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Introduction 
 

The past half year, we have been working on the project of ‘Project 1 – Vitality’. 

We worked on a wearable which helps amateur rowers improve their posture. 

The reason why we wanted to improve the posture of rowers is, because the 

most common injury of rowers is back problems. With our product, we want to 

prevent rowers from getting injured. We designed a wearable that includes the 

technology to track the posture of rowers during their training on an ergometer. 

This technology consists of two gyroscopes which determine the angle and thus 

the posture of the rower. Also, there are a few vibration motors in the shirt to 

make the rowers aware of their bad posture and they get the opportunity to 

improve their posture immediately.  

In this report we will show our design iterations and progress. We will talk about 

what our goals were, how and why we made certain decisions and what we 

accomplished. 

 

Prologue 
 

It all started when we chose the same theme, namely: ‘Vital People’. The groups 

were formed on our interests to make it easier to get on the same line. Our 

group had as common interest: ‘Helping People (rehabilitation, disabilities, 

sports). When we started the project, we had a meeting where we discussed our 

strengths and weaknesses and what we wanted to learn during the project. It 

became clear that we all wanted to become more confident in integrating 

sensors into our designs and using the input from users. 

During the whole project, we talked a lot about our Professional Identity and 

Vision and Personal Development Plan. We wanted to give everyone the chance 

to develop this year and to find out what everyone wants.  

 

Goals 
 

The goal for our project was to help as many rowers as possible with improving 

their posture. We did this by making a product that is used to track the posture 

of rower. Also, haptic feedback is added to make the rower aware of the bad 

posture.  

We noticed that existing posture trackers are not good enough to be used to 

track the back properly. Our goal was to make the design easy to use during 

everyday trainings on the ergometer and not only for professional rowers. It 

should be easy to put on and not be too expensive to buy. 
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Design process  
 

The result of this project is a product that can track the posture of rowers during 

their training on the ergometer. Our design process is explained is this part. 

The visual in figure 1 shows the iterations of our project. After this visual, we 

explained every iteration in detail. 

Figure 1 - Design process 
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Pressure cooker 

This was the first step of the design process we have been through. During the 

pressure cooker, we made a ‘How 

Might We tree’ as visible in figure 2. 

Some examples of these ‘How might 

we’s’ are: 

- “How might we help people to 

have a good posture?” 

- “How might we prevent injuries 

for sporters?” 

- “How might we not only make an 

app yet solve problems?” 

- “How might we make people 

truly motivated to be healthy?” 

We started thinking of answers and 

solutions for the ‘How might we’s’, 

see figure 3.  

 

First concept ‘Back Builder’ 

After thinking about the solutions, we came to consensus to do something with 

the posture of people. In the pressure cooker, we came up with our first concept 

named ‘the Back Builder’, see figure 4. The Back Builder was a device (in the 

form of a strip) that tracks the posture of people and give vibrations if people 

need to change their posture. In the corresponding app, the analysis and 

exercises to strengthen your body were visible. We presented our pressure 

cooker idea to the project group. The idea was a good beginning, however, 

similar ideas already existed. Also, we got feedback to do not make the product 

too complicated. 

Figure 3 - Solutions for HMW tree 

Figure 2 - How Might We tree 
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Back to the beginning 

Every group member was 

thinking of the feedback we 

got about the already 

existing products. There 

were differences with the 

already existing product, 

but we were still not sure if 

we wanted to continue with 

our idea. We decided to go 

all the way back and think 

of new ideas. However, we 

did not want to delete our 

whole idea of the Back 

Builder, so we also started 

with research of already 

existing products. 

 

 

Figure 4 - Back Builder idea 

Figure 5 - New ideas 
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Already existing products 

We performed a benchmark and discovered that 

there were already products like our Back 

Builder, like: 

- Xiaomi Hipee (figure 6) 

- Xiaomi Youpin HI+ 

- Posture 8 Sense 

- Upright Go & Upright GO 2  

However, we concluded that these products 

were not tackling the back problems. We have 

watched videos of the products and we saw that 

the products were not fitting the body very well. 

Also, they were more focused on games to 

stretch the body, while we want to improve the posture by giving analyses, 

vibrations and exercises to strengthen your body. The Upright Go & Upright Go2 

did give feedback, but the way of measuring isn’t accurate. So, we concluded 

that our product is not the same as the already existing products, but we had to 

specify our product anyway. 

 

Back problems in sports 

We took a step back to see 

what was the basis of our 

product. We came up with back 

problems, but we wanted to be 

a bit more specific, because 

when we researched existing 

products, we had seen that 

there are already some 

products for back problems in 

general. So, we concluded that 

we wanted to do something 

with sports, back problems and 

posture. We decided to do 

research in which sport back 

injuries due to a bad posture 

occur the most and where we 

could have the biggest impact with a product.  

  

Figure 6 - Xiaomi Hipee [1] 

Figure 7 - Mind map back problems sports 
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Choosing a sport 

We decided to make a product about creating awareness and analysing the back 

posture in sports. This could be in a way that the product or system could 

prevent the injury by analysing and maybe help the athlete to win.  

First of all, we wanted to make it more specific and choose for one sport for our 

product. So, we did research in these sports: 

Horse riding Weightlifting  Golfing 

Hockey Ice skating Surfing 

Tennis Climbing Gymnastics 

Skiing Soccer Snowboarding 

Rowing Walking Running 

Skateboarding Cycling Swimming 

 

By doing research, we paid attention to the following questions: 

- What are the most common injuries in this sport? 

- Is a back injury a common injury, if so, is it caused by a bad posture? 

- Are there already products that analyse the back posture that have to do with 

this specific sport? 

- What is the best posture in this sport? 

After doing research, a list was created of all different sports with the back injury 

as a common injury like. However, many sports had this problem, but all in 

another way. So, we came up with the following criteria: 

- Repetitive movement 

- Static posture (no ball sports) 

- Common injury back injury 

- Device should be worn during a training 

- Good posture is winning posture 

Rowing was the best choice, because there is a large percentage of sporters with 

back injuries from a specific problem. There is a repetitive movement that needs 

to be done correctly to prevent back injuries. We thought that, since there are 

many rowers who want to get a better posture and with that, improve their 

rowing technique. 
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Survey 

A survey was created to find out 

what our specific target group 

would be within the rowers and 

get insights in how big the need 

was for a product like our 

concept. We wanted to filter the 

target groups by age, level and if 

they do or don’t participate in any 

competition. After we got the 

responds from the survey, we 

saw a correlation between one of 

these factors and back pain (like, 

more beginners than experts with 

back pain).  

We received 29 answers to this 

questionnaire. These were rowers with an age varying from 18 years to 64 years 

old. Nineteen rowers were under the age of 22 years old and ten rowers were 

above the age of 53 years old. These are the most important insights of the 

answers: 

- 79,3% rows both in the water and on the ergometer. 

- Only 3,4% is expert, the remaining percentage are beginners and 

intermediate, so amateurs. 

- 89,7% does trainings focussed on technique. 

- The most common injury is back injuries. Also neck injuries, wrist injuries 

and shoulder injuries are common. 

- 100% says that injuries are caused by a bad posture. 

- 34,5% does not do core stability exercises, 37,9% once or twice a week and 

the remaining percentage three to five times a week. 

- 89,7% would like to become more aware of their posture whilst rowing. 

- 69% has as a motive to improve their rowing posture to get both a better 

technique and prevent injuries. 

- 100% of the rowers wants to receive feedback on their rowing posture (figure 

9).  

 

 

Figure 8 - Example questions survey 

(https://docs.google.com/forms/d/e/1FAIpQLSdi7nC3
rkV9-mJlhd7bXwG9G0IRX6HvyzYEi8VnN64qd5tA-

g/viewform?usp=sf_link) 

Figure 9 - Question feedback 
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Research 

After the survey, we wanted to know more facts about back problems. For this 

we conducted a literature study. We read a study ‘The epidemiology of injuries in 

adult amateur rowers: A cross-sectional study’ of Christina Finlay, Nick Dobbin 

and Gareth Jones with 160 row participants [2]. We also read a study ‘Lower 

back injuries in rowing national level compared to international level rowers’ of 

Darcy and Verall [3]. The most important insights are: 

- There are more injuries among amateur rowers than advanced rowers. [2] 

- The most common injury is in the lower back. [2] 

- 1 out of 4 rowing injuries are injuries in the lower back. [3] 

This research confirmed to us that there is indeed a major problem among 

amateur rowers. This also confirmed that the biggest problem is the lower back. 

So, after this research, we knew we were on the right track, kind of a 

confirmation. 

 

Rowers movement 

Now we knew that we were on the right track, we had to think about what we 

wanted to accomplish with our design. Our goal was to help amateur rowers with 

improving their posture during a training on the ergometer. We decided to focus 

on making a device that can measure more precisely than the already existing 

products. We also wanted to make an app, on which the rowers could see their 

progress. 

For this, we first needed to know what exactly could be improved in the rowers 

back.  

 

 

 

 

 

 

 

 

 

We concluded that we needed to focus on the lower back. So, we decided to do 

research for technology which can measure the posture by measuring the back. 

 

Figure 10 - Mind map rowers movement 
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Technology ideas 

The analysing part in our idea of the wearable needed technology. We wanted to 

measure the back in such a way that you can see that the posture is not right, 

for example a round back. The back must be measured for this. 

Below, ways to measure the back are explained. After that, a couple of different 

sensors that can be used to measure the posture of the back are explained. 

 

Length measuring 

The longer the length of the sensor, the worse 

the posture, see figure 11. 

The advantage of this technique is: 

+ It is easy to see if the back is rounded or 

straight. 

The disadvantages of this technique are: 

- Not accurate. 

- No angles or indication of the real posture. 

- Length per person varies. 

- No information about posture or the angle a 

person is sitting in. 

 

Angle measuring 

The bigger the angle difference 

the worse the posture, see figure 

12. 

The advantage of this technique 

is: 

+ The angles indicate the posture 

of the rower accurately. 

The disadvantage of this 

technique is: 

-  The sensor will probably be a 

bit bigger than the ones from 

other techniques. 

Figure 11 – Length measuring visual 

Figure 12 - Angle measuring visual 
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Distance measuring 

The distance determines the 

posture of the back, see 

figure 13. 

The disadvantages of this 

technique are: 

- There always needs to be a 

reference point 

- It is hard to make an 

accurate measurement of the 

posture. 

 

Sensors Function  Disadvantage / Advantage  

IR sensor 
(Distance) 

The IR sensor 
emits light from a 

reference point 
and measures the 

intensity of the 
light that ‘bounces’ 

back from the 
rowers back 

- There is much data noise, this can 
be caused by daylight, other light 

sources and heat 
+ It is easy to deal with the data 

noise from an IR sensor and it is 
easy to get the right values 

- The distance to the back is too big 
to give accurate measurements 

Stretch sensor 
(Length) 

Measure length of 
stretch 

- Not easily accessible 
- No difference round or sway back 

- Not clear what the posture looks 
like 

+ It can be directly attached to the 
back 

Proximity sensor 
(Distance) 

Used in a reversed 
driving for a car 

- Reference point is needed (for 
example a wall or a pole that stands 

behind the ergometer) 

Ultrasonic sensor 

(Distance) 

Measures distance 

from a reference 
point to the rowers 
back with 

ultrasonic waves 

- There needs to be a fixed 

reference point 
+ The range of the sensor is big 
enough 

- There are no exact distances, so it 
is hard to get an exact 

measurement of the posture 
- There are multiple sources of data 

noise, which makes the data less 
reliable 

+ It reads the values quickly 

Gyroscope 

(Angle) 

Measures the 

angle of the back 

+ Measures the angle 

- The data is harder to work with  
+ There is no reference point 

needed and it can be attached 
directly to the back 

Figure 13 - Distance measuring visual 
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Tilt switch 
(Angle) 

When this switch is 
tilted, it turns the 

power on or off 

- No measurements can be made 
- The angle at which the power is 

turned on/off is not accurate 

 

We chose the gyroscope, because they are able to measure an angle accurately 

and are quite affordable. They can also be attached to the back of the rower 

instead of using a reference point. 

  

App 

The idea was to make an app in which the rowers would have been able to see 

their analysis and make progress. This app would contain: 

- Analysis 

- Challenges 

- Friends competition 

- Core exercises 

We wanted to make the app: 

personal, fun, helpful, simple 

and motivative (see figure 14). 

And this is also the moment 

when we came up with our 

project name: Prowgress. This 

is because our main goal is to 

help rowers making progress in 

their posture, prevent injuries 

and keep rowing. 

The paper prototype was made to experiment a bit with the different screens 

and functions of the app, see figure 15. 

  

Figure 14 - App mind map 

Figure 15 - Paper prototype 
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After this, the functions of the app were discussed even more and we decided to 

make a sort of working prototype in Marvel, see figure 16. Our goal of this 

prototype was to explain our goal of an app and show possibilities of what an 

app could look like. 

 

Demo day 

At this moment, we had a concrete idea of what our concept would look like. We 

wanted to make a wearable that has a device which can measure the posture of 

the back and determine if the posture is right. The analysis of this would be 

visible in an app on which the rowers can make their progress and get feedback 

afterwards. We also maybe wanted to add a haptic feedback, so that rowers can 

immediately improve their posture while rowing. For the Demo Day, we already 

made the app and a beginning of the technical part with the gyroscopes, see 

figure 17. When changing the angle of the gyroscope, this is visible on the 

laptop.  

 

    

Figure 16 - Digital prototype app, link  PROWGRESS –(marvelapp.com) 

Figure 17 - Beginning of technical part with gyroscopes 
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The constructive feedback from the midterm demo day on what to improve was: 

  

Feedback 
Demo 

Day app

What is the benefit 
of adding an app?

How are you going 
to motivate the 

rower.

What if the rower 
does not grow in 

improving its posture.

Balance the amount 
of visualizations 
and amount of 

data. 

How do you know that 
core stability improves 

the posture?

Feedback 
Demo Day 
technical 

part

The product should be 
comfortable and not 

negatively affect their 
prestation.

Consider using a 
stretch sensor 
instead of a 
gyroscope.

Test the haptic 
feedback whether 

you can distinguish 
different places on 

your back.

Investigate in what 
kind of fabric you are 

going to use: 
breathable (sweat) 
and thin (vibration).

You can use 
already existing 
Arduino codes, 
but reference it.

How do you know 
what to change by 

the vibration?
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Some general feedback was: 

- Add an illustration of a good and bad row posture, for the people who not 

understand the problem. 

- Choose between the technical part and the app part. 

- Consider the business side of your product. 

- Consider the aesthetics of your product. 

- “Many rowers are searching for a product” is not true, it is “Many rowers are 

searching for a solution”. 

- Think about the haptic feedback or feedback afterwards. 

- Look at the wearable itself. 

 

The big decision 

After presenting our process and our idea at that moment to our fellow students 

and assessors we got some feedback, which is visible in the ‘Demo Day’ part of 

this report. The most important insight of this feedback was: 

- Choose between the technical part and the app part, do not focus on both. 

Right after this feedback, we had a meeting in which we decided to go for the 

technical part. This was not an easy decision, because we actually wanted to do 

both of the parts, but that was not realistic. Our main goal is to improve the 

posture of rowers to prevent back problems. Improving the way the posture is 

measured is a key element in achieving this, because the already existing 

products are not able to do it. This way our design would have a bigger impact. 

 

The split up 

We decided to split up in two project groups: one group is going to work on the 

user experience part of the wearable and one group is going to work on the 

technical part of the product. Fransje and Rosa started with the wearable and 

Annique and Eva started with the technical part. Eva and Rosa alternated 

between the technology and the wearable. 

From this point, the report is divided in the technology prototype and the 

wearable prototype. We worked on these simultaneously. After the demo day, 

we decided to make two prototypes. One with gyroscopes, to test where the 

measurement points needed to be placed for the measurements to indicate a 

bad posture. The other prototype would test if the product would be comfortable 

to wear while rowing and if the rower feels and understands the haptic feedback 

if it is given in different parts of the wearable. 
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Technology design process 
 

Three gyroscopes 

As seen in figure 17, we had already started working with the first tests of 

getting data with the gyroscope. However, we needed measurements from 

multiple gyroscopes. At first, we thought three gyroscopes would be the only 

way to measure the posture of the back accurately. But this was something we 

had always assumed and had not based on any knowledge.  

To have a better idea of where the gyroscopes needed to be placed, we analysed 

the positions of the back of rowers with a good posture and with a bad posture, 

as demonstrated in videos and pictures online. We will later discuss this in more 

detail. 

 

Physiotherapist appointment 

To get even a better insight in the best measuring points, we made an 

appointment for an interview with a physiotherapist, named Berend Bähler. 

During this interview, he recommended to place the gyroscopes as low as 

possible and to place them in the lower and middle part of the back, just like the 

results from our analysis. He also agreed that two gyroscopes would be enough 

for accurate measurements, because a bad posture in the lower back indicated 

problems of the rowing posture. 

In the interview, we also discovered that there can be multiple causes to a rower 

having a faulty back posture: immobility in the ankles or hips, short calves or 

short hamstrings. These problems will all result in a faulty posture and can be 

measured in the lower back. Berend Bähler also explained some exercises to find 

out which of these things might be causing the bad posture. An example of this 

is visible in figure 48 This is something we wanted to know for any possibilities 

of giving personalized exercise advice in a future app.  
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Two gyroscopes and datalogging 

After we were sure that two gyroscopes 

were enough, we started with getting the 

code right to get the right data from the two 

gyroscopes. We had already done some 

tests with one gyroscope, where we linked 

the value of the gyroscope to the vibration 

motor, to make sure that it is possible to 

work with the data, not only read the data. 

We had also done tests with a datalogging 

shield, to store the data of a gyroscope. 

(see figure 18) 

 

 

 

 

 

Connecting the gyroscopes 

However, some problems arose when the datalogging shield was attached to the 

Arduino. So, we decided to proceed to work without the datalogging shield. We 

then started our first test with two gyroscopes. This did work but the values 

were not indicated as angles, but as the raw data. The code was very complex 

and it was unclear how we could transform these values to angles.  

We proceeded to explore the options. There was not much information about 

working with multiple gyroscopes at once, other than the need to use an address 

and the gyroscopes having different wiring. (this is visible in figure 19) 

 

 

 

Figure 18 - Installing the date and time of 

the datalogger 

Figure 19 - The wiring to work with two gyroscopes 
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Angle measurement 

We then found a way to get the angle of one gyroscope. We tested the code on 

one gyroscope and after it worked, we made a combination of the code for 

multiple gyroscopes and the code for angle measurement to get the angles of 

two gyroscopes as one dataset. We also had to add some wires to the wiring of 

the previous setup. (as seen in figure 21) 

 

Figure 20 - Coding to work with addresses of two gyroscopes 

Figure 21 - The adjusted wiring of the two gyroscopes 
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Adding a datalogger 

After some trial and error, this worked like we wanted. We however did not think 

we were finished and wanted to give the datalogger one more shot. This did not 

work at first, but we found where the error was and we adjusted the wiring and 

the code to store the data on an SD card. (see figures 22, 23, 24) 

 

  

Figure 22 - New wiring of the two gyroscopes 

Figure 23 - The part of the code for datalogging 
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Figure 24 - Proof of the datalogging 
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Making the prototype and testing 

The last thing we needed to do was to solder the wires to get a neater 

prototype, that is seen in figure 25 and 26 while attached to a t-shirt for the 

tests. The link for a video of the tests is visible in the overall results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The measurements were accurate and we could see the values differ from each 

other when having a bad posture. This meant that the measuring points were 

chosen correctly. 

 

  

Figure 25 - Technology prototype 

Figure 26 - Zoom-in technology prototype 
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Wearable design process 
 

First stage 

In this first stage, we started 

immediately with sketching 

and creating ideas about how 

the prototype should look 

like, see figure 27. We 

already had an idea of a t-

shirt with a boat on the back. 

This boat would contain three 

sensors with gyroscopes as 

you can see in this sketch. 

We already got some 

feedback about this boat idea 

on the back, people liked it. 

However, this was just a 

quick start, but we wanted to 

do more research before 

settling on an idea. We got 

feedback on this to really 

think about the goal of the 

prototype. 

 

Prototype goals 

The meeting after the first feedback we got, we decided to make a clear plan of 

what we wanted to do and achieve with our prototype. We had three plans of 

our prototype: 

1. The measurement points of the gyroscopes need to be optimal. 

2. The wearable needs to be comfortable during rowing. 

3. The wearable should be aesthetic pleasing. 

We thought we were on the right track with the prototype. However, we still did 

not have a real prototype goal. Or as Joost says: ‘WHY do you want to make a 

wearable prototype?’ After thinking really good about this question, we made a 

clear list of what our goals were. To reach our prototype goals it was more 

efficient to create two separate prototypes, because we could focus on things 

separately. 

1. Technical prototype 

- Test measurement points 

- What data comes from gyroscope 

- How to give haptic feedback 

Figure 27 - First sketch wearable 
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2. Wearable prototype 

- Test haptic feedback 

- Test comfortability of the product 

- Make it good-looking 

We formulated these plans in more specific plans: 

1. What is the best combination of 

measurement points? 

- Sketch options of measurement points 

which can be tested later on. 

- Ask questions to a physiotherapist. 

 

2. What is the most comfortable during 

sports? 

- Make a mood board for different fabrics 

and shapes. 

- Test different fabrics and shapes. 

 

3. What is aesthetically pleasing for the 

rower? 

- Combine optimal measurement points 

and fabrics in sketches of the final design. 

Wearable sketches 

Before we started making the wearable, we had to explore several options of the 

wearable. We did this by making sketches, we believe that sketching the product 

or idea can already create more insights. First, we had the idea of a wearable 

which would fit like a sort of vest.  

 

Figure 28 - Measurement points 

Figure 31 - Wearable sketch 

back 1 
Figure 30 - Wearable sketch 

back 2 

Figure 29 - Wearable sketch 

front 1&2 
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The first digital sketches were more based on reference material like snowboard 

back protectors. In these sketches, the orange circles are vibration motors in the 

wearable, the blue part is pure aesthetic and the grey parts is the wearable. We 

really liked the left prototype aesthetically, but all these prototypes do not seem 

to be really comfortable. For the rowers, the movement around the shoulders is 

important, in the right figure, this movement would be hindered. Also, the 

middle sketch is not comfortable around the neck. Furthermore, the back would 

be too loose for the rower’s movement. So that is why we did not choose to 

realize these sketches. 

 

We made more sketches, to explore the best options for our wearable. These 

sketches were taking in account the user more. The wearable should be slim 

fitted, because the gyroscopes and vibration motors must remain in place when 

the rowers moves. We decided to not go with this prototype, since there is still 

something around the neck and the wearable is not perfect for comfort. 

However, the gyroscopes and vibration motors are better in this prototype. 

  

Figure 32 - Wearable sketch back 3 Figure 33 - Wearable sketch front 3 
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Mood board 

Because we did could not quite come up with the ideas for the prototype, we 

decided to take a step back and make a mood board. This mood board (figure 

34) gave us these insights:  

- We are going to use the colours: orange, blue, grey/black. 

- The fabric ‘Polyester elastane’ is the fabric we are going to use. 

- We still needed to do research about the amount of gyroscopes. 

- We want the prototype to be: flexible, comfortable, light weight and sweat 

proof.  

This helped us by making some decisions, but not all. We still wanted to know 

more about the rowers’ movement and decided to investigate more research in 

that part. 

Figure 34 - Mood board 
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Analyse rowers’ movement 

We doubted if we wanted to use three or two gyroscopes, for this we did extra 

research on the rowers’ movement. We have watched several videos of rowers 

making the movement and we chose one video to do the analysis.  

In this picture of a 

women with a 

good rowing 

posture, it is 

visible that with 

only two 

gyroscopes, you 

could already 

measure the 

movement of the 

back.  

 

We concluded that we wanted to use two gyroscopes. However, we still wanted 

to talk about this with an expert, because we still did not know where to place 

the gyroscopes for the optimal measurement points.   

We decided to analyse another video to look at a bad posture to get to know 

more about the degrees.   

From these pictures we concluded 

that: 

‘A good posture should be in between 

50 (backward) degrees and 30 

(forward) degrees, from the 90-

degree line.’  

 

 

Figure 35 - Analysis movement [4] 

Figure 36 - Analysis bad posture 1 [5] Figure 37 - Analysis bad posture 2 [5] 

Figure 38 - Conclusion rowers' movement 
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Physiotherapist appointment 

An important moment in our design process was this appointment with the 

physiotherapist. The physiotherapist was Berend Bähler, he works at 

TopSupport, Medical Sports Health Center, Physiotherapy. During this 

appointment we asked some questions and listened to what he said. This was 

very useful information from which we concluded several things. The most 

important things are in this visual. 

Physiotherapist 
appointment

Forward 
movement.

Ankles, hamstrings 
and calves are 

most important --
> force must come 

from the legs.

Hamstring 
too short, 

pelvis 
ensures 

that back is 
no longer 
straight.

Train by 
stretching 
regularly 
to make 
muscles 

longer.

Prevent 
from getting 

injuries.

Too 
short 
calves 

causes a 
rounded 
back.

Too little 
flexibility in 
ankles, not 

able to come 
forward, 

compensated 
by over-
reaching 

with round 
back.

Backward 
movement.

Back and 
belly are 

most 
important.

Train with 
core stability 
exercises to 
strenghten 
muscles.

Upper back is 
not 

important for 
measuring 
the back.

When bottom 
back is not 

straight, upper 
back can also 

not be straight. 
The problem 
exists in the 
bottom back.

First 
measure 
point on 

the bottom 
vertebrae, 

second 
measure 

point 
somewhat 
above but 

not too 
high.

Because the 
problem can 
come from 
multiple 

things, option 
of an app is 
good idea.

Find out 
afterwar
ds what 

went 
wrong 
where.

Prevent by 
doing 

exercises.

Haptic 
feedback 
is a good 

idea.

Most 
people are 
not aware 
of their 

posture at 
all.

People can 
immediately 
correct their 

posture 
while 

training.

Most back complaints arise when the 
back becomes convex, the vertebrae 

come closer and the intervertebral disc 
will be pushed to one side.

Chain of motion: ankles, calves, 
hamstring, rotation of pelvis, core 

muscles and coordination. 
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Vibration motor 

For the haptic feedback, we needed to find a way to give the right feedback at 

the right time. The gyroscopes were not included in this user experience 

prototype. So we needed to think of another way to give the haptic feedback by 

using the vibration motors to test if the user would be able to feel the vibration 

enough. 

We chose to make a simple electrical circuit with two buttons (see figure 39). 

Each of these buttons turned on one of the vibration motors. Like this we would 

have control over which vibration motor would give haptic feedback and at which 

time. We could look at the posture of the user during the user test and give the 

feedback when the posture was bad 

  

Figure 39 - Vibration motor Fritzing 
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 Realization of the wearable 

After talking with an expert about the ideas of the wearable and other things, we 

made a final sketch for the design. Figure 40 and 43 is a sketch of the final 

wearable design.   

We made some decisions for this prototype: 

1. It must be a shirt. 

WHY? Rowers almost always wear shirts, 

because this does not hinder the movement. 

2. The fabric must be polyester elastane.  

WHY? This is a fabric which is used for many 

sport shirts, because it is lightweight, 

sweatproof, stretchy and easy to wash.  

3. The technology part is in a boat shape. 

WHY? The measurement points and vibrating 

points are determined and a boat shape is 

related to rowing. 

4. The boat must be detachable from the shirt. 

WHY? In this way, the rower can wash the 

shirt without damaging the technology 

part.  

5. The boat must be on the shirt with Velcro. 

WHY? This is an easy way to detach 

things from fabrics and it is washable.  

6. The boat fabric should also be made of 

light and thin material (also stretchy 

material). 

WHY? The rower will feel the haptic 

feedback even better. It should not 

obstruct the rower movement.  

So, with these decisions in mind and the 

decisions of the technology part, which you will 

read in that part, we made the wearable (figure 

41). 

The boat consists of:  

- 2 vibration motors 

WHY? We tested it by ourself and think that two 

are enough to determine if you have to adjust 

your posture top back or bottom back. 

- 2 gyroscopes shapes made of cardboard 

WHY? We talked with the physiotherapist and decided this. Also, we wanted to 

test if this would still be comfortable. 

After this, we had to test if we really made the right decisions.  

Figure 40 - Final wearable sketch 

Figure 41 - Final wearable prototype 
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User test 

To test the wearable prototype, we did a user test with a rower. We also tested 

all the vibrating motors and material ourselves to find out if the vibration was 

easy to locate and to determine the strength which is adjustable. Since we are 

not real rowers, we wanted to test it with a real rower. After analysing the test 

and asking questions afterwards, we came to some conclusions. These are the 

most important insights: 

- The wearable looks appealing. However, if 

this wearable would be used outside, the 

colour of the shirt had to be white. The 

reason for this is that there are rules for 

this: you are better visible in the water, 

especially when it is dark. 

- The wearable is comfortable, the user 

didn’t even feel that she was wearing 

something. 

- The user said that she can still row the 

way she wanted while wearing the wearable.  

- The wearable is sport proof, because it 

can handle sweat. Also, the Velcro is easy to 

wash. The user suggested to make more of 

these shirts, also thicker and thinner shirts 

with Velcro, so that you can switch between 

shirts. 

- The haptic feedback can be felt clearly. 

- The user could locate the haptic feedback really good. She said that she had 

no difficulties to distinguish the bottom and upper back during rowing. 

So, we were really satisfied with these results and decided not to change 

anything after this test. We mainly thought about what we could do in the 

future.  

  

Figure 42 - User test with rower 

Figure 43 - Final sketch boat wearable 
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Overall results 

Our design is a wearable that a rower wears during his or her daily (or weekly) 

exercise on the ergometer. The posture of the rowers is measured with the 

gyroscopes in the wearable. These gyroscopes measure the angles of the two 

points in the back and the posture is good when these angles are approximately 

the same. These angles are displayed on the computer and stored on an SD 

card. With this data, analyses and animations can be made for afterwards 

feedback. There are also vibration motors in the wearable, which are connected 

to the gyroscopes. When the posture is not good (the angles differ a lot), a 

vibration is given. By means of this haptic feedback, the rower immediately 

knows that something has to change in the posture. This is awareness of the 

posture of rowers while rowing. 

Not only the technology of our prototype is important, but also the wearable 

itself. When making the wearable, the most comfortable fit of the wearable was 

taken into account. It is a sports shirt with Velcro pockets on which the 

technology is attached. This allows the shirt to be washed after exercise and the 

technology can be disconnected from it. On the back of the shirt is a boat, for 

the aesthetic image of the product. 

Link to video of the wearable prototype: 

https://www.youtube.com/watch?v=6_8DhYrn4gE&list=LL&index=2  

Figure 44 - Final wearable prototype 

https://www.youtube.com/watch?v=6_8DhYrn4gE&list=LL&index=2
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Link to video of the technology prototype: 

https://www.youtube.com/watch?v=Y6wFqR_IGOE&list=LL&index=1  

  

Figure 45 - Fritzing technology prototype 

Figure 46 - Final technology prototype 

https://www.youtube.com/watch?v=Y6wFqR_IGOE&list=LL&index=1
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Future 
 

During this half year project, we focused on certain parts of the design. Our 

design is still far from perfect. If the product were to be further developed, we 

would add the following things: 

- An app in which the analyses of the gyroscopes of each training are saved 

and where you can see your progress. Also, you could add friends to 

motivate each other. This app would also give personalised exercises 

based on the analyses of the rowers’ back. These exercises would exist of 

core exercises to strengthen the back and belly and stretch exercises to 

extend the muscles like the hamstring and calves.  

 

- A more compact technology 

part. The technology part now is 

still relatively large for the 

product we have made, this is 

because an Arduino is used and 

this Arduino is not small. Also, 

the technical parts we made 

now are connected to a laptop. 

With a PCB the Arduino can be 

replaced and connected to a 

battery instead of a laptop. A 

PCB is a small printed circuit 

board on which an Arduino code 

only needs to be uploaded once 

and you only use the number of 

pins you need.  

 

- Multiple sizes and different sport shirts for everyone to wear. Now we 

have made a tailor-made shirt where the technology can be attached with 

Velcro. If this product really came on the market, multiple sizes of the 

sports shirt would have to be made. Also, it would be nice if different 

Figure 46 - App interface 

Figure 47 - PCB [6] 
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shirts could be designed like: thermo shirts, long sleeve, etc. The 

technique parts do not have to change size, because you can attach them 

to the sports shirt.  

 

- Shirts designed for rowing associations. Now, we have based the colours 

of our product on the colours of the logo. However, it would be nice to 

have design options for different rowing associations. Also, when rowing 

on the water, they have to wear white shirts, because then they need to 

be visible for any passing boats. In addition to the white colour, we can 

add a reflective strip to make the rower even more visible, even when it is 

dark. That is also an improvement when looking into the future. 

 

- When making the product for people of multiple heights, we need to 

consider testing the measuring points again, since the distance between 

the points differ the longer the back is or the shorter the back is. 

 

- Exercises to determine the place where the bad posture is caused. These 

exercises can be added to the app, see figure 48 for an example of the 

exercise. 

 

- Lastly, make it waterproof. 

At this moment, we 

designed for rowers on an 

ergometer, so the product 

does not necessarily need 

to be waterproof. The boat 

shape is not directly on the 

skin but first connected with 

Velcro on the shirt, and 

therefore it is not affected 

by sweat. However, when 

rowers want to wear the 

wearable in the water, the 

technology has to be 

waterproof and this is 

something we could 

implement in our design in 

the future. 

 

 
Figure 48 - Exercise posture 
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Conclusion 
 

Each week brought a lot of new insights, that led us to our final idea and 

product. We started with an idea and that idea has basically remained the same. 

However, during this half year we went through several iteration processes in 

which the idea was increasingly taking shape. We went from broad and general 

ideas to specific ideas and from specific ideas back to broad ideas. This process 

helped us perfect the idea and design which we wanted.  

As mentioned before, there are many back problems among rowers. Rowing is a 

repetitive movement. The back problems that arise and continue during these 

movements cause injuries that prevent rowers from performing their sport 

properly. 

  

Figure 49 - Poster final design 
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Epilogue 
 

We gained insights this past half year and enjoyed what we love to do: design. 

We are proud of our end product and the steps we have taken. Not only our 

product and idea has been developed, but we ourselves as well. Several people 

have helped us and we have learned a lot from these people.  

Our project coach Maarten Versteeg taught us that sometimes you just have to 

do things to find out if it is the right thing. Maarten also asked many critical 

questions that often made us think, which we could eventually continue with. 

The other project coach Joost Liebregts taught us to ask ourselves a lot of 

questions during the project, especially ‘Why?’ This has made us think more 

consciously about the choices we made. 

Also, fellow students within ‘Vital People’ helped us by looking critically at our 
idea. We have always included this feedback in our process. The physiotherapist 

Berend Bähler has helped us to gain more insight into the posture of rowers. 
During the conversation we had with Berend, we came to many new insights 

that we otherwise would not have.  

We want to thank all these people for helping us with our project. 

Last but not least, we learned a lot from each other. Everyone has used their 

qualities and we helped each other with learning new things.  
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Appendix 

 

Consent form ‘Prowgress: wearable prototype' [7] 

The purpose of this user test is that we want to evaluate if the ‘Prowgress' wearable is 
comfortable and attractive to the user. During the research, the participant is asked to wear 
the wearable prototype and row. After this test, the participant is asked to fill in a 
questionnaire and answer some questions about the test. This user test will be observed by 
one member of our team. This member will take notes.   
  
The benefit of participating is that the participant can give some feedback on 
the Prowgress prototype which is made for rowers who want to improve their posture. 
There are no risks involved in participation.  
  
When withdrawing from the study, all personal data that is collected from a 
participant will be deleted. The participant can withdraw at any moment.  
  
The information of this test will be used for our process of our prototype and the report. 
The name of the participant will not be mentioned in the report, it is anonymous in the 
report.   
  
The researchers can be contacted by this e-mail: e.j.v.veldhorst@student.tue.nl. When 
wanting to file a complaint, the participant should contact this email.  
  

Pagina-einde   

Please tick 'yes’ if you agree, otherwise leave empty.  Yes    

Taking part in the study      

I have read and understood the study information dated 16/05/2021. I have 
been able to ask questions about the study and my questions have been 
answered.  

□    

I consent voluntarily to be a participant in this study and understand that I 
can withdraw from the study at any time or not answer a question, without 
having to give a reason.   

□    

I understand that taking part in the study involves an observation in which 
notes will be taken.  
I understand that the questionnaire/interview will be administered 
immediately after the test. The notes will be used for the process of 
‘Prowgress'.  

□  
  
  

□  
  

  

  
Use of the information in the study  

    

I understand that information I provide will be used for the process and the 
report of 'Prowgress'.  

□  
  

  

I understand that the information in the report cannot be linked to me.  □  
  

  

       
Signatures      

mailto:e.j.v.veldhorst@student.tue.nl
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______________________________               _____________________   
Name of participant                                            Signature                Date  

    

      
  
________________________ __________________    
Name of researcher                           Signature                 Date   
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Reflection Annique 

After spending half a year on Project 1, I have learned many different things, 

especially because there were more iterations and more thought through 

decisions in Project 1 than in any design course I have done before.  

 

First of all, working with a group for a long time has taught me a lot about the 

importance of communication. This is something I knew before, but now I could 

see what kind of effect little miscommunications could have in the long run. After 

getting to know the team better, we have often reflected on our ways of 

communicating and adjusted them when this was necessary. This was very 

beneficial, because we worked more efficiently with better communication and I 

will definitely take my time to reflect on communication within a group in future 

design projects.  

Other than that I have learned the importance of doing research about what 

products already exist before starting a project. This gives the opportunity to 

differentiate your design from other designs. As I do not want my designs to be 

a copy of something that already exists, I will be doing research before I start 

with the actual process of creating the product. If we would not have done that 

before going through the multiple iterations, we probably would have created 

something that already exists. 

The next thing is something I wish I had known a long time before this project. 

Before the project I felt like researchers and experts would not be interested to 

help with small projects of students, or I thought they did not have the time to 

help if they wanted. So when we contacted a couple physiotherapists to get a 

better understanding of the rowing posture and injuries, I was surprised of the 

many enthusiastic responses and the willingness to help. The information from 

the interview with physiotherapist Berend Bähler was extremely valuable and we 

would have saved much time by having that interview much earlier in the 

process. From now on, I will not wait so long to ask for the help of experts. Like 

that I will get more valuable information while also saving time. 

The last learning point is about working with technology. Before this project, I 

did not have much experience working with Arduino and complex sensors like 

gyroscopes. However, we set a challenge for ourselves and just kept trying 

different things until we got the technology to work. This was a lot of trial and 

error, learning this without any guidance and figuring things out by yourself. But 

by just keep trying, you will eventually get there and you learn a lot by doing. I 

will remember to not give up easily and keep trying different options when 

working with coding and sensors in the future. 

 



 

 
42 

Reflection Eva 
As a designer I always want to help others, this project was an opportunity to 

combine my main goal as designer and my passion sports.  

In the technology part, I have used the knowledge gained in Creative Electronics 

to analyze the datasheets of the gyroscopes (measure the posture) and vibrating 

motors (haptic feedback). For me this was a confirmation that even when I have 

never worked with a specific sensor, I will still be able to use the sensors by 

using the datasheets. In the process of letting the gyroscopes function we 

struggled sometimes with the code and broken wires. We did not notice a small 

and obvious mistake, and this took us hours before we asked for help. The 

problem of hesitating to ask occurred twice during the project. It also happened 

in contacting the experts, we could have contacted the physiotherapists earlier 

to confirm the assumptions we have made earlier, and this slowed down our 

process. Someone else can look with a new fresh perspective towards your work 

and notice it immediately.  

In the beginning of the project, I have learned new ideation techniques like the 

pressure cooker which I could implement in future projects. For the wearable 

prototype, we have done some user tests on ourselves. This was beneficial for 

our designing process, since it saved time, and when testing on yourself is 

sufficient. In the actual user test the user gave us insight on some practical 

information like the color of the shirt. I learned to determine when user tests are 

necessary and that users could give me insight on practical things.   

Besides all the practical things I have learned and mentioned previously, I have 

set huge steps in my teamwork skills which help me in becoming a better 

designer since you have to work with multiple fields. In the beginning as a 

group, we struggled with our communication. We decided not to assign certain 

team roles to team members because we wanted it to develop naturally. 

Through continuously reflecting, these dynamics were created as we wanted but 

it costed a lot of time and effort. Our group turned its weakness into a strength 

and therefore we were able to be very flexible reflected in our planning. We have 

managed to keep working on the project even when we experienced unforeseen 

circumstances such as quarantines. However, in future projects I want to assign 

these team roles as well as continuously reflecting, so that everyone will take 

their responsibility and the teamwork will be more efficient from the beginning.  

Next to that, for the first time I have gone through the iteration process for 

multiple times. The feedback from the coaches made me aware of my decision 

taking. In the beginning I would intuitively take decisions, through asking myself 

the question: ‘Why?’ I was able to come up with pros and cons. This helped me 

to strengthen the design decisions I took. Arguing is a weakness of me as I tend 

to understand other perspectives easily and therefore possibly falsely undermine 

my own design. By understanding clearly why I took certain decision I will be 

less impressed by others and have a valid argumentation about my design. This 

skill can certainly still be improved, but I am consciously aware that knowing 

why I act intimidated and knowing what to do to gain confidence is a step in the 

right direction as designer. 
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Reflection Fransje 
I will reflect on my learning experiences during Project 1 Design. We designed a 

wearable that can track the posture of the user during their training session on 

the ergometer. Our goal was to improve the posture of rowers. During this 

project I worked on the different expertise areas, but I also focused on 

discovering who I am and who I want to be personally and professionally. In this 

reflection I will mainly focus on my insights in the social aspect of working in a 

group, but also a bit on other skills I learned or insights I had. 

Social insights 

From the beginning of this academic year, I struggled with finding the balance 

between pushing my ideas forward and agreeing with the ideas of other group 

members. During this project that struggle got worse because now I was in a 

group with people that agreed with each other most of the time where I did not 

understand their ideas and their way of thinking. This led to some 

communicational problems with them thinking I did not like the idea and me 

being frustrated because I felt misunderstood and not understanding them. 

We actively worked on these issues by talking about frustrations we felt towards 

each other, which was helpful.  

I realized like communication is an important part of designing. It is important to 

be able to bring over ideas. I made steps in the right direction in this area which 

I am happy about, but I don’t feel like I am done learning in this topic. 

I feel like during this project many of the choices that were made would not 

have been my first choice. However, my group members were in agreement on 

them most of the time which did not give me many other options than to agree 

with them too because it was three against one. 

This was quite frustrating, but it was a valuable learning experience for me. I did 

have trouble letting go before, but now I had to trust my group members. I may 

have made different choices and those might have led to a project that I could 

relate to more, but now I had to come out of my comfort zone and learn about 

topics that are new for me, which I think is an important skill to have as a 

designer. 

Adobe 

I learned to work with programs like adobe illustrator and InDesign. I learned 

skills from following online instructions and tried them out om my iPad and 

laptop to make the posters, visuals, logos, sketches and the front page and 

background of the report. I now feel comfortable using them and I can get 

things done quickly.  

Users 

Another thing I experienced during this project is the importance to include 

users and experts in the design process. They can give insights that you would 

not have come up with yourself. Next time I would include them in the design 

process even sooner. it can save a lot of time when you just ask a professional 

about what they know instead of doing all the research yourself. 
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Reflection Rosa  

Six months ago, I would not have dared dream to be where I am now both as a 

person and designer. I found my place at Industrial Design and that soon 
became clear during project 1. During project 1 I did not only learn a lot about 

design processes, new theories, and vitality, but also a lot about group work and 
collaboration.  

 
First, technology is something I wanted to improve this semester. I find this 

difficult and therefore it costs me a lot of time to work with it. During the second 
half of our project, we started to work with the technology. By looking at 
Annique while she was working on the technology, I already learned a lot, for 

example how to combine codes. This is because Annique explained what she did 
and why. This triggered me to try it myself with instructions from her. By doing 

this, I learned that sometimes I must just try to do something that is unfamiliar 
to me. I also learned that I can always ask for help and that I can learn a lot 

from working together with someone who is better in a subject than me. We 
implemented two vibration motors and two gyroscopes in our prototype, this 

helped me to understand technology better. This is good for me as a designer 
because technology can be very useful in a prototype, to make it work. 

 
Secondly, working with an expert gave me insights into the design process. 

When we talked to the physiotherapist and explained our idea, the 
physiotherapist also had ideas and new insights. This brought us further in our 

process. At first, I was a bit nervous to go to an expert, because an expert 
knows a lot and can easily say that something is not right. However, it is good to 

hear from someone outside the group what they think about the product from 
their point of view and their knowledge. This conversation with the 

physiotherapist convinced me that I want to involve experts more often in a 
design process as a designer. It gives us confirmation, new insights, and a 

different point of view, which ultimately takes us further in the process. 
However, in my opinion, we should have talked earlier with the physiotherapist, 
because this could give us insights into an earlier stage of the design process, 

which would have been useful. 
 

Lastly, the biggest learning point from this project is the collaboration in group 
work. To be honest, I did not know that it would be this challenging. In our 

group, we sometimes had some differences in point of view, which made it 
complicated to work together. However, this is the point in which I have grown 

the most. I have created more patience in these situations, even though this 
was hard sometimes. Communication is something I never really thought about 

because it goes well most of the time. However, in this project, it was not always 
going well, and I did not know how to deal with it until later in the project. But in 

my opinion, we talked a lot about this in the group and we improved this. 
Planning and communication in a group are important as a designer and can be 

the key to success in a design process. 
 

This project has taken me out of my comfort zone in several ways. Like I said 
with the technology, talking to an expert and collaboration. There is so much 

that I have learned this year, I applied these new skills in this project and 
improved them even more in this project. This project has also confirmed that 
Industrial Design is exactly what I have always been looking for. 
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