk) to arrange a suitable time. 
 
Why have I been invited? 
!e study samples two di#erent age groups, namely a group with older people with an age from 
above 50 years and younger people with an age range from 18-30 years. !is study draws further 
more a sample of convenience, which includes anyone willing to participate. You will be one of 
some ~30 participants to volunteer for his study.  
 
Do I have to take part? 
Participation in the project is voluntary, and you can choose not to participate in part or the 
entire project. You can withdraw at any stage of the project without being penalised or 
disadvantaged in any way. It is up to you to decide whether or not to take part. If you do decide 
to take part you will be asked to sign a consent form. If you decide to take part you are still free 
to withdraw at any time and without giving a reason.  
 
What do I have to do? 
You will "rst be asked on previous experience by rating questions in a questionnaire. You will 
thereafter be asked to interact with a TV interface and a simple game, which will take about 15 
minutes. During that time you will be asked to wear a motion detection sensor on your wrist. 

Figure 45: Participant Information Sheet (Page 1 of 3)
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A comparison study between a younger and older age group on the acceptance of performing 
3D-gestures 

Data from this interaction sessions is captured by the motion sensor and by a kinect (skeleton 
tracking and audio information) from the Microsoft Xbox game console. To capture your 
movements with the kinect, the researcher speaks out loudly the commando “snapshot”. After 
both interactions, you will !nally be asked to complete questions on a questionnaire, asking for 
your experience with this form of interaction.  
 
Expenses and Payments 
As appreciation for your participation you will get a voucher for a delicious slice of cake from Ion 

Patisserie at Exmouth Market. 

 
What are the possible disadvantages and risks of taking part? 
"ere are no perceived risks or disadvantages associated with participation in this study.  
 
What are the possible benefits of taking part? 
"e main potential bene!t is in contributing to scienti!c knowledge on this topic, in form of a 
gesture set hierarchy and a user indication on the in#uence of age, gender or previous experience 
on the acceptance of using body movements as an interaction style.  
 
What will happen when the research study stops? 
For the duration of the project, your data will be stored electronically and in accordance with the 
principles of the Data Protection Act. No personally identi!able information will be passed to 
third parties, or retained for beyond the duration of the project. Should this project be stopped 
prematurely for any reason, all associated data will be destroyed. 
 
Will my taking part in the study be kept confidential? 
All data from this project are con!dential and will be used for research purposes only. No 
information that could lead to your identi!cation will be disclosed in any reports on the project, 
or to any other party. Data from questionnaires and instruments are animus. Names of 
participants will not be connected to information and scores. No identi!able personal data will 
be published. 
 
What will happen to results of the research study? 
"e !ndings of this study are ultimately to be included in a master thesis and associated 
documents. Where published, data will not include any personal or identi!able information.
 
What if there is a problem? 
If you would like to complain about any aspect of the study, City University London has 
established a complaints procedure via the Secretary to Senate Research Ethics Committee. To 
complain about the study, you need to phone 020 7040 3040. You can then ask to speak to the 
Secretary to Senate Research Ethics Committee and inform them that the name of the project is:  
 

Figure 46: Participant Information Sheet (Page 2 of 3)
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A comparison study between a younger and older age group on the acceptance of performing 
3D-gestures 

A comparison study between a younger and older age group on the acceptance of performing 
3D-gestures (Run by Hans Comtet, HCID) 
 
 
You could also write to the Secretary at:  
Anna Ramberg 
Secretary to Senate Research Ethics Committee  
Research O!ce, E214 
City University London 
Northampton Square 
London, EC1V 0HB                                      
Email: Anna.Ramberg.1@city.ac.uk 
 
Further information and contact details 
"is consent form may use language or terms, which you are not familiar with, and if you wish 
to have anything in this form elaborated on, explained in other terms or in more detail, please 
ask and I will be glad to expand or explain. Also, if you have any questions at a later date, please 
feel free to contact me, either via email or phone, and I will try my best to answer your questions.  
 
I can contact the researcher by calling +44 (0) 7544 995 709 or writing to: 
 
Researcher: Hans Comtet 
Address of researcher: 382 St John Street, EC1V4NN London  
Email:  hans.comtet.1@city.ac.uk 
 
Research Supervisor: Stephanie Wilson 
Address of researcher: City University London, Northampton Square, EC1V 0HB  
Email: s.m.wilson@city.ac.uk 
 
 

!ank you for taking the time to read this information sheet. Please retain this copy.  

Figure 47: Participant Information Sheet (Page 3 of 3)
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B Appendix - Informed consent form

INFORMED CONSENT FORM FOR PROJECT PARTICIPANTS 

 
Project title: A comparison study between a younger and older age group on the acceptance of performing 
3D-gestures 
 
I have had the project explained to me, and agree to participate in this research project. I understand that: 
 

1) !e time required for this study is about 15-20 minutes. 
2) !e nature of my participation includes  

a. Rate frequency of use and previous experience with modern devices 
b. Testing two interfaces on a screen, and 
c. Filling out an experience questionnaire in the end  

3) !e testing of the interaction with the interfaces will be video and audio recorded. 
4) Movement data will be captured from a kinect and a sensor device, which is tied around your wrist   
5) All my data is confidential and no information that could lead to the identi"cation of any individual 

will be disclosed in any reports on the project, or to any other party. No identi"able personal data 
will be published. !e identi"able data will not be shared with any other organization and will be 
used for research purpose only. 

6) Data from questionnaires and instruments are anonymous. 
7) My participation is entirely voluntary. I can choose not to participate in part or the entire project, 

and that I can withdraw at any stage of the project without being penalized in any way. 
8) If you feel exhausted of the activities in this research project, please feel free to decline from 

participation at any point in this project. 
9) I agree to City University London recording and processing this information about me. I understand 

that this information will be used only for the purpose set out in this statement and my consent is 
conditional on the University complying with its duties and obligations under the Data Protection 
Act 1998. 

10) If I have questions about the research, or if I would like to receive a copy of the aggregate "ndings of 
the study when it is complete, I can contact the researcher by calling 07544995709 or writing to: 

 
Hans Comtet, 382 St John Street, EC1V4NN London  
 
Please print your name  _____________________________________ 
(Participant) 
 
Signature    _____________________________________ 
 
Date     _____________________________________ 
 
 
 
Please print your name  _____________________________________ 
(Researcher) 
 
Signature    _____________________________________ 
 
Date     _____________________________________ 

Figure 48: Informed consent
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C Appendix - Questionnaire Gesture experience

Figure 49: Gesture experience (Page 1 of 3) - Previous experience
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Figure 50: Gesture experience (Page 2 of 3) - Previous experience
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Figure 51: Gesture experience (Page 3 of 3) - Personal information
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D Appendix - Questionnaire Gesture acceptance

Figure 52: Gesture acceptance (Page 1 of 3) - UTAUT
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Figure 53: Gesture acceptance (Page 2 of 3) - UTAUT
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Figure 54: Gesture acceptance (Page 3 of 3) - Experience scale and open questions
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E Appendix - Script used during the experiments

Figure 55: Script (Page 1 of 2)
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Figure 56: Script (Page 2 of 2)
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F Appendix - Correspondence

Figure 57: Email correspondence with QSensor
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G Appendix - Cake vouchers
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Figure 58: Voucher Code Numbers
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�ank you for your participation on my test!
Hans Comtet

Claim Code 

To redeem your slice of cake:
1. Visit ion patisserie at Exmouth Market on !ursdays or Fridays 
from 12.00 to 3.00-ish
2. Show your claim code to the person working at the stall

�ank you for your participation on my test!
Hans Comtet

Claim Code 

To redeem your slice of cake:
1. Visit ion patisserie at Exmouth Market on !ursdays or Fridays 
from 12.00 to 3.00-ish
2. Show your claim code to the person working at the stall

�ank you for your participation on my test!
Hans Comtet

Claim Code 

To redeem your slice of cake:
1. Visit ion patisserie at Exmouth Market on !ursdays or Fridays 
from 12.00 to 3.00-ish
2. Show your claim code to the person working at the stall

�ank you for your participation on my test!
Hans Comtet

Claim Code 

To redeem your slice of cake:
1. Visit ion patisserie at Exmouth Market on !ursdays or Fridays 
from 12.00 to 3.00-ish
2. Show your claim code to the person working at the stall

�ank you for your participation on my test!
Hans Comtet

Claim Code 

To redeem your slice of cake:
1. Visit ion patisserie at Exmouth Market on !ursdays or Fridays 
from 12.00 to 3.00-ish
2. Show your claim code to the person working at the stall

�ank you for your participation on my test!
Hans Comtet

Claim Code 

To redeem your slice of cake:
1. Visit ion patisserie at Exmouth Market on !ursdays or Fridays 
from 12.00 to 3.00-ish
2. Show your claim code to the person working at the stall

Figure 59: Vouchers with claim code
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H Appendix - NSD notification form
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Figure 60: Notification form (Page 1 of 5)
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Figure 61: Notification form (Page 2 of 5)
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Figure 64: Notification form (Page 5 of 5)
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I Appendix - NSD response

Figure 65: Privacy letter (Page 2 of 2)
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Figure 66: Privacy letter (Page 1 of 2)
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J Appendix - Invoice

Figure 67: ion patisserie (1)
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Figure 68: ion patisserie (2)
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Figure 69: Invoice GesturePak Software
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K Appendix - Verbal behavior

Comments from the younger age group

• "Oh, wow. That’s cool."–Participant 4, turning the TV on

• "This is very good."–Participant 6

• "That’s it? Oh, that’s amazing."–Participant 8

• "Are they selling it already?"–Participant 14

• "That is cool."–Participant 16

• "It is knowledgeable. I mean it is great."–Participants 17

• "This is fun."–Participant 22

Comments from the older age group

• "Oh, isn’t that fun. I don’t know what I was doing, but I was imagining my tele at home.
You know, in front of me. What a shame that it is just for 15 minutes. I enjoyed this."–
Participant 28

• "Ah, wow! It is amazing and intuitive! I can hardly believe it. Wow, (Laughing), cause I had
no idea what I was doing. Gosh, that is amazing! That is very surprising, because, I had no
idea. I just guessed, and it worked! That is really amazing! (Astonished)."–Participant 29

• "It is so funny, jumping with . . . (moving her arms) . . . coming so natural . . . "–Participant 33

• "That was fun!"–Participant 38
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L Appendix - Questionnaire responses

In using 3D gestures, did you experience any problems or issues? (Answers given by the
younger age group)

No problems

• No problems at all.–Participant 4

• No it was fairly easy as these were the gestures I already use in my routine.–Participant 8

• No problems.–Participant 10

• No issues!–Participant 11

• No, very easy to use and fun.–Participant 13

• No.–Participant 16

• No.–Participants 22

• None.–Participant 25

Minor problems

• A few glitches as I was adjusting to the system.–Participant 1

• Not really. I did find it somewhat problematic to find fitting and easy gestures for all assign-
ments. So a lot should depend on how well the gesture fits the task at hand, and how many
gestures you can have to easily fulfill all required functions (i.e., the amount of good gestures
might limit the amount of functions a system could have or vice versa).–Participant 2

• In the bowling example, it was hard to orientate the ball without a physical item in ones
hand.–Participant 6

• No issues but slightly hard to play the movie in the right place after fast-forwarding.–Participant 14

• It was a little bit confusing at first but got better as I used it more.–Participant 18

• I worried a little that it hadn’t detected me at times.–Participant 20

• No, however some movements were over the top which made some actions unrecognizable.–
Participants 21

Problems

• If the gestures are predetermined/predefined, then it is a bit difficult knowing what to do. I
don’t know of gesture ’conventions’ yet.–Participant 7

• Prompt wasn’t clear from the beginning sometimes it take a while to know how to use it. UI
wasn’t design for gesture friendly.–Participant 15

• At the TV task I had to naturally come up with gestures that was kind of difficult because
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I have never thought of such gestures interactions. Usually the gestures are instructed not
invented by me when using a gesture app/game/etc, that was challenging as I didn’t know
what gesture to do for thing I undertake in my every day life.–Participant 17

• Unaccustomed to wii type games so takes time to learn movements required.–Participant 24

In using 3D gestures, did you experience any problems or issues? (Answers given by the
older age group)

No problems

• No.–Participant 29

• No.–Participant 30

• No.–Participant 34

• No.–Participant 35

Minor problems

• It took a moment to know how to play the bowling game.–Participant 37

• I found it odd I could see my avatar when picking up the bowling ball, but once I had it in my
virtual hand, my avatar disappeared. I could not see immediately how to make the bowling
ball more forward until I took a backward swing i.e. I completed a more lifelike gesture, for
some reason (as the virtual ball is weightless, I think) I did not immediately undertake the
"real life" action.–Participant 38

• Only at first.–Participant 39

Problems

• I work best with clear instructions. Having no instructions as to how to use things can be
frustrating.–Participant 32

• I wanted and tried unsuccessfully to move up and down several menu items in one gesture;
I’m not sure if that’s possible.–Participant 33

In using 3D gestures, would you describe your experience as positive? (Answers given by
the younger age group)

Agree

• Yes, very positive if used in the right way. Gestures are an important part of the way we
naturally interact with the world. I would prefer that over something artificial that needs to
mediate my interaction with a technology.–Participant 2

• Yes, very positive. It makes navigating the UI more natural and intuitive as well as being
quicker and more efficient a lot of the time. For games and pleasure activities it is really good
as it brings an added dimension to what you are doing as well as being more engaging than
an ordinary game.–Participant 4
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• It is a positive experience especially when your assumption of what gesture to use something
is true.–Participant 6

• Yes, it is fun and it feels a lot more interactive. Bowling for example feels a lot more lifelike
with 3D gestures.–Participants 20

• Yes it was fun and I enjoyed it. I would buy the system for gestures, as it is very interactive
and more advanced than other features.–Participant 1

• Yes, enjoyable and engaging. Although there are some times when I might prefer not to use
gestures (e.g. Being tired and feeling lazy after a long day, or if one hand is busy e.g. On
phone or eating).–Participant 7

• Yes, it was a good experience. It was fun, and I think you can do so much more with gesture
based interfaces.–Participant 8

• Yes indeed.–Participant 10

• Yes, they are very easy to use and the experience was positive!–Participant 11

• It was fun, plus no need for controllers which may be dirty or broken.–Participant 13

• Yes very much so.–Participant 14

• It’s fun to use like you are playing games.–Participants 15

• Yes.–Participants 16

• Absolutely positive! Very fun, quite easy.–Participant 17

• Yes.–Participant 18

• Yes. It was an enjoyable experience, one in which I picked up quickly. I would use it again.–
Participants 21

• Yes. It was fun and I wish the game was longer so that I can play more.–Participants 22

• Yes it was a good experience.–Participant 24

• Yes.–Participant 25

In using 3D gestures, would you describe your experience as positive? (Answers given by
the older age group)

Agree

• It is easily informative.–Participant 28

• Yes.–Participant 29

• Yes.–Participant 30

• Yes, very. I enjoyed it and I am intrigued. It has made me want to find out more and how I
can incorporate gestures into my daily life.–Participant 33

• Yes.–Participant 35
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• Yes, I think I was very positive.–Participant 37

• . . . Good fun! . . . –Participant 38

Moderate agreement

• Yes, I feel sure this is the way things will go but am concerned how this might affect me as
income older, less mobile and slower to learn new skills.–Participant 32

• Yes as managed to do what requested.–Participant 34

• Today’s experience was positive. I have little other experience to compare with.–Participant 36

• Yes after some practice.–Participant 39
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M Appendix - Gesture space of young female

Figure 70: Gesture space (p11)
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Figure 71: Gesture space (p14)

Figure 72: Gesture space (p15)
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Figure 73: Gesture space (p16)

Figure 74: Gesture space (p18)
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Figure 75: Gesture space (p20)

Figure 76: Gesture space (p21)
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Figure 77: Gesture space (p24)

Figure 78: Gesture space (p25)
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N Appendix - Gesture space of young male

Figure 79: Gesture space (p1)
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Figure 80: Gesture space (p2)

Figure 81: Gesture space (p4)
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Figure 82: Gesture space (p6)

Figure 83: Gesture space (p7)
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Figure 84: Gesture space (p8)

Figure 85: Gesture space (p10)
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Figure 86: Gesture space (p12)

Figure 87: Gesture space (p13)
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Figure 88: Gesture space (p17)

Figure 89: Gesture space (p22)
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O Appendix - Gesture space of old female

Figure 90: Gesture space (p28)
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Figure 91: Gesture space (p29)

Figure 92: Gesture space (p32)
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Figure 93: Gesture space (p33)

Figure 94: Gesture space (p34)
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Figure 95: Gesture space (p36)

Figure 96: Gesture space (p38)
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P Appendix - Gesture space of old male

Figure 97: Gesture space (p30)
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Figure 98: Gesture space (p35)

Figure 99: Gesture space (p37)
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Figure 100: Gesture space (p39)

132



Acceptance of 3D-gestures based on age, gender and experience

Q Appendix - Video Script
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Figure 101: Videoscript (p1)
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Figure 102: Videoscript (p2)
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Figure 103: Videoscript (p4)
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Figure 104: Videoscript (p6)
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Figure 105: Videoscript (p7)
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Figure 106: Videoscript (p8)
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Figure 108: Videoscript (p11)
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Figure 109: Videoscript (p12)
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Figure 110: Videoscript (p13)
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Figure 111: Videoscript (p14)
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Figure 112: Videoscript (p15)
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Figure 113: Videoscript (p16)
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Figure 116: Videoscript (p20)
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Figure 117: Videoscript (p21)

149



Acceptance of 3D-gestures based on age, gender and experience

P
2

2
 –

 M
al

e 
–

 1
8

-2
4

 –
 R

ig
h

t

E
x
p

er
im

en
t 

1
.3

.2
0

1
3

T
im

e 
  

  
  

  
 #

1
5

:3
1

:4
0

,0
0

0
T

im
e

R
es

ea
rc

h
er

P
a

rt
ic

ip
a

n
t

O
ff

li
n

e
O

n
li

n
e

D
es

cr
ip

ti
o

n
A

rm
G

es
tu

re
 s

p
a

ce

In
 u

si
n

g
 3

D
 g

es
tu

re
s,

 d
id

 y
o

u
 e

x
p

er
ie

n
ce

 a
n

y
 p

ro
b

le
m

s 
o

r 

is
su

es
. 

P
le

as
e 

d
es

cr
ib

e 
(y

o
u

 c
an

 u
se

 t
ag

s)
:

N
o

.

In
 u

si
n

g
 3

D
 g

es
tu

re
s,

 w
o

u
ld

 y
o

u
 d

es
cr

ib
e 

y
o

u
r 

ex
p

er
ie

n
ce

 

as
 p

o
si

ti
v.

 P
le

as
e 

d
es

cr
ib

e 
(y

o
u

 c
an

 u
se

 t
ag

s)
:

Y
es

. 
It

 w
as

 f
u

n
 a

n
d

 I
 w

is
h

 t
h

e 
g

am
e 

w
as

 l
o

n
g

er
 s

o
 t

h
at

 I
 c

an
 p

la
y

 

m
o

re
.

N
o

n
v

er
b

al
 b

eh
av

io
r

P
la

y
in

g
 w

it
h

 t
h

e 
st

ic
k

m
an

T
h

is
 i

s 
so

 c
o

o
l.

0
0

:0
2

:0
5

,6
5

4
0

0
:0

2
:1

3
,6

5
4

0
0

:0
0

:0
8

,0
0

0
T

u
rn

 t
h

e 
T

V
 o

n
(T

es
ti

n
g

).
 L

ik
e 

h
o

w
?

O
ff

li
n

e
D

ei
ct

ic
.

P
o

in
ti

n
g

 w
it

h
 i

n
d

ex
 f

in
g

er
 t

o
w

ar
d

s 
sc

re
en

R
r5

,1
,0

-r
5

,5
,2

O
K

.

0
0

:0
2

:2
1

,3
4

8
0

0
:0

2
:2

7
,8

0
1

0
0

:0
0

:0
6

,4
5

3
M

o
v

e 
d

o
w

n
w

ar
d

s 
in

 t
h

e 
m

en
u

 t
o

 t
h

e 
la

b
el

 “
p

o
d

ca
st

s”
O

n
li

n
e

N
av

ig
at

io
n

al
D

y
n

am
ic

 m
o

v
em

en
t 

d
o

w
n

w
ar

d
s.

 R
ep

ea
te

d
.

R
r5

,1
,0

-r
5

,6
,0

-r
5

,3
,2

0
0

:0
2

:3
1

,3
3

4
0

0
:0

2
:3

6
,9

1
8

0
0

:0
0

:0
5

,5
8

4
M

o
v

e 
u
p

w
ar

d
s 

in
 t

h
e 

m
en

u
 t

o
 t

h
e 

la
b

el
 “

m
o

v
ie

s”
O

n
li

n
e

N
av

ig
at

io
n

al
D

y
n

am
ic

 m
o

v
em

en
t 

u
p

w
ar

d
s.

 R
ep

ea
te

d
.

R
r5

,4
,2

-r
5

,6
,0

0
0

:0
2

:3
8

,3
3

3
0

0
:0

2
:3

9
,9

0
5

0
0

:0
0

:0
1

,5
7

2
S

el
ec

t 
m

o
v

ie
s

O
ff

li
n

e
D

ei
ct

ic
.

P
o

in
ti

n
g

 w
it

h
 o

p
en

 p
al

m
 t

o
w

ar
d

s 
sc

re
en

R
r5

,6
,1

-r
5

,6
,2

0
0

:0
2

:4
4

,4
3

9
0

0
:0

2
:4

9
,4

1
8

0
0

:0
0

:0
4

,9
7

9
M

o
v

e 
u
p

w
ar

d
s 

in
 t

h
e 

m
en

u
 t

o
 t

h
e 

la
b

el
 “

iT
u

n
es

 t
o
p

 F
il

m
s"

O
n

li
n

e
N

av
ig

at
io

n
al

D
y

n
am

ic
 m

o
v

em
en

t 
u
p

w
ar

d
s.

 R
ep

ea
te

d
.

R
r5

,1
,0

-r
5

,5
,1

-r
5

,6
,0

0
0

:0
2

:5
0

,7
4

4
0

0
:0

2
:5

2
,7

4
6

0
0

:0
0

:0
2

,0
0

2
S

el
ec

t 
“i

T
u

n
es

 t
o
p

 F
il

m
s”

O
ff

li
n

e
D

ei
ct

ic
.

P
o

in
ti

n
g

 w
it

h
 o

p
en

 p
al

m
 t

o
w

ar
d

s 
sc

re
en

R
r5

,5
,1

-r
5

,6
,2

0
0

:0
2

:5
6

,4
4

1
0

0
:0

3
:0

0
,8

7
4

0
0

:0
0

:0
4

,4
3

3
M

o
v

e 
d

o
w

n
w

ar
d

s 
in

 t
h

e 
m

en
u

 t
o

 t
h

e 
la

b
el

 “
H

o
p

es
p

ri
n

g
s”

O
n

li
n

e
N

av
ig

at
io

n
al

D
y

n
am

ic
 m

o
v

em
en

t 
d

o
w

n
w

ar
d

s.
 R

ep
ea

te
d

.
R

r5
,5

,1
-r

5
,6

,1
-r

5
,1

,2

0
0

:0
3

:0
1

,6
2

7
0

0
:0

3
:0

5
,1

6
6

0
0

:0
0

:0
3

,5
3

9
S

el
ec

t 
m

o
v

ie
 “

H
o
p

es
p

ri
n

g
s”

O
ff

li
n

e
D

ei
ct

ic
P

o
in

ti
n

g
 w

it
h

 o
p

en
 p

al
m

 t
o

w
ar

d
s 

sc
re

en
R

r5
,4

,1
-r

5
,5

,2

0
0

:0
3

:1
3

,5
7

8
0

0
:0

3
:1

6
,9

5
9

0
0

:0
0

:0
3

,3
8

1
P

au
se

 t
h

e 
m

o
v

ie
O

ff
li

n
e

S
ta

ti
c 

sy
m

b
o

l
S

h
o

w
in

g
 o

p
en

 p
al

m
 h

an
d

 t
o

w
ar

d
s 

sc
re

en
.

R
r5

,1
,0

-m
4

,5
,2

-r
5

,5
,2

0
0

:0
3

:1
7

,7
3

7
0

0
:0

3
:1

9
,9

8
6

0
0

:0
0

:0
2

,2
4

9
P

la
y

 t
h

e 
m

o
v

ie
O

ff
li

n
e

S
ta

ti
c 

sy
m

b
o

l
S

h
o

w
in

g
 o

p
en

 p
al

m
 h

an
d

 t
o

w
ar

d
s 

sc
re

en
.

R
r5

,1
,0

-r
5

,6
,2

0
0

:0
3

:2
2

,9
5

8
0

0
:0

3
:2

5
,2

7
9

0
0

:0
0

:0
2

,3
2

1
In

cr
ea

se
 t

h
e 

v
o

lu
m

e
O

n
li

n
e

Ic
o

n
ic

O
n

e 
d

y
n

am
ic

 m
o

v
em

en
t 

u
p

w
ar

d
s 

an
d

 b
eh

in
d

 

ri
g

h
t 

sh
o

u
ld

er
.

R
r5

,1
,0

-r
5

,2
,2

-r
5

,4
,2

-r
5

,6
,0

0
0

:0
3

:2
5

,9
4

0
0

0
:0

3
:2

7
,9

5
8

0
0

:0
0

:0
2

,0
1

8
D

ec
re

as
e 

th
e 

v
o

lu
m

e
O

n
li

n
e

Ic
o

n
ic

O
n

e 
d

y
n

am
ic

 m
o

v
em

en
t 

d
o

w
n

w
ar

d
s

R
r5

,1
,0

-r
5

,6
,0

-r
5

,1
,0

0
0

:0
3

:3
0

,7
8

0
0

0
:0

3
:3

2
,4

0
5

0
0

:0
0

:0
1

,6
2

5
F

as
t 

fo
rw

ar
d

O
n

li
n

e
Ic

o
n

ic
O

n
e 

d
y

n
am

ic
 m

o
v

em
en

t 
to

w
ar

d
s 

ri
g

h
t.

R
r5

,1
,0

-m
4

,5
,1

-r
7

,3
,0

0
0

:0
3

:3
3

,4
6

3
0

0
:0

3
:3

5
,2

4
2

0
0

:0
0

:0
1

,7
7

9
S

to
p

O
ff

li
n

e
D

ei
ct

ic
.

P
o

in
ti

n
g

 w
it

h
 o

p
en

 p
al

m
 t

o
w

ar
d

s 
sc

re
en

R
r5

,1
,0

-m
4

,6
,2

0
0

:0
3

:3
6

,6
1
1

0
0

:0
3

:3
8

,5
2

9
0

0
:0

0
:0

1
,9

1
8

F
as

t 
b

ac
k

w
ar

d
O

n
li

n
e

Ic
o

n
ic

O
n

e 
d

y
n

am
ic

 m
o

v
em

en
t 

to
w

ar
d

s 
le

ft
.

R
r5

,1
,0

-r
6

,5
,2

-l
3

,4
,1

0
0

:0
3

:3
8

,9
2

6
0

0
:0

3
:4

0
,3

7
6

0
0

:0
0

:0
1

,4
5

0
S

to
p

O
ff

li
n

e
S

ta
ti

c 
sy

m
b

o
l

S
h

o
w

in
g

 o
p

en
 p

al
m

 h
an

d
 t

o
w

ar
d

s 
sc

re
en

.
R

m
4

,5
,1

-m
4

,6
,2

0
0

:0
3

:4
4

,4
8

0
0

0
:0

3
:4

8
,7

9
0

0
0

:0
0

:0
4

,3
1

0
G

o
 b

ac
k

 t
o

 t
h

e 
m

en
u

O
n

li
n

e
Ic

o
n

ic
O

n
e 

d
y

n
am

ic
 m

o
v

em
en

t 
to

 t
h

e 
le

ft
 a

n
d

 

b
ac

k
w

ar
d

s 
th

e 
le

ft
 s

h
o

u
ld

er
R

r5
,1

,0
-r

5
,5

,1
-m

4
,5

,1
-l

3
,5

,0

0
0

:0
3

:5
0

,5
6

6
0

0
:0

3
:5

2
,9

1
1

0
0

:0
0

:0
2

,3
4

5
T

u
rn

 t
h

e 
T

V
 o

ff
O

n
li

n
e

D
y

n
am

ic
O

n
e 

d
y

n
am

ic
 m

o
v

em
en

t 
d

ra
w

in
g

 a
 h

al
f 

ci
rc

le
 

o
v

er
 l

ef
t 

si
d

e
R

r5
,4

,1
-r

6
,5

,2
-m

4
,5

,1
-l

3
,4

,1
-m

4
,2

,0

T
h

is
 i

s 
fu

n
.

Figure 118: Videoscript (p22)
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Figure 121: Videoscript (p28)
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Figure 126: Videoscript (p34)
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Figure 128: Videoscript (p36)
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Figure 129: Videoscript (p37)
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Figure 130: Videoscript (p38)
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Figure 131: Videoscript (p39)
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Acceptance of 3D-gestures based on age, gender and experience

R Appendix - Graph from accelerometer sensor during the
TV-task
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Figure 132: Graph (p1)
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Figure 133: Graph (p2)
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Figure 134: Graph (p4)
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Figure 135: Graph (p7)
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Figure 137: Graph (p10)
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Figure 138: Graph (p12)
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Figure 140: Graph (p14)
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Figure 141: Graph (p15)
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Figure 143: Graph (p17)
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Acceptance of 3D-gestures based on age, gender and experience
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 145: Graph (p20)
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Acceptance of 3D-gestures based on age, gender and experience
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 147: Graph (p25)
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 148: Graph (p28)
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 149: Graph (p29)
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 150: Graph (p30)
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 151: Graph (p32)
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 152: Graph (p33)
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 153: Graph (p34)
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Acceptance of 3D-gestures based on age, gender and experience
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186



Acceptance of 3D-gestures based on age, gender and experience
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Figure 155: Graph (p36)
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Acceptance of 3D-gestures based on age, gender and experience
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Acceptance of 3D-gestures based on age, gender and experience
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Figure 157: Graph (p38)
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Figure 158: Graph (p39)
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