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Abstract – 

This paper presents a within-subject field test 
(n=24) with Flow platform, a smart cushion that uses 
interactive music to motivate office workers to break 
excessive sedentary time. In this study, we compared 
continuous music and interactive music as reminders 
to inform sedentary time by every 15-min. After 
each treatment, a questionnaire adapted from Flow 
State Scale was used to measure participants’ 
experiences and thus motivations with interactive 
and non-interactive music. Moreover, a post-
interview was conducted with every participant 
individually to gather insights on the challenges and 
opportunities for current design. This study 
examines if the interactivity as an additional factor 
could influence the music as a motivator to prevent 
sedentary behaviours among office workers. Our 
findings suggest a further design iteration to 
appropriate the concept more to the context of office.   
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1 Introduction 
Nowadays, the rapid growth of office automation is 

largely associated with sedentary behaviours, which has 
been proven to threaten cardio metabolic health among 
office workers and thus to contribute to various 
preventable causes of death in later life stage [1]. 
Evidence shows that the effect of too much sitting 
displaces the benefit from partial exercise [2]. To 
overcome this issue, Owen et al. [3] suggested to break 
excessive sedentary time and to encourage light 
intensity exercises1 in repeated sessions throughout the 
day, such as the frequent changes of sitting postures 
from one to another. Based on this observation, we 
previously designed Flow platform [4], a novel 
technology that learns and logs sitting behaviour from 

                                                             
1 

light intensity exercise: the exercise in the energy expenditure 
range of 1.9 to 2.9 METs (multiples of the basal metabolic rate) 

users and in return uses interactive music to encourage 
users to change sitting postures with different dynamics.  

From the earlier study [4], we learned that music in 
general motivates physically more active performance. 
Yet, it is unclear: (i) if the current interactivity of music 
in Flow platform can leverage the motivation to aid 
sedentary behaviours among office workers; (ii) how to 
improve the current interaction for a better motivation in 
the future. 

To investigate this further, we conducted a within-
subject field-test (n=24) with Flow platform, where we 
compared continuous music and interactive music 
respectively as reminders to inform sedentary time by 
15-min intervals. We carried each treatment out by an 
hour per participant and recorded their sitting posture 
data by our technology. After each treatment, 
participants were asked to fill in the questionnaire 
adapted from Flow State Scale [5], a 36-item five Likert 
Scale questionnaire explains why people engage in 
certain activities intrinsically, to understand their 
experiences using Flow platform and thus motivations 
to sit actively with non-interactive/interactive music. 
Moreover, we also conducted a post hoc interview with 
every participant individually to gain some insights for 
further design. 

By comparing quantitative data, we learned the 
current interaction could not make too much impact to 
prevent sedentary behaviours for target users. From the 
qualitative results, however, we found a few insights 
suggested us to implement the interactive music more 
appropriately for the office workers. This paper makes 
two contributions. First, it examines interactivity as 
another factor to influence motivational music in aiding 
sedentary office people. Second, it identifies extra 
insights to account for when designing interactive music 
as an interface to support behaviour change. 

This paper proceeds as follows. Next section we 
provide a brief overview of Flow platform [4] and the 
review on current ambient technologies that reduce 
sedentary office time, which motivate us to conduct this 
study. In section 3, we describe on how we designed our 
experiment, which is followed by the results from this 
study in section 4. Conclusion is given in the end. 
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2 Related Work 

2.1 Flow Cushion 
Earlier to this study, we designed Flow platform [4], 

a smart cushion that can be placed on every normal 
chair to track and archive sitting behaviours from the 
user. Consequently, if the user remains one sitting 
posture for an extended period of time (15 min in our 
case), the system would use the interactive music to 
stimulate the user to shift to the different postures 
according to the musical dynamics (see Figure 1).  

 
Figure 1. Flow platform is designed to reduce 
sedentary time by enabling the user to interact 
with different musical dynamics. 

Flow platform was developed in three steps, 
consisting sensor implementation, interaction design, 
and experience design. Since in this study we have only 
examined on the interactive music part, in the following 
we elaborate on the first two steps specifically to 
appropriate how we implement the system technically 
and how the music works in the system.  

2.1.1 Sensor Implementation  

Inspired by previous design research [6] and 
products [7], we built a fabric pad (see Figure 2) that 
could be embedded into the seat cushion. Six square 
type force resistor sensors (FRS) were placed according 
to sedentary pressure map for efficient detection area 
coverage. We connected the sensor pad with Arduino 
Yun, a small micro-controller prototyping board, which 
connected to a Bluetooth module. In this way, Flow 
platform was able to synchronise data periodically (once 
every second) over Bluetooth to computer or 
smartphone.   

 
Figure 2. The sensor-pad of Flow platform, 
which contains six square FRS configured with 
the reference of [8].  

To determine the user’s sitting posture, we applied a 
specialized Artificial Neuron Network (ANN) [4] in the 
software (see Figure 3), by which the system can 
calibrate movement range according to different person. 
With the Wi-Fi connection, therefore, Flow platform 
can measure and analyse the user’s sitting behaviour 
over a distance and accordingly customise the sitting 
exercise.     

  
Figure 3. The ANN used in Flow platform. 

2.1.2 Interaction Design 

The musical interaction in Flow platform was 
designed based on observation [4] in an elderly care 
centre as well as several ideation sessions in the 
university. The instrumental music was chosen in the 
end aiming to improve the exercise adherence [9]. We 
designed the mechanism as follows (see Figure 4): If the 
user sits stationary for 15 minutes, the volume of the 
music will decrease gradually. Then the user needs to 
shift the sitting postures actively to literally interact 
with the music for 2 minutes. When the goal has been 
achieved, the volume goes back to the normal range. 
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Figure 4. the logic of how the interactive music 
work in Flow platform to support the user to 
avoid sedentariness.   

This system was originally designed for the elderly 
people. During the user test and expert consultation, 
however, both the target users and physiotherapists 
suggested the musical intervention we used here could 
also be used for the office workers to aid the prolonged 
sedentary working time. They gave this advice as they 
thought the interactive music reminds people to be 
aware of the sedentary behaviour in a non-obtrusive 
way. In addition, as far as we know, music can 
sometimes accompany office workers during work 
hours to increase the work efficiency [10]. Therefore, 
we decide to examine our design with the office 
workers as well to explore the opportunities and 
challenges of our design.  

In fact, designing ambient technology [11] to remind 
users on the sedentary behaviour in the office settings 
was not new in HCI, as in such context people wish to 
focus on the task at hand rather than bothered by the 
technology [12]. Many prior studies have been 
investigated this area using different interaction 
techniques [13]. In the following, we review the earlier 
works in detail.       

2.2 Ambient Display to Aid Sedentary Time 
As a growing design and research focus in HCI, 

ambient technology [11] is featured by presenting 
information to users requiring the smallest amount of 
attention and allows users to interact with the 
technology in a non-obtrusive way. In the scope of this 
study, ambient technology offers a trade-off between 
raising office workers’ awareness on sedentary 
behaviours and the demand to focus on work at hand. 
As one of the earliest study in this area, Jafarinaimi et al. 
[14] identified design guidelines for ambient display to 
promote physically active behaviours, consisting 
abstract, non-intrusive, public, and aesthetic. They also 
developed a tangible prototype called Breakaway using 
biomimetic metaphor to further explain their design 
goals. Similar to Breakaway, Hong et al. [15] designed 
a flower-shaped avatar to provide an ambient feedback 
about different sitting behaviours. In addition, other 
display techniques, such as ambient lighting [16] [17] 
and haptic feedback [18], have also been widely 
employed in relevant design.  

In a more recent PhD project, Probst [19] explored 
this area from a task-based perspective, where different 
forms of peripheral interaction [20] were embedded in 
different objects (e.g. [21], [22]) in the office 
environment. As such, the proposed technologies enable 
office workers to use diverse body movements to 
execute different office tasks in order to enhance 
physical activeness during work hours. Probst’s works 
clearly broaden ambient technology for sedentary 
behaviour from only stimulating the periphery of 
perception to stimulating the periphery of physical 
interaction [20]. In line with this direction, Flow 
platform uses interactive music to not only remind 
people in a way fits for their working routine, but also 
provide a channel for them to do physical exercise while 
working without any disturbance.  

To examine further, we set out a within-subject 
experiment (n=24) to explore the potential role of 
interactive music in Flow platform to motivate more 
activeness among office workers during work hours.    

3 Experiment Design 

3.1 Scenario 
To better explain how Flow Cushion should work in 

the workplace environment, we apply it to a use case 
and propose the following scenario:  

Jeff is a junior computer programmer, who has four 
tasks to accomplish this week. Therefore, he spent eight 
hours per day sitting at the desk to write codes for two 
ongoing projects, look up the algorithms for a new 
project, and write a report for a past project. He starts 
to feel pain in his back and neck recently and wants to 
reduce the prolonged sitting. Yet, he always forgets how 
long he has been sitting when focusing on the task at 
hand. Plus, he does not want to use any system that 
literally takes him away from the work. He looks up the 
products that match his needs and then finds Flow 
platform. He really appreciates the idea of using music 
to remind the inappropriate sitting behaviours, as he 
always listens to the music while working. So he thinks 
the musical reminder will fit his working routine in a 
non-obtrusive way. After installed Flow cushion on his 
chair and Flow app on his computer, he wears headset, 
switches on his favourite music album, and carries on 
working. 15 minutes later, he finds the music becomes 
lower. Then he changes his posture one to another 
randomly within his preferred movement range and 
keeps his main focus on current task. After several 
attempts on different movements, the volume of the 
music backs to the normal range. Jeff then stops shifting 
postures and continue on working without any pause. At 
the end of the week, Jeff finishes all the four tasks in 
time and still feels energetic for the weekend. Jeff thinks 
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that Flow platform can help him to maintain physical 
active during the work without any interruption. He 
feels refreshed after the sitting exercise, rewarded when 
the music comes back, and more focused on the work.  

This scenario illustrates how the interactive music 
system works in the workplace settings, following the 
design guideline from [14], which abstracts the 
information and makes the presentation non-obtrusively. 
Our system also provides office workers a channel to 
interact with the music in a pleasant way. To eliminate 
the disturbance on co-workers in the same place, Flow 
platform in this case is advised to use headset to restrict 
the publicity of the music. 

3.2 Participants 
We recruited the participants by spreading 

information via word-of-mouth through a snowball 
sampling approach: We began by asking people we 
knew that exhibited similar characteristics as our target 
users. We then asked them to pass along the information 
about our study to their social contacts. Eventually, 
there were 24 volunteers participating in the study. This 
closes to the minimum number of people required as to 
obtain statistically sound results. The participants were 
all university students or junior office workers. They 
were aged between 18 and 25 (mean age: 21.46, 
standard deviation: 1.67).  

3.3 Procedure 
Each participant was subjected to two tests – one test 

in which they used the FLOW cushion with interactive 
music, and one test in which they used the FLOW 
cushion with non-interactive music. 50% of the 
participants was subjected to the interactive music first, 
the other 50% to the non-interactive music.  

Before each test, participants were asked to sign a 
consent form and were briefly introduced to the concept 
of the FLOW platform - that the cushion registers their 
sitting behaviour and that the music was part of the 
platform. Moreover, participants were instructed that 
they were allowed to do any activity as long as they 
remained seated on the cushion. Participants were 
furthermore not instructed to achieve any particular 
goal.  

The sitting positions of the participants were logged 
during the tests. Each of these tests had a duration of 
one hour. We pre-set the volume interruption of the 
music at 15-min interval persisting 2-min slot for 
interaction. At the end of each test, participants were 
immediately instructed to fill in a questionnaire and to 
answer various open questions regarding their 
experience with the FLOW cushion and the music. 

3.4 Data Collection 
During each test, three forms of data were collected: 

the registrations of shifts in postures, questionnaire 
results (quantitative data) and interview results 
(qualitative data). 

3.4.1 Registration of the Shift in Postures 

The software automatically registers and collects the 
date and time of each shift in posture and the specific 
sitting position (represented as a number) during each 
test. This data is collected during both the tests with 
continuous music and interactive music, and will be 
compared with each other in order to conclude whether 
there are any significant differences. 

3.4.2 Questionnaire 

The questionnaire is based on the FLOW state scale. 
It measures nine aspects experienced by the participant 
during the tests: challenge-skill balance, clear goals, 
paradox of control, autotelic experience, transformation 
of time, loss of self-consciousness, concentration on 
task at hand, unambiguous feedback, and action-
awareness merging. These categorized questions give us 
a better understanding of the challenges and feelings 
experienced by the participants during the tests [5]. 

Challenge-Skill Balance (continuous music (C): 
α= .590; interactive music (I): α= .362): “In flow, the 
person perceives a balance between the challenges of a 
situation and one's skills, with both operating at a 
personally high level.” 

Action-Awareness Merging (C: α= .565; I: α= .728): 
“Involvement in the flow activity is so deep that it 
becomes spontaneous or automatic. There is no 
awareness of self as separate from the actions one is 
performing.” 

Clear Goals (C: α= .912; I: α= .858): “Goals in the 
activity are clearly defined (either set in advance or 
developed out of involvement in the activity), giving the 
person in flow a strong sense of what he or she is going 
to do.” 

Unambiguous Feedback (C: α= .823; I: α= .795): 
“Immediate and clear feedback is received, usually from 
the activity itself, allowing the person to know he or she 
is succeeding in the set goal.” 

Concentration on Task at Hand (C: α= .876; I: 
α= .844): “Total concentration on the task at hand 
occurs when in flow.” 

Paradox of Control (C: α= .725; I: α= .798): “A 
sense of exercising control is experienced, without the 
person actively trying to exert control.” 

Loss of Self-Consciousness (C: α= .395; I: α= .832): 
“Concern for the self disappears during flow as the 
person becomes one with the activity.” 

Transformation of Time (C: α= .797; I: α= .839): 
“Time alters perceptibly, either slowing down or 
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speeding up. Alternatively, time may simply become 
irrelevant and out of one's awareness.” 

Autotelic Experience (C: α= .900; I: α= .824): “An 
autotelic experience is an intrinsically rewarding 
experience.” 

3.4.3 Interview 

At the end of each session with the FLOW cushion, 
participants were asked a few open questions regarding 
their experience with the flow cushion and the 
interactive/non-interactive music. All the interviews 
were audio recorded upon the approval of the 
participants. Although not all interviews were 
completely similar, they generally followed the script 
below: 

After non-interactive music treatment: 

• What do you feel with FLOW? 
• How did you feel about doing exercises, such as 

shifting postures, with the FLOW cushion?  
• What do you think about music as a reminder to 

break your sedentary time? 
• What kind of music would you like to hear with 

FLOW? 

After interactive music treatment: 

• What do you feel with FLOW? 
• How did you feel about doing exercises, such as 

shifting postures, with the FLOW cushion?  
• What do you think of interactive music as a 

reminder for shifting postures? 
• What kind of music would you like to hear with 

FLOW? 
• Would you like to use the FLOW cushion more 

often? 
• What would you like to change to the design? 

3.5 Data Analysis 
3.5.1 Registered Posture Data Analysis 

We initially planned to compare the registered 
posture data between the treatment with continuous 
music and another with interactive music, to check if 
interactive music contributes to more posture shifts at a 
significant level. However, due to a logical error in our 
program in the beginning, we did not successfully 
archive the posture data in our cloud. We only realised 
this error at the very last stage of the experiment. Given 
this issue, we did not collect the complete sitting data 
from each test for any participant. In this study, 
therefore, we are not able to analyse if there was an 
impact of interactive music for more dynamic sitting 
posture shifts for the office workers. Yet, it was a 
meaningful lesson for us to learn that before the 
experiment every single detail needs to be double-

checked in case any error occurs in the experiment. 
Moreover, this mistake also helped us to fine-tune our 
program technically for future design and research. 

3.5.2 Questionnaire Data Analysis 

To compare the questionnaire data between two 
treatments, the normality test of distribution was 
conducted at first using Kolmogorov-Smirnov test. 
Given most of the categories between two treatments 
were not normally distributed, we then conducted 
related-sample nonparametric analysis using Wilcoxon 
test to compare the difference between two tests.     

3.5.3 Interview Data Analysis 

We clustered qualitative data based on logical 
closeness on different feedbacks following the inductive 
approach [23]. Here we aimed to inquire any valuable 
insights that emerged from our study to confirm our 
current design concept to some extent as well as to 
enlighten our future design.  

4 Findings 
In this section, we report on the result from both our 

questionnaire and our post hoc interviews. 

4.1 Quantitative Findings 

Table 1. Mean score and comparison of flow 
experience between continuous and interactive music 

Continuous 
Music (n=24) 

Interactive 
Music (n=24) Wilcoxon Test 

Challenge-Skill Balance  
M 3.24 SD 0.70 M 3.29 SD 0.62  Z -.607 P .544 

Action-Awareness Merging 
M 3.67 SD 0.63 M 3.69 SD 0.77 Z -.677 P .498 

Clear Goals 
M 3.77 SD 1.05 M 3.46 SD 1.09 Z -1.569 P .117 

Unambiguous Feedback 
M 3.20 SD 0.73 M 3.18 SD 0.90 Z -.264 P .792 
Concentration on Task at Hand 
M 3.17 SD 1.03 M 2.84 SD 0.99 Z -1.412 P .158 
Paradox of Control 
M 3.82 SD 0.62 M 3.64 SD 0.92 Z -1.523 P .128 
Loss of Self-Consciousness 
M 4.14 SD 0.63 M 4.17 SD 0.86 Z -.328 P .743 
Transformation of Time 
M 2.54 SD 1.00 M 2.53 SD 1.10 Z -.019 P .985 

Autotelic Experience 
M 2.85 SD 0.78 M 2.99 SD 0.82 Z -1.073 P .283 

As can be seen from Table 1, the Wilcoxon test 
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suggests none of the considered categories between two 
treatments are different at the significant level below 
0.05. From this study, we learned that the current 
interactivity of the music in Flow platform made no 
different flow state to the normal music. For the office 
workers, we therefore conclude that using both forms of 
music to break sedentary time causes the engaging user 
experiences at the same level.    

4.2 Qualitative Findings 
Our findings from the interviews compensate the 

quantitative results from the questionnaire. In what 
follows, we present the general experience with Flow 
platform as well as the opportunities for future design.  

4.2.1 General Experience 

From the interview, the majority of participants 
indicated that Flow platform increased their awareness 
about their sedentariness and posture behaviour. More 
specifically, both two musical treatments were 
considered to be appropriate motivators for the 
participants to get sitting posture shifts. We also learned 
that the future use of Flow platform was generally 
considered plausible by most of our participants. 
However, participants, who already moved often during 
work, did not see the clear benefit from Flow to make 
them more active on the working routine. Which means 
that our design is supposed to be more appropriate for 
the real sedentary office workers. This finding suggests 
a thorough study on profiling the target users should be 
done here to better positioning our work for the context. 

What is more, a few participants added the 
comments that the final execution of the concept would 
influence their willing to use the system to some extent. 
Therefore, we need to do more works to finalise the 
detail design of Flow platform. In the part of design 
opportunities, we will discuss this further.  

4.2.2 Design Opportunities 
During the interviews, we also found some issues that 
made negative impacts on our test. However, we believe 
these findings will help us to refine the current design 
largely and in turn appropriate Flow platform more to 
our target users. Below we discuss on what participants 
found about our design. In response, we propose the 
design strategies we are going to use to optimise Flow 
platform.  

First of all, although the Flow cushion itself is a 
prototype, some participants left the remarks that the 
current design was not being very physically comfort 
enough to support long-term use. These comments were 
basically related to the wires were exposed on the seat. 
Since our prototype needs an external power supply for 
long-term usage, we connected the cushion with a 

power plug during our experiments. This setting, 
however, restricted participants’ freedom to move 
during the study. For the future step, we consider to 
embed a rechargeable battery in the cushion, which has 
enough capacity for longer time use (e.g., one week per 
charge). As such, we are confident that the problem in 
regard with the ergonomics of Flow platform will be 
addressed. 

Second, most of the concerns we received from the 
participants were pointed to the interactivity of the 
music we implemented in the test. On the one hand, 
some participants claimed that the volume of the 
interactive music changed too quickly for activities that 
require more serious concentration, and thus study and 
office work became irritating in the end. This suggests 
us to lower the speed of volume alternation. On the 
other hand, one participant stated that the intended 
effect (the interactivity of the volume) should be 
stronger to increase the awareness on sitting postures. 
All these comments suggest we should cater the 
changing pace for every individual. A more viable way 
would be enabling user to customise the speed 
themselves.  

Third, although participants found the alternation of 
volume was interesting and motivational for them to 
break prolonged sitting, they also encouraged us to 
investigate on the applicability of other psycho-acoustic 
parameters to leverage active behaviours. For example, 
it is also possible to suggest an active break by slowing 
down the rhythm of the music. It is hard to say which 
parameter of music is the best motivator in our case. 
Following the prior suggestion, our design could be 
made to be more customisable to let users to select their 
own favourite parameter(s) and even more to pre-set 
diverse combinations of parameter(s) according to the 
context differences.     

Fourth, some participants commented that different 
working tasks require different levels of concentrations. 
Thus not all types of music were appropriate in this 
context. Instrumental music is perhaps beneficial for 
physical activities, but it is too energetic for moderate 
exercise when the major focus was on the working task. 
Most of the participants suggested us to use ambient 
sound and peripheral music for future design.  

5 Conclusion 
In this paper, we present a within-subject user test 

(n=24) on our design of Flow platform with office 
people to explore how to implement interactive music 
into our technology to break sedentary office time more 
appropriately. Our findings suggested in general the 
music was considered to be an appropriate motivator for 
the office workers to aid their sedentary behaviours. Yet 
there is room for our interaction design to be more 
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appreciated by the target users. On the one hand, 
specifying sportive people and sedentary people in our 
case and accordingly using different design strategies 
would be helpful to narrow down the scope and improve 
the effectiveness of our design. On the other hand, the 
threshold of interactivity and the interactive parameters 
of music could be designed customisable for the end 
users. Moreover, the type of the music and the 
ergonomics of the cushion should be more comfortable 
for the given context. Although a lot of effort needs to 
be spent for further development and validation of our 
design, we still believe the results from this study can 
contribute to relevant works on the interactive music for 
motivational design and thus design for health and 
wellbeing in the HCI community.    
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