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Introduction  
 
The goal of the user evaluation is to get an indication of the areas of the prototype which need to be 
improved through comparing an existing fabric bra with a 3D printed bra. 
 
The research question that will be answered is ‘Does the 3D printed bra,  aka the prototype, meet 
the standards of a fabric t-shirt bra?’ . This research question will be answered through three 
different sub-questions on functionality, usability and experience. These will be further explained in User 
Evaluation Goals.   
 
The methods used, fully explained in Setup, will be an interview (qualitative) and a diary study 
(quantitative) within a natural setting. Both methods will be executed before and after use of the functional 
prototype. To make the comparison between the 3D printed and fabric bra, the diary will be analysed 
afterwards in SPSS. 
 
The hypothesis is that the functionality is as good as a fabric bra, however it is expected that improvements 
will be necessary in the subgroups usability and experience. 
 

 
User Evaluation Goals  
 
Functionality  
The prototype has to fulfill all functions expected and seen in a regular t-shirt bra. Those functions include 
being invisible under a tight shirt, concealing nipples and for example absorption of moisture. [1] 
 
Usability 
The prototype strives to be as easy in use as a regular t-shirt bra. Usability can for example be tested 
through ease of dressing, effortless modification of the shape and diversity of use. 
 
Experience 
The experience questions uncover the feelings of sexiness and satisfaction towards the product as well as 
the perceived comfort.!
The evaluation of the sub research questions will point out where the prototype needs to be enhanced. A 
full view of the questionnaire is given in Appendix sec. 8. 
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Set-up  
 

1 .  Sampling 
 

First, 5 participants with varying sizes between the ages of 20 and 35 working or studying at the 
TU/e were selected . Secondly, their available dates for the user tests were noted.  
 
 

2 .  Procedure  
 

Day 1 : Participants get an informed consent form which explains our research, what is expected of 
them and their rights. Once they have signed it, we measure their exact sizes. These sizes will be 
used to make the bras.  

 
Day 2: Participants wear their own bra and fill in a booklet. Information about content of the 
booklet can be found in Appendix sect. 8. 

 
Day 3: Participants have to come in to give us the first booklet back. An interview is conducted and 
afterwards they will get the prototype with the second booklet and a instruction on how to put the 
prototype on. They wear the bra for 24 hours, unless they have serious issues and it is damaging to 
their person to keep wearing it. If that occurs, they can stop before the 24 hour mark.  

 
Day 4: Participants give the prototype and the booklet back. Another interview is conducted. The 
participants get a treat for participating and then they can go home. 

  
3 .  Informed Consent 

The informed consent form can be found in the appendix.  
 

4 .  Booklet 
 

The booklet consists of a questionnaire that is based off of our pilot questionnaire. Furthermore, it 
will include a set of questions on the exact time they begin to put the bra on and the exact time 
they take it off ,and a colouring picture in which they fill in what they feel on each section of the 
bras.  

 
5 .  Interview 

 
The interview consists of a set of questions that measure their experience with a regular bra and 
the 3D printed bra (Appendix sect. 5) 
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Results Quantitative Data 
 
The results consist of different types of data, quantitative and qualitative, discussed accordingly.  
Starting with the quantitative data which are gathered through booklets given to the participants. The 
booklet contains a questionnaire on functionality, ease of use and user experience of the product.  

  
These are the H0s: 
 

- Functionality of 3D printed bra is the same as a regular bra. 
- The 3D printed bra is as easy in use as a regular t-shirt bra.  
- The 3D printed bra gives the same comfortable experience as a regular t-shirt bra. 

 
 
Testing all H0s:  
 
The research has an inbetween design with a dependent sample and the questionnaire questions have an 
ordinal measurement level. So, based on the overview of analysis methods,  it is advised to do a 
Kolmogorov-Smirnov test or Runs test. However, when one group of participants is measured twice this is 
two groups with the same people so two groups related samples. So in this case the Wilcoxon Signed- 
Rank Test can be applied. 
 
However, in practice this proved to be more difficult than expected. The gathered sample size was too small 
for the Wilcoxon-signed rank test to give a result (Appendix sec.7 Wilcoxon-Signed Rank Test). We did a 
Wilcoxon-signed rank test for every category (function, usability and experience) all of them have the same 
outcome when compared to chance; the sample size is too small. However, knowing this when the data per 
question is put in for the fabric bra, situation 1, in treatment 1 and the data for the 3D printed bra is put in 
treatment 2, all categories show a significant difference. With a bigger sample size, a significant result will 
definitely be found.  
This can also be observed in an easier manner by looking at the means (see table 1). The participants gave 
lower scores to the 3D printed bra, but we do have to keep in mind that there have been many things that 
caused very skewed and unreliable results. One of those things are missing data points (Appendix sec. 4).  
In the discussion, the mistakes in the current research and the improvements for future research will be 
elaborated on. 
 

Categories Regular bra 3D printed bra Mean Difference 

Function 4.46 2.93 - 1.53 

Usability 5.27 4.27 -1 

Experience 5.06 3.82 -1.24 
Table 1. The means of each category. There was a mean per participant. The number above is those means added up 
and 
 divided by the sample size. See Appendix sect. 4 for the Excel sheet. 
 
 
Conclusion:  
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Due to a very small sample size nothing could be concluded from the results. Although there were many 
differences when comparing the 3D printed bra to the regular bras due to the sample size and the fact that 
many data points were missing we can not generalise these findings and give a reliable conclusion. The H0s 
can not be rejected or accepted. 
 
 
 
 
Discussion: 
The small sample size caused a lot of difficulties. Many tests involving related samples could not be used. In 
addition to this we were missing a lot of data points, because of various reasons. Participant 3 did not get a 
prototype. The printing took too long and we fell behind schedule. Participant 2 could not wear the bra at 
all, because the size was too big.  Furthermore, the overall means of each category was taken. Which meant 
that the differences between questions within the same category were not measured. For a more nuanced 
view the answers to each question individually should be compared. This would enable the designer to see 
which areas within a category need to be improved on.  
 
Using a Likert scale gives for difficult to interpret data. For example, the difference between 1 and 2 might 
mean a different thing to participant 1 than to participant 2. It is not a continuous scale.  This is the reason 
why we could not do the nonparametric Sign-test.  In the future a test such as  the Friedman test might be 
wiser, keeping in mind that the Friedman test  requires 3 or more conditions[1]Next time a third condition 
such as a personalised fabric bra could be included.  
 
Even though,  everything above could be points of improvement, the main focus should be on getting a big 
enough sample size and getting all the data that is required.  
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Results Qualitative Data  
The qualitative data analysis consists of 2 parts. The section in the booklet containing a colouring picture of 
a resembling bra, where participants can pinpoint their experiences with the different parts of the bra, and 
anecdotal data from the interviews[2].   
First, the data from the colouring picture in the booklet.  

 
 
The second part of the questionnaire gives a visual on how the participant felt about the comfort 
experience certain areas of their bra. The only two conclusions that can be made from this data is firstly 
that there is a big difference in comfort among participants. Secondly, the participants had to wear a fabric 
bra that closely resembled the 3D printed bra in fitting. It can been seen that the participants who normally 
wear a different model (participant 2 & 5) had more discomfort from the fabric bra than the other users.  
 
 

 
For the second part of the analysation a comparison will be made between the experience mapping of the 
fabric bra and the 3D printed bra. Unfortunately  participant 1 and 3 have no data available. Participant 1 
could not wear the bra due an oversized prototype. (problem observed in all prototypes) Participant 3 
could not participate in the second part of the experiment since the 3D printed prototype was not made 
due to time constraints.  

     
    
For participant 2 the main difference is in the overall 
experience, whereas it is soft for the fabric bra, it is 
‘sticky’ for the 3D printed bra. This is a label added 
by the user, because she could not fit it to any of the 
labels given beforehand.  
Where the pattern pieces connect in the cup the 
participant experiences quite some itchiness. Both of 
the above are ‘expected and seen’ results. An 
‘unexpected and seen’ result is the comfort of the 3D 
printed bra straps compared to the fabric bra. 
Another one is that the participant in the new 
situation did not feel sexy, perhaps this has to do 
with the increased (too big) size.  
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For participant 4 more painful areas have 
appeared. The itchiness at the front seems to 
have moved, however at the back of the 3D 
printed bra extra discomfort was noticed. 
During the interview it was discovered that the 
discomfort at the back-sides of the bra was 
caused by connectors on the wrong side, the 
inside, of the bra. This is an assembly flaw.  
With this participant as well, only in the fabric 
bra she feels sexy.  
 
 
 
 
 
The 5th participant felt little change in the bras, 
both were painful. The 3D printed more so than 
the fabric bra. Strangely the participant found 
the 3D printed prototype more soft than the 
fabric bra. Unexpected and seen is that the 
fabric bra felt moist at the back, however the 3D 
printed (PLA) bra, did not. One explanation 
could be the temperature of the environment or 
the activities of the user during both days.  
 
 

 
 
Comparing the users amongst each other gives interesting outcomes. For example participant 2 
experienced the straps as comfortable, whereas participant 5 found them painful. This shows that the fitting 
of the model is different per user, even when the sizes are measured and a personalised product is made. 
Meaning that different people need different models to fit to their body-shape, which has little to do with 
body measurements. For a future research the sizes and body-types will need to be taken in account to 
compare user fitting experiences.  
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Interview  
 
Below the anecdotal data (Appendix sect. 9) will be assessed. 
For the analysis of the interview the qualitative coding and analysis method. The data was first broken 
down into concepts: functionality, usability and experience. Then topics related to the concepts would be 
put into categories and the sections of sentences that are part of that category were listed together 
(Appendix sect. 6 Interview Data). After that is done conclusions can be made about the interview data. [3] 

 
Conclusion 
Several conclusions can be made from the comparison between the pre- and after-interviews.  
 
To begin with, the participants were not satisfied with the material of the 3D printed bra yet. They found 
the material of their regular bra more comfortable. However, they also had different opinions the different 
3D printed bra’s. For instance, the closed structure was more comfortable than the open structure.  
 
Secondly, generally they found the fitting of the 3D printed bra’s less comfortable than their regular bra’s. 
This had to do with their own preferences for a picking a bra. For this experiment, there was only made one 
type of bra.  
 
Thirdly, we concluded that the price which the participants would pay for a 3D printed bra is still too low. 
A maximum of 100 euros is still too low for a customized 3D printed bra. This low maximum also comes 
forth from the fact that the participants have only bought regular bra’s until now. These usually are not as 
expensive as customized 3D printed bra’s.  
 
Furthermore, the participants liked the idea of putting their own bra together. It gave them more feeling of 
attachment than putting a regular bra on. They really liked the idea of trying out this new type of 3D 
printed bra.  
 
Lastly, the participants had several remarks about the ease of use. They pointed out some difficulties about 
using their own bra’s, such as the straps which are uncomfortable. However, they found the 3D printed 
bra’s more difficult in ease.  

 
To summarise the hypothesis that a 3D bra would give the same experience as a regular bra is incorrect. 
Looking at the outcomes of the Wilcoxon-Sign Rank Test the assumption can be made that users are 
slightly more negative about the 3D printed prototype, however for this to be properly concluded the 
research will need to be redone with a bigger size sample.  
For the design aspect the current results mean that the prototype needs to be enhanced, however what 
exactly needs to be changed could not be subtracted from the data due to a too little participants. I would 
be advised to enhance the fitting of the current 3D printed bra, which turned out to be an obvious problem 
in the interviews, before conducting a new research to more detailed enhancements.  
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Discussion 
 
There is a bias in the participants which were chosen for the surveys and user tests.  
 
Surveys 
To begin with,  handed out only at the surveys at Metaform on the TU/e campus. The chosen location has 
influenced the variety of participants. The majority of females which have filled in the surveys at 
Metaforum, were high-educated aging from 18 to 25 years.  
 
Not only the age, but also the level of education of the participants creates a certain bias in the results of 
the surveys.  
 
For instance, age of the participants plays a role in the willingness to pay. As the participants are students, it 
is assumed that they will less likely spend much money on a bra.  
 
Also, research has proved that the level of education influences the weight of people. Lower education 
correlates with lower income and this might influence the willingness to pay. 
 
 
 
 
User tests 
Moving on with the user tests, the participants consisted of high-educated females, aging from 20 to 35 
years.  
 
First of all, for convenience we have only searched for participants studying or working at TU/e.  
Research has proved that the level of education influences the weight of people. As stated above, lower 
education correlates with lower income and this might influence the willingness to pay. 
 
Also, age of the participants plays a role in the willingness to pay. As the participants are students, it is 
assumed that they will less likely spend much money on a bra.  
 
Lastly, there is a ‘misfit’ in our participants. One female is aged 35 years and not a student, while the others 
were students and between 20 and 25 years. However, we believe that this participant is of good use for our 
research as she is highly experienced in the 3D printing of clothing. 
 
In the future 
We could improve our research in a couple ways.  
The participants could be picked , based on a wider cultural variety. Research into the role of cultural 
interests and how this influences their choices and interests when looking for a bra can be conducted. 
 
Secondly, participants at other locations than TU/e should be included. This could also deliver more 
insights.  
 
Thirdly, the sample group could contain a broader range of age. Then the participants will not consist of 
students only. This helps when generalising the findings as well.  
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Reflection on group work 

1. How effectively did your group work? 
 

We all kept to agreements and put in good work. Everybody was active in thinking of how to 
successfully complete the report. and did what was expected of them. As can be seen in the 
Appendix sect. 2 everybody gave each other the same scores.  
 

2. Were the behaviors of any of your team members particularly valuable or detrimental to the team? 
 

Brigitte did all the design aspects of the report and it was her project, so she steered us in the right 
direction when necessary. Without her having her prototypes ready we could not have completed  
this report so easily. Deniz was always ready to put in work when asked. The teamwork was much 
more pleasant because of that.  Shin had statistics before so could help out well with the 
quantitative analysis.. 
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