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ABSTRACT
Maintaining fitness or carrying out rehabilitation is often considered a difficult and
boring activity that lead many people to abandon their physical activity programme.
To reduce boredom and provide engaging experience, audio has been wildly used in
many technologies for physical activity. However the reason people don’t do physical
activity is often due to psychological barriers that go beyond boredom. For people
with chronic back pain (PCP), the pain-related fear toward certain movement is one of
the biggest factors that prevent them from doing physical activity. For healthy people,
they may feel a lack of motivation or challenge to continue repeatedly physical
activity. How to use audio in technology to deal with this issue has not been properly
investigated.
It is the aim of this study to investigate whether auditory feedback associated with
body movement can increase positive affective states (i.e. motivation, relaxation and
self-efficacy) during physical activity. Also, it is investigated if auditory feedback can
alter participant’s perception of body movement. An assumption was made that a
more informative type of sound can lead to more improvement on both physiological
state and perception of body movement.
In this study, a control experiment was conducted with 27 participants (8 PCP and
19 healthy participants, 9 male and 18 female), aged between 23-60. All participants
were asked to stretch their upper back forward under two types of auditory feedback
and one control condition without sound feedback. On the basis of the literature on
chronic pain and on self-efficacy in general, two types of sound feedback with
different amount of information were chosen. Both sound feedbacks were
personalized to the capability of the person. An iPod touch used as a motion sensor
attached on the participant’s upper back to automatically measure and record the angle
change of the trunk while stretching. A Java programme was purposely built for this
study to process the data transferred from the iPod and to produce tailored sound
feedback to each participant.
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The result indicated that adding an auditory feedback could increase positive
emotional states (i.e. motivation, relaxation and self-efficacy). No sound effect on
altering perception of body movement was found. However, the interview showed that
88% of people reported to prefer the most informative sound feedback. The reason for
their preference was that the most informative sound not only provided a sense of
pleasurable environment but also a sense of progress and facilitated pacing.
The findings have implications on the use of sound in the design of technology for
fitness and rehabilitation. Further exploration would also emphasis on how to better
design and evaluate the informative sound with a larger population.
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CHAPTER 1. INTRODUCTION
With the rapid development of motion capture technology, many applications have
been designed to facilitate people to better carry out physical activity (e.g. application
on smartphone can automatically measure the steps taken during running and calculate
the energy expenditure). However, maintaining fitness or carrying out rehabilitation is
often considered a difficult and boring activity that lead many people to abandon their
physical activity programme. Researchers have started trying to use different sensory
channels (e.g. visual feedback or music) to provoke positive emotions in repeatedly
physical activity. Unfortunately, the barriers to physical activity are not only due to
boredom but also to other types of physiological barriers. This is particularly true in
rehabilitation, where anxiety, frustration and fears can prevent people from carrying
out physical activity. In particular, there are studies showing that PCP may suffer from
pain-related fear towards certain movement and they tend to avoid such activity,
which is not good for their own well-being. Also, studies have shown that PCP may
have deficit perception of body movement, which may lead to exaggerated fear if they
perceive that they have performed more than what they have actually done, preventing
people from doing more physical movements.
A sense of self-efficacy is also a critical barrier not only for people with motor
disabilities, but also for healthy people who have troubles achieving better
performance due to low confidence and motivation. It is hence important to consider if
multimodal feedback could be used to address these types of barriers.
It has been repeatedly pointed out in many studies that the “potential of auditory
feedback in rehabilitation or fitness system is largely underestimated” (Rosati et al.
2011; Avanzini et al.,2009). For example, audio is still widely used as background
music in many fitness technologies. Some studies have indicated that auditory
feedback can be used to provide information about the undertaking activity to changes
people’s reaction and performance (Fortmann et al.,2012; Lécuyer et al., 2011). As
discussed later, sound can also alter people perception of their body (Botvinick &
Cohen,1998 ; Tajadura-Jiménez et al.,2012). Hence, it is interesting to study the effect
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of auditory feedback on people’s emotional state during physical activity, not only as
a trigger of enjoyment, but also as an informative cue.
It is the aim of this study to investigate whether auditory feedback associated with
body movement can increase positive affective states (i.e. motivation relaxation and
self-efficacy) during physical activity. Also, it is investigated if auditory feedback can
alter participant’s perception of body movement. The findings of this study will
provide some insights for the design of audio use in technology for both fitness and
rehabilitation.
In this thesis, chapter two reviews the literature on factors that may affect people
willingness to maintain a programme of physical activity. We also review the
literature on the use of auditory feedback to affect people perception of their
movement and on their experience of their performances. Chapter three presents the
research questions of this study and the related hypotheses, as well as the specific
methodology applied in the study. Chapter four presents the results of the study.
Chapter five discusses the results, limitations and the implications in the study. Lastly,
chapter six concludes and summarizes the whole study.
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CHAPTER 2. LITERATURE REVIEW

Maintaining fitness or carrying out rehabilitation is often considered a difficult and
boring activity that lead many people to abandon their physical activity programme. In
this chapter we review the literature on factors beyond boredom that may affect
people willingness to maintain a programme of physical activity. In particular, we
look at the psychological barriers (anxiety and fear of movement) for PCP population
as well as possible alteration of their ability to perceive movement. In relation to this,
we look at literature on the use of sound as a way to address some on these issues in
other conditions.

2.1 Fear of Movement in Chronic Back Pain and its Relation to
Physical Activity
Certain types of chronic pain, affecting nearly one in seven UK citizens, are
accompanied by low motor capabilities and emotional distress (Moseley, 2005). These
conditions adversely affect psychological wellbeing and working life. It has been
proved by many previous studies that PCP can experience pain-related fear towards
certain type of physical exercise (Crombez, Vervaet, Lysens, Baeyens,& Eelen,1998;
Crombez, Vlaeyen, Heuts & Lysens,1999; McCracken, Zayfert & Gross,1992,
Vlaeyen et al.,1995; Leeuw et al.,2007). In particular, Vlaeyen and Linton (2000)
discuss a “fear-avoidance model of exaggerated pain perceptions” which was
developed by Lethem in 1983. This paper indicates that “avoidance is associated with
the expectancy that further exposure to certain stimuli will promote pain and
suffering” (Vlaeyen & Linton, 2000). To be specific, the model indicates that people
who have pain or traumatic experience might develop a fear of doing the same
activity. For example, a person with chronic lower back pain might have fear of
bending or lifting because he or she has felt pain in the same activity before. Such
fear can trigger the avoidance or escape of related movement, since people tend to
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avoid the consequences of the threatening situation, even though the outcome is nonharmful or the pain has not started yet.
Moreover, some studies investigated the relationship between pain-related fear and
performance in physical exercise. Vlaeyen et al. (1995) conducted a relevant study,
using simple lifting task during which people with chronic back pain were required to
lift a weight and hold it in the air until they felt not being able to continue. In this
study, the lifting time was recorded and participants were asked to report the level of
fear by filling in questionnaires. The result showed a significant correlation between
lifting time and the fear of pain. Later, Crombez et al. (1998) did another experiment,
purposely using a performance test that people with chronic back pain believed that
the minimal strain was put on their back. The participants were asked to flex and
extend their knee as quickly as they could, and to stop when they felt they could not
continue. The result showed a significant correlation between poor performance and
high self-reported fear level. An interesting finding from the design of these
experiments is that the physical activities (e.g. lifting arm and extending knee) are
both back-straining activities, which was previously considered a risk for PCP
(Sullivan,1996). However, other researchers have suggested the opposite view that
confrontation with the painful activity can help them recovery (Lethem, Slade, Troup
& Bentley, 1983). In particular, stretching is a very useful exercise for people with
chronic back pain, but it is generally avoided as feared.

2.2 The Role of Self-efficacy in Rehabilitation among PCP
It has been reported in many studies that people with chronic pain can suffer from
low confidence in their own motor capabilities as well as other negative emotions (e.g.
depression). This is highly associated to people’s self-efficacy status. Self-efficacy has
been defined as “one's belief in one's ability to succeed in specific situations (e.g.
complete tasks and reach goals)” (Conner & Conner, 2005). The negative effect of
pain-related fear on people’s emotional self-perception is reported in many studies,
showing that people with chronic back pain tend to have low confidence in doing
- 11 -

motor activity and self-restricted body behaviour. To be specific, it is argued that
people with low self-efficacy may easily abandon the task when they are in front of
pain-related fear or obstacles while people with high self-efficacy would keep going
and confront the fear, which might result in different level of performance
respectively (Conner & Conner, 2005;Aung et al.,2013; Altmaier et al,.1993).
To test the argument, Altmaier, et al. (1993) conducted an experiment to examine
the role of self-efficacy in rehabilitation, where PCP were divided into two groups to
receive different type of treatments for 6 months. One group received regular
treatment, and the other group received both regular treatment and counselling
interventions of coping skills instructions to increase their self-efficacy. After 6
months, participants were asked to do a follow-up assessment. Trunk range of motion
and trunk strength was measured by gravity goniometer as participant’s functioning
after rehabilitation. Participant’s self-efficacy was measured during the treatment
(before and after) by using questionnaires. The result showed that participants that
scored high on self-efficacy questionnaire could better handle their pain. Besides,
participants with higher self-efficacy reported better functioning and less pain. These
studies provide strong evidence that self-efficacy plays an important role in
rehabilitation. Moreover, high self-efficacy can help people with chronic pain achieve
better performance.

2.3 Self-efficacy in Healthy people
Apart from studies about PCP, researchers are also interested to see the effect of
self-efficacy on general population. According to Bandura (1981), both rewards and
proximal goals can be used to increase people’s self-efficacy.
Based on Bandura’s theory, Schunk (1984) conducted an experiment, aiming to
test two ways (i.e. through rewards and proximal goals) to enhancing self-efficacy and
also the effects of self-efficacy on people’s performance in learning activities. This
paper argued that people need information through self-performance to build self-
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efficacy. The participants who were children from 9-11 years old were divided into 4
conditions: control condition, rewards only condition, proximal goals only condition
and a mixed method condition. In each condition, participants were asked to solve
math problems with same level of difficulty. In the reward only condition, participants
were provided a reward by the proctor after they solved a number of problems
correctly, while in the proximal goals only condition, the proctor would inform the
participant about the number of problem solved after they finished each 10 questions.
In the mixed condition, both methods were applied. The number of questions that
were correctly solved was measured as the performance. The self-efficacy level was
measured by filling a scale questionnaire before and after the test. The result showed
that both methods could improve participants’ self-efficacy level, resulting in better
performance than no method applied. Also, a combination of these two methods
resulted in the better performance than using each method alone. Hence, there is
evidence showing that informing participants about their performance can help them
enhance self-efficacy and also result in better performance.

2.4 Proprioceptive perception in PCP
There is evidence in previous studies showing that PCP might have inaccurate
perception of body movement, which can largely influence their capability of physical
activity.
Lee et al. (2010) studied the difference between healthy people and people with
lower back pain. They found that PCP is more likely to lose their sensory ability, in
particular, proprioception. According to Ester (2010), “Proprioception is the sense of
position and movement of one’s own limbs and body without using vision”. Lee et al.
(2010) claimed that because ability to monitor trunk motion is necessary to generate
movement pattern, any deficit in proprioception would affect the quality of
movement. In their study, they used motion perception threshold to represent a
participant’s sensitivity to a small alteration in trunk position. To be specific,
participants in this study were asked to hit a button when they perceived that they
- 13 -

have achieved a certain level of movement. The results suggested that deficit
proprioception may happen to PCP. In particular, PCP had a much lower threshold of
movement, i.e., they perceived to have moved more than what they had in fact moved.
This could be a further trigger to anxiety and fear.
Also, Brumagne et al. (1999) studied position sense in healthy control and PCP.
The task for the participants was to reposition their lumbar to a previously identified
position. They found that PCP were more likely to reposition to a wrong position in
the task compared to healthy control participants. Moreover, Descarreaux, Blouin and
Teasdale (2005) conducted a control group study to further compare trunk
repositioning ability in PCP and healthy subjects, showing deficits in trunk
proprioception and movement control may exist in PCP.
All these evidence shows that PCP may have deficit proprioception. In other
words, PCP may not be able to perceive they body movement accurately. It is possible
that PCP may overestimate or underestimate their movement during physical exercise,
which could influence how they react and perform physical activity. Combined with
what is stated in 2.1 that PCP could develop fear towards related activity, such fear
can be enhanced if people have exaggerated perception of their body movement. For
example, when a PCP try to stretch his body, he might believe that he has bent 60
degree, resulting in a great fear of moving further, but actually he only has done 30
degree, which is far from the perceived dangerous threshold. Such fear avoidance
behaviour caused by both pain and deficit proprioception can greatly limit people’s
physical capability, resulting in self-perceived disability. It is possible that if we were
able to provide feedback that informs them of the real amount of how much they have
moved, their anxiety and fear about movement could decrease.

2.5 Technologies with auditory feedback
Quite a few technological applications have been built to help people change their
behaviour or improve their performance in physical activity by using audio.
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Fortmann et al. (2012) presented a mobile phone-based system PaceGuard (on
Android 2.2), which used auditory feedback to help runner keep their cadence during
running. PaceGuard could automatically measure and record the cadence of the first
run (150 seconds) of the runner by using the accelerometer installed on the phone.
Then it would calculate a suitable target cadence based on these data. A rhythmic
pulse beats would be produced as a auditory feedback based on the target cadence data
and would be played to the runner to help him keep running in the same cadence.
PaceGuard was tested in a pilot study, showing that participants who were hearing the
auditory feedback from PaceGuard ran more consistently then those who ran without
the feedback.
Also, Bolíbar and Bresin (2012) designed a body movement tracking system for
improving the runner’s performance. A Microsoft Kinect camera was placed right
behind the participant who was running on a treadmill. The speed, displacement and
acceleration of the participant’s joints was measured and analysed with a data process
system to produce values for a correct technique. A sound would be played during the
running, based on how close the runner’s movements were to the provided correct
technique. The runner then would hear a change in the sound feedback and adjust their
movement. As for the sound feedback, they applied filters to a background song, thus
making the song sound normally if the runner performs well, and cutting frequencies
depending on the performance. Even though, in their study, they did not further
explore how to map the background music to a specific movement or a bad
performance, still they presented an interesting idea about using music to inform
participants about their performance based on the actual movement monitored by full
body motion sensor (i.e. Kinect). In this way, the music played is associated to the
real-time performance, so that the participant would have a dynamic guide to follow
or a dynamic feedback work against.
A more specific mapping technique between movement and auditory feedback
was presented by Bevilacqua, Ridenour and Cuccia (2002) who developed a 3D
motion capture system, using auditory feedback to inform participants about their
movement. In particular, they employ a method “mapping captured motion data to
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gestural segments”. The essence of the approach is that a movement or a change of
posture can be detected and computed by measuring the significant changes in the
acceleration of different parts of the body. Based on the change of acceleration, a body
movement can be divided into sequential segments. Instead of the spatial location of
body parts, this approach allows us to associate the data more to the quality of the
movement.

The data captured is represented by coordinates (x,y,z), which is

corresponded to different frames of the motion. After such data is obtained, a set of
notes from a piece of music is mapped to each frame of the motion capture data, so
that participant can hear a real-time auditory feedback once there is movement
generated. However, this study only introduced the design of the 3D motion capture
system, but it did not carry out any further evaluation with real users.
With the rapid development of smart phone in the last decade, using mobile phone
as a motion sensor has become a novel way to monitor and facilitate people’s physical
activity. Currently, there are many iPhone applications for physical activities online.
For example, one application called Moves can automatically record any walking,
cycling, and running. People can view the distance, duration, steps, and calories
burned for each activity which is calculated based on the data from the accelerator
inside iPhone.
Fujiki (2010), in particular carried out a study to examine ways and possibility to
execute accurate physical activity measurements with the iPhone. He indicated that
“iPhone is emerging as a ubiquitous physical activity measurement platform due to its
incorporated accelerometer sensor” (Fujiki, 2010). In this study, participants were
required to wear iPhone on one of the following location: waist, pants pocket, arm,
hand, backpack, jacket side pocket, jacket top pocket, handbag, while walking. An
application called Healthcare and Fitness' was installed on the iPhone to measure the
physical dimension data and energy cost during walking. The participant’s energy
expenditure which was also measured with the ADInstruments Exercise Physiology
Kit was then compared to the accelerator energy data measured by iPhone. The result
showed that there was a best correlation between these two sets of data when the
iPhone is on the waist.
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Also, Lécuyer et al.(2011) introduced the “Shoes-Your-Style” approach, which
studied the entertaining possibility to change auditory feedback and sound of footsteps
when walking indoor and outdoor, to alter the nature (or “style”) of shoes and contacts
with the ground by using iPhone as a movement sensor. In this study, they used the
accelerator in iPhone attached on the legs to detect each step that a runner took. They
used a computer which was connected to the iPhone through Wi-Fi to produced
different walking sound (e.g. collisions, cracking objects). It could also simulate
different type of shoes (high-toe, sneakers, flip-flops, etc) or ground (marble, snow,
mud, gravel, etc) to make the walking experiment more engaging and entertaining.
It is learned from above that smart phones are becoming a tool for physical
activity monitoring, as they integrate sensors and functionality more sophisticated.
However, the applications seen in this chapter aim mainly at providing information of
what people have done or producing feedback for entertainment. Hence, we suggest
investigating the potential of these feedbacks to address psychological barriers and
physical barriers to physical activity, such as altering or improving proprioception.

2.6 Auditory feedback, body perception, and positive affective state
Using auditory feedback to alter the awareness of body movement
Some researchers have investigated how to change people’s body perception by
using different types of feedback. Some recent studies show that the way we perceive
our body is not fixed, but is continuously updated by the sensory and motor
information received from interaction with our environment. For example, the classic
study carried out by Botinick and Cohen (1998) shows that an artificial hand may feel
like part of the participant’s body if he sees it being touched at the same time when he
feels his own, unseen, hand being touched in a same way. This is the result of the
integration of information coming from two different sensory channels - vision and
touch. This study provides a basis for the idea that the perception of body and body
movement can be changed through feedback from environment.

- 17 -

Based on this, the effects of other sensory and motor information were studied.
Tajadura-Jiménez et al. (2012) conducted an experiment which showed that
manipulating in real-time the sounds that people produce when tapping on a surface
with the arm, can change the perceived length of the arm and where people perceive
their hand to be. In this study, participant would hear a sound feedback informing the
distance between the participant and the object. There were three types of feedback
showing difference distances between the tapping location and the position that the
sound was produced: Zero Distance, Double Distance and Quadruple Distance. After
the test, participants were required to report their perceived length of the arm. The
results showed that the participants perceived a longer arm when hearing the tapping
sound under Double Distance condition.
Other studies were carried out to investigate the effect of auditory feedback on
people’s bodily self- consciousness. Menzer et al. (2010) studied how the auditory
feedback of footstep could change people’s motor awareness in walking. The
participants were asked to walking in a circuit wearing experimental shoes where a
microphone was attached. An auditory feedback of the footsteps was played during
the walking with various temporal delays ranging from 16ms-1800ms. In each trial,
the participants’ actual walking speed was automatically recorded by a programme
connected to the shoes. The participant was asked to press a “Yes” or “No” button
after each trial to indicate whether they believed that the auditory feedback they heard
was corresponded to the walking that they actually did. The results showed that as the
delay increased, there was firstly a decrease of “Yes” responses for the 250-450 delay.
However, this was followed by a significant increase of “Yes” responses for 450750ms delay. The similar pattern was repeated in the next 750 ms, which showed that
the length changes of auditory feedback of footsteps altered participant’s motor
awareness (i.e. how people perceived the timing of each step taken and the speed).
Also, it was shown that there was a significant correlation between the actual speed of
walking and the length of delay, which supports that auditory feedback could alter
participants’ reaction and performance (i.e. speeding up or slowing down) in walking.
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Hence, there is evidence showing that auditory feedback can be used to change the
perception of one’s body movement.
However, the participants in these studies are healthy people. It is still of great
interest to see whether auditory feedback can help people with chronic back pain alter
their proprioception of body and body movement.

Using auditory feedback to increase positive affective state
It has been discussed above that people who suffers from chronic pain tend to have
negative emotional states (e.g. fear of pain, depression, low confidence in doing
physical activity or low self-efficacy). However, many studies have shown that audio
or music can lead to positive emotional states, which could be used to motivate people
while doing physical activity.
Tajadura-Jiménez and Västfjäll (2008) researched on affective reactions to sound.
They investigated the effect of heartbeat sounds in different rate (60 versus 110 beats
per minute) on alteration of the listener’s own heartbeat, which may affect their
emotions towards pictures. In this study, the participant was asked to listen to
heartbeat sound which lasted for 50 seconds. Then the participant was asked to rate a
picture. Participants’ valence and arousal level when rating each picture were
collected by self-reported questionnaire. Results showed that the effect of heartbeat
sound on people’s emotional state was significant. To be specific, pictures were rated
as more arousing when participants were listening to a faster heartbeat sound. Also, it
was reported that percipients felt more relaxed with slow heartbeat sound when rating
the negative pictures. In sum, there is evidence showing that listening to auditory
feedback can change people’s arousal. However, the participants in this study were
healthy people and were sitting during the whole test. It is interesting to investigate
how to use auditory feedback to change participant’s affective states in physical
activity, in particular motivation, for both healthy controls and people with chronic
pain.
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Furthermore, auditory feedback has also been widely used in rehabilitation to
improve motivation and engagement. Research by Rosati et al. (2011) shows that
sound feedback can increase positive emotions (e.g. engagement) during technologyassisted arm movement training for people after stroke. In this study, participants were
asked to carry out a target-tracking task by using one arm. Auditory feedback (i.e. a
sequence of tonal beeps) was provided when there was a tracking error. The result
showed the by introducing the sound feedback, participants showed less errors and
reported more engaged with the task than those participants who did the task without
the auditory feedback.

2.7 Summary
Firstly, this chapter presents research about pain-related fear avoidance behaviour,
showing that PCP tend to escape or avoid certain type of physical activity because of
their belief on the pain or damage brought by the activity. It is also shown that PCP
can experience emotional distress as well as poor performance due to the fear of
movement, which largely affect their psychological wellbeing and social and working
life. Thirdly, it is found that a portion of people with chronic back pain might suffer
from inaccurate proprioception of body movement. This could lead to more fear and
lower confidence, resulting in more limitations of physical activity. Additionally,
studies about the effect of self-efficacy are reviewed, showing high self-efficacy can
help PCP confront pain-related fear and result in better performance. Furthermore,
one’s self-efficacy can be built through information of performance, which can lead to
better performance in healthy people.
In relation to this, some studies have suggested using auditory feedback as a cue to
provide information about physical activity, in order to improve the awareness of
one’s movement. Also, other studies have demonstrated the link between auditory
feedback and positive affective states, as well as performance. Also, some
technologies that use auditory feedback to improve user experience in physical
activity are presented. These technology exploiting sound produced by one’s body
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movement has been tested for entertainment purpose, however, no use for altering
perception of body movement have been propose.
Based on the findings we suggest that sounds could be used to address the
psychological and physical barriers that refrain people from maintaining a program of
physical activity by altering the perception of their body movement as well as their
psychological state. Also, it is of great interested to see how to use the similar
mapping technique proposed by Bevilacqua et al. (2002) to design our experiment,
because as we stated before, stretching is one particular movement that we would like
to investigate and this movement can be easily divided into gestural segments. Hence,
by dividing the stretching process into difference stage, an auditory feedback can be
produced based on the accelerator data, which can inform the participants about the
speed of their stretching, as well as how much they have moved during stretching.
To sum up, it is aimed to investigate that how to use auditory feedback that reflects
the amount of movement to increase people’s motivation, self-efficacy and
performance. Also, it is studied whether auditory feedback can be used to alter
people’s perception of body movement.
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CHAPTER 3. RESEARCH QUESTION AND METHODOLOGY
This chapter shows the research questions and related assumptions of this study. In
particular, it explains the chosen auditory feedbacks specifically, followed by the
methods used in the experiment.

3.1

Research Question
To achieve the aims of this study stated in 2.7, the following questions need to be

answered:
Question 1: Does auditory feedback of body movement (and what type of sound)
have positive effects on people’s psychological states, i.e. motivation, relaxation and
self-efficacy.
Question 2: Can auditory feedback (and what type of sound) that reflects the
amounts of body movement alter people’s perception of body movement?

3.1.1 Choice of auditory feedback
To answer the research questions, the auditory feedback used in the experiment
need to be selected before applying the method.

Two Parameters in Sound
To produce auditory feedback that can reflect amount of body movement, two
parameters are needed to be obtained, so that it is possible to tail the auditory feedback
to each participant based on their own capability.
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Before the experiment started, the participant was asked to stretch one time for
system calibration. In the calibration, the participant needed to identify 2 parameters
(angles) by explicitly indicating 2 positions while stretching forward:
1) The most comfortable position;
2) Their maximum position (best performance);
These data were recorded by the Java program on the laptop, which will then be
used to personalise the sound feedback to each individual participant as explained
below. To explore whether more informative sound has more positive effect then less
informative sound, two types of sound feedback were design with different level of
information: Flat-sound (the less informative sound) and Shape-sound (the more
informative sound). There were 8 notes and 11 notes in Flat-sound and Shape-sound
respectively. The sound was played in the form of sequence of tonal notes (each
musical note at 22050HZ, lasting 0.5s) and delivered through the speaker on the
laptop. The instrument was xylophone. Both sound feedbacks were personalized to
the capability of the person.

Flat-sound feedback
Flat-sound is considered as the less informative one, because it only informs
people about their maximum target. The Flat-sound played while stretching is always
in the same note. The tone of the sound remains still as a flat line as shown in Figure
1. The Flat-sound feedback starts at soon as the person starts to stretch their trunk, and
will last until the person reached what they had set as their maximum target (or best
performance) in calibration step. After their best performance, there is no sound
played any more, even though they continue to stretch. So, if the sound stops, the
participant would know that they have achieved their perceived best performance and
after this it would be their perceived dangerous zone. This design would help discover
their emotional states (e.g. motivation and confidence) based on whether the
participant would like to continue beyond their best performance.
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Figure 1 : Notated score of Flat-sound feedback

Shape-sound feedback.
Shape-sound is considered as the more informative sound. We put the most
comfortable point in this sound as additional information, because PCP may would
like to know their perceived comfortable area, which may make them feel safer with
knowing whether they have pass their comfort zone.
The tone of the Shape-sound played while exercise is increasing or decreasing
based on people’s movement. The tone of this sound is like a wave as shown in Figure
2. The scale will increase until the participant achieves their most comfortable point
and then will decrease until they achieve their best performance. After that, no sound
will be played. So, if the sound stops, the participant would know that they have
achieved their based performance, and after this it would be their perceived dangerous
zone. This design would help discover their emotional states (e.g. motivation and
confidence) in each sound feedback based on whether the participant would like to
continue beyond their best performance. The most comfortable point and maximum
performance are identified by the participant in calibration step.
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Figure 2: Notated score of Shape-sound feedback

3.1.2 Hypotheses
To answer the research questions in 3.1, the hypotheses of this study are concluded
as below:
Hypothesis1: Sound feedback reflecting the amount of stretching during physical
exercise improves motivation, self-efficacy and pain. In particular we expect that a
more informative type of sound feedback (i.e. Shape-sound condition) will provide a
higher improvement with respect to a less informative type.
Hypothesis 2: The auditory feedback can alter participant’s perception of body
movement; in particular, it is expected that a more informative type of sound feedback
(Shape-sound condition) will provide a higher alteration with respect to a less
informative type.
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3.2 Method

Participants
Nineteen healthy participants (5 males, 14 females) were recruited through emails.
Eight people with chronic back pain (PCP) (4 males, 4 females) were recruited
through chronic pain groups. Participants were aged between 23-60 years of age
(mean age= 42.56, standard deviation= 2.128). The healthy participants were paid £7
each for one hour and PCP were only paid for their cost on travelling.

Materials
Consent form and Information sheet. At the beginning of the experiment, a
consent form (see Appendix A) and an information sheet (see Appendix B) were
given to each participant to inform them about the consent information and the
purpose of the experiment.
Recording sheet. The recording sheet (in Appendix H) was used by the
experimenter during the study. Before the experiment started, the participant was
asked to do the stretch once to help the system calibrate by explicitly identifying three
parameters, including neutral standing angle of the participant’s trunk, the most
comfortable angle of the trunk and the maximum angle of the trunk while stretching.
The experimenter should write down the calibration data on the recording sheet. These
data were used by the Java program to tailor the sound feedback to each individual
participant.
Sound image. There were two sound images (in Appendix G) used in the study,
one for shape sound and the other one for flat sound. Each image visualized the tested
sound in scales. These images were used to explain the details of the auditory
feedback to the participant, so that they understand what type of sound they would
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hear in each condition and how the sound would associate to their own body
movement.
Pre-activity questionnaire. This questionnaire (in Appendix C) consisted of 4
parts questions: personal details, current pain level, current comfort level in doing
stretching and self-perceived capability of doing stretching. These data were used as a
baseline for each participant, helping identify whether the auditory feedback in each
condition can influence the participant’s physiological states.
Post-activity questionnaire. This questionnaire (in Appendix D)consisted of 4
parts questions: current pain level, current comfort level in doing stretching, selfperceived capability of doing stretching and self-perceived performance. These data
were used to identify whether the auditory feedback in each condition can influence
the participant’s physiological states as well as their perception of body movement.
Comparison questionnaire. After all the three conditions were done, the
participant was given a questionnaire (in Appendix E) to compare the effect of
auditory feedback in each condition, including the motivation, relaxation and selfperceive performance.
Follow-up interview sheet. At the end of the experiment, the participant was asked
about which auditory feedback in three conditions was their most and least favourite
one and why, to further reveal their feelings toward the design of the auditory
feedback. This sheet is in Appendix F.
Video camera. The whole procedure of the experiment was recorded by a video
camera if the participant gave this consent when he or she signed the consent form.
The video was used to help us further understand what was happening in a specific
moment in the experiment, especially when the data captured by the sensor was not
clear for analysing.
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IPod Touch and chest band. An iPod Touch (with iOS 5.1 or later) was used as a
biosensor in the experiment to automatically measure and record the angle of the
participant’s trunk. Also a chest band was used to attach the iPod Touch on the
participant’s upper back (see Figure 3).

Figure 3: The iPod touch sensor and the chest band. The iPod is attached on the
upper back

Laptop. A Java server program was run on a laptop to receive the data captured by
the iPod Touch. It also produced the tailored auditory feedback in real time, based on
the data received.
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Physical Activity Task

The literature review shows that people with chronic pain fear particular
movement because they perceive that such movements could generate pain, and
stretching is one of them. It is also mentioned that stretching is a particular useful
exercise for people with chronic back pain, but it is generally avoided as feared.
Hence, in this experiment the participants were asked to stretch their upper back
forward as much as they would like to, from a neutral standing position as shown in
Figure 4.

Figure 4: Participant stretching his upper back forward. The image below
demonstrates the activity
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Choice of motion capture technology

There are many different types of motion capture technology in the market. It has
been indicated in literatures that more and more people own smart phones, so it is a
technology available to everybody and easy to use, which is everywhere different
from Kinect. In particular, iPhone (or iPod) has been studied as a reliable platform
which is used to execute accurate physical activity measurements due to its
incorporated accelerometer sensor. Hence, in this project, an iPod touch was used as
the motion sensor.
An iPod Touch (with iOS 5.1 or later) was attached on participant’s upper back.
An app called Sensor Data was installed in this iPod to capture accelerometer and
gyro data (Frequency set at 100Hz). This app could not only capture the movement
angle, but also transfer the data to a PC via Wi-Fi network in real time. A screenshot
of the app is shown below in Figure 5. In this app, the user can indicate which
accelerometer or gyro data are required. In our case, we only need the Euler angles
which represent the changing angle of the iPod itself (Figure 5(a)). Also, to transfer
the data to the laptop, the user needs to input the IP address and port of the laptop
shown in Figure 5(b). Lastly, this app allows the user to set the streaming frequency of
the data, which is 100Hz in this experiment (Figure 5(c)).
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Figure 5: Screenshots of Sensor Data application. (a) Configuration of required data.
(b) Settings of IP address and port number. (c) Settings of streaming frequency

Also, as shown in Figure 6, the angle data representing how much the participant
was bending while stretching forward can be automatically measured and recorded by
the iPod sensor in real time.

Figure 6: The captured angle data
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At the same time, a laptop was used as a server to receive the data from the app.
The laptop and the iPod were connected through Wi-Fi network. The app used in the
experiment can only measure and transfer data to a PC, but cannot generate auditory
feedback. Hence, the author developed a server programme in Java language to
process the received data and produce the continuous sound, associated with the
amount of movement performed. The operating system was Windows 7 and the
development platform was Eclipse 4.3. The code of the programme is in Appendix I.
The Java programme divided the whole stretching range (i.e. the participant’s
perceived maximum performance which was captured in the calibration) into 8 (for
Flat-sound condition) or 11(for Shape-sound condition) stages. Then it processed the
streamed angle data from the iPod with a pre-set formula, to map the participant’s
movements in to corresponded stages. Based on the stage that the participant was at,
the according note of a sound would be played. Hence, the participant would hear
continues sound while stretching, which was associated to their body movement until
they achieve their perceived best performance.

Design
A within-subjects design was used with one independent variable and six
dependent variables.
Independent variable
The independent variable was the artificial sound feedback provided in the
exercise, which has three conditions:


No-sound



Flat-sound



Shape-sound

The difference between these sounds has been explained in previous section (3.1.1).
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Dependent variable




Emotions
o

Comfort level

o

Self-perceived capability

o

Motivation

o

Relaxation

Performance
o

Perception of body movement

o

Self-assessed performance

o

Actual performance

Measuring Emotions and performance
The emotions listed above were measured by using pre-activity and post-activity
questionnaires with 0-6 Likert scale (Appendix C, D).

The perception of body

movement was measured by post-activity questionnaire after each condition.
(Appendix D). The participant needed to select one from the 0-6 Likert scale with
image representing their movement. The self-assessed performance was measured by
the comparison questionnaire after all three conditions were done. The actual
performance was detected by the iPod which was attached on participant’s back and
the data was transferred to and recorded by the PC server automatically. The accuracy
of angle data detected by the iPod was tested in a pilot study by comparing the data
captured by the iPod with the data measured by a triangular rule.
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Procedure
The study was carried out in a lecture room located at UCL (University College
London). Before starting, participants were explained through the information sheet
and signed the consent form (Appendix A, B).
There were two experimenters in this study: one facilitated the participant to do
the exercise, while the other one controlled the laptop to produce the auditory
feedback and to record the movement data. The layout of the room is shown in Figure
7.

Figure 7: Layout of the experiment room

At the beginning, the experimenter 1 demonstrated the physical activity to the
participant by performing the stretch activity himself. The participant had time to get
familiar with this activity. Then, the experimenter showed the participant the iPod
sensor and attached it on the participant’s back as shown in Figure 3.
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1) Calibration
After the participant understood the activity clearly, he or she was asked to do a
one-time stretching for system calibration.
The calibration consisted of three stages. First the participant was asked to stand
straight. At this point the trunk angle registered by the iPod was saved on the server as
neutral standing position. Then the participant was ask to stretch to the maximum
position they still felt comfortable and say “now”. Then they were asked to continue
to stretch to the maximum stretching position they were capable of performing and
say “now”. Then they could return to standing position. Three angles were recorded
by the experimenter 2 using the recording sheet and the Java program. The trunk
angles measured when the participants pronounced “now” were stored respectively as
1) The neutral standing position;
2) The most comfortable position;
3) Their maximum position (best performance);
These data was saved on the laptop and used to tailor the sound feedbacks to each
individual participant.

2) Exercise in Three Conditions
The participants were then required to fill the pre-activity questionnaire (from
Appendix C). When they were ready, they could start to do the exercise in three
conditions. Before each condition, the experimenter 1 explained the sound feedback
that the participant was going to hear by demonstrating an image of the sound scale
(Figure 8). They were informed that the auditory feedback was associated to their
movement in real time. The order of these three conditions was randomized to
counterbalance the effects.

- 35 -

Figure 8: Image of sounds

In each condition, the participant was told to stretch twice in a slow pace and
stretch as much as they would like to, even after the sound stopped. After each
condition, the participant was asked to relax for one minute. At the meantime, he or
she was asked to fill a post-activity questionnaire (Appendix D). After all the
conditions were done, a comparison questionnaire (Appendix E) was given to the
participant to fill.
In the last part of the experiment, the experimenter 1 did a follow-up semistructured interview with the participant to further explore how the participant felt
about each sound feedback. The interview questions are listed in Appendix F.
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3.3 Data Analysis Method
The main aim of the study was to see if motivation, self-efficacy, performance
improved and perception of body movement altered during the sound condition, and
in particular during the most informative sound condition. To this purpose a repeated
measure test (or the corresponding non-parametric test) will be used based on the
normality of the variables. Also, boxplot graphs or bar graphs will be used to show the
general trend of the data.
To be specific, A Repeated Measures ANOVA test will be used if the data are
normally distributed (the Shapiro -Wilk level of significance p < 0.05 in normality
test) to identify if there are significant differences among three conditions. Otherwise,
a K-related sample Friedman test will be used if the data are not normally distributed.
Furthermore, if any significant difference is found in the result of Friedman test, posthoc analysis with one-tailed Wilcoxon tests will be used with a Bonferroni correction
applied on the different combinations of related conditions, to further explore where
the differences actually occur, . Correspondingly, a paired sample T-Test will be used
on the different combinations of related conditions, if any significant difference is
found in result of ANOVA. The variables used in this study are summarized in Table
1.
Variables of this study
Independent variables




Dependent variables
Emotions
o

Comfort level

o

Self-perceived capability

o No sound

o

Motivation

o Flat sound

o

Relaxation

Type of sound

o Shape sound



Performance
o

Perception of body movement

o

Self-perceived performance

o

Actual performance

Table 1: Variables used in this study categorised by type
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CHAPTER 4. RESULTS
The experiment aimed to investigate if auditory feedback of body movement
affects people’s motivations, self-efficacy in executing a stretching physical exercise,
as well as the perception and the real performance of the execution of the exercise.
In this chapter, the results of the data analysis were reported. Boxplot graphs or
bar charts were used to identify the general trend in the data. Specific statistical
analysis was used to reveal possible effects.
Two populations were investigated: PCP and healthy participants. A repeated
measure test (or the corresponding non-parametric test) was used, where three types of
auditory feedback are the within independent variables and type of population
(healthy participants or PCP) was the between variable.

4.1

Effect of Sound on People’s Affective State and Perception of

Body Movement
In each condition, the participant was asked to report their pain level, comfort
level, self-perceived capability of doing the stretching and their self-perceived body
movement. These data are used to identify whether there are general change on people
emotional state and perception of body movement, depending on what type of
auditory feedback was provided during the stretching.
Since the data are not normally distributed, a nonparametric Friedman test (Krelated sample) is used to identify whether there is significant difference for these
variables in three conditions.
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Pain level, comfort and self-efficacy

No significant difference was found in participants’ pain level, comfort level or
self-efficacy depending on what sound was listened to during stretching. The results
of Friedman tests on these three variables were summarized in Table 2.

Friedman test
Group

N

ChiSquare

df

Asymp.Sig

Pain

PCP

8

4.667

2

0.097

Comfort

Both groups

27

3.379

2

0.185

PCP

8

1.625

2

0.444

Healthy participants

19

2.462

2

0.292

Both groups

27

0.080

2

0.961

PCP

8

0.500

2

0.779

Healthy participants

19

0.667

2

0.717

Self-efficacy

Table 2: Summary of Friedman test of pain level, comfort level and self-efficacy

Firstly, pain levels were analysed only for the PCP population, as expected none of
the healthy participants exhibited any level of pain at the start of the exercise. Figure 9
shows the trend of pain level in PCP group. It can be seen that people in PCP group
perceived higher level of pain in No-sound condition (median =3.5), followed by the
pain level in Flat-sound condition (median=3). The lowest level of perceived pain is in
Shape-sound condition (median=2.5).
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Scores

Figure 9: Pain level of PCP in three conditions

However, according to the result of Friedman test, there was no significant
difference found in perceived pain level depending on which type of auditory
feedback was listened to whilst stretching, χ2(2) = 4.667, p = 0.097(>0.05). Hence,
different type of auditory feedback did not cause significant difference in the
participant’s pain level throughout the whole experiment.
Secondly, there was no significant difference in participant’s perceived comfort
level depending on which type of auditory feedback was listened to whilst stretching
as χ2(2) = 3.379, p = 0.185(>0.05). We also analysed the two populations separately
and again no difference was identified, as χ2 (2) = 1.625, p = 0.444(>0.05) for PCP
and χ2(2) = 2.462, p = 0.292(>0.05) for healthy participants.
Lastly, there was no statistically significant difference in participant’s perceived
capability of stretching depending on which type of auditory feedback was listened to
whilst stretching as χ2(2) = 0.080, p = 0.961(>0.05). Furthermore, no significant
difference in perceived capability of stretching for neither group separately was
identified depending on which type of auditory feedback was listened to during
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stretching, as χ2(2) = 0.500, p = 0.779(>0.05) for PCP while χ2(2) = 0.667, p =
0.717(>0.05) for healthy participants.

Perception of body movement

In each condition, participants were asked to selecting the visual representation of
the stretching angle that closest represented their perception of their execution (see
figure 4 in Chapter 3). As shown in Table 3, there was no significant difference in
participant’s perception of body movement ( The perceived angle change of trunk) in
each condition depending on which type of auditory feedback was listened to whilst
stretching, as χ2(2) = 4.484, p = 0.106(>0.05). We also analysed the two populations
separately and again no difference was identified, as χ2(2) = 4.000, p = 0.135(>0.05)
for PCP while χ2(2) = 1.682, p = 0.0.431(>0.05) for healthy participants. This result
shows that adding an auditory feedback did not alter people’s perception of body
movement.

Friedman test
N

Chi-Square

df

Asymp.Sig

Both
groups

27

4.484

2

0.106

PCP

8

4.000

2

0.135

Healthy
participants

19

1.682

2

0.431

Table 3: Friedman test for perceived body movement
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4.2 People’s comparison of sound conditions
After all the conditions in the experiment, the participant was asked to compare
how the different type of sound feedback helped them by giving a score (from 0 to 6
)for each condition including how motivated they were, how relaxed they were and
how well they perceived they have performed in the stretching.
Since the data are not normally distributed, a nonparametric Friedman test (Krelated sample) is used to see whether there is significant difference for these values in
each condition.

Motivation
Figure 10 shows boxplot graphs of participant’s perceived motivation across all
conditions. It indicates that most participants reported that they have higher
motivation (median=5) in the Shape-sound condition. Their perceived motivation is
slightly lower in Flat-sound condition (median=4), followed by that in No-sound
condition (median=3). This indicates that most people perceived that the Shape-sound
was more motivating than Flat-sound or No-sound.
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Figure 10: Boxplot graphs of motivation level across all conditions.

According to the result of statistical analysis, there was a significant difference in
perceived motivation depending on which type of auditory feedback was listened to
whilst stretching, χ2(2) = 15.500, p = 0.000 (<0.05). However, at this stage, it was only
known that there are differences somewhere between the related conditions, but it was
not known exactly where those differences lie. Hence, to examine where the
differences actually occur, post-hoc analysis with one-tailed Wilcoxon tests were run
separately on the different combinations of related conditions. Furthermore, one-tailed
test was applied in order to test our hypothesis that the motivation in Shape-sound
condition is always higher than that in Flat-sound condition, and the No-sound
condition has the lowest level of motivation, due to the level of information they
provide. Additionally, a Bonferroni adjustment on the results from the Wilcoxon tests
was applied, because there were multiple comparisons. The new significance level
was 0.05/3 = 0.017. The result of Wilcoxon test is shown in Table 4.
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One-tailed Wilcoxon test
Hypothesis

T-statistics

Exact p-value

No-sound < Shape-sound

176.00

0.0032*

No-sound < Flat-sound

202.00

0.0008*

Flat-sound < Shape-sound

108.50

0.3113

Table 4: One-tailed Wilcoxon test of Motivation in all combinations (* p < .017)

According to Table 4, there is a significant difference between the motivation in
No-sound and Shape-sound (T statistic =176, P=0.0032<0.017), indicating that Shapesound is always perceived to be more motivating than No-sound condition. Also, it
shows a significant difference between the motivation in No-sound and Flat-sound (T
statistic =202, P=0.0008<0.017), indicating that Flat-sound is always perceived to be
more motivating than No-sound condition. However, there is no significant difference
found between Shape-sound and Flat-sound (T statistic=108.50, p=0.3113>0.05).

Relaxation
Figure 11 shows boxplot graphs of participant’s perceived relaxation values across
all conditions. It indicates that most participants perceived that they have higher
relaxation (median=5) in the Shape-sound and Flat-sound condition. They felt less
relaxed (median=4) in the No-sound condition.
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Figure 11: Boxplot graphs of relaxation values across all conditions.

According to the result of statistical analysis, there is a significant difference in
perceived relaxation depending on which type of auditory feedback was listened to
whilst stretching, χ2(2) = 10.032, p = 0.007 (<0.05).
Also, post-hoc analysis with one-tailed Wilcoxon tests was conducted with a
Bonferroni correction applied, resulting in a significance level set at p < 0.017. The
results reported in Table 5 shows that there is a significant difference between the
relaxation value in No-sound and Shape-sound (T statistic =102.50, p=0.0075),
indicating that Shape-sound is always perceived to be more relaxing than No-sound
condition. Also, it shows a significant difference between the relaxation value in Nosound and Flat-sound (T statistic =127.50, P=0.0075), indicating that Flat-sound is
always perceived to be more relaxing than No-sound condition. However, there is no
significant difference found between Shape-sound and Flat-sound (T statistic=65.00,
p=0.0955).
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One-tailed Wilcoxon test
Hypothesis

T-statistics

Exact p-value

No-sound < Shape-sound

102.50

0.0075*

No-sound < Flat-sound

127.50

0.0075*

Flat-sound < Shape-sound

65.00

0.0955

Table 5: One-tailed Wilcoxon test of Relaxation in all combinations (* p < .017)

Self-perceived performance
After all three conditions were done, participants were asked to directly compare
their perceived performance under No-sound, Shape-sound and Flat-sound, by giving
a score from 0-6 to each condition.
Figure 12 shows boxplot graphs of participant’s self-perceived performance across
all conditions. Higher scores of perceived performances indicate higher self-efficacy,
while lower scores represent lower self-efficacy. It indicates that most participants
perceived that they have performed better (median=5) in the Shape-sound condition.
Their perceived performance is slightly lower in Flat-sound condition (median=4),
followed by that in No-sound condition (median=3). This indicated that most people
reported that they have their best performance under Shape-sound condition and they
have the worst performance under No-sound condition.
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Figure 12: Boxplot graphs of Self-perceived performance values across all conditions

Also, the result of Friedman test shows that there is a statistically significant
difference in participants’ self-perceived performance depending on which type of
auditory feedback was listened to whilst stretching, χ2(2) = 22.396, p = 0.000 (<0.05).
This indicates that different types of sound could change participants’ self-efficacy
level.
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Moreover, post-hoc analysis with one-tailed Wilcoxon tests was conducted with a
Bonferroni correction applied, resulting in a significance level set at p < 0.017. This
results reported in Table 6 indicate that there is a significant difference between the
self-perceived performance in No-sound and Shape-sound (T statistic =271.50,
P=0.0001), indicating that adding the Shape-sound can help people feel that they can
achieve better performance than in No-sound condition. Also, it shows a significant
difference between the self-perceived performance in No-sound and Flat-sound (T
statistic =206.00, P=0.0004), indicating that adding Flat-sound can also help people
feel that they can achieve better performance than in No-sound feedback. However,
there is no significant difference found between Shape-sound and Flat-sound (T
statistic=221.50, p=0.0212), even though it approaches significance (0.017). It would
it be interesting to test these effects on a larger population to verify that this trends is
in fact significant.

One-tailed Wilcoxon test
Hypothesis

T-statistics

Exact p-value

No-sound < Shape-sound

271.50

0.0001*

No-sound < Flat-sound

206.00

0.0004*

Flat-sound < Shape-sound

221.50

0.0212

Table 6: One-tailed Wilcoxon test of Self-perceived performance values across all
conditions (* p < .017)
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4.3 The Difference between Self-perceived movement and Actual
Performance
As what is stated in 4.1, adding auditory feedback which reflects the amount of
body movement did not alter participant’s perception of body movement. However, it
is still interesting to see how exactly people perceived their motion against their actual
performance. Figure 13 represents the difference between perceived angle change of
the trunk and the actual movement. The values were computed by using perceived
maximum angle to minus actual maximum angle. Positive bin indicates that the
person overestimate their performances, whereas a negative bin means that they
underestimate. On the left, we can see that for all conditions, most healthy participants
tend to overestimate their performances. The PCP instead have a more diversified
profile.

Figure 13: The angle difference (i.e. perceived angle – actual angle) in three
conditions
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Interestingly, however, if we only look at the absolute values of these differences
for the PCP group (Figure 14 ), we can see that the higher error occur for the no-sound
condition with the Flat-sound providing more accurate estimation of the stretching
angles. This may suggest that with a higher number of PCP participants, an effect of
sound (Flat in particular) on performance could be identified. We further analysed this
aspects by considering the limitation of ratings used in our experiment.

Figure 14: The absolute value of angle difference (i.e. perceived angle – actual angle)
in three conditions

During the experiment, the participants were only allow to report their perception
of body movement by selecting the visual representation of the stretching angle that
closest represented their perception of their execution (see Appendix D). Since there
was limited number of images that they could choose, the inaccurate body perception
detected in the experiment might not due to their own sensory deficiency, but due to
the limited choice we provided. We only provided angle choice from 0, 15, 30, 45, 60,
and 75. If a participant wanted to choose 55, he had no choice but to choose 60
instead. Hence, to further correct the possible error, a more forgiving angle difference

- 50 -

value was calculated and reported in Figure 15. For example, if a participant chooses
60, he or she might mean 60 + 7.5 (7.5 is half length of the slot). So instead of using
60 as his perceived performance when he actually does 45, we used 60-7.5=52.5
(closest value to his actual performance) as his perceived performance, which makes
the difference smaller.
In Figure 15, it can be seen that Flat-sound makes most PCP perceive better. But
in healthy controls, no particular finding was detected. Also, a Friedman test was also
used on the corrected absolute value of angle difference to further identify the sound
effect on body perception. There is no significant difference in the corrected absolute
value of angle difference, depending on which type of auditory feedback was listened
to whilst stretching, χ2(2) = 1.252, p = 0.535(>0.05). Again, this result is consistent
with the result in 4.1, showing that adding auditory feedback did not alter people’s
perception of body movement.

Figure 15: Corrected absolute value of angle difference

It was mentioned in Chapter 2 that PCP may have deficit perception of body
movement. However, in this study, we only looked at the sound effect on altering
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participant’s perception for general population. We did not looked at whether sound
feedback can improve accuracy of perception for people who have deficit
proprioception. This is due to the limited number of PCP available. Also, we did not
purposely select participants who have deficit proprioception. More details related to
this are discussed in Chapter 5.

4.4 Effect of Sound on Actual Performance

Actual stretching angle
During the study, participant’s real performance (actual angle changes on the
trunk) were automatically measured and recorded by the sensor attached on their
upper back. A line chart is shown in Figure 16 to reveal the overall trend the sound
effect on all participants’ actual performance. The graph does not show any particular
differences among these three conditions.

Figure 16: Line chart of participants’ actual performance in all conditions
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Since the data were normally distributed, parametric test (repeated measures
ANOVA) was used. Mauchly's Test of Sphericity indicated that the assumption of
Sphericity had not been violated, χ2(2) = 2.632, p =0.268 >0.05, and therefore,
Sphericity was assumed. There was no significant difference in participants’ actual
performance depending on which type of auditory feedback was listened to whilst
stretching, (F (2, 50) = 0.045, P =0.956 > 0.05). This indicates that even though
participants perceived that they performed differently based on the type of auditory
feedback that they listened to, there was no significant difference in their actual
performance under three conditions. Additionally, the group of participants (PCP and
healthy participants) was used as a between variable to further test the different effects
between PCP and healthy participants. The result of a repeated measures ANOVA
with Sphericity assumed determined that there was no statistically significant
difference in participants’ actual performance, depending on which type of auditory
feedback was listened to whilst stretching between PCP and healthy participants, (F
(2, 50) = 0.432, P =0.652 > 0.05).

Time Used to Achieve the Maximum Performance
The time people spent on stretching from neutrally standing position to their
maximum performance in each condition was recorded. An example is shown in
Figure 17. This time-related data can be used to further reveal people’s emotional state
while stretching under different conditions. For example, shorter time used to achieve
the stretching goal may indicate more confidence or less fear towards this particular
activity. Since the participant was required to do two repetitions in each condition, the
average value of time spent on these two repetitions was calculated. The angle
detected by the iPod touch starts from 90 degree (neutral standing position) and the
stretching takes the level to 0.
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Figure 17: An example of the time people spent on stretching. The top of the curve
means the initial standing angle. The bottom of the curve means the maximum angle of
the stretch. The area between the red lines means one repetition of stretch from initial
standing position to a maximum performance.

Since the data were normally distributed, parametric test (repeated measures
ANOVA) was used. Mauchly's Test of Sphericity indicated that the assumption of
Sphericity had not been violated, χ2(2) = 2.632, p =0.268 >0.05, and therefore,
Sphericity was assumed. There was no statistically significant difference in the time
spent to achieve the maximum performance depending on which type of auditory
feedback was listened to whilst stretching, (F (2, 52) = 0.620, P =0.542 > 0.05). This
indicates that adding auditory feedback during stretching did not change the time that
participants spent on achieving their maximum performance, implying no particular
emotional reaction.
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Comfort and Maximum zone
In the experiment, participants were asked to identify their most comfortable angle
and their perceived best performance while stretching in the calibration step before the
three conditions started. The participants’ actual performance in each condition was
automatically measured and recorded by the iPod application. Participants’ actual
maximum performance (max angle) was used to minus the most comfortable angle to
identify if they successfully passed their perceived comfort zone. The result is
reported in Figure 18.
It can be clearly seen that only one participant (No.17 in Flat-sound condition) did
not pass his comfort zone. For the rest participants in healthy participant group, they
all successfully passed their most comfortable point when they were asked to stretch
as much as they want. In PCP group, 3 participants did not pass their comfort zone in
Flat-sound condition, 2 participants did not pass their comfort zone in Shape-sound
condition and 1 participant did not pass his comfort zone in No-sound condition.

Figure 18: Stretches that passed the comfort zone in three conditions. The data in
this figure is produced by using their actual performance to minus comfortable angle
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Also, we used participants’ actual maximum performance to minus their perceived
best performance to identify if they passed their perceived best performance. The
result is reported in Figure 19 .Overall, 10 participants passed their perceived
maximum in No-sound condition. 14 participants passed their perceived maximum in
Shape-sound condition. 14 participants passed their perceived maximum in Flat-sound
condition. The Shape-sound and Flat-sound seemed to have more effect on
encouraging participant to go further beyond their perceived maximum while
stretching, since more than 50% (14 out of 27) participants stretched more than their
perceived best performance.

Figure 19: Stretches that pass the maximum zone in three conditions. The data in
this figure is produced by using their actual performance – perceived maximum
performance
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4.5 Result Summary
In this chapter, the data collected from the experiment were analysed using
different type of statistical test. No sound effect was found on the psychological state
of the participants, i.e. no differences were found for pain level, comfort level and
self-perceived capability of stretching. Also, no sound effect was found on alteration
of people’s perception of body movement.
However, there were interesting findings in the direct comparison after all
conditions. There were significant differences in participant’s motivation, relaxation
and self-perceived performance depending on what type of auditory feedback was
played. To be specific, the result indicated that most people reported that the adding
an auditory feedback could help them feel more motivated and relaxed during the
stretching. No significant difference was found between the Shape-sound and Flatsound. Additionally, people perceived that they performed better when an auditory
feedback was played, but no difference was identified between the two types of sound.
Based on the analysis of participant’s actual performance, even though participants
felt that they performed better with a sound played, there was no significant difference
in their actual performance under three conditions.
Lastly, adding auditory feedback during stretching did not change the time that
participants spent on achieving their maximum performance, implying no particular
emotional reaction, e.g. hesitation caused by fear. However, the Shape-sound and Flatsound were reported to have more effect on encouraging participant to go further
beyond their perceived maximum while stretching, since more than 50% (14 out of
27) participants managed to pass their perceived maximum threshold.
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CHAPTER 5. DISCUSSION
This chapter discusses the results found and how they match the hypotheses,
followed by how they support other literature. In particular, the implication for design
of technology that can motivate people to do physical activity is discussed. Some
limitations are also discussed along with future directions to reach more conclusive
results.

5.1 Hypotheses

Hypothesis 1: Sound feedback reflecting the amount of stretching during physical
exercise improves motivation, self-efficacy and decrease level of pain. In particular
we expect that a more informative type of sound feedback (Shape-sound condition)
will provide a higher improvement with respect to a less informative type.
From the statistical analysis of the collected data, there was a significant difference
between the motivation rating in No-sound and Shape-sound condition, indicating that
Shape-sound was always perceived to be more motivating than No sound condition.
A significant difference was also found between No-sound and Flat-sound, which
means that Flat-sound was always perceived to be more motivating than No-sound.
However, there was no significant difference between Shape-sound and Flat-sound,
meaning that the extra information provided by the Shape sound did not lead to further
motivational effect.
The same result as also found in self-efficacy that participants perceived that they
performance better when there was a movement-associated sound played. No
difference was found between Shape-sound and Flat sound, showing that more
informative sound did not result in higher self-efficacy.
Whilst the statistical analysis of motivation and performances did not identify any
difference between the two types of sound, differences were in fact reported by the
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participants during the post interview. Participants were asked to choose their most
and least favourite auditory feedback, and 15 out of 17 participants reported their most
favourite sound was the shape-sound. When it comes to the reason, over 88% of these
participants provided very similar reasons. Their responses are concluded in Table 7
and 8 for healthy participants and PCP respectively. 17 participants agreed to attend
the interview, but not all of the participants wanted to be tape-recorded, so in some of
the cases their comments were annotated by the experimenter. In these two tables, HP
means healthy participants, while P means participants with pain.
Table 7 : Interview responses from PCP
Interview responses from PCP
Themes

Less Favourite

More Favourite

P1: No sound because
P1: Flat, because there is a
Sense of Space and
there are no markers and no sense of time and space and it was
Time
sense of time and space.
a pleasant sound. It is helpful in
pacing me. The shape sound is
also helpful but it was a little bit
quick and distracting.
P2: No sound because
P2: Yes, with the Shape
Sense of progress and
there is no feedback of my sound, it seems like I was
challenges
progress.
climbing a mountain while the
pitch increasing. You know, you
P3: No sound because have a sort of target to achieve.
there is no feedback of effort After passing the top position, I
and I don’t know what I was would know that I have passed a
doing against.
certain level and it just
encouraged me that I might be
P4: No sound because able to do a bit more than that.
with sound you can know Just very clear about where I was.
how well you are doing. But without the sound, you have
Hearing a sound, it makes me no idea.
feel that I can do a bit more,
seems you are achieving
P6: Shape. Hearing the sound
something. Without sound, pitch up help me being more
you don’t know how much engaged and make it easier for
you are doing. There is me. The flat was not helpful as
something there give you that. Not motivating as that. The
some positive signals, the up and down one, it gives me
pitch going up seems like you something to achieve and I know
are doing well. Near the top is how close or how far I am to the
good and far from the top is goal, it is much more motivating
not so good.
than the others.
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P6: No sound, you just
P8: Shape. I can tell if I am
never know, because you approaching my max stretch and
work against nothing.
it helps me know where I was.
You know, it is better to hear a
P8: No-sound because sound and you can pace yourself,
there is no feedback at all. you know, based on how much
distance or whether the sound is
Don’t like it.
going up or down. It’s very
interesting to know that and yes,
the shape is the most favorite one.
P8: the Shape one. It gives a
feedback of how well I was doing.
I can see myself playing games
with it. More engaging. It is
interesting to get the ideal, the
comfortable position, because the
tone raising and falling tells me
where I was. But it may be
interesting if it always goes up,
because I might move back and in
that case I might need to think if I
am beyond my most comfortable
point or I am moving backwards.
It was a little bit confusing at the
begging but I quickly figure that
out. But if it always goes up, I
would know more clearly that I
am moving forward or moving
backwards.
P3: Shape, it allows you to
focus on something else other
than what you are doing. With the
up and down sound, I can hear
more clearly how I am doing,
probably. I can be cleverer coping
my movement, effort and process.

Change of focus

P5: Flat, it’s quite boring,
P5: The shape. More exciting,
Pleasant
Sound:
Relaxing, boring and like the word in itself, not Welcoming, inspiring. The shape
inspiring. Not very exciting.
makes me laugh, happier. Both of
exciting.
them are better than the no sound.
P7: P: No sound, it’s just
nice to hear a sound.
P8: the Shape one. It gives a
feedback of how well I was doing.
I can see myself playing games
with it. More engaging.
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Table 8: Interview responses from PCP

Interview responses from Healthy Participants
Themes

Less Favourite

More Favourite

HP1: The one up and down
Sense of progress and HP1: No-sound because you
don’t
know
anything
with
(Shape).
It was fun and more
challenges
that.
interesting. You know you are
getting progress. With the sound
HP2: No sound. No idea up and down, it just let me know
where I was going to.
how I am doing and makes me
think that I can do better. While
HP3: No sound. No feedback. the No sound, I can do without the
sound. But sound is more
HP8: No sound. You have encouraging. The Flat one is also
nothing to work against.
useful but less fun then the shape
one.
HP3: Shape, more motivating
compare with the first time (No
sound). Flat: is not as engaging as
the shape one.
HP4: Shape, it tells me how
well I was doing and I can tell
which stage I was at, you can
picture that in your head, seems
like you are on the way going to
achieve a goal.
HP5: Shape, I like the sound,
it’s funny and encouraging. I like
to play with it. It also allows me
to know if I am approaching my,
en…, ideal performance and yeah,
the best performance. I felt I
could do more with the shape one.
HP6: Shape, because I know
where I was and how I was doing.
Just useful to pace yourself and it
seems like you are making a
progress. It is more motivating I
think.
HP7: Shape, I like the noise.
It just very relaxing and more
motivating I think. Well, you can

- 61 -

tell the difference, I mean whether
you are approaching to the, let’s
say, target. I would like to use that
sound in exercise.
HP8: Shape, it tells you
something. I mean, with the up
and down, you know where you
are in the whole process, so that it
is more relaxing and since you
know where you are , you can tell
if you are doing well or not.
HP9: Flat, it guided me
through the process. I like the
sound rather than the shape one.
The shape one is a little bit fast to
me. The flat one is more relaxing
and I can see I was getting
progress toward my max.
Pleasant Sound

HP4: No sound. Boring and
HP1: The one up and down
not helpful.
(Shape). It was fun and more
interesting. You know you are
getting progress. With the sound
up and down, it just let me know
how I am doing and makes me
think that I can do better. While
the No sound, I can do without the
sound. But sound is more
encouraging. The Flat one is also
useful but less fun then the shape
one.
HP2: Shape. I can hear the
sound is bringing me there. I feel
most comfortable with it.
HP7: Shape, I like the noise.
It just very relaxing and more
motivating I think. Well, you can
tell the difference, I mean whether
you are approaching to the, let’s
say, target. I would like to use that
sound in exercise.
HP8: Shape, it tells you
something. I mean, with the up
and down, you know where you
are in the whole process, so that it
is more relaxing and since you
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know where you are , you can tell
if you are doing well or not.

The responses in the above tables are categorised into different themes. Two main
reasons why participants preferred Shape-sound over other sound were revealed and
concluded as below.
1) There is a sense of progress and stage
This feedback shows that the information provided by the Shape-sound can help
people understand which stage they were at during the stretching, making them more
comfortable doing the activity. 4 participants in PCP group and 2 healthy participants
mentioned the similar thing. Take the response for HP6 as an example, “Shape-sound
allowed me to know where I was in the stretching and I could see myself making a
progress”.
This can be especially useful for PCP, because they may have pain-related fear
towards stretching or other perceived dangerous activity. For example, before they
pass the top of the Shape-sound, participants would feel more at easy as they know to
be still in the comfortable zone. After that, it is perceived as a relatively dangerous
zone, since they are approaching to their max stretch. So, if carefully designed, the
auditory feedback could inform people, especially people have pain-related fear, to
gain more clear awareness about their current situation, which may result in a more
relaxing environment and less fear.
2) A target or challenges to beat.
Also, 2 participants in PCP and 6 healthy participants mentioned that the Shapesound provided a sense of challenge, which makes them feel more motivated and
would like to do more. The Shape-sound does not only provide higher sense of safety,
but provide also a sense of pleasurable challenge to beat. One participant (P2) said
“With the Shape-sound, it seems like I was climbing a mountain while the pitch
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increasing. You know, you have a sort of target to achieve. After passing the top
position, I would know that I have passed a certain level and it just encouraged me
that I might be able to do a bit more than that.” This participant was using the sound to
visualize the challenges she was facing in a positive way, and further challenge herself.
It is shown that even if when rating their motivation, significant differences were not
identified, if designed carefully the sound feedback could provide not only
information, but a pleasant challenge to achieve and to beat. By providing information
on the different zone of performances, participants (in particular people with chronic
pain) were able to perceive targets and challenges for them to achieve in a more
comfortable manner as they felt more in control.

3) The sound is pleasant. 2 participant in PCP and 4 healthy participants
mentioned that they like the Shape-sound because the sound was pleasant, making
them relaxed and engaged. This could be considered as the effect of sound on
participant’s affective state.
However, P1 and HP9 indicated that their favourite was Flat-sound. For example,
P1 mentioned that” I prefer Flat, because there is a sense of time and space and it was
a pleasant sound. It is helpful in pacing me. The shape sound is also helpful but it was
a little bit quick and distracting.” HP9 also said similar thing that “The shape one is a
little bit fast to me.” People find the rhythm of Shape-sound is a little quick, which
makes them feel distracting. This may due to that there were more notes played in
Shapes-sound condition, since it needed to provide more information. Also, P1 and
HP9 stretched very small range in the experiment, which also makes the notes played
faster.

Hypothesis 2: The auditory feedback can alter participant’s perception of body
movement. We expect that a more informative type of sound feedback (Shape-sound
condition) will provide a higher alteration with respect to a less informative type.
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From the experiment data, it is surprising that people with chronic back pain did
not show significant difference between their perceived performance and their actual
performance in any conditions. Also, no sound effect on people’s perception of body
movement was found. This can be caused by the limited number of PCP available.
During the project, it was very difficult to recruit PCP. The small number of
participants that accepted to take part in the experiment may not exhibit such
alteration. Hence, it would hence be important to re-run the study with access to a
larger PCP population to compare people that exhibit altered proprioceptive and
people with non-altered proprioceptive system. Unfortunately it was not possible
during the study.

5.2 How the Results Support Other Research
In regards to other research, the finding from this study supports the idea that
auditory feedback can increase positive affective states. The previous study by
Tajadura-Jiménez and Västfjäll (2008) showed that by listening to a faster heartbeat
sound, participants could have a higher arousal when rating pictures. However, this
study did not identify any specific affective states associated to the sound. In our
experiment, this idea was proved by showing an increase of perceived motivation,
relaxation and self-efficacy when auditory feedback was provided for both healthy
control and PCP. These finding can also be further developed and appied to the design
of rehabilitation technology. In previous review, Bolíbar and Bresin(2012) used
auditory feedback as an alert to inform people after stroke when there was an error
occurred in their target tracking task to enhance engagement. This could be a problem
because it was showing people that they were doing something wrong, which may
increase the fear and refrain them from continue. In our study, we did not want to give
an idea of danger. That is why when the max zone was reached, no sound would be
played rather than playing an alarm. Whether a person would like to go beyond the
max zone would be something that they could choose to do. The comfort zone
represented the amount of exercise that they needed to do to keep active. The
participants were reported more motivated and relaxed without the sense of danger. So,
instead of showing general error information, the auditor feedback can be designed
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more informative, so that participant could know more about how well they are doing,
for example using difference sound to specify how close they are to the tracing target.
Also, for healthy people, such auditory feedback can be employed by fitness
technology to increase the motivation and engagement of the player. Lécuyer et
al.(2011) introduced the “Shoes-Your-Style” approach, which use auditory feedback
to enhance the entertainment in walking experience. In their research, the different
types of sound (e.g. stepping on mud, snow) work only as a trigger of enjoyment and
entertainment. But based on the finding of our study, sound can provide not only
entertainment but also information that may help motivate, reassure and challenge. In
our experiment, we used a very simple sound. It would be interesting to explore
different type of sounds that may be more enjoyable and see how these sounds could
be altered or played to use them as information.
This can also apply to the study by Fortmann et al. (2012) who designed a mobile
application PaceGuard to help runner keep their cadence during running. PaceGuard
can automatically measure and record the cadence of the first run (150 seconds) of the
runner and then generate a pulse feedback to guide and keep the runner in the same
cadence. In this design, the auditory feedback is used as a guide and is not going to
change based on the participant’s performance. Considering the findings in our project
that an increasing pitch of sound can provide not only information but a pleasant
challenge to achieve and to beat, this app can use more informative and motivating
auditory feedback. For example, the speed of the sound can remain the same to keep
the runner in the same rhythm, but the tone or the pitch of the sound can change based
on people’s speed. So if the runner is slowing downing, the tone will decrease
accordingly, while if the runner is speeding up, the tone will increase, showing the
real time performance in a more motivating and pleasant way.
Furthermore, based on the research by Fujiki (2010), who examined the possibility
to accurately monitor physical activity with the iPhone, we further explored the
possibility of using an iPhone as a rehabilitation device at home. In our experiment,
we learnt that PCP found no difficulties in using an iPhone on their back as a motion
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sensor and the result showed that the movement associated auditory feedback could
help people achieve higher self-efficacy compared to no sound. Additionally, iPhone
or iPod touch is available for every day and cheaper and easier to deploy than other
motion capture devices (e.g. Kinect), so it can be more affordable for people to buy
one and use it at home every day. This is also good for people with disability who
cannot come to hospital to see the therapist or could not afford one.
Even though the findings in this study did not support the idea that auditory
feedback could alter the perception of body movement for people who suffers from
deficit perception (Botvinick & Cohen,1998; Tajadura-Jiménez et al.,2012). It still
provides some insights that auditory feedback can be used as informative cues in
physical activity. Here we proposed a new way that people could interpret their own
body movement by mapping the auditory feedback to the actual body movement
segment in real time. Also the design of motion data capture system used in the study
can be applied to similar research, since the cost on developing such technology is low.

5.2 Future Research
There are some limitations in the study and some future work should be
considered to further develop this study.

Different Exercise for Healthy Participants

In the study, both healthy participants and PCP were required to do the same
exercise (i.e. stretching the upper back forward). This is because we would like to use
identical activity for both groups in order to easily organize the experiment and better
analyse the data. However, from the outcome of the study, the stretching activity
seems so easy for the healthy participants that there is no significant difference in the
confidence and self-perceived capability in three conditions. Since the healthy
participants do not have pain-related fear of movement, some more challenging
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exercise can be used to further study the effect of auditory feedback on people’s
confidence.

Measure other part of the body with more sensor to better analyse the data
In this study, an iPod touch was attached on participant’s upper back to measure
and record the changes of angle on the back while stretching. We used iPod touch
because it was easy to develop the app and the Java programme, given that the time
for this project was very limited. However, apart from the angle changes of the back,
it is necessary to better evaluate changes in the performance. Given that this was a lab
study, it is possible that the participants have tried to do their best despite fear and
pain. More measurements could have highlighted better performances in the way
(rather than simply the bending angle) the exercise was executed. For example, EMG
measurements could have provided information about reduced tension and reduced
anxiety in the execution of the same angle of stretching. Also, different types of sensor
can be used, i.e. Kinect sensor, which can help provide an overall measure of the
posture (e.g., head bent vs. head up straight).

What to put on the top of the Shape sound feedback
In this study, a shape sound feedback was used, where a most comfortable point
was put on the top of the scale. The tone of this sound would increase until the
participants achieved their most comfortable point and the tone would decrease until
the participants achieved their maximum performance. For PCP, it is good to put the
most comfortable point on the top of the shape, because they have more pain-related
fear of the activity. Also, a decreasing tone would inform them that they have carried
out the minimum amount of activity that they should be doing. The maximum should
represent a possible next challenge to reach and that they may not overdue.
However, the design that on top of the shape mountain is the comfort zone and
after that is perceived challenging zone may not be the case for healthy participants. It
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is possible that for healthy participants, the top of the shape should be the best
achievement, as healthy participants would expect continuous progress and don’t have
to deal day by day with different levels of pain.

5.4 Summary
This chapter firstly reviewed the hypotheses in this study based on the statistical
analysis result. It was supported that introducing an auditory feedback of body
movement can increase participant’s positive states: motivation, relaxation and selfefficacy. However, the assumption that auditory feedback can alter the perception of
body movement was not proved, due to the limited number of PCP. Secondly, the
findings were related to the previous studies and the implication for design of
technology was discussed. Finally, the limitations of this study were listed along with
future directions to reach more conclusive results.
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CHAPTER 6. CONCLUSION
The present study aims to investigate whether auditory feedback reflecting the
amount of body movement can increase positive affective states (i.e. motivation and
self-efficacy) during physical activity. Also, it is investigated if auditory feedback can
alter participant’s perception of body movement. This was done by carrying out a
control experiment with 27 participants (8 PCP and 19 healthy participants). Sound
feedbacks (i.e. No-sound, Shape-sound and Flat-sound) which were associated to their
own body movement were used to inform people of their movement while performing
a stretching exercise. The participants were asked to report their affective state and
perceived performance after each condition. An iPod Touch was used in the
experiment as a sensor to automatically measure and record the angle change on the
trunk during stretching. The result showed that adding a sound feedback could
increase participants’ motivation, self-efficacy and perceived performance. Even if
effect on actual performances were not identified, post-interview highlighted that the
Shape-sound can not only increase the awareness of body movement, but also provide
pleasant challenge to beat. Interview showed that 88% of people reported to prefer the
most informative sound feedback. The reason for their preference was that the most
informative sound not only provided a sense of pleasurable environment but also a
sense of progress and facilitated pacing. By providing information on the different
zone of performances, participants (in particular people with chronic pain) were able
to set targets and challenges for them to achieve in a more comfortable manner as they
felt more in control.
Furthermore, there are limitations in this study which might lead to future research
to reach more conclusive results. In this study, both PCP and participants were asked
to perform the same exercise (i.e. stretching forward). This is a particular useful
activity for PCP, which could be challenging to them. However, it is not the case for
healthy participants, because healthy participant without pain would not consider it
challenging at all. This may affect the measurement of self-efficacy. Hence, more
challenging activity should be used in healthy participant to better evaluation their
self-efficacy and performance. Also, Given that this was a lab study, it is possible that
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the participants have tried to do their best despite fear and pain. More measurements
taken by different sensor on other parts of body could have highlighted better
performances in the way (rather than simply the bending angle) the exercise was
executed. Lastly, the design that on top of the shape mountain is the comfort zone and
after that is perceived challenging zone may not be the case for healthy participants. It
is possible that for healthy participants, the top of the shape should be the best
achievement as healthy would expect continuous progress and don’t have to deal day
by day with different levels of pain.
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Appendix B: Consent Form
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Appendix C: Pre-activity Questionnaire
1. Personal details
Gender :

female

male

Age:_____
How long have you been in pain? ___Year____Month

2. Pain level
How much pain do you have today?
Please indicate onto the scale below the position that best describes your pain at the
moment.

0
No pain

1

2

3

4

5

6
Pain as bad
as you can imagine

3. Comfort status
1) How comfortable are you in doing this kind of physical activity?

Please indicate onto the scale below the position that best describes your status.
0
Not at all

1

2

3

4

5

6
completely
comfortable

2) How would you consider your capability of doing such physical activity?

Please indicate onto the scale below the position that best describes your capability.
0
Not at all

1

2

3

4

- 78 -

5

6
Fully Capable

Appendix D: Post-activity Questionnaire
1. Pain level
How much pain do you have at present?
Please indicate onto the scale below the position that best describes your pain at the
moment.

0
No pain

1

2

3

4

5

6
Pain as bad
as you can imagine

2. Comfort status
1) How comfortable are you in doing this kind of physical activity?

Please indicate onto the scale below the position that best describes your status.
0
Not at all

1

2

3

4

5

6
completely
comfortable

2) How would you consider your capability of doing such physical activity?
Please indicate onto the scale below the position that best describes your capability.
0
Not at all

1

2

3

4

5

6
Fully Capable

3. Performance
How much did you stretch in the game?

0

1

2

3

- 79 -

4

5

Appendix E: Comparison Questionnaire

1) In which condition, do you feel more motivated to do such activity?

Condition 1:_______
0
Not at all

1

2

3

4

5
6
completely motivated

2

3

4

5
6
completely motivated

2

3

4

5
6
completely motivated

Condition 2:_______
0
Not at all

1

Condition 3:_______
0
Not at all

1

2) How relaxed do you feel in each condition?

Condition: _______
0
1
Not at all

2

3

4

5

6
completely relaxed

Condition: _______
0
1
Not at all

2

3

4

5

6
completely relaxed

Condition: _______
0
1
Not at all

2

3

4

5

6
completely relaxed
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3) Which condition helps you to perform better?

Condition 1:_______
0
Worst

1

2

3

4

5

6
best

Condition 2:_______
0
Worst

1

2

3

4

5

6
best

Condition 3:_______
0
Worst

1

2

3

4

5

6
best
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Appendix F: Follow-up Interview Questions
1. Which condition is your least favourite one? Why?
Condition: ______
Reason:

2. Which condition is your most favourite one? Why?
Condition: ______
Reason:

3. How does each sound work for you? Anything you felt helpful or confusing? Why?
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Appendix G: Image of Sound feedback

Shape sound
Most Comfortable

Best performance

Flat sound

Best performance
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Appendix H: Recording sheet

No.

Initial angle

Most
comfortable

P1
P2

P3

P4

P6
P7
P8
P9
P10
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Maximum

Appendix I: Java Programme Code
// Flat-sound.java
import java.io.*;
import java.net.*;
import java.awt.*;
import sun.audio.*;
class DGSServer
{
public static void main (String [] args) throws IOException {
System.out.println ("Server is listening ...!!!\n");
// Create a datagram socket bound to port 10000. Datagram
// packets sent from client programs arrive at this port.
DatagramSocket s = new DatagramSocket (10000);
// Create a byte array to hold data contents of datagram
// packet.
byte [] data = new byte [100];
// Create a DatagramPacket object that encapsulates a reference
// to the byte array and destination address information. The
// DatagramPacket object is not initialized to an address
// because it obtains that address from the client program.
DatagramPacket dgp = new DatagramPacket (data, data.length);
// Enter an infinite loop. Press Ctrl+C to terminate program.

int stage=0;

// Donttai donttai = new Donttai();
// donttai.setVisible(true);
//donttai.run();
/////////////////////////////////////////////////////////////////////////////
int lowest=8;
// set the most comfortable angle and the maxmium angle
double MostComfortable =20;
double Maxmium=60;
/////////////////////////////////////////////////////////////////////////////////
double eachStage=0;
eachStage=MostComfortable/7;
double rest=0;
rest= Maxmium-MostComfortable;
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double restStage=0;
restStage=rest/4;
FileWriter writer=new FileWriter("p8-2-Flat.txt");
while (true){
System.out.println("");
// Receive a datagram packet from the client program.
s.receive (dgp);
// Display contents of datagram packet.
String recvStr = new String(dgp.getData() , 0 , dgp.getLength());
System.out.print ("---------------\n");
System.out.println(recvStr);
writer.write(recvStr);
writer.flush();
// writer.close();
System.out.print ("Pitch:");
// System.out.print(pitch[18]);
//System.out.print(pitch[19]);
// System.out.print(pitch[20]);
String[] ary=recvStr.split(",") ;
System.out.print(ary[2]);
float aryfloat= Float.parseFloat(ary[2]);
double angle= 90-(aryfloat*57.29578);
System.out.println("\nBending angle:");
System.out.print(angle);
System.out.print ("\n---------------\n");
// Frame f= new Frame();

System.out.print ("\n------each stage---------\n" +eachStage);
//if (angle < eachStage) System.out.print("$$$$$$$$$$$$$444");
//if(angle > eachStage)System.out.print("$$$$$$$$$$$$$4dddddddd");
if(stage!=1)
if(angle<eachStage && angle>0){

System.out.print("#######--Stage(10-20 degree)---- -");
// donttai.run();
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InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
// if(stage>1)donttai.run();
stage=1;
}
if(stage!=2)
if(angle<eachStage*2 && angle>eachStage){
System.out.print("#######--Stage(20-30 degree)---------");
donttai.run();
InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
// if(stage>2)donttai.run();
stage=2;
/*if(lowest>stage) {lowest=stage;
//

donttai.run();}*/
}
if(stage!=3)
if(angle<eachStage*3 && angle>eachStage*2){
System.out.print("#######--Stage(30-40 degree)-------- ");
// donttai.run();
InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
//if(stage>3)donttai.run();
stage=3;
/*if(lowest>stage) {lowest=stage;
donttai.run();}*/
}
if(stage!=4)
if(angle<eachStage*4 && angle>eachStage*3){
System.out.print("#######--Stage(40-50 degree)-------- 四");
//donttai.run();
InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
// if(stage>4)donttai.run();
stage=4;
/* if(lowest>stage) {lowest=stage;
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donttai.run();}*/
}
if(stage!=5)
if(angle<eachStage*5 && angle>eachStage*4){
System.out.print("#######--Stage(50-60 degree)-------- ");
// donttai.run();
InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
// if(stage>5)donttai.run();
stage=5;
/* if(lowest>stage) {lowest=stage;
donttai.run();}*/
}
if(stage!=6)
if(angle<eachStage*6 && angle>eachStage*5){
System.out.print("#######--Stage(60-70 degree)-------- ");
// donttai.run();
InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
//if(stage>6)donttai.run();
stage=6;
/*if(lowest>stage) {lowest=stage;
donttai.run();} */
}

if(stage!=7)
if(angle<eachStage*7 && angle>eachStage*6){
System.out.print("#######--Stage(70-80 degree) -------- ");
InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
stage=7;
}
}
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package inetaddressdemo;
// Shape-sound.java
import java.io.*;
import java.net.*;
import java.awt.*;
import sun.audio.*;
class DGSServer
{
public static void main (String [] args) throws IOException {
System.out.println ("Server is listening ...!!!\n");
// Create a datagram socket bound to port 10000. Datagram
// packets sent from client programs arrive at this port.
DatagramSocket s = new DatagramSocket (10000);
// Create a byte array to hold data contents of datagram
// packet.
byte [] data = new byte [100];
// Create a DatagramPacket object that encapsulates a reference
// to the byte array and destination address information. The
// DatagramPacket object is not initialized to an address
// because it obtains that address from the client program.
DatagramPacket dgp = new DatagramPacket (data, data.length);
// Enter an infinite loop. Press Ctrl+C to terminate program.

int stage=0;

Donttai donttai = new Donttai();
donttai.setVisible(true);
donttai.run();
/////////////////////////////////////////////////////////////////////////////
int lowest=8;
// set the most comfortable angle and the maxmium angle
double MostComfortable =18;
double Maxmium=25;
/////////////////////////////////////////////////////////////////////////////////
double eachStage=0;
eachStage=MostComfortable/7;
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double rest=0;
rest= Maxmium-MostComfortable;
double restStage=0;
restStage=rest/4;

FileWriter writer=new FileWriter("p8-1-Shape.txt");

while (true){
System.out.println("");
// Receive a datagram packet from the client program.
s.receive (dgp);
// Display contents of datagram packet.
String recvStr = new String(dgp.getData() , 0 , dgp.getLength());
System.out.print ("---------------\n");
System.out.println(recvStr);
writer.write(recvStr);
writer.flush();
// writer.close();
System.out.print ("Pitch:");
// System.out.print(pitch[18]);
//System.out.print(pitch[19]);
// System.out.print(pitch[20]);
String[] ary=recvStr.split(",") ;
System.out.print(ary[2]);
float aryfloat= Float.parseFloat(ary[2]);
double angle= 90-(aryfloat*57.29578);
System.out.println("\nBending angle:");
System.out.print(angle);
System.out.print ("\n---------------\n");
// Frame f= new Frame();

System.out.print ("\n------each stage---------\n" +eachStage);
//if (angle < eachStage) System.out.print("$$$$$$$$$$$$$444");
//if(angle > eachStage)System.out.print("$$$$$$$$$$$$$4dddddddd");
if(stage!=1)
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if(angle<eachStage && angle>5){

System.out.print("#######--Stage 1(10-20 degree***-");
// donttai.run();
InputStream in = new FileInputStream("1.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
if(stage>1)donttai.run();
stage=1;
}
if(stage!=2)
if(angle<eachStage*2 && angle>eachStage){
System.out.print("#######--Stage(20-30 degree)---------");
//
donttai.run();
InputStream in = new FileInputStream("2.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
if(stage>2)donttai.run();
stage=2;
/*if(lowest>stage) {lowest=stage;
donttai.run();}*/
}
if(stage!=3)
if(angle<eachStage*3 && angle>eachStage*2){
System.out.print("#######--Stage(30-40 degree)-------- ");
// donttai.run();
InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
if(stage>3)donttai.run();
stage=3;
/*if(lowest>stage) {lowest=stage;
donttai.run();}*/
}
if(stage!=4)
if(angle<eachStage*4 && angle>eachStage*3){
System.out.print("#######--Stage(40-50 degree)-------- ");
//donttai.run();
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InputStream in = new FileInputStream("4.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
if(stage>4)donttai.run();
stage=4;
/* if(lowest>stage) {lowest=stage;
donttai.run();}*/
}
if(stage!=5)
if(angle<eachStage*5 && angle>eachStage*4){
System.out.print("#######--Stage(50-60 degree)-------- ");
// donttai.run();
InputStream in = new FileInputStream("5.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
if(stage>5)donttai.run();
stage=5;
/* if(lowest>stage) {lowest=stage;
donttai.run();}*/
}
if(stage!=6)
if(angle<eachStage*6 && angle>eachStage*5){
System.out.print("#######--Stage(60-70 degree)-------- ");
// donttai.run();
InputStream in = new FileInputStream("6.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
if(stage>6)donttai.run();
stage=6;
/*if(lowest>stage) {lowest=stage;
donttai.run();} */
}
if(stage!=7)
if(angle<eachStage*7 && angle>eachStage*6){
System.out.print("#######--Stage(70-80 degree) -------- ");
InputStream in = new FileInputStream("7.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
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stage=7;
}
// from Most Comfortable to Maxmium
if(stage!=8)
if(angle<MostComfortable+restStage && angle>MostComfortable){
System.out.print("#######--Stage(70-80 degree) -------- 8");
InputStream in = new FileInputStream("6.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
stage=8;
}
if(stage!=9)
if(angle<MostComfortable+restStage*2
angle>MostComfortable+restStage){
System.out.print("#######--Stage(70-80 degree) -------- 9");
InputStream in = new FileInputStream("5.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
stage=9;
}
if(stage!=10)
if(angle<MostComfortable+restStage*3
angle>MostComfortable+restStage*2){
System.out.print("#######--Stage(70-80 degree) -------- 10");
InputStream in = new FileInputStream("4.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
stage=10;
}
if(stage!=11)
if(angle<MostComfortable+restStage*4
angle>MostComfortable+restStage*3){
System.out.print("#######--Stage(70-80 degree) -------- 11");
InputStream in = new FileInputStream("3.wav");
AudioStream as = new AudioStream(in);
AudioPlayer.player.start(as);
stage=11;
}
}
}
}
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Appendix J: Interview Transcriptions
(P: PCP; HP: Healthy participant; E: Experimenter)

P1

E: Which condition is your least favourite one and why?
P: No sound because there are no markers and no sense of time and space.
E: Which condition is your most favourite one and why?
P: Flat, because there is a sense of time and space and it was a pleasant sound.
It is helpful in pacing me. The shape sound is also helpful but it was a little bit
quick and distracting.

P2

E: Which condition is your least favourite one and why?
P: No sound because there is no feedback of my progress.
E: Which condition is your most favourite one and why?
P: Shape, because there is a target to go against. It was encouraging and fun.
E: Can you further explain how it works for you.
P: Yes, with the shape sound, it seems like I was climbing a mountain while the
pitch increasing. You know, you have a sort of target to achieve. After passing
the top position, I would know that I have passed a certain level and it just
encouraged me that I might be able to do a bit more than that. Just very clear
about where I was. But without the sound, you have no idea.

P3

E: Which condition is your least favourite one and why?
P: No sound because there is no feedback of effort and I don’t know what I was
doing against.
E: Which condition is your most favourite one and why?
P: Shape, it allows you to focus on something else other than what you are
doing. With the up and down sound, I can hear more clearly how I am doing,
probably. I can be cleverer coping my movement, effort and process.

P4

E: Which condition is your least favourite one and why?
P: No sound because with sound you can know how well you are doing.
Hearing a sound, it make me feel that I can do a bit more, seems you are
achieving something. Without sound, you don’t know how much you are

- 94 -

doing. There is something there give you some positive signals, the pitch going
up seems like you are doing well. Near the top is good and far from the top is
not so good.
E: Which condition is your most favourite one and why?
P: The shape, as I explained.
P5

E: Which condition is your least favourite one and why?
P: Flat, it’s quite boring, like the word in itself, not inspiring. Not very exciting.
E: Which condition is your most favourite one and why?
P: The shape. More exciting, Welcoming, inspiring. The shape makes me
laugh, happier. Both of them are better than the no sound.

P6

E: Which condition is your least favourite one and why?
P: No sound, you just never know, because you work against nothing.
E: Which condition is your most favourite one and why?
P: Shape. Hearing the sound pitch up help me being more engaged and make it
easier for me. The flat was not helpful as that. Not motivating as that. The up
and down one, it give me something to achieve and I know how close or how
far I am to the goal, it is much more motivating than the others.

P7

E: Which condition is your least favourite one and why?
P: No sound, it’s just nice to hear a sound.
E: Which condition is your most favourite one and why?
P: Shape. I can tell if I am approaching my max stretch and it helps me know
where I was. You know, it is better to hear a sound and you can pace yourself,
you know, based on how much distance or whether the sound is going up or
down. It’s very interesting to know that and yes, the shape is the most favorite
one.

P8

E: which one is you least favourite one?
P: No-sound because there is no feedback at all. Don’t like it.
E: Which condition is your most favourite one and why?

- 95 -

P: the Shape one. It gives a feedback of how well I was doing. I can see myself
playing games with it. More engaging.
E: anything else?
P: It is interesting to get the ideal, the comfortable position, because the tone
raising and falling tells me where I was. But it may be interesting if it always
goes up, because I might move back and in that case I might need to think if I
am beyond my most comfortable point or I am moving backwards. It was a
little bit confusing at the begging but I quickly figure that out. But if it always
goes up, I would know more clearly that I am moving forward or moving
backwards.
HP1

E: which one is you least favourite one?
P: No-sound because you don’t know anything with that.
E: Which condition is your most favourite one and why?
P: The one up and down (Shape). It was fun and more interesting. You know
you are getting progress. With the sound up and down, it just let me know how
I am doing and makes me think that I can do better. While the No sound, I can
do without the sound. But sound is more encouraging. The Flat one is also
useful but less fun then the shape one.

HP2

E: which one is you least favourite one?
P: No sound. No idea where I was going to.
E: Which condition is your most favourite one and why?
P: Shape. I can hear the sound is bringing me there. I feel most comfortable
with it.

HP3

E: which one is you least favourite one?
P: no sound. No feedback.
E: Which condition is your most favourite one and why?
P: Shape, more motivating compare with the first time (No sound).
Flat: is not as engaging as the shape one.

HP4

E: which one is you least favourite one?
P: no sound. Boring and not helpful.

- 96 -

E: Which condition is your most favourite one and why?
P: Shape, it tells me how well I was doing and I can tell which stage I was at,
you can picture that in your head, seems like you are on the way going to
achieve a goal.
HP5

E: which one is you least favourite one?
P: no sound. No feedback.
E: Which condition is your most favourite one and why?
P: Shape, I like the sound, it’s funny and encouraging. I like to play with it. It
also allows me to know if I am approaching my ,en…, ideal performance and
yeah, the best performance. I felt I could do more with the shape one.

HP6

E: which one is you least favourite one?
P: no sound. It does not give anything to me.
E: Which condition is your most favourite one and why?
P: Shape, because I know where I was and how I was doing. Just useful to pace
yourself and it seems like you are making a progress. It is more motivating I
think.

HP7

E: which one is you least favourite one?
P: no sound. No feedback at all. I would like some music while doing it.
E: Which condition is your most favourite one and why?
P: Shape, I like the noise. It just very relaxing and more motivating I think.
Well, you can tell the difference, I mean whether you are approaching to the,
let’s say, target. I would like to use that sound in exercise.

HP8

E: which one is you least favourite one?
P: No sound. You have nothing to work against.
E: Which condition is your most favourite one and why?
P: Shape, it tells you something. I mean, with the up and down, you know
where you are in the whole process, so that it is more relaxing and since you
know where you are , you can tell if you are doing well or not.
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HP9

E: which one is you least favourite one?
P: No sound. You have nothing to work against.
E: Which condition is your most favourite one and why?
P: Flat, it guided me through the process. I like the sound rather than the shape
one. The shape one is a little bit fast to me. The flat one is more relaxing and I
can see I was getting progress toward my max.
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