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Introduction
Sedentary behaviour has been proven to increase the risk of health conditions such as 
diabetes, obesity and cardiovascular diseases. Logically, the risks will be lower when a 
more active lifestyle is induced. Sedentary behaviour is especially found in office jobs, 
making office workers an optimal user group for this research. By gathering qualitative 
data of the sedentary periods of these workers, insights can be gathered in order to come 
up with design opportunities to reduce sedentary behavior. More breaks in between these 
sedentary periods will result in lower risks for the aforementioned health conditions, as 
well as a more active lifestyle [1,2,3].
 
 Selection of the Sensors
To conduct the research on people’s sedentary 
behaviour, two sensors were chosen. One of 
them being the Mi Band for step counting and 
the other one being a pressure sensor mat (also 
called: Health Sit). The pressure mat measures 
when and how people sit. The pressure mat is soft 
so it is comfortable to sit on. The Health Sit was 
part of a research which led to the FLOW pillow; 
a portable exercise platform that aims to support 
the sedentary behaviour of elderly people by 
offering them a more active sitting experience in 
their daily routines. The FLOW pillow was a project 
by Xipei Ren et al [4].

The sensor mat consists of six pressure sensors 
and is connected to an Arduino Uno. A bluetooth 
sensor is connected to the Arduino as well. On top 
of that, a mobile app is developed for the mat, so 
it is able to make a connection with a smartphone. 
In this app, sitting postures can be calibrated and 
they are then visualised by means of a stick figure. 
Every time this posture changes, the following 
data is sent to an mqtt server: 
• Arduino number
• Posture number
• Date
• Time

It is important to note that in order for the data to be shown on the mqtt server, the 
following things are required:
• The Arduino needs to be always connected to a power supply.
• The sensor mat needs to be always connected to the Arduino
• The app needs to be opened on the smartphone
• The smartphone needs to have access to the internet by means of e.g. 3G/4G or Wi-Fi.

 

Fig. 1, Health Sit pressure mat
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 Concept Design
The purpose of this study is to test whether office workers take more breaks when they 
are triggered to break a sedentary period by a vibrating Mi Band. The vibrations have an 
interval of 45 minutes. Research has been done on healthy sitting behaviour, where it is 
suggested to take breaks every 20 minutes [5]. Because we do not want to disturb the 
participants too often, we set the vibrations every 45 minutes. The participants are free 
to respond or not. We verbally tell the participants these vibrations are an indication for 
them to take a short sitting break. By gathering their step data and sitting data, a design 
proposal can be conceived. This design proposal will likely be focussed on creating a more 
vital workspace.
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Implementation
Four participants within the University of Technology Eindhoven were approached to help 
us gather data over a total of two times four consecutive work days. They were asked to 
use both the Mi Band and Health Sit during work hours from Tuesday to Friday. During the 
second week a vibration alarm was installed on their Mi Band.

 Acquisition
The experiment was designed for office workers that mostly sit behind their desk during 
their average workday, thus Heijmans would be a suitable client. Heijmans is a company 
that strives to make their workspace vital and healthy, they work together with the Industrial 
Design faculty to achieve this. Gathering data on sedentary periods is important to them, 
as with valid data they can find fitting solutions to the problem. Ida Damen (employee 
at the faculty of Industrial Design and contact person of Heijmans) helped with finding 
participants. However, it was impossible to test at Heijmans due to time constraints. Ida 
offered to find participants inside the BPD group of the Industrial Design faculty. Thus, 
an email with a detailed consent form was set up and also a detailed Research Protocol 
was written for the mentioned email. The email, consent form and research protocol 
can be found in Appendix A1, A2 and A3. One participant mailed Ida Damen to join the 
experiment. Three more participants were gathered within the Technical University of 
Eindhoven, all PhD students. Three of the participants are male and one is female.

These participants do not necessarily fit the participant profile of the concept design, but 
they all have a fixed place in an office. Though, none of them can be described as extremely 
inactive office workers.

5V Input
Bluetooth sensor

Health Sit pressure sensor

Arduino

Health Sit
data

Step data

Fig. 2, Research setup
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 Process
First, two participants were given the activity tracker and a functioning Health Sit. The 
next week the vibrations on the activity tracker were set up. However, one Mi Band was 
malfunctioning and no alarm could be set up, thus an alarm was set up on the participant’s’ 
mobile phone (participant 1). The vibrations were set to start after a 45 minutes of inactivity. 
Meanwhile, the other two Health Sits (for Participant 3 and 4) were malfunctioning, due to 
a broken Arduino, thus their testing period started a week later.

The official Mi Fit application was installed on the participant’s phones. Participant 4 did 
not have an Android phone thus the application was installed on a phone that belongs to 
one of the researchers. The Health Sit application was installed on their personal phones 
and the cushion itself was put on their office chairs, making sure it was comfortable for 
them to sit on.   

Due to physical limitations from the Health Sit a limited dataset was gathered at the end 
of the testing period. 

For every participant two data sets were gathered. The first is from the Health sit, which 
delivers the exact position the person is sitting in. We are interested in the transition from 
posture 0, which means the person is not sitting and in any posture larger than 0, meaning 
the person is sitting. This dataset displays the number of the Health Sit, which is linked 
to a specific participant, the posture and the date and time displayed in dd-mm-yyyy 
hh:mm:ss.

 Merging
The Mi Fit data provides the total amount of steps per day counting from the start of that 
day at 00:00:00, a specific timestamp, the date in dd mmm yyyy (month is provided 
as the first three letters of that month) and lastly the hh:mm:ss is provided. Thus the 
metadata will be steps, timestamp, date, and time. While the Health Sit measures data 
every time the posture changes, the Mi Fit transmits data every ten minutes, so not at the 
moment when action is performed. There are some issues with the Health Sit, it has to be 
continuously connected to bluetooth to work and the application has to be reactivated 
when the participant has left the room. This is a hurdle for the participants and we cannot 
expect them to remember to complete these actions every time. Due to these implications 
the Mi Band will be used as an initial dataset and the Health Sit data would be conformed 
to this wherever possible. The Mi Fit data will be used and the corresponding Mi Fit data 
will be found The time will be measured in hours:minutes:seconds (hh:mm:ss), to ensure 
accuracy and precision. The Health sit data was unusable, it only worked for a few minutes 
per day and thus no valuable data was gathered from this sensor. The Notify and Fitness 
application failed to export the gathered data except for one Mi Band for one week. Thus, 
the dataset had to be inserted manually.
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Fig. 3, Mi Band data exported from Notify and fitness App merged to fit the dataset

Fig. 4, Mi Band data merged with Health Sit data

 Filtering
Some noise might occur when extracting the data. To ensure validity this noise has to be 
carefully handled and reduce identified sources, remove sources when possible and using 
filtering methods.
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We filtered the data by eliminating data that would not be used. As this research is solely 
about sedentary behavior during office working hours, all data from after 17:00 and before 
9:00 was eliminated. Besides filtering data out that would not be used, it was not necessary 
to filter the remaining data as no (clear) noise was found.

 Analytics
The experiment consists of two periods (4 working days per period). In the first period, our 
participants are given the Mi Band and the pressure mat is installed. In this first period, the 
participants are not made aware of their sitting behaviour through vibrations.

In the second period, the Mi Band will vibrate to remind people to take a break. Based 
on previous experience, people do not take enough breaks because they are unaware of 
how long they sit and the pressure of the high working-load. In the second period of this 
experiment, we assume that the vibration will draw attention to their sitting position and 
the participants will  stand up more often to have a break as well as walk around a little 
bit. Compared to the first period, a growth of the time and frequency of breaks in the 
second period are expected to happen. This change can be shown from the time and the 
number of steps. 

In the first week, the participants would follow their normal routine. the very first day can 
be slightly different from their normal routine since they can be quite aware of the devices. 
Also, they might already be aware of their unhealthy working routine by participating in 
this study which make the steps and breaks calculated slightly more than during their 
daily life. This influence of the awareness would be strongest at the first day and become 
weaker over the week. However, this slight difference would not influence the result 
enormously, since the mat is soft and the band will not vibrate so people can get used to 
the device and ignore it very soon after they receive the devices.

During the second week, people will take more breaks since the Mi Band will vibrate 
to remind them to do so every 45 minutes (from 9:45 to 16:30). That means they will 
experience 10 times of vibration during the day. A feeling of disruption can be reported 
from the users. Also, they might just touch the band to stop the vibration without really 
taking a break because of the annoyance from intensive vibration (this can happen very 
often especially later in the second week).

Another possible problem could be that they already had taken a walk within 45 minutes 
so they would ignore the alarms. We assume that the first day of the second week can be 
quite different from the days without vibration and the biggest growth of steps as well 
as break frequency should happen on this day but the influence of the vibration will be 
less and less in the whole week, which means the increase will be lower and lower until 
it meets the lowest point on the last day. The participants will indeed have more breaks 
and take more steps in the second week, but still, that is not enough to meet a healthy 
recommendation.

Besides ignoring the alarms / not responding to the alarms appropriately, another reason 
for this can be the huge gap between the participants’ normal life and the healthy 
standard since people cannot change their habits completely within such a short time. 
Note that all the assumptions made are based on the fact that in both testing periods, the 
environment of the participants have little to no effect on their behaviour.
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 Representation/visualisation

Participant 1

As can be seen in the figures above, the activeness of participant 1 increases noticeably 
in week 2, compared to week 1. Participant 1 took more steps each day, overall doubling 
the amount of steps from the week before (fig. 5). Also, the break frequency increased, 
meaning that he took more (small) breaks throughout the day (fig 6).

Conducting a t.test over the comparison between the amount of steps (fig. 5) results in 
0,004549854483, which is very significant. The t.test over the comparison in the break 
frequency (fig. 6) 0,000488697 is also significant. 

Participant 2

For participant 2, there was no clear overall increase in the activeness between week 1 and 
2. Though this participant was more active on some of the days, on Wednesday this was 
not the case. Important to note is the fact that no step data was collected on Friday, week 
1.

Conducting a t.test over the comparison between the amount of steps (fig. 7) results 
in 0,2948718549, which is not significant. The t.test over the comparison in the break 
frequency (fig. 8)  0,208561 also is not significant.

Fig. 5, Amount of steps per day 
participant 1

Fig. 7, Amount of steps per day 
participant 2

Fig. 6, Break frequency per day 
participant 1

Fig. 8, Break frequency per day 
participant 2
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Participant 3

Also for participant 3, there is no clear indication of an increase in activeness. There is even 
an obvious decrease in the activeness. The data of Wednesday of first week and Friday of 
second week are missing.

Conducting a t.test over the comparison between the amount of steps (fig. 9) results in 
0,1138872296, which is not significant. The t.test over the comparison in the break frequency 
(fig. 10)  0,311400881 also is not significant.

Participant 4

For participant 4, there seems to be an increase in activeness on Tuesday and Wednesday, 
especially on Wednesday. Yet unfortunately, two days of data are missing on the second 
week, Thursday and Friday.

Conducting a t.test over the comparison between the amount of steps (fig. 9) results 
in 0,2864306132, which is not significant. Also, a separate t.test was conducted over 
Wednesday and Tuesday, showing: 0,1687997706 (not significant). The t.test over the 
comparison in the break frequency (fig. 10) 0,197931084 also is not significant. The t.test 
over Wednesday and Tuesday showed: 0,173949859 (not significant).

Fig. 9, Amount of steps per day 
participant 3

Fig. 11, Amount of steps per day 
participant 4

Fig. 10, Break frequency per day 
participant 3

Fig. 12, Break frequency per day 
participant 4
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Fig. 13, Combined averages of steps per participant per day

Fig 14, Combined frequency of breaks per participant per day
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Fig. 15, Average total number of steps per day per week

Fig. 16, Average frequency of breaks per participant per day

Above, the calculated averages can be seen. In figure 15, we see that the average of P1 has 
increased the most. P2 also shows an increased (total) average. This while the total average 
of P3 decreased significantly, just as with P4.

In figure 16, we see an interesting difference. While the total break frequency has increased 
for P1, it has decreased for P2, despite P2 having a higher average total of steps, the break 
frequency has decreased. For P3 and P4 we also see a decrease in the total average over 
the course of week 1 and 2. 

Looking at the combined bar graphs, you can easily see a difference between week one 
and two. On average the participants took more steps and breaks during the second week. 
This is also presented in the overall T-Test of both frequency and total steps. A p-value of 
0.062715, was calculated for total number of steps which is not significant, but does come 
very close. The break frequency however, was significant with a p-value of 0,034863.
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Fig 17,  Combined step and frequency growth

Fig. 18, Increase of activeness for all participants

Overall increase

As can be seen from the graphs, participant 1, 2 and 4 showed different increase on 
activeness in week 2, while participant 3 showed all decrease on activeness in week 2. 
When the activeness is measured at 100%, it means that the activeness is exactly the same 
compared to the previous week. If it falls below a 100% an actual decrease of activeness 
has been measured. Above a 100% an increase can be found.
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One Day with Alarms in Week 2

Fig. 19, One day with Alarms in week 2, participant 1

Fig. 20, One day with Alarms in week 2, participant 2
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Fig. 21, One day with Alarms in week 2, participant 3

Fig. 22, One day with Alarms in week 2, participant 4

As can be seen in the graphs, the blue bars represent the steps the participants have 
taken, and the orange lines represent the time the reminder alarms was set. The first 
experiment day in week 2 was chosen to make a visualization of, because it should be 
the most effective day the alarms work, people may react to it more often since it is new 
to them. Through the graphs we found that the alarms worked most effectively for P1, 
he reacted to most alarms during the day. P2 reacted to a few alarms, while P3 and P4 
ignored most alarms during the day.
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Calculations
 Calculation total steps

To calculate the total number of steps, all steps were added together of each separate 
weekday. These numbers, including the total number of steps of each week are represented 
in a bar graph (fig. 5, 7, 9, 9).

 Calculation T.Test Individual

To calculate if the results were significant a t.test was performed. First the total number of 
steps is calculated for week one and week two. As the one-tailed test provides more power 
to detect an effect in one direction, the one-tailed test was used. Type 3 (two-sample 
unequal variance) was used. This t.test was used for both the total number of steps and 
the frequency of breaks.

 Calculation Frequency of Breaks

Due to the missing Health Sit data, it is not possible to conclude the exact time people 
take a break. Currently only active breaks, when the participant takes steps, are counted. 
Breaks are measured every time steps are counted within ten minutes. So every time no 
steps are taken by the participant, no break is counted. However, if a person takes two 
breaks in ten minutes, that value is not counted.

Fig. 23, Calculation total steps

Fig. 24, Calculation T.Test

Fig. 25, Calculation of frequency of breaks
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 Calculation Average Steps

To calculate the average steps on each day. An average formulate was used to make 
average values of 4 participants on each day. All the ‘0’ values were set to empty cells so it 
would not count in the calculation. Average amount of the steps for entire weeks were not 
included in this since there is missing data.

 
 Calculation Average T.Test (Steps)

This T-test was done to show if there are significant difference between the data from two 
weeks on steps which can suggest if the alarms changed participants’ behaviour. One- 
tailed and two-sample unequal variance were used.

Calculation Average Frequency of Breaks

To calculate the average frequency of breaks on each day. An average formulate was used 
to make average values of 4 participants on each day. Similar to the average value of steps, 
all the ‘0’ values were set to empty cells so it would not count in the calculation. Average 
amount of the breaks for entire weeks were not included in this since there are missing 
data.

 Calculation Increase

The increase was calculated by doing a dividing between the second week and the first 
week on each day to show if participants took more steps and breaks. Also, this calculation 
make it possible to see how much difference the alarms bring to the participant’s’ life as 
well as the changing trend.

 Calculation Average T.Test (Frequency of Breaks)

This T-test was done to show if there are significant difference between the data from 
two weeks on frequency of breaks which can suggest if the alarms changed participants’ 
behaviour. One- tailed and two-sample unequal variance were used.

Fig. 26, Calculation average steps

Fig. 27, Calculation t-test on average steps

Fig. 28, Calculation average frequency of breaks

Fig. 29, Calculation increase

Fig. 30, Calculation t-test on average frequency
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Conclusion
While P1 shows a significant increase in activeness during the second week compared 
to the first week, the data from the other participants is less conclusive. Note that P1 was 
the only participant who was provided with mobile phone alarms, instead of Mi Band 
alarms. While P2 has an increased activeness on Tuesday and Thursday, this is not the case 
on Wednesday. The data of Friday is missing, so a comparison for this day could not be 
made. Also, it can be seen that P3 has a significant decrease in activeness in the second 
week compared to the first week. Lastly, while P4 shows a very significant increase in 
activeness, there is data missing from Thursday and Friday, making a comparison for these 
two days is thus impossible. Also, conducting a t.test over the amount of steps and the 
break frequency showed significance in the results from P1, however, for P2, P3 and P4, 
this was not the case. Although, the overall average calculations T-Test yielded one p value 
bordering on significance and a significant p value for increase in frequency of breaks.

All in all, from these results it cannot be concluded that setting the alarms per definition 
leads to an increased activeness of the participants. Further research should be done, with 
more participants, in order to lead to a more conclusive answer.

Interesting to see are the graphs that relate the alarm times to the steps by the participants. 
These graphs allow us to see whether the activeness increased due to the alarms itself, or 
by external sources. For P1, we can see that often (though not always) steps are counted 
either directly after or 10 minutes later. This might suggest that the participant took breaks 
because of the alarms. We can see the same for P2. For P3, however, this is not always the 
case. The results often show no sign of activeness (counted steps) after an alarm. Also P4 
seems not to have responded clearly to the alarms.

It could be argued that the alarms were sometimes ignored because the participant had 
already taken a break right before, or was in a meeting. Meanwhile, the effectiveness of 
alarms differs a lot among different people. Some people, like participant 1, may show 
bigger response to the alarms, while others, like participant 3, show little (almost zero) 
response to the alarms. So the response to this kind of method of breaking sedentary 
periods might also depend on the personality and attitude of a person. To be able to lead 
to a conclusive answer, further research should be done, possibly with a dynamic interval 
for the alarms. Then they only vibrate when a person has not walked for a certain period 
of time, compared to a fixed 45 minute interval alarm.
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Dataset (F.A.I.R. principles)
To provide a valid research and valid dataset, the F.A.I.R. principles should be followed. 
Then the data can be reused by other researchers in a correct and simple manner.

 Findable
To make the data findable the metadata was given four identifiers. For the Mi Band, the 
retrieved data is presented in the following units: steps, date and time. The unit called 
steps represents the exact number of steps walked over a certain period of time, date 
represents the calendar date at which the steps are set and time represents the time in 
hours, minutes and seconds. So, specific numbers and sets of data can easily be found by 
other researchers.

 Accessible
The data is made accessible through using Excel in which another researcher can easily 
retrieve (meta)data by their identifier through standardized communications. The data is 
accessible through Google Drive through an authorization and authentication procedure. 

 Interoperable
The data is interoperable and uses standardized methods of vocabulary. Where necessary 
the data references to full data sets. The data received from the ‘’Notify & Fitness’’ application 
used time stamps to indicate the time of the steps. This unit, being quite complicated (for 
example: 1.4912E+12), was changed to digital time (for example: 09:00, 09:10, etc.). This 
ensured the use of standardized methods of vocabulary.

 Re-usable
The data is reusable by linking the data to its relevant attributes. Of all participants, 
relevant information is provided for the corresponding data. There were some difficulties 
with collecting the data, therefore, some of the data is missing. However, the gaps in the 
data are shown and explained clearly so the data can still be reused and can provide 
knowledge for other researchers.
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Design Brief
Based on previous studies [1, 2, 3], sedentary behavior has negative consequences on health 
conditions. From this research we can validate whether the sedentary situation exists 
among a small group of the staff and PhD students in TU/e. Also, we can see whether the 
vibration reminder on Mi Band can actually encourage more activity rather than sitting 
too long. 

Due to time constraints we only used the first method for this research. The other methods 
could potentially be further developed for future systems in breaking sedentary periods.

The first kind of method is to remind them in a very straightforward manner, which includes 
setting phone alarms, phone notifications, Mi Band vibration, sitting mat vibration, and 
laptop notifications. Yet the notifications on phone, Mi Band, sitting mat and laptops are 
very easy to ignore and if you are doing something important or are in a situation where it 
is impossible to take a break, such as a meeting, and you want to postpone the break, you 
may just forget to take the break afterwards. On the other hand, the phone alarms can be 
considered annoying and people may just cancel the alarms after a while.

The second kind of method is using the environment in which the person is working to 
remind them to take a break. An example of this can be ambient lighting, which can change 
whenever it is time to take a break. When there are more people working in one office 
space, the time between breaks can vary per person, thus conflicting with the personal 
break times. However, a personal lighting installation can be designed for each person’s 
desk or working place. In that case, the lighting can indicate when the corresponding 
person has been sitting for a prolonged time and it can suggest taking a break. Looking at 
financial issues, a personal lighting system may be too expensive to provide a whole office 
with. One lighting installation for the whole office may turn out to be cheaper but again 
may not be too efficient. 

The third kind of method is involving other people (e.g. colleagues) to remind each other. 
For example, you will receive a message/notification if the colleague next to you has been 
sitting for too long. You can then remind him/her to have a break, and vice versa. This 
may have a better effect because the suggestion comes from another person, instead of a 
device. A device reminding the person may cause him to feel less pressured to take action. 
Also, people who receive the notification may feel the responsibility to care for each other.

The other idea is to design an application that will show everyone’s walking steps, and set 
up a ranking list among each other. Since people have a natural drive for competition, 
this may encourage people to take more steps. Moreover, people who only walk several 
steps may start to walk more because of the “shame” feeling, or because they want to be 
the highest in the ranking. This kind of competition might be positive and may encourage 
more activity for people that don’t want to move. The person with the highest ranking at 
the end of the working day can maybe receive a reward from their boss, so people are even 
more encouraged to stay active throughout the day. This of course cannot interfere with 
the amount of work that has to be done during work, so it may be difficult to maintain 
productive, yet active. Moreover, some people may don’t want to share their personal 
activity data with others, so the gathering of data needs obvious ethical considerations.
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Ethical Consideration
During this research, personal information is collected from the participants. To ensure 
complete anonymity all participants have been assigned a number from P1 through P4. 
The data collected from the Mi Band has been either linked to their own personal account, 
or an account of one of the group members. This data is stored in the application Mi Fit, so 
the participant always has access to his or her data. The data from the Mi Band has been 
downloaded and stored offline after the testing period.

The data from the pressure mat is stored online. However, anonymity is in this case ensured 
by linking this data to a number only, never to a name. The link to the pressure mat data 
is stored in a Google Drive which only the group members have access to.

As was also mentioned throughout the course, all participants should be students or 
employees of the University of Technology Eindhoven. This is due to legal reasons. It was 
recommended, but not mandatory, to let all participants sign a consent form. In this case, 
the choice was made to let the participants indeed formally consent to the research. This 
was to ensure that the participants were aware of what the research entailed and so that 
they would never feel pressured to participate in this research.

Ultimately, the Health Sit the participants were asked to sit on has a fairly ergonomic 
design. When sitting on it, it is barely noticeable. All the sensors placed in the mat are 
covered up by felt, except for some wires (see fig. 1). The wires are placed on the participant’s 
chair in such a way that they do not feel constrained by the Health Sit.
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Discussion
Though efforts were made to make the data as reliable as possible, there are some key 
issues to address regarding the reliability. One of these is the amount of participants in this 
research. The four participants gave valuable insights in sedentary behaviour, however, it is 
a rather small sample group. If only one of the participants’ data deviates from the ‘’normal’’ 
behaviour (for example due to measuring flaws), the results are influenced substantially.

The time of the alarms was set, so it was not taken into account whether the participant 
had just taken a break. For some participants, it might have been inconvenient to get the 
notification to take a break when they just took a break. Though it was not possible to do 
this with our time frame, in future studies it could be considered that a dynamic interval 
could be more effective.

The participants did not represent the population of office workers. They cannot be 
described as inactive and their workdays do not last from nine to five, they have different 
schedules each day.

Also, the research might be influenced by the designers’ bias. We introduced the 
participants to something new (the Health Sit and the Mi Band), which might have caused 
them to use the product actively, only because it is a new product and we presented it 
enthusiastically. 

The Mi Band only gathers the step count every ten minutes, the exact time the participants 
took their breaks was thus lost. In the ten minutes the participant might have taken one 
break or multiple. 

The participants were allowed to not follow the instructions given by the researchers. They 
might not have worn the Mi Band every work day and hour, or not sit on the Health Sit.

Results might just be circumstantial, there is no sure indication the vibrating Mi Band 
instigated more vital behaviour.

Also, incidentally, the change from winter- to summertime happened right before and 
during the testing period for the participants. It can be argued that this influenced the 
results as well, though it is not clear to which extent.

Regarding the measuring equipment, the Mi Band worked as expected. It had a steady 
connection with the participants’ phones. We experienced trouble extracting the data 
from the application ‘’Notify & Fitness’’. This application was not able to see the data that 
was collected over the weeks (while the official ‘’Mi Fit’’ application showed all the data). 
Though inconvenient, this problem was eventually solved by manually copying the data 
from the official ‘’Mi Fit’’ application into Excel.

While the Mi Band was able to measure all the data, the Health Sit did not. It often 
disconnected during the day. The problem of the Health Sit was that it did not automatically 
try to connect again when it was disconnected. This was something that was known from 
the start and therefore all participants were asked to connect their phones to the Health 
Sit manually each morning. However, it was not taken into account that the Health Sit 
would also disconnect when one of the participants would leave his/her office. After this 
problem was discovered, all participants were approached with the request to manually 
reconnect each time they came back into their office. However, it is impossible to make 
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sure all of the participants did so, thus some of the Health Sit data was lost. This resulted 
in limited sets of data, influencing the reliability of the whole study too.

Another issue is that it is inevitable that the participants’ behaviour is influenced before 
even taking part in this study. The participants are put into a different working environment 
because of the research protocol by letting them wear a Mi Band and use the Health 
Sit. Moreover, telling them they are a part of research on prolonged sitting behaviour 
will automatically cause them to be more conscious than usually is the case about their 
behaviour and maybe act differently from the start. This cannot possibly be measured, 
especially within this time frame limited. Changing behaviour and habits in general takes 
much longer than two weeks and influencing them with measurement tools does not 
have a positive effect on that. With this short testing period, it is difficult to say whether 
the participants become more active due to the notifications, or that is was a coincidence.
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Reflections
 Ward de Groot
The moment I received an email stating that we had to buy an activity tracker like the 
MiBand, I was really excited. I had no experience whatsoever with this kind of technology. 
I ordered the MiBand immediately and started to play with it and discovered it had a lot of 
functions which were interesting to me. Especially the sleep data was really cool to check 
out for myself, because I know from myself that my sleeping schedule is really irregular 
and I sometimes have troubles managing to get enough sleep. I was eager to find out how 
to actually gather data out of the device, because I could not really find anything inside 
the app itself which allowed me to do that. 

When the course started and the subjects were announced, I was happy that my group 
also liked the topic of vitality, since I was already doing a research project on sedentary 
behaviour. I think this gave us a head start in coming up with ideas on what to research, 
because I had a lot of prior knowledge on the topic, which I conveyed to my group members. 
Moreover, I was able to borrow the Health Sit pressure sensor mats from Xipei, which was 
really cool to play with. In the end, the Health Sit did not deliver the desired results but 
this was a confirmation for me that gathering data from real life events is incredibly hard. 
I think our group tried to do everything to still keep the Health Sit up and running, but our 
efforts did not weigh up to the results, which is a shame.

Another part of the process was gathering participants, which I had never done so 
intensively before. First, we thought that we would be ‘provided’ with participants for our 
research. This was not the case though, after 2 weeks in which we did not do that much 
work in my opinion. It was a pity that Heijmans was not able to deliver participants, but we 
eventually managed to gather four participants, with whom we had a good collaboration.  
The fact that technologies did not always work as we desired, was frustrating me and the 
other group members, because our ideas on how we would conduct the research was 
thoroughly thought of.

All in all, I can say that I got a lot of knowledge on how difficult it is to gather real life data 
from real persons. There are a lot of things you have to take into account, and sometimes you 
might overlook things. Even though we did not get complete datasets for all participants, 
I still think it is interesting to see what conclusions you still can draw. For the research 
project I am currently doing, this course was very valuable and educative, which I am very 
thankful for.
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 Xiaoying Chen

In the beginning of this course, I was expecting to learn some visualization methods of 
data and getting known with different sensors. Throughout this course, I found it was not 
only about how to process the data from a raw source and make them understandable for 
other people, but also about designing an experiment, communicating with participants 
and overcoming different difficulties together with each other. 

After the whole process through this course, I realized how sensors have radically changed 
the way we understand and interact with our world, in real time. Sensors can provide us 
for just about every aspect of our day-to-day lives. Rapid improvements in technology, 
including miniaturization and advanced microprocessor integration, make the range of 
sensor applications almost endless. However, how to gather and use these precious data 
wisely? That’s what I learned from this course. 

The first thing I learned is always making a plan B (even C). During the preparation of our 
experiment, the test of gathering and extracting of data (from MiBand and Health Sit Mat) 
worked totally fine. However, going through the real experiments, some data are missing 
due to either personal or technical problems, and we had to type in the data manually. 
So if we can do another time, I will definitely think of possible problems and different 
consequences ahead, and make a plan for different scenario.

The second thing I learned is how to communicate and recruit participants. Originally, we 
were supposed to do our experiment in Heijmans with participants provided. However, 
due to some reasons we can only do it in our university and only one participant was 
provided. So we have to recruit participants by ourselves. Considering the ethical problems, 
making consent forms, recruiting emails and face-to-face explanation, all of these need to 
be handled by ourselves. I found it challenging but also gained a lot. 

Of course I also learned how to deal with sensors and how to find the most suitable 
visualization method for different data. Processing the data properly is as important as 
gathering the data discreetly. Keeping the privacy for participants is also a very important 
thing for ethical consideration.

Last but not least, I learned that even though there’s no such obvious results from the 
experiment, it doesn’t mean the experiment is useless. Every study is a contribution for 
the corresponding field, no matter how big or how small is the experiment. Besides, the 
learning from the experiment is also a precious wealth to me. 

Overall, this course will be useful in my future projects, I can now know how to use suitable  
sensors to gather the data I need and analyse them properly. The more important thing is I 
can make them understandable for other people that are not familiar with my projects. It’s 
truly amazing to see how fast all the industries have adopted sensors, including industries 
which would never have used this kind of technology in the past. I see the possibilities are 
really endless.
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 Xinhe Yao
Before taking this course, I think the comprehension of this course would be about different 
types of visualization by using multiple sensors and this was why I took this course since 
I know clearly of my weakness on data visualization and analyse. However, this course 
was more than my imagination. We did a complete experiment during this course from 
choosing direction, collecting participants, setting up, data collection and analyse which 
gave me an overview of how to conduct a scientific/ social experiment.

The biggest part of my growth during this project is that I learned how to control the 
whole process of an experiment which last for a period of time since I only deal with 
experiment/test for no more than one hour. A relatively long period of experiment makes 
it hard to control every steps in the whole process since I can not be with the participants 
all the time to guide them and make sure they act properly in the study. At first I thought 
this would be a problem which may influence the result but now I am quite aware of the 
importance of giving freedom to our participants since they would be more comfortable 
without the researchers and get used to the system we set up for the study much more 
easier. This makes the result even more reliable without researchers there to influence 
them (although the influence is not done intentionally ).  Time is another big problem for 
long period experiment. All the steps needed to be planned ahead very well to avoid the 
situation of can not finish all the steps in time.

Data analysis is also a great experience for me since many data was missing. I needed to 
deal with the missing data very carefully especially when doing calculations. Besides, we 
analysed the data from different perspectives and visualize the data in different ways to 
draw a clear image of the result. I used to use just one method of analysis/ visualization 
but after this course, I think I will try to analyse data from different perspectives as many 
as possible since it really gives different insight of the study.

For the missing data, I think the main reason for this is that we did not choose correct 
participants for this study since the employees are not always at university and I think they 
walk a lot more than the workers in a company who have a fixed office. We considered 
this at the beginning and decided to contact a company to do this study. However, we did 
not make it since there was no enough time for the company to arrange the process. Next 
time, I will contact the company in advance if I want to work together with them. Also, we 
did not communicate with our participants about their schedule (some of them are quite 
flexible) to make sure they are suitable for our study. This situation will be avoided in the 
future.

There were many difficulties during the project but the entire group put effort and solve 
the problems in the end. We helped each other a lot as well as learned from each other. 
We often discuss the progress together and keep it in the right direction. Every one of this 
group put a lot of effort to make this project complete and everything is correct. I was 
really glad to work with this group.
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 Simone van Wieringen
Before following this course I had little knowledge about data acquisition, data analysis and 
ethical constraints concerning data. During the USE learning line Human in Technology I 
performed a quantitative research which we analysed using SPSS. This and other research 
I performed helped me to better conduct a research during this course. Initially, I believed 
this course was about sensors, what types there are, how to program them and how to 
implement them into design. So, the course was not what I had expected, as it was mostly 
about gathering data.

Before this course I had  not worked with excel before, except for one time in high school. 
I have made several of the graphs and tried to make sense of the data and what types of 
graphs could best visualize the results. I learned how to do computations, make functions 
and graphs using excel. I enjoyed doing this and liked seeing what comes out of these sets 
of numbers. I still have much to learn and hope to do so in the future, thus  if possible,I 
will follow another elective in the math, data and computing competency. I also learned 
about fair principles and how to apply them to the research. Some of them were obvious, 
but others were not, such as storing the data in a safe location instead of just Google Drive. 
I also learned about merging and filtering data. These principles will be useful for the 
research project I am working on.

What mainly characterized this course for me were all the hurdles and struggles we had to 
overcome during a research using sensors. At the start of the process you think you know 
what the end result and the process will be like, but it turns out completely different. 
It is sometimes hard to persist when encountering these setbacks and not choose the 
easy way out.  Gathering the data had to be carefully planned and the next time I have 
to gather data, I will take more time to plan, as to avoid useless mistakes. In our case 
this meant that the participants did not really represent the group we intended to study. 
Another thing we encountered was that the sensors did not work as expected, next time 
I would propose to first do an initial one day pre-test to be able to test the equipment 
Although, we did perform a pre-test using the Mi band to export data, but that still did 
not work as we had hoped.

In the end, we knew what went wrong and next time we all can hopefully avoid many 
of the mistakes and issues we faced this time. Although, I will undoubtedly encounter 
new issues and hurdles, I now know that this is unavoidable and just a regular part of 
a quantitative data acquisition process when using technology and in particular when 
using sensors.

Before this quartile I was completely unfamiliar with most of the concepts touched within 
this course. I learned a lot and can put this knowledge to good use during my research 
project. For this project my team and I will definitely encounter large data sets, which 
we want to analyse in a proper manner. I will definitely take the FAIR principles into 
consideration and use the experience I gained with both data acquisition and analysis. 
That project will be an opportunity to put the skills I gathered during this course to the 
test and improve them further.



29

 Anouk van Luijk
During this course, one of the things I learned was how to set up an experiment: what do 
you need to think of? Something I found out in this process is that everything that can 
go wrong, will probably go wrong (just like Murphy’s Law). This includes: failing to export 
the data to an Excel file and missing almost all the data from the Health Sit. It made me 
realize that for such an experiment, every detail needs to be defined and I have to think 
very specifically what the participant needs to know (e.g., connect the pressure mat to 
the phone every time he/she comes back to the office to ensure data is indeed collected). 
Though not clearly communicating what all the participants needs to know caused some 
trouble in the first couple of days, we still managed to collect enough data.

I also learned more on how to handle the collected data. For example: ensuring complete 
anonymity of the participants. We did this by putting only the anonymized data on the 
Google Drive, which could not be traced back to the participants. I gained knowledge on 
what to keep in mind when handling data (such as the FAIR principles) but also the more 
basic practicalities: this includes setting up the consent form to ensure that all participants 
were fully informed volunteers of the research.

I also gained experience in analyzing data, in two areas. One being that we had to decide 
how we wanted to analyze that data. What kind of results were we looking for? This resulted 
in the second area: actually analyzing the data. I learned how to deal with missing data, 
for example: when to include this in the graphs and when not to.

Another aspect I learned more about was drawing conclusions from the collected data. 
When does the data sufficiently show that a theory (using alarms) works to trigger breaks? 
In our case, it didn’t, and while that seemed disappointing, I learned that wasn’t a bad 
thing, as the process of was still valuable.

I am currently in Project 3 (Research). For this project we are using participants in order 
to answer our research question. The knowledge I gained during this course will help me 
a lot with my project, specifically what to keep in mind when conducting an experiment. 
Through this course, I experienced what needs to be taken into account in preparation 
for and throughout the experiment, such as finding the participants, which information 
to provide to them and how to handle the information needed. Gaining more in-depth 
knowledge about analyzing that data (and drawing conclusions from them) is highly 
valuable for the research project.

Concerning the teamwork, I think I took a leading role within the team. I took a lot of 
initiative in the group. Even though some of the group members had a very tight schedule, 
we managed to meet up every week (excluding tutor meetings) to discuss the progress 
and divide the tasks. Overall, I think the teamwork went well: the tasks were divided almost 
equally.
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Appendix
 A1: email

The following email was sent to the BPD group within the faculty of Industrial Design in 
order to find participants:

Dear Sir/Madam,
 
We are students from the department of Industrial Design doing a research on vitality 
for the course making sense of sensors, we are focusing on breaking sedentary periods 
during work. Therefore, we are looking for people who sit behind a desk during work for 
long periods of time and thus break their sedentary periods only few times a day. The test 
period is as following:
 
The full test period will take two weeks, during work (9:00-17:00). The first week we will only 
observe by using step count and pressure sensors. The pressure sensors are implemented 
into a thin cushion, that can be put on a chair. To connect the pressure sensors an Android 
phone is required, if you do not have an Android phone, we have some phones available. 
The step count is integrated in a Miband (activity tracker). 
 
During the Second week we will use the same sensors, but activate an extra option on the 
Miband. The Miband is able to vibrate and we want to use this function to try to trigger 
breaks during sedentary periods.
We only use the Miband to measure the step count and use its vibration function. We 
will not share the gathered data with anyone outside the TU/e. The data will be gathered 
anonymously.
 
Sincerely,
Ward de Groot, 
Xinhe Yao, 
Xiaoying Chen, 
Anouk van Luijk,
Simone van Wieringen



31

 A2: Consent form

Names: Anouk van Luijk, Simone van Wieringen, Xinhe Yao, Xiaoying Chen, Ward de Groot
Title: students
Tel: +31 6 27 01 68 45  
E-mail: warddegroot@hotmail.com 

University of Technology, Eindhoven, 13 – 3 – 2017 

Consent form

For a project at the department of Industrial Design, we are researching office workers with respect 
to their sedentary (sitting) behaviour . Part of this research involves wearing a Xiaomi MiBand. 
This band will keep track of your activity during the day. We will extract the data gathered by 
the MiBand for research purposes. We will have access to the amount of steps, amount of sleep, 
calories burned and heart rate. From this data, we will only use your amount of steps. On top of 
this data, we will also use a sensormat. This sensormat will detect when you are sitting or not. This 
data will also be used for research purposes. 

You are invited to take participate in a part of this study where we research sedentary behaviour 
of office workers. 

Whenever you do not want to participate in this research anymore, you are free to contact one 
of the researchers. All information gathered during this study will be dealt with carefully and is 
confidential, unless you indicate that the information can be published. 

O   I do give consent that the data gathered can be published on the internet and (social) media. 
Furthermore, my data may be used for research purposes. My data will be anonymously processed.

O    I do not give consent to publish the data gathered on the internet or other media. Moreover, 
my data may only be anonymously processed for research purposes. I will not be seen or heard in 
any video. 

I understand the ‘consent form’ and I voluntarily participate in part of this research. I understand 
that under freedom of information legalisation I am entitled to access the information I have 
provided at any time while it is in storage. 

Date: ……………………………………………………

Name participant: ……………………………………………………

Signature participant: ……………………………………………………

Date: ……………………………………………………

Name researcher: ……………………………………………………

Signature researcher: ……………………………………………………
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 A3: Research protocol
Objectives
• Purpose of study:
The purpose of this study is to test whether participants take more breaks when they are 
triggered to break a sedentary period by a vibrating MiBand.
 
• Hypothesis: 
When participants are triggered to take more breaks by a vibrating MiBand they will take 
more breaks.

Background and rationale
• Available research and how it is relevant (provide justification for this research) sitting 

for long periods is bad
• How is this research relevant for individuals or society at large

Sedentary behaviour has been proven to be a risk for health conditions such as diabetes, 
obesity and cardiovascular diseases. Logically, the risks will be lower when a more active 
lifestyle is induced. Sedentary behaviour is especially found in office jobs, making office 
workers an optimal user group for this research. By gathering qualitative data of sedentary 
periods of these workers, insights can be gained in order to come up with design 
opportunities. More breaks in between these sedentary periods will result in lower risks 
for the aforementioned health conditions, as well as a more active lifestyle. 

[references]
Healy, G.N., et al., 2008a. Objectively measured sedentary time physical activity, and 
metabolic risk. Diabetes Care, 31 (2), 369–371.

Haskell, W.L., et al., 2007. Physical activity and public health. Updated recommendation for 
adults from the American College of Sports Medicine and the American Heart Association. 
Circulation, 116 (9), 1081–1093.

Pate, R.R., et al., 1995. Physical activity and public health. A recommendation from the 
Centers for Disease Control and Prevention and the American College of Sports Medicine. 
Journal of the American Medical Association, 273 (5), 402–407

Procedures
• Research Design
To achieve the goal of the study, this research will be based on a with-in subject experiment. 
Test control group design will be used. The control group and test group consist out of 
the same participants. will participate and be recorded for two weeks, the first week will 
be based on their usual work routine and methods will be taken to trigger more breaks 
during the second week. 

• Sample
Participants: 5 participants who tend to sit for a long time without standing up and take 
a walk on their daily work routine will be invited to this study. People who already take 
enough breaks / physical labour during the work will be excluded from this study.
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• Measurement/instrumentation
Devices: We will use a mat with pressure sensors pre-installed inside and connected to 
an Android phone via bluetooth to synchronize data. Besides, a MiBand will be used for 
recording the time and number of steps he/she takes. An alarm will be set in their phone 
/ MiBand to notify them taking a break.
Variables: The frequency and time of taking a break. Steps they take during the breaks.

• Detailed study procedures
This experiment consists of two weeks of working days. During the first week, there will 
be no alarms set to notify them for a break. Their usual working routine will be recorded. 
During the second week, alarms will be set to trigger them take a break via vibration of 
MiBand. Comparison analysis of the data will be carried on after the experiment, to find 
out whether participants take more breaks than before.

• Internal Validity
The internal and external validity should be considered. This includes the stable Bluetooth 
connection to an Android phone that should work throughout the entire testing period. 
This is necessary to receive data from the pressure sensors. In the second week, phone 
alarms will be used to trigger the participants to take breaks. It should be considered 
that this alarm is not altered or turned off, otherwise the data received will not be valid. 
Therefore, all participants are asked to not change the alarms.

• Data analysis
The outcome of the testing period will be 2 weeks of data of pressure sensors and a step 
counter. As the goal of this research is to find out if an alarm will actually trigger the 
participants to break the sedentary periods, a comparison between the two weeks will be 
made. The comparison will show whether the participants are taking more breaks. Also, 
the results of week 2 will show to how many of the alarms the participants are actually 
responding.
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