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Preface

Dear reader,

This project is executed to close of my 
master’s Design for Interaction for the 
technical University of Delft. It took 
around 100 days, over a time span of 
seven months; february 2023 to august 
2023. 

For the project I immersed myself in 
the world of biodiversity, museums and 
transformative experiences. I did this 
in collaboration with Naturalis and the 
Museum Futures Lab. 

From what I can remember I have al-
ways been interested in nature and 
everything that comes with it. Have 
been a member of WWF and Stichting 
Aap, have been visiting lots of nature 
areas, try to live a sustainable lifestyle, 
read and listen about nature etc. During 
my studies I raised even more interest 
in the topic and focused on sustainable 
courses. It was quite obvious I had to 
choose a project for my final masters 
course that had to do with sustainabi-
lity. 

It moves me that it is not going well with 
nature. This has been a big reason for 
starting this project. I think it is highly 
important to care for nature and to 
contribute to increased biodiversity. But 
that is something we all have to contri-
bute to. Therefor I decided to focus on 
enhancing awareness on the biodiversi-
ty crisis.

When Arnold, my chair, suggested to 
contact Naturalis to possibly work to-
gether, I was convinced. Because what 
is a better place to contribute to change 
than a biodiversity centre? After sen-
ding an e-mail I was invited to Naturalis. 
They were very enthusiastic to receive 
me, I was just as enthusiastic to explain 
about my thoughts. It was quite a coin-
cidence that they were currently thin-

king of ways to bring the biodiversity 
crisis to their audience. 

The Museum Futures Lab is currently 
exploring ways to create transformative 
experiences for museums. This perfect-
ly fitted the goal of my assignment. A lot 
of students have been working for the 
Museum Futures Lab which was a great 
way to exchange thoughts and help 
each other out. 

I expected the biggest challenge to de-
sign a transformative experience in such 
a way that it attracts people instead of 
moves them away. From own experi-
ences I notice that people tend to feel 
overwhelmed and hopeless when you 
talk about sustainability issues such as 
biodiversity decrease. During the pro-
ject I learnt ways how to best connect 
to your audience and keep them close. 
I think the concept I came up with is a 
positive way of transformation and I am 
proud of it. Hopefully it has some as-
pects that Naturalis can use as inspirati-
on for the future. My fear for the project 
was that I would feel very sad because 
of all the research on the crisis. Ho-
wever, I can say that I felt very positive 
throughout the project  because many 
people I spoke to gave me hope and 
the theories on transformation or beha-
vior change showed me that it is really 
possible to create a change. 

When it was clear that I would work at 
Naturalis for at least half a year I was 
very happy. Therefor I want to thank 
Naturalis. For all your interest in my 
work, the neverending help and all tools 
and possibilities. I met really great peo-
ple, for each question there is someone 
that is able to help. Each day I walked 
inside the building I started the day 
happily. 

I found it really cool to feel like people 
were involved in my project. At many 
times I got messages with information 
that could be valuable for my project. 
For example, research on bees or news 
articles on biodiversity. Or I received 
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photos from people planting the right 
plants in their garden. 

In particular I would like to thank Mat-
thijs Vegter and Pieter Aartsen, my two 
coaches from Naturalis. Each time they 
were there at the right times. At times I 
was stuck on what to do with the pro-
ject. Matthijs, your patience and at-
tention is really special. I always have 
been able to share my emotions and 
thoughts with you and you were able to 
say the right things to help me out. Pie-
ter, I really liked working together with 
you, and I learnt a lot from your way of 
designing. Sometimes when I did not 
know how to design in a good way, you 
said just one thing which already was 
enough to proceed. 

Himanshu, I liked our weekly meetings 
on the process. You always had good 
comments on the aspects of the project 
I needed feedback on the most. It is re-
ally special you felt what were the right 
topics to discuss. Arnold, it is really fun 
to work together with you. It inspires 
me how you can explain difficult theory 
in such a relaxed and clear way I can 
understand it easily. From both of you I 
appreciated that you were always there 
for a talk on the project. The way you 
give feedback is really constructive and 
clear. I have experienced meetings with 
you as really pleasant, besides that, on 
a personal level, I liked meeting you.

The conversations I had with all visitors 
of Naturalis have also been memora-
ble. Especially the children surprised 
me. They have more knowledge on 
the topic than I thought. And they can 
handle more than you might think. In 
particular in the end it was really special 
to see my design being used by fami-
lies, seeing them laugh, talk about the 
topic and interact with it. 

I want to thank all experts on their field 
and opening up to me, teachers, beha-
vior change psychologists, biologists, 
exhibit builders. Talking to lots of peo-
ple and combine thoughts is an activity 

I generally like to do. This project gave 
me the opportunity to do that. 

Without my dear friends I had not been 
able to go through this process. The fun 
part is that the entire group of friends 
is in their time of graduating and we 
helped each other through. Celebrating 
the mid-term and greenlight, but also 
smaller moments such as arranging an 
interview with an expert. 

In particular, Nina and Maureen, thank 
you for always being there and hel-
ping me out with all kinds of questi-
ons. Pepijn, thanks a lot for thinking 
along about how to create a prototy-
pe of the concept. Sam and Jurre, my 
housemates, thanks for listening to all 
my stories on my graduation project. 
Special thanks to my family for support 
and bringing the opportunity to build 
the model in the backyard and treat me 
well with tea during the difficult dead-
line times. 
 
I hope you will like reading my project 
and experiences. It has been the most 
difficult, yet exciting and informative 
project I have done throughout my 
master’s. It perhaps inspires you and gi-
ves you new perspectives on this topic, 
just like it did to me.

Enjoy! 
 
Yamila van der Heide
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Executive Summary

Currently, biodiversity is under worldwi-
de pressure. The organization Naturalis 
Biodiversity Centre wants to discover 
ways to address the biodiversity crisis 
in their museum. Within this project, 
several areas: Naturalis, biodiversity, 
transformative experiences, and Natu-
ralis’ visitors are explored to create an 
interactive and playful transformative 
experience.

For the design process, the double 
diamond method is applied. In the first 
half of the project, the topic is explo-
red widely, and in the second half, it 
is worked towards a design that aligns 
with the insights from research. Through 
desk research and interviewing experts, 
the concept of biodiversity is explored. 
To have a clear focus early on in the 
project and make the design process 
more manageable, it is chosen to fo-
cus on the decrease of insects. Insects 
are an undervalued group despite their 
importance, and they require more 
attention as humankind depends on 
their existence. There is a high urgency 
to raise awareness about their decline. 
A German research study shows that 
since 1970, 76% of certain insects have 
disappeared from German nature parks.

Biodiversity decline is a phenomenon 
seen throughout history, but for the first 
time it is mostly caused by human ac-
tivity. The causes of the decline can be 
at individual and systemic levels, with 
examples such as light pollution, agri-
culture, pesticides, and habitat destruc-
tion. Museums are good environments 
to address complex problems like the 
biodiversity crisis, because of the lar-
ge audience and the ability to share 
current events and context. However, 
museums face challenges due to vi-
sitors’ limited time for each installation, 
short attention spans, and the relatively 
slow pace of designing exhibits, which 
can delay the implementation of new 
installations.

It aims on transformation, making the 
audience aware of the problem and 
encouraging them to reflect on their 
own role. These steps are the first two 
stages of a simplified plan that leads to 
transformation. To refine the installation 
further, the Com-b model of behavior 
change is used. This model describes 
that there are three aspects that lead 
to behavior change: motivation, oppor-
tunity, and capability. To motivate the 
audience to change their behavior, it is 
essential to adapt to their beliefs and 
connect with them on a personal level, 
and creating emotional involvement. 
Providing perspective on actionable 
steps is also needed. Finally, the en-
vironment, physical and social, plays a 
role in influencing behavior.

In the strategic plan of Naturalis, the or-
ganization aims to describe biodiversity, 
strengthen its collection as a foundati-
on for discoveries, and foster a love for 
nature among visitors, creating aware-
ness about the consequences of the 
Anthropocene. While the biodiversity 
crisis is addressed through the website, 
app, and educational programs, there is 
nothing on it in the msueum itself. To-
gether with employees from the educa-
tional and exhibit departments, a mes-
sage on biodiversity crisis is thought of, 
which is summarized in three pillars: 
connectedness, taking care of nature, 
and motivating the visitors.

To understand how families experien-
ce Naturalis and how they want to be 
approached regarding the biodiversi-
ty crisis, families visiting Naturalis are 
interviewed and observed. This has led 
to insights, resulting in the development 
of three personas representing certain 
types of families, Little Leaders, Natu-
re Navigators and Eco Explorers. The 
persona of ‘Little Leaders’ is the most 
promising group for transformation, 
because they are a bit hesitant about 
difficult and negative topics. For the Lit-
tle Leaders, children take the lead, and 
are supported by the elder. This trans-
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lates to a design that mainly focuses on 
children. 

The design goal that focuses on this
persona is as follows: To design a play-
ful transformative experience at Natura-
lis where family members can develop 
a deeper understanding of the biodi-
versity crisis and discover how they can 
contribute to biodiversity in their sur-
roundings. 

The exhibit journey consists of three 
steps: approach, interact, and ta-
ke-away, with the interpretation of 
these steps based on transformative 
experiences, the Com-b model, and the 
mission of Naturalis. The installation will 
be located near the entrance, where fa-
milies are still open to trying something 
new and are motivated to learning and 
playing.

Based on all the gathered insights, the 
project has created initial rough ideas 
that were shared in a primary school 
classroom. By consulting biologists and 
Naturalis employees, hosting brain-
storm sessions with fellow design stu-
dents, visiting museums for inspiration, 
and testing with families, the project 
has come towards a final concept. The 
resulting interactive installation allows 
families to discover which elements 
contribute to a bee-friendly environ-
ment and which do not. By interac-
ting with physical wheels representing 
elements such as flowers, lighting and 
herbs, families can observe the effects 
of their choices on a screen, which also 
provides an explanation. The concept 
was understood and appealing to fa-
milies, particularly the interactive part 
with the wheels and screen. However, 
feedback suggests that the effect part 
should be redesigned in consultati-
on with a bee specialist and children’s 
illustrator. Additionally, the game ele-
ment needs an interation, with a focus 
on solely bees to keep it understanda-
ble and engaging.
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introduction 
to the project1
This chapter dives into the motivation to start this 
graduation project and shows the approach, in-
volved parties and the research areas that will be 
investigated and through which research activities 
insights will be gathered. 



1.1 Emergence
The ‘Naturalis Biodiversity Centre’ is a 
research institute and museum. Within 
the museum, they showcase all facets 
of biodiversity, from dinosaurs to the 
origin of humankind. This is presented 
in a way to astonish its visitors by emp-
hasizing the beauty of nature. However, 
its beauty also has its fragility; we are 
currently in the middle of a biodiversity 
crisis, which is caused by humans and 
can also be solved by humans. In order 
to do that, transformation has to take 
place, which means, people need to 
change their perspectives and, 
eventually, their behavior.

Naturalis recently started to explore 
possible ways to cover these topics 
within their organization and to be a 
guide on how to tackle future problems. 
Mostly out of their own motivation and 
the feeling of responsibility to tell the 
story, but also influenced by external 
factors. For example, Extinction 
Rebellion organizes protests within and 
around Naturalis with the goal to make 
Naturalis transfer these crises to its 
visitors. They try to inspire Naturalis to 
be the frontrunner on this topic and set 
a good example, figure 1.

Naturalis is not clear on how to bring 
this topic to their families due to a lack 
of expertise in transformative experien-
ces and the biodiversity crisis. 
Therefore, this graduation project 
dives into this topic with the main 
goal of coming up with an interactive 
transformative installation that can be 
placed in the museum.

There is a direct focus on the decrease 
of insects in the Netherlands. This focus 
is derived from research that insects 
are undervalued, even though they are 
really important for biodiversity.

figure 1. Extinction Rebellion demonstrants in front 
of the entrance of naturalis
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1.2 Focus
The design brief can be found in 
appendix A1, which explains the scope, 
assignment, collaboration and personal 
interest into more detail. 

1.2.1 Scope

This project focuses on families that 
visit Naturalis, where families are 
parents, caretakers or grandparents 
with children from 4-12. A design will be 
made for the museum and aims to be a 
transformative exhibit through an 
interactive emplacement. An overview 
of all involved parties within this 
context can be found in figure 2. 

1.2.2 Assignment

‘To design a playful transformative 
experience for families in Naturalis with 
the effect to make them aware of the 
biodiversity crisis and possibly make 
them reflect on their role on this topic.’ 

1.2.3 Collaboration

Museum Futures Lab
The Museum Futures Lab is dedicated 
to two primary research areas. The first 
area focuses on designing meaningful 
experiences within museums, while the 
second area explores the use of Aug-
mented Reality and Virtual Reality 
(Museum Futures Lab, 2023). This 
project concentrates on the first area, 
exploring how to design transformative 
experiences within museums.

Naturalis
Naturalis is an institution that houses a 
vast collection of 43 million natural 
objects. In addition to the collection, 
they have a museum where some of 
these objects are exhibited. Naturalis 
actively collaborates with schools to 
enhance biodiversity education.

1.2.4 Personal Interest

I have always had a broad interest in 
nature, sustainability and museums. 
Therefor I like to get the chance to work 
at Naturalis since there is much 
knowledge available and they give en-
ough freedom and possibilities (target 
group, location, resources, knowledge) 
to explore the topic and come up with a 
design. I also like to work together with 
the Museum Futures Lab to learn from 
them and connect their knowledge to 
Naturalis. The climate and biodiversity 
crises are so complex and big that this 
tends to make people not act out on 
solving it anymore. I see it as an 
opportunity to create a design that 
makes people think differently and 
reflect on themselves with the long term 
goal to change behavior.

Families

Naturalis

Primary Schools

figure 2. involved parties in the context
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1.3 Project Approach
1.3.1 Method

The project moves along the Double 
Diamond method that exists of four 
phases: discover, define, develop and 
deliver. (British Design Council, 2019). 
First, the context is explored by ex-

panding and delving (discover). Then, 
all insights from research activities are 
combined to get to a specific design 
direction (define). For this direction, 
ideas are tested by bringing aspects 
to involved parties (develop). Through 
testing it becomes clear what design is 
fitting Naturalis and is advised to 
implement within the museum (deliver). 
Figure 3 explains this project approach. 

Discover
Context is researched on different areas. 
This is done through context mapping inter-
views, semi-structured interviews, observa-
tions, desk research, co creation sessions

H1 - H2

Define
All findings are brought together, from 
here a design direction and design goal is 
formed. 

H3

Develop
Ideas are explored through brainstormses-
sions, interviews, co reflection workshops, 
museum visits and feasibility.

H4

Deliver
A final concept and prototype is the out-
come that is evaluated  in Naturalis with 
families. This has led to recommendations 
and conclusions

H5, H6, H7

figure 3. project approach
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1.3.2 Research Areas

Multiple research areas are explored 
within the phase: ‘discover’. These are: 

1. Families that visit Naturalis 
2. Biodiversity and its crisis 
3. Naturalis
4. Transformative Experiences in 
Museums

Within these areas, multiple research 
questions are formulated, that are listed 
below. In figure 4 can be found through 
which research activities this is explored 
and the additional research questions, 
that are numbered and shown in the 
green surfaces. Chapter 2 is about 
mapping the context where these 
questions are answered. 

Biodiversity and its Crisis

10. What does the (Dutch) 
biodiversity crisis look like? 
(Effects, causes etc.)

11. To what extent is the concept of 
biodiversity known among Dutch 
inhabitants?

12. What is the importance of 
preserving biodiversity?

Naturalis

13. What is the current strategy of 
Naturalis?

14. In what way does Naturalis 
want to implement the biodiversity 
crisis?

15. How is the biodiversity crisis 
currently brought to visitors of 
Naturalis?

16. How are visitors of Naturalis 
characterized?

17. Why is it important to bring the 
biodiversity crisis to Naturalis’ 
visitors?

Transformative Experiences in 
Museums

18. What are current approaches to 
bring a complex topic to museum 
visitors?

19. How can you foster 
transformative experiences within 
the topic of biodiversity crisis?

20. What strategies on behavior 
change are suitable to use

21. What are transformative 
experiences, how to design for it?

Families that visit Naturalis

1. In what way are families related/
intertwined to biodiversity?

2. To what extent is the 
biodiversity crisis known under 
families that visit Naturalis?

3. What are possible ways to 
confront people, in particular 
families, with heavy topics

4. In what way do families want to 
be confronted with the biodiversity 
crisis?

5. How is the museum reviewed by 
visitors?

6. What do families like in the 
museum and what is relevant to 
them?

7. How and what do families learn 
about biodiversity (crisis)

8. How do children like to learn?

9. How is a family visit to a museum 
characterized? 

15



Desk research
(reading literature, articles)

Context mapping Interviews
(trigger materials, interview 
questions, sensitizing booklet)

Semi-structured interviews
(interview questions with 
experts)

Testing
(test materials and interviews)

Observations
(observing families in the 
museum)

Co creation session
(together creating ideas with 
involved parties)

Co reflection
(involved parties creating 
ideas, discussing those and 
own ideas)

Brainstorm session
(using brainstorm techniques to 
come up with new, other ideas, 
individually or in a group) 

Informal conversations
(in between conversations with 
involved parties)

Families that visit Naturalis

1, 3, 5, 8, 9

1, 2, 4, 5, 6, 7

1, 3, 6, 7, 8

3, 4

5, 6

3

7, 8

1, 2

1, 2, 4, 5, 7
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Biodiversity crisis Naturalis Transformative Experiences 
in Museums

10, 11, 12

11

10, 12

11

10, 12

13, 15, 16, 17

16

13, 14, 15, 17

16

15, 16

13, 14, 15

13, 14, 15, 16, 17

18, 19, 20, 21

18, 19, 20, 21

18, 21

figure 4. overview of research questions and activities
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explore 
the context2
Several areas have to be explored to be able to 
come up with a transformative experience: 
Museums, transformative experiences, families and 
Naturalis. These areas are explored by several 
researach activities such as desk research, 
qualitative research, co reflection sessions and co 
creation sessions. 



2.2.1 Less space for nature

Room for nature is of high importance 
for biodiversity, however it faces threats 
from external factors. Cities are 
expanding increasingly. Nearly half of 
the world’s population lives in urban 
areas, and this number is expected to 
increase to 60% by 2030 (Miller, 2005). 
Whilst cities are in drastic need of 
biodiversity, there is a decrease of it. 
(WUR, 2018). Research conducted by 
Natuur & Milieu revealed that more than 
half of neighborhoods in 32 
governments are becoming fossilized 
environments (Natuur & Milieu, 2022). 
Within the Netherlands gardens take up 
to 3 billion m2. However, 1.4 billion of 
that is not green, making it 
challenging for animals to find food or 
shelter. (Natuurmonumenten, 2022). 
The division of land in the Netherlands, 
figure 5, shows that nature or half 
nature covers only 16% of the land sur-
face, while the agriculture takes almost 
half of it, which mainly exists of 
monocolture. (CBS, 2022). Monocultu-
res disrupt the natural balance in soil 
life, which can lead to pests, plant 
deseases and draught (Sukkel, 2019). 

2.1 The Problem 2.2.2 Disconnection to nature

Research from Jantje Beton shows that 
children spend less time outside, 
comparing 2013 and 2018. They are 
mostly occupied with digital activities. 
This means they are in less contact with 
nature. (Kaal, 2022). This, while contact 
with nature is an essential component 
in creating favorable feelings towards it. 
(Soga, 2016). If people get 
disconnected from nature, they get 
unaware of its importance. Children 
that are experiencing nature frequently 
are likely to support protecting 
biodiversity. (Snaddon, 2008). 
Increasingly, nature is seen as 
something that you can visit, rather than 
as humans being part of it. 
People visit nature less often which 
leads to less interaction with animals. 
(Soga, 2016). The shifting baseline 
syndrome is a phenomenon in which 
a situation becomes normalized for a 
new generation, due to a lack of 
memory and knowledge about a past 
situation. This normalization can lead 
to a tolerant view of the degradation 
of nature and a lack of urgency to act 
on it because they don’t know what 
has been lost in comparison (Soga et 
al, 2018). For example, between 1870 
and 2017, butterfly populations have 
decreased by 84 percent (CBS, 2019), 
as shown in figure 6. New generations 
might not be aware of this decline, and 
they become used to the current 
situation.

figure 5. division of land in the Netherlands

figure 6. decrease of butterfly population 
over 26 years
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This paragraph explains the definition 
of biodiversity and its crisis. 

2.2.1 Biodiversity

Biodiversity is described as the 
variability of life, from the tiniest 
organisms to forests. (Beery, 2016). It is 
about the bigger picture, the 
interactions between all those living 
organisms and systems, that have 
evolved over the past billions of years. 
(Naturalis, 2023). Yet it is not only about 
diversity, also about the amount of 
individuals of species, that all come 
together in ecosystems. This involves 
the emergence of new species and also 
the extinction of species, whose roles 
get exchanged by others again. 
Extinction is part of life: about 98% of 
all organisms that have ever lived are 
now extinct. (NHM, 2023).  

Importance
It is important to preserve biodiversity 
since it serves as a safety net for a well 
functioning planet. (WUR, 2023). If bio-
diversity is higher, this leads to healthier 
ecosystems where species can survive 
more easily. 
(Natuurmonumenten, 2023). It makes 
nature more resilient and the 
disappearance of species can easier be 
dealt with because of the existence of 
all other species. 

Healthy ecosystems are also of 
importance for the quality of human 
life. Our economies and lives depend 
on biodiversity, since we make use of 
natural sources such as food, water, 
and medicines. (WUR, 2023). 

2.2 Biodiversity Crisis Awareness
Research has been conducted on the 
relationship between Dutch inhabitants 
and biodiversity through an online 
survey with 1230 participants aged 
18-80. The results show that the 
definition of biodiversity is not 
generally known in the Netherlands, 
only 2/5 of the respondents are familiar 
with its meaning.

On the positive side, a great part of the 
respondents show a desire to take 
action regarding biodiversity. However, 
they are unsure about what specific 
actions to take and do not feel 
personally addressed by the issue 
(Motivaction, 2020).

2.2.2 Biodiversity Crisis 

Mass Extinction
Over the past 500 million years there 
have been five mass extinctions: the 
Ordovician silurian, the Devonian, Per-
mian, Triassic, Cretaceous. These events 
happened because of extreme tempe-
rature changes, sea level rises or falling, 
volcanic eruptions or asteroids that hit 
earth. In contrast to the first five mass 
extinctions, the sixth one is directly 
caused by humans. The term anthro-
pocene describes the time during which 
humans have had a great impact on 
our planet. Our species, Homo Sapiens, 
negatively influence biodiversity. Espe-
cially in the past 60 years, this influence 
has increased, because human activities 
increased as well. (NHM, 2023). Exam-
ples of human activities are intensive 
agriculture, industrial revolution, infra-
structure, climate change and construc-
tion. (Natuurmonumenten, 2023). See 
figure 7. It is the first time that a single 
species has caused such devastating 
effects on the world and is also aware.

Biodiversity Decrease
Currently one million animal and plant 
species are threatened with extincti-
on. Because of the rapid pace this is 
all happening, species do not have the 
time to adapt anymore. (Ipbes, 2019).
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The MSA (mean species abundance) 
provides a measure of the typical or 
average representation of each species 
in an ecosystem. It is expected that 
global biodiversity will decline from an 
MSA of 70% in 2000 to 60% in 2050. 
In comparison to Europe and the rest 
of the world, the biodiversity in the 
Netherlands is significantly lower. The 
MSA has been reduced from an average 
of 40% in 1900 to an average of 15% 
in 2000 (CLO, 2013). Also, there is an 
increasing number of plant and ani-
mal species that have appeared on the 
‘Red List of Threatened Species’ (IUCN, 
2015).

Industrial RevolutionInfrastructure

Intensive Agriculture

Climate ChangeConstruction

figure 7. five causes for biodiversity crisis
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2.2.3 Insects

Importance
Insects are a large portion of biodiver-
sity, in terms of total biomass and in 
the amount of species. They serve as 
an important component within bio-
diversity because of several reasons. 
They play a central role in many pro-
cesses: pollination, herbivory, detrivory, 
nutrient cycling and are a food source 
for other animals. (Harvey et al, 2020)
Based on this importance and the wi-
deness of the concept of biodiversity, 
it is chosen to focus on the group of 
insects. 

Decline
An estimated 40% of insect species 
are threatened with extinction (San-
chez-bayo, 2019). In Germany, there has 
been a decline of insects by 75% over 
the past thirty years (Hallman, 2017), as 
shown in figure 8. Between 1989 and 
2016 (x-axis), insects have been moni-
tored at 63 locations in Germany, and 
a decrease in insect populations was 
observed at all these places (Trouw, 
2017). A similar trend can be seen in the 
Netherlands, where it is estimated that 
40-60% of insects have disappeared 
(Staatsbosbeer, 2023).

However, this trend expresses different-
ly across the world. Research by van 
Klink et al. (2020) demonstrates vari-
ance between German nature environ-
ments and those in North America. This 
is due to differences in intensive human 
land use and the protection of natural 
areas. For example, in the Netherlands, 
issues like the nitrogen crisis, urbani-
zation, and monocultures in agriculture 
are clear contributing factors. Pollina-
tors rely on flowers, which are often re-
moved due to mowing policies. Despite 
these differences, these declining insect 
populations are a concerning issue.

Intensive human land use, the protec-
tion of natural areas, and the use of 
pesticides are identified as the three 
main causes of this insect decline. It has 
been observed that insects retain these 
pesticides, with 47 different traces of 
toxic substances found on the collec-
ted insects. In 16 areas, the prohibited 
pesticide thiaclopid was detected, hig-
hlighting its devastating consequences 
(Bruhl et al, 2021). Moreover, light pollu-
tion is also contributing to the decrease 
of insects as it hinders their orientati-
on, reproduction, and causes fatigue 
(Spoelstra, 2023).
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figure 8. insect decrease in Germany over almost 30 years
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Human and Insects
Despite this decline in insects, it seld-
om gained media attention.  Insects are 
often perceived as being less relata-
ble compared to other animal groups, 
primarily because they are not from the 
same group as humans. This can make 
it more difficult for people to identify 
with them. (Snaddon, 2007). Further-
more, children’s stories in books are 
often about exotic animals and pets. 
These play the main characters, where 
it is seen that birds and insects general-
ly were less present. This can enhance 
that children think that nature is some-
thing from far away. (Hooykaas, 2021). 
A research on perception of rainforest 
biodiversity amongst children showed 
that some groups of organisms as in-
sects and annelids are underrepresen-
ted, while others were overrepresented: 
mammals, birds and reptiles. (Snaddon, 
2008). Quantitative research on attitu-
des towards 210 children supports this, 
which reveals that insects are general-
ly the most disliked animals (Almeida, 
2015). Within the group of insects, there 
are differences in popularity. Research 
showed that butterflies and ladybirds 
are most popular, where dragonflies 
and bees are less popular. Childhood 
experiences influence later perceptions 
and preferences later in life. Therefor it 
is important that children get in contact 
with the group of insects as well. Emp-
hasizing lesser known species would 
even be better since a more balanced 
view is created. (Snaddon, 2007).

Future
Insects have the potential to recover as 
they reproduce quickly (Kroon H., 2019). 
Solutions to support them include sys-
temic changes like altering mowing po-
licies by governments, as well as indi-
vidual efforts such as leaving space for 
nature in gardens and growing native, 
eco-friendly plants (Staatsbosbeheer, 
2023). By taking action at various levels, 
the decline can be reversed and insects 
are protected. 

figure 9. causes for insect decrease
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2.3 Museums
 2.3.1 The Role of a Museum

The International Council of Museums 
defines a museum as: 

A museum is a not-forprofit,
permanent institution in the service of 
society that researches,
collects, conserves, interprets and 
exhibits tangible and intangible 
heritage. Open to the public, accessible 
and inclusive, museums foster diversity 
and sustainability. They operate and 
communicate ethically, professionally 
and with the participation of 
communities, offering varied 
experiences for education, enjoyment, 
reflection and knowledge sharing 
(ICOM, 2022). 

The core task of a museum is to collect, 
preserve, manage and present objects 
and stories. Museums are of high 
importance for the social purpose, they 
play a role for various values: 

collective
Objects that are collected are of 
importance to all of us, since they 
express a shared history and identity. 
Through these objects, answers are 
repeatedly created.

connecting
A museum can serve as a platform to 
combine different fields, such as 
education, the cultural sector and busi-
ness. 

educational 
In a museum as a visitor you learn 
about topics in an informal and 
voluntary way. Visiting a museum can 
be seen as meaningful leisure time. For 
kids, this way of informal learning is of 
importance for development of their 
world view, self image, personality, 
identity and social awareness. 

experience
Museums make you think and reflect 
about certain topics and even incite 
action. This is possible because of the 
available time and space to reflect and 
act. At the same time it is a fun and 
enjoyable activity. It brings other 
perspectives and new impressions and 
might in the long term also bring 
changes in ideas and visions. 

economic
Museums have an economic strength, 
because it for example attracts tourists, 
brings employment opportunities and 
voluntary positions. (Nederlandse Mu-
seum Vereniging Amsterdam, 2011)

2.3.2 Complex Problems

Opportunities
Complex problems are something that 
can be brought to an audience in a 
museum as well. Museums serve as an 
ideal platform to discuss actualities and 
bring a context. Natural history muse-
ums, in particular, face challenges in 
transferring the biodiversity crisis to its 
audience, which has never been more 
important than now. They can play a 
major role in development of research 
leading towards the understanding, 
conservation and sustainable use of 
biodiversity. (Krishtalka L. 2000). 

Challenges
The context of a museum also brings 
one big challenge: time. This is 
explained through three points, in 
consultation with Naturalis:

1. Limited amount of time to share a 
message. It can be difficult to address a  
wicked problem and make it 
understandable.  
2. The attention span of the audience 
is of influence, especially when families 
and thus children are involved.
3. The department ‘exhibits’ within 
Naturalis is can be slow, because of 
complexity of development process 
that leads to quality.
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Practice
Figure 10 shows examples of 
complex problems in museum-like en-
vironments. On the left side examples 
are shown where the visitor is confron-
ted with a problem. On the right side is 

shown how visitors are informed on so-
lutions for a problem. These are pictu-
res taken in: 1) Natuur Historisch muse-
um of Rotterdam, 2) Blijdorp Rotterdam 
3) London Historic. Appendix B1 shows 
more photos. 

figure 10. examples of complex 
problems in museums
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 2.4.1 Transformative Experiences

Within this project there is a focus on 
Transformative Museum Experiences. 
Transformative experiences can be 
described as a process in which we 
develop new attitudes, interests, 
appreciation beliefs or values in an 
informal voluntary context. This process 
that is followed, is described below 
and is based on Mezirow’s steps for 
transformation. (Kitchenham, 2008). 
These can be summarized into four 
overarching phases, which is proposed 
by Arnold Vermeeren, as can be seen in 
figure 11. 

1. Awareness
The process starts with a catalysator 
for transformation. It is all about raising 
awareness and bringing a certain topic 
to attention. This is often done through 
confrontation, in which the person is 
presented a disorienting dilemma (a 
dilemma that makes people think about 
their own stake). In this case, the 
dilemma concerns the biodiversity crisis 
on the one hand and about someone’s 
own beliefs, assumptions and behavior. 
The dilemma can be solved, then one’s 
view should be changed, or it can be 
accepted that there is a biodiversity 
crisis and that it does not matter. It 
is not only about understanding the 
dilemma, it is important to also to be 
emotionally connected and feel its 
importance. 

2. Self-reflection
After this moment of confrontation, the 
viewer can possibly reflect on his or 
her role on this topic, if it is immersed 
enough into the topic. The role of the 
museum could be to foster deeper 
understanding on the topic and 
possibly inspire action. Two topics are 
important to touch upon: the problem 
and the solution.  

2.4 Transformation 1. How do humans contribute to this 
problem and how do I contribute to this 
problem?
2. What needs to be done by humans to 
solve the problem and what role can I 
play in this?

Not to overwhelm, it is needed to 
guide the viewer through this process of 
self-reflection. Probably not all 
questions can be answered, especially 
not in the context of a museum, where 
time is scarce. In general with reflection 
is meant exchanging views and ideas 
between people. Within this, it can take 
shape in many different forms, which 
are explored during the ideation phase. 

3. Prepare for transformation
The next step in this transformational 
process makes the viewer prepare for 
a transformation in daily life. So far the 
viewer has been made aware, 
encouraged to reflect and now is 
supported in actions on the problem. 
The role of a museum can be to initi-
ate and support explorative steps to-
wards this transformation. This can be 
done by either providing ideas for first 
explorative steps or opportunities to 
experience what it is like to take those 
steps. 

4. Integrate in daily life
In the most positive scenario the 
change is also anchored in daily lives, 
and not something for just once. A 
museum can help the viewer to 
integrate this behavior in daily life by 
reminding. Reminding considers staying 
in touch with the museum to make sure 
there is supported sustained change. 

Focus
Within this project there is a main focus 
on the first two steps, so making 
aware visitors of a problem by 
presenting them a dilemma where they 
are part of, and make them reflect on 
how they contribute to the problem 
and what role they can play to solve 
this problem. They are inspired to take 
action. 
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1. Catalyst for 
Transformation

3. Prepare for  
Transformation

2.Self Reflection

4. Integrate in 
daily life

How to 
create awareness?

How to 
stimulate self reflection?

How to support steps 
towards transformation in 

daily life?

How to 
anchor in daily life?

2.4.2 Design for Behavior Change
After interviewing Loes Kreemers, a 
psychologist specialised in behavior 
change, it was advised to also look at the 
com-b model and integrate the theory 
into the design, because it is a model that 
can be used for changing behavior in the 
first stages. It supports the approach for 
the transformative experiences, it can be 
used to give substance to creating 
awareness and stimulating reflection.

COM-B Theory 
The COM-B theory (capability, 
opportunity, motivation and behavior), 
can be used to analyze human behavior. 
(Michie et al, 2011). These three elements 
are related to each other and decide 
whether to or not to act on certain 
behavior. This model is used to design an 
exhibit on the biodiversity crisis. 

Capability is about the physical and 
psychological capacities that are needed 
to act on behavior. So on the one hand 
the physical skills and on the other hand 
knowledge. 

Opportunity is about the physical and 
social environment

Motivation is about the conscious, drivers 
and motives, and unconscious, such as 
habits, motivation.figure 11. steps transformative experiences
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Motivation
To design for behavior change, it is very 
important to know the motivation and 
beliefs of your target audience, to find a 
way to connect to them. (Renes, 
Hermsen, 2016). ‘The topic you are 
presenting to the audience should be 
close to them and they should 
recognize it in order to make them 
interested, preferably telling them in 
an emotional and personal way’, from 
an interview with Loes Kreemers. This 
follows the strategy of documentary 
style: following a story that informs and 
is conveying knowledge in an 
emotional way. Create a character and 
bring it close to the audience. 

Easily explaining and telling your 
audience the problem that we are 
facing, is an insufficient strategy. (Renes, 
Hermsen, 2016). Enforcing, or in other 
words saying what the other one should 
do, is usually not a good strategy to 
use, it might even be counter
productive. It works better if the person 
feels motivated to make a conscious 
choice and is involved, which can be 
seen in the ‘Bob campaign’. (Heuts, 
2022). 

Capability
Next to that, messages on the 
degradation of the environment can 
lead to a disengaged audience. (de 
Lange, 2022). Topics such as 
biodiversity crisis are rather abstract 

and invisible which makes it difficult 
to address the problem. Humans have 
evolved in a way that we solve local 
and experience-based threatening 
problems. (Brick, 2021). It is not only 
abstract and invisible, yet also difficult. 
Because of this complexity, people 
tend to feel overwhelmed. 

Vice versa, messages that trigger 
positive emotions can help to 
inspire action and engagement. It 
creates curiosity, creativity and 
appreciation of new perspectives. (de 
Lange, 2022). Emphasizing how people 
already contribute to a solution, 
makes them feel motivated to pursue. It 
is important to show progress, benefits 
(Steg, 2020) of the new behavior and 
feasible goals in the short-term. With 
these strategies in mind, it is still 
possible to bring the rather negative 
threat, as long as it is balanced with 
actions or solutions. 

Opportunity
To know which behavior is desired, 
people look at others’ behavior. 
Showing what others do, can create a 
norm. (Renes, Hermsen, 2016). 
Relational organizing can be described 
as sharing information and encouraging 
others to engage in desired personal 
behavior. This can be very effective 
since it can create new norms. (Jones, 
2022). 

Motivation

Capability Behaviour

Opportunity

figure 12. com-b model
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key insights

The theory on transformative 
experiences can be simplified to 
four steps, where in this project 
is focused on the first two: 
creating awareness and 
stimulating self-reflection. The 
com-b design for behavior 
change model shows three pillars 
that are needed for change. This 
two theories strenghten each 
other and can be used to create 
a design.

Awareness can be created by 
presenting a dilemma on the 
problem. If the audience is 
involved enough into the 
problem, it can possibly start to 
think about their own role in this.  

The audience should be 
motivated to do so, this can be 
done by connecting to their 
beliefs and presenting 
something they are familiar with 
or can easily connect with. Also, 
they should be capable to 
change their behavior on the 
presented problem, and their 
environment, physical and social, 
should be providing enough. 

Practice
There are already many solutions to 
change people’s behavior within the 
topic of biodiversity crisis, specifically 
on the decrease of insects, such as: NK 
Tegel Wippen (https://www.nk-tegel-
wippen.nl/), National counting of Bees 
(https://www.nationalebijentelling.nl/), 
Bloementuintjes, see figure 12,  (https://
www.ivn.nl/bloementuin/over-bloe-
mentuintjes/).

The example of bloementuintjes can 
be explained using the com-b model. 
It motivates users because they can 
grow flowers themselves and brighten 
up their environment. It makes growing 
flowers really easy, everyone can do it 
by just adding water, which adds to the 
capability, and for opportunity it is 
possible to grow the flowers in the 
garden, balcony, in the house. Also, 
when other people use the 
bloementuintje it stimulates others to 
also grow the flowers. 

figure 12. flowers from bloementuintje AH
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2.5 Naturalis
 2.5.1 The Organization

Naturalis Biodiversity Centre 
‘Naturalis Biodiversity Centre’ is a 
research institute in the field of 
biodiversity and nature historical 
museum, located in Leiden. In 2019, the 
renovated and extended institute 
opened, figure 23. The focus is to 
describe and preserve biodiversity, 
which is fundamental for the protection 
of it.

Strategic Plan 2021 – 2024
The strategic plan of 2021 – 2024 
(Naturalis, 2021) describes three 
strategic priorities. Starting with 
‘Accelerating identifying, describing and 
understanding biodiversity’, 
powered by science, taxonomic 
knowledge and promising 
technologies. Second, ‘strengthen the 
collection as a fundament for 
discoveries’, to understand 
biodiversity and deepen and share 

knowledge that are relevant for the 
present social challenges in the 
Anthropocene. Last, ‘showing the 
beauty of nature with the effect of 
people falling in love with it’ by creating 
awareness on the consequences of the 
Anthropocene; the fact that if we don’t 
do anything, our living environment will 
get lost. 

2.5.2 The Museum

Renewed Museum
Compared to the old museum, the new 
one had a shifted focus a to family and 
experience museum.

Exhibitions
The department of exhibitions is res-
ponsible for arrangement and concep-
tualization of the museum. This has 
been thought out around fifteen years 
ago. The museum itself has nine halls 
where exhibit installations are show-
cased, with each of them having their 
own theme. These different exhibit halls 
are described below. 

‘Life’ shows stuffed animals and com-
bines light, audio and projections to 
create an experience, see figure 13. 

‘Earth’ shows the planet’s strength: from 
volcanoes to earthquakes, see figure 14. 

figure 13. ‘Life’ 

figure 14. ‘earth’ 

31



‘Death’ shows how death and life come 
together. The effect is to make visitors 
think about their own path and spot in 
the universe, see figure 15. 

‘Seduction’ shows the reproduction in 
nature with all of its aspects: seduction, 
mate, taking care. This is exhibited in a 
playful way, see figure 17. 

 ‘Ice age’ shows a big sized maquette of 
the Netherlands in the ice age, with its 
own ecosystem, see figure 16.

‘Early Humans’ explains how man came 
to be, by showing fossils of Homo Erec-
tus, our earliest ancestors, see figure 18.

figure 15. ‘death’

figure 16. ‘ice age’

figure 17. ‘seduction’

figure 18. ‘early humans’
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‘Dinosaur Era’ presents fossils of several 
dinosaurs, with in particular the T. rex. It 
takes the visitor back 160 million years 
in time, see figure 19.

‘LiveScience’ makes it possible for 
visitors to meet researchers and collec-
tion managers, who are able to explain 
the work they do, see figure 21.

‘Hall 10’ is a hall for temporary exhibiti-
ons, see figure 22.

‘Evolution’ explains the relationships 
between all life on earth and the evolu-
tionary steps that have been important 
for the existence of diversity around us, 
see figure 20.

figure 19. ‘dinosaur era’

figure 20. ‘evolution’

figure 21. ‘livescience’

figure 22. ‘hall 10’
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figure 23. Naturalis museum



2.5.3 Visitors
The museum shifted from a museum 
for everyone, to a museum for families, 
about 8 years ago. Families, existing of 
parents or grandparents with children 
(4-14), which means that all exhibitions 
need to be engaging for all those ages. 
Nonetheless, there are many other 
visitors as well, such as couples and 
elderly.

Personas
Two different personas (Motivaction, 
2021) that translate needs and wishes 
from visitors are created as guidelines 
for creating new content or exhibits 
for Naturalis. The first persona is called 
‘Johan en Anneke’. It resembles fami-
lies that already have a fascination for 
nature and want to learn something 
new. It is not needed to try to pull these 
towards the museum, they will visit the 
museum, nonetheless. The second and 
last persona is called ‘Frenk en Dia-
na’, which resembles a relatively new 
and small (only 10% of visitors) group 
of families that has a main goal to be 
entertained. In order to reach this tar-
get group and increase the number of 
visitors, Naturalis has chosen to create 
an experience based museum, and the 
exhibits are focused on both perso-
nas. It is recommended to bring nature 
closeby for Frenk & Diana, bring stories 
they are familiar with. For Johan and 
Anneke it is important to provide them 
with extra information on nature, a 
deeper level. 

Reviews
Through online google reviews, there 
can be found many opinions on the 
museum. The points of improvements 
and valued aspects can be interesting 
to take into account during ideation. 
The museum is seen as mostly fun as 
a family. The diversity, greatness and 
amount is appreciated and there is a 
lot to learn. It is exhibited in such a way 
that it captures imagination. In con-
trast, visitors notice that there are less 
interactive installations compared to 
the earlier museum. They think this is a 

2.5.4 Biodiversity Crisis 
in Naturalis

In order to see what solution to imple-
ment within the museum, first is looked 
at the current role of biodiversity crisis 
within the organization. Crises such as 
climate and biodiversity is something 
that is increasingly being adopted into 
the organization and is tried to convey 
to its visitors. 

Naturalis describes biodiversity as fol-
lows: ‘all life is dependent on other life. 
That is called biodiversity. Biodiversity 
stands or falls with us. Because if plants 
and animals disappear because of us, 
we can also protect them. And we are 
currently just in time to do that.’ (Natu-
ralis, 2023). 

Naturalis uses the tower of life, as a 
metaphor to explain the general con-
cept of biodiversity, see figure 24. All 
individual jenga blocks represent ob-
jects within biodiversity. Once you take 
out one jenga block, it gets more unsta-
ble. And at one point, the entire tower 
collapses. It is not predictable what 
specific block would lead to a collap-
se, as Bart Braun explains, employee at 
Naturalis.

figure 24. Jenga Tower that is used to explain 
the concept of biodiversity

pity because they like to discover and 
do things themselves. Next to that, the 
depth, storytelling and consistency is 
lacking at some points. 
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Website
There is one webpage within the Na-
turalis website about biodiversity and 
the relation to human activities. One 
piece of text explains the definition of 
biodiversity and its relevance, see figure 
25. Visitors of the website are called up 
to action. This is done through a maga-
zine with tips on how to contribute to 
biodiversity. There are call-ups to join 
national actions such as the event for 
counting bees. There is a biodiversity 
helpdesk which gives you the opportu-
nity to ask questions. Through stories 
you are able to read about biodiversity. 
Lastly it shows the collaborations with 
other organization. The website is not 
focusing on children from 4-12, yet on 
elder people. Therefor they miss a part 
of their target group. 

App
Naturalis has an app, see figure 26, 
where tours are promoted so visitors 
can explore how we as humans have 
an  influence on nature. The tour can 
be done within the museum and guides 
you through exhibits. Through questi-
ons, the visitor is being stimulated to 
discover new information. It focuses on 
the entire family and can be an addition 
to the museum visit. 

Museum
The main goal of the museum is to 
astonish visitors and make them fall in 
love with nature. This is purely done 
in a positive way. Purely in an implicit 
way, the biodiversity crisis is shown in 
the museum. This can be seen in the 
hall evolution (information on snails), 
and in the hall ‘Death’, where the Dodo 
is exhibited and a bumper with insects 
that died. 

Education
The education department educates 
school classes in the museum following 
specific guidelines. (Naturalis, 2023). 
These have recently been elaborated 
with a sixth element: ‘action’, see figure 
27. From now on, programmes will focus 
on action as well, in other words, child-

SIXPACK
1. Wondering
2. Real
3. Relevant

4. Inquisitive
5. Science-positive
6. Activating

figure 25. screenshot of website

figure 26. app of Naturalis

figure 27. sixpack of department education

ren from schools are supported in how 
they can take action for biodiversity.
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2.5.5 Opportunities

Method
To get closer to a design that fits the 
organization, a co creation session, see 
figure 28, was hosted to bring together 
multiple perspectives and knowledge, 
and to involve stakeholders by taking 
along their beliefs and opinions. Ap-
pendix B5 shows details. Participants 
are colleagues from departments of 
education and exhibitions, n=8, origi-
nating from the Netherlands, 1 intern, 2 
employees who work for 1 year, others 
for more than 5 years. The goal was to 
find out how Naturalis wants to address 
biodiversity crisis and to work upwards 
ideas on transformative experiences.

Protocol
The session exists of two parts, each 
part during one hour. Employees are 
brought together in a workshop hall in 
the museum. First a definition on bio-
diversity crisis is asked from each par-
ticipant to create one definition that 
is used throughout the workshop and 

to bring everyone at the same page. 
Then is brainstormed on the message 
to spread on this topic, to create one 
representation of Naturalis. Then, four 
groups are created that all come up 
with examples where biodiversity crisis 
can be seen in the world, and map this 
on an axis from individual to worldwide. 
These examples can serve as a base in 
the final ideas. In this stage, the focus 
on insects was not chosen yet. Within 
the same groups, there is brainstormed 
through HKJ, see figure 30, on topics 
that are linked to the transformative 
experiences: for example, how to cre-
ate awareness, how to iniate reflection. 
Insights from these questions are con-
nected to the target group of families, 
figure 32. Finally, participants are as-
ked to combine HKJ’s with examples of 
biodiversity connected to create several 
ideas that are fitting the target group. 
These ideas are presented to each 
other. Aspects from these ideas are ta-
ken along into the design phase. 

figure 28. co-creation session 
with Naturalis employees
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Results
The session led to a mind map on the 
definition of biodiversity crisis and the 
message to spread, see figure 29. Also, 
idea cards, figure 31, are created.

Conclusion
Together the following definition is 
created for biodiversity crisis: through 
human activities there is a decrease in 
nature which is critical for the existence 
of human beings. 

The session also lead to the following 
message to spread on biodiversity cri-
sis: 

- connectedness:
humankind is responsible for the decre-
ase of biodiversity and balance should 
be maintained.

- taking care: 
we should care for nature because of its 
fragility and our dependence of it. 

- motivation:
we want to motivate our visitors to act 
on the problem by inspiring them and 
showing perspective

The ideas have certain aspects that 
can be interesting to take along to the 
design phase: 

- future prospects
- show consequences
- show connectedness
- together maintain something
- influencing a situation
- gathering points
- compete for highscore
- confront with dead animals or causes 
of the problem

figure 29. group brainstorm on message

figure 30. HKJ brainstorm session

figure 31. idea cards
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key insights

The word biodiversity crisis is 
barely used through commu-
nication channels. It is mainly 
about showing the importance 
of biodiversity and explaining 
ways how you can contribute to 
preserving it. In line with that, 
throughout the museum there is 
very little exhibit content on the 
biodiversity crisis. 

The final design should fit the 
organization Naturalis and its 
vision, which is partly described 
in the strategic plan. 

Naturalis really believes in the 
strategy of astonishment and 
does not want to differ from that 
very sudden. Naturalis does not 
want to confront their visitors too 
much with negativity and wants 
to bring the visitor a fun day out. 

figure 32. combining insights 

Naturalis wants to motivate vi-
sitors to act on the problem. 

It is advised to start at the begin-
ning of the transformative steps, 
awareness and reflection, espe-
cially because they have nothing 
on biodiversity crisis in the mu-
seum. In a later stage or through 
educational programmes they 
can also focus on inspiring and 
motivating for action. 

39



The target group are families with child-
ren between 4 and 12. This paragraph  
explains how this group is characteri-
zed, their preferences are described, 
their current relationship with biodiver-
sity and its crisis. For researching this 
target group there is a focus on children 
only and on families as a whole. 

2.6.1 Children 
 
One of the goals of the assigment is 
to design for play and learning in the 
context of a museum. It is chosen to 
only focus on how children like to play 
and learn. To learn more about their 
preferences, primary schools are visited 
and primary school teachers are inter-
viewed. At the same time the connecti-
on between children and biodiversity is 
explored. 

Method 
It is explored in which way children like 
to play. This is done through hosting 
a co-design session with children in 
a school class. Details on the session 
can be found in appendix B4. Through 
their ideas can be seen how they would 
design a playful museum experience. 
To arrange such a session, a primary 
school teacher is contacted, which is an 
acquintance of a Naturalis employee. 
She teaches at a primary school in Gou-
da. This school is visited, and a session 
is held with a group of 20 children with 
ages from 9-11 and took 2 hours. 

Two primary school teachers are inter-
viewed via conversations at a school 
and a semi-structured interview. One is 
interviewed through a phone call, the 
other is asked through online communi-
cation.

Protocol
For the co-design session, the con-
cept of decrease of insects is explained 
to get across the urgency and goal of 
the session, see figure 33. After that, a 

2.6 Target Group general discussion on game elements 
elements is organized where children 
were asked to explain their favourite 
game and also why, see figure 34. After 
that is asked if they memorize certain 
museum experiences they value. These 
group discussions are held to warm up 
the participants, make them understand 
the topic, create input and be able to 
create a game for Naturalis themselves 
in the end. 

The children were asked to design their 
own game that they could play in a mu-
seum, concerning the topic of ‘saving 
the insects’. In four groups, the children 
got 30 minutes to draw a game at one 
single sheet of paper, which they pre-
sent to other children in the classroom, 
see figure 35. These presentations are 
voice recorded.  The children were able 
to ask questions on the games to the 
other groups, regarding the rules or how 
it works.   

The interviews with primary school 
teachers focuses at a two main themes: 
in which way is biodiversity and the 
crisis present in the classroom, and if 
it is present how is it taught, second in 
what way do children learn and how do 
they like to learn. These questions are 
asked to know how to connect to child-
ren’s current knowledge and to create a 
transformative experience that is appe-
aling to them. 

40



figure 34. valued games

figure 33. presentation on decrease of insects

figure 35. created ideas 
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Results
Insights from interviews from both te-
achers are placed side by side to find 
agreements and differences. The ways 
through which children like to learn 
according to teachers are compared to 
the children’s answers and clustered. 
Appendix B2 shows transcripts of inter-
views. 

At primary schools, the topic of nature 
is a required subject, only the school 
or teachers can decide for themselves 
how it is taught. It adapts to the interest 
of the children in the classroom. It can 
be addressed either thematic, on week-
ly basis or spontaneous discussions 
occur in the classroom. Children like to 
discover their own natural environment, 
such as the forest in their neighbor-
hood. They receive specific assignments 
to discover nature, with the goal to 
make them value nature. 

They learn at best and like to learn in a 
practical way, so if they can experien-
ce it through a workshop or if you take 
them on an excursion. An expert explai-
ning the topic is valued as well. 

The topic of nature decrease, climate 
change or biodiversity crisis, is not a 
required subject, here it is also up to 
the school and teachers to what extent 
the topic is discussed. Teachers are 
asked about if they think it is important 
to bring this topic to their children. They 
think it is an important topic, especially 
to focus on the fact that it is because of 
us humans. Furthermore children know 
that there is a problem but they don’t 
really realize it. This is also suppor-
ted by the fact that children see other 
things than that they hear. For example 
they mention that there are more wol-
ves in the Netherlands or they suddenly 
see an increase in birds. This contrast in 
receiving information and experiencing 
makes them feel confused. It can also 
lead to discussions in the classroom 
where teachers don’t really know how 
to guide that. All children have diffe-
rent opinions on the topic. That is why 

it is very important to bring it into prac-
tice and to really show the problem and 
make them aware. This can be done by 
for example going to the field and seeing 
that there actually only is a mono culture. 

Conclusions
Below it can be found what is valued in 
museums and how children like to learn 
and play. From the created games, see fi-
gure 35, and earlier museum experiences, 
frequent called components are taken 
along.  

Play and Children

velocity
earning something
competition
collaboration
variation
recognition
avater
interactive
sensory
using the body

Museums and Children

interactive
discovering
sensory
touching
videos
challenges
exploring
real objects
scavenger hunt

Learning and Children

seeing and touching real object
workshop
listening to someone
field trip
with the body
quiz
playing
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2.6.2 Families in Museums

Family Visit
From research from Lyn Dierking, it was 
found that generally families visit a mu-
seum for about 1-2 hours, and this visit 
also follows a few phases. 

Phase 1. orientation 
This phase takes 3-10 minutes where 
families orientate, think of activities as 
buying tickets, finding out what to do, 
looking for a map, see figure 37. 

Phase 2. Intense Exhibition viewing
This phase takes around 25-30 minutes. 
Families, familiar with Naturalis, will go 
to specific exhibitions, where newco-
mers have the need to discover the en-
tire museum. Within this phase, families 
are most focused on the exhibits by 
carefully read, interact with exhibits and 
each other and converse. 

Phase 3. Exhibition cruising
After these two phases, families tend 
to get tired and specific focus gets lost. 
New visitors still want to see the entire 
museum, but tend to get more critical 
on where they stop. This phase can last 
30 to 40 minutes. 

Phase 4. Leave taking
The museum visit is ending and visitors 
are preparing for leave. Some stop 
at the gift shop or visit the restaurant 
again. 

Naturalis
Research from Motivaction shows that 
the average visit to Naturalis takes up 
about 3 hours. (Motivaction, 2021). The 
general walkthrough of Naturalis follows 
a similar: orientation, buying tickets at 
the ground floor, to live science to dis-
cover new research, figure 36, to follow 
up to the main halls, to leave and pro-
bably hop by the shop or restaurant at 
the ground floor again. 

Some differences can be named, bet-
ween the two Naturalis personas. Johan 
and Anneke would visit almost all halls. 

They would read information at the 
signs to learn in the intense exhibition 
viewing phase. They value livescience 
higher than the average. Frenk and Dia-
na want to see the entire museum visit 
all the halls (Motivaction, 2021). They 
are most excited for the entertainment 
and ‘to do’ halls, such as dinosaur era, 
life and rexperience. 

Location
The second phase, intense exhibition 
viewing, will be the phase to focus on, 
since biodiversity crisis is a topic that 
needs attention. Therefor it would be 
best to locate the exhibit somewhere 
near the start, hall 1 or live science, the 
suggested start of the visit. 

figure 36. livescience ‘start here’ 
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figure 37. family finding their way 
through Naturalis



2.6.3 Families interest in Naturalis 
and biodiversity

Method
A) Observations in the museum are 
done to find out how families walk 
through the museum and experience 
it, with random and invited families. 
Since the design will be an interactive 
installation, during observations there 
was a focus on what causes interaction 
within the museum to derive elements 
that can be useful for the final design. 
During observations it is also talked to 
three people from visitor support, peo-
ple that provide visitors of information 
and help through the museum. 

B) There is done a context mapping 
approach with sensitizing materials, see 
figure 38, and semi structured interview 
with in total five families. Details can be 
found in appendix B6. The sensitizing 
is done to see what the current experi-
ence and knowledge is of the families. 
The set up is based on research from 
Hanzehogeschool Groningen. (Pauwels 
et al, 2018). These families are recruited 
via own acquintances. There is a focus 
on three areas:

- how Naturalis is experienced
- in which way families are connected 
to biodiversity in their daily lives
- confrontation on biodiversity crisis

Answers are written down, photos are 
taken during the interviews. 

C) A test with families on how to con-
front with biodiversity crisis has been 
done in the museum. It aims on random 
families, with a focus on families with 
kids from 9-12. In total 18 groups of 
visitors are spoken to. The goal of the 
conversations is to learn what informa-
tion on the biodiversity crisis triggered 
families and what they are specifical-
ly interested in to learn more about. 
Appendix B3 shows materials that are 
used for these interviews. 

Protocol
A) Invited families are observed at the 
beginning of their visit, without guiding 
them where to go, figure 38. On top of 
that, two half days are spent on ob-
serving random visitors and talking to 
visitor support. This is done in all the 
halls in the museum. Observations and 
insights from interviews with visitor 
support are written down. 

B) In total five families are asked to 
visit Naturalis and walk through the 
museum, where they are asked questi-
ons through interviews. All families are 
provided with a sensitizing booklet. The 
first two families are welcomed to Natu-
ralis, asked to fill in the consent, obser-
ved for first half hour, and interviewed 
afterwards with sensitizing materials. 
For the last three interviews, the set up 
has been iterated on, since it was con-
cluded that the minimum age to have a 
conversation with a child on biodiver-
sity, is nine. Furthermore, it was noti-
ced that it was too difficult to suddenly 
bring families into the topic of biodiver-
sity crisis. There was a lack of a starting 

figure 38. observation of family
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figure 40. part of exhibit in hall ‘death’

figure 41. interviewing families

figure 39. sensitizing materials
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figure 42. interview with family

point to open the conversation, despite 
the sensitizing. This is solved by looking 
for a location in the museum that is in 
some way connected to biodiversity 
crisis, which has been a challenge. One 
of the few locations that was suitable 
can be seen in figure 40. It is chosen to 
bring families to the hall ‘death’, where 
one exhibit goes in depth on the death 
of insects that encounter cars, see figu-
re. Also, it was seen that directly asking 
questions during the museum visit is a 
better way, see figure 41. Therefor the 
families are interviewed during the visit 
on top of afterwards, see figure 42. After 
the interview, families are thanked for 
their participation and provided with a 
present. 

C) The conversations in LiveScience, 
see figure 43, are supported through 
trigger materials. On two different areas 
the visitor’s opinion is asked. First of all, 
five posters with different information 
on aspects of biodiversity crisis, from 
closeby to far away, are hung up on the 
wall. Secondly, four cards with informa-
tion on the extinction of bees are layed 
down: causes, effects, current solutions, 
solutions, see figure 44. Families are 
asked which poster touches them the 
most and which bee card they would 
like to know more about. 
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figure 43. live science hall

figure 44. interview set up in live science

 

Results
First the insights from interviewing fa-
milies are clustered and after that com-
bined with the insights from observati-
ons and conversations in the museum.  
The main points are described in the 
next paragraph and are supported with 
quotes. The green quotes are from con-
textmapping interviews, the red ones 
from conversations with visitors. 
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Conclusions
The age of 9-12 is suitable for the topic 
of biodiversity crisis. It is old enough 
to understand what it is about, and 
young enough to learn in a playful way 
and still being agile and open for new 
perspectives and change. Despite the 
choice for 9-12, the design will be im-
plemented in the museum and be ex-
perienced by younger children as well, 
which is something to take into consi-
deration during ideation. They might 
not understand the core message enti-
rely, but should interact with it in a way 
they are still entertained.

Families current Naturalis experience

Families liked to do interactive activi-
ties in the museum together as a family. 
This is also seen during the co-crea-
tion session at a primary school. The 
‘Rexperience’ is appreciated because 
you don’t know what is going to hap-
pen, which gives a surprise effect. The 
binoculars in hall ‘iceage’ stimulated a 
conversation between family members 
because they could together look at 
something and discuss that.

‘

‘

‘

‘

‘

‘
‘

‘

 The Rexperience was a surprise
 what was going to happen, this
 made us connect as a family 
 - Mother

 If the kids can earn something
 like a certificate, they are more
 invested 
 - Mother 

  Hey it is a capibara!
 - Child [f3]

 They recognize it from memes
 - Father [f3]

 I like to see the inside of the 
 animals, because that is 
 something you don’t normally
 see
 - Child 

 We want to do more interactive
 stuff: more activities and games!
 - child

 I saw lots of books, why are they
 in the museum, that would take
 way too much time to read
 - Child

 The kids run through everything
 and don’t carefully interact
 with the exhibits. They have
 to get access to information in
 another way than text

 Have a look! These are stones 
 that mum has at home - Child 

Families like to discover and explore 
within the museum, for example open 
drawers, smell scents, and feel elephant 
skin. To get even more excited to disco-
ver, it would be nice to receive some-
thing at the end of the museum visit. 

Especially objects from nature they re-
cognize are valued

Furthermore it is appreciated to feel 
real objects, because that is something 
you can normally not do, figure 46. 

Overall, families agreed on the fact 
that there was a lack of depth within 
the exhibitions, despites all the written 
information. Reading is something that 
most of the families did not do, since it 
takes too much time. The fact that there 
are too many objects exhibited makes 
families feel uninterested and confused 
about where to focus on.

The content is interesting to them, ho-
wever at the point they want to know 
more, they don’t know how to acquire 
the information. Therefore, when there 
is an interactive lecture, this raises fa-
milies’ interest because this gives more 
depth. The storytelling was also some-
thing that can be improved; families did 
not see a coherent story between the 
halls. All families agreed that the muse-
um could be more interactive.
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Connection to biodiversity

The sensitizing booklet and interviews 
explored the relation between fami-
lies and nature. Families like to explore 
nature, the diversity and amount of all 
objects. They visit nature in their neigh-
borhood to explore, discover, play, rest 
in nature. Children are interested in ani-
mals that they know from the environ-
ment, see on television, read about, 
have at home, have inspiring functions. 
Animals such as panthers, lions are hig-
hly appreciated because they are seen 
as beautiful. 

During interviews, instead of ‘biodiver-
sity’, the word ‘nature’ is used, since it 
was assumed that ‘biodiversity’ is not 
known among children. 

Children know that there is a decrease 
in nature, they hear about that in their 
environments. They also know that we 
as human kind are partly responsible 
for that. Things such as urbanizati-
on, co2 emissions, overpopulation are 
mentioned. They are not directly aware 
why there is a decrease in the diversity, 
that stays relatively abstract. It is hard 
to notice or see it.

For adults it is more concrete to see 
differences in time.

The importance of preserving biodi-
versity within Naturalis is also asked 
of families. They were astonished and 
also confused by the fact that so many 
researchers work on the preservation of 
objects every day, see figure 45. 

Parents think that it is important to 
show research and all life on earth. Kids 
mostly think it is for entertainment pur-
poses by showing cool nature or they 
do not specifically know why it is exhi-
bited.

Families know that protecting nature is 
important to ourselves, because ‘trees 
give oxygen’, and without that we can 
not live. If the function of the natural 
object is important for us as humans, 
some families agree that it is more 
important to save those. For example 
the bees, families are aware that they 
are necessary for our food production. 
Families can also name some solutions 
to protect nature, such as eating less 
meat, less stones in the garden, plan-
ting trees, cycling instead of using the 
car and protecting the animals. 

Some families think it is important to 
discuss the topic at home. For others, 
the topic is discussed at home when 
there is a trigger such as a tv spot, or if 
there is an environmental disaster such 
as a flood. If the children have heard 
about it at school, it can also be a con-
versation starter at home.

‘

‘

‘

‘

‘

 I don’t want the butterfly to go
 extinct because it can fly, and I
 think that is cool
 - Child 

 For example when there is a
 flood at Sao Tome, we explain
 the children what happened
 and how
 - Mother 

 I don’t understand why you 
 have to save to many lady bugs
 - Child 

 I think it is bad that there is a  
 decrease in nature, but I don’t
 notice it myself
 - Child 

 I notice a decrease in butterflies
 over the last years, there are less
 and less in my garden 
 - Adult 
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As earlier mentioned, insects are under-
represented and less popular among 
many people, it is harder to identify 
yourself with an insect. That they are 
small also contributes to that.

Perspectives on the species of insects 
are very diverse. After presenting the 
fact that 75% of biomass of insects 
has gone lost over the past 30 years, 
discussions between family members 
arose. Sometimes the importance of 
insects is not entirely clear among fami-
lies.

In other cases, adults were actually 
aware of the importance of insects, 
specifically for ourselves. 

‘
‘

‘

‘
‘

key insights

 Those insects can die, they are
 annoying
 - mother 

 No mom, but insects are
 important to us
 - child 

 If the insects are gone, the rest
 will follow and disappear
 - mother 

 I think it is important to safe 
 insects because I want to eat my
 apple in 20 years
 - father 

 I am more sad if one rabbit dies
 because of a car, than if 1000
 insects
 - Child 

 I think the dead flies on a car 
 are dirty
 - Father 

figure 45. thousands of lady bugs



Confrontation with biodiversity crisis

All families agreed that they could not 
find anything on the biodiversity crisis 
(nature decrease) within the museum, 
with the exception of the exhibit on 
the Dodo. Families are asked how and 
if they want to be confronted with a 
complex and negative topic such as the 
biodiversity crisis. Most families agreed 
that Naturalis has to exhibit this pro-
blem of the crisis, see quote below on 
the page, with a few exceptions.

Opinions varied on the right method 
to do this, from small interventions 
that relate to existing exhibits, to a 
new hall entirely focused on this the-
me. For example it is possible to give 
more information on the current state 
of the animals that are exhibited, yet 
also possible to create a new hall that 
completely focuses on the biodiversity 
crisis.

Important is that there is a good ba-
lance between a positive and negative 
message. Families want to know about 
the crisis, but at the same time want 
to walk away from the exhibit with the 
idea that there is something they can 
do. That gives them a feeling of autono-
my and brings perspective. 

However, the solutions that are sugge-
sted should be unique, new and feasi-
ble otherwise families get uninterested. 

Families are interested in the causes of 
the problem, since it triggers curiosity.

Overall, families are interested in the 
bigger picture and the context. Now 
they see the objects from nature from 
history but don’t know if they still exist, 
or what human influence is. This raises 
interests to the actualities, so a new 
exhibition on this topic would close the 
circle and bring handles to shape the 
future. Other families think it is impor-
tant to educate their children on the 
protection of nature and that it explains 
how they can shape the future.

I think if you bring feasible and short-term 
solutions to the problem, I expect the 
visitors won’t mind hearing about the 
biodiversity crisis’
- Mother 

‘

‘

‘

‘

‘

 I am visiting a museum because 
 I want to be entertained. I also
 visit the Rotterdam Film Festival
 to feel good, not to feel bad 
 - Father 

 I expect the solution to be an
 insect hotel, but we already 
 have one
 - Visitor

 We want to know what the 
 future looks like. We can change
 and shape it
 - Mother

 I am interested in the causes for
 it, since it can still be everything
 - Visitor 
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figure 46. child interacting with 
Naturalis employee





define 
the focus3
From the insights from research activities, a de-
sign focus is established, which is described in this 
chapter. Since insights on families are so divergent, 
three personas are created to be able to focus on 
one within the design phase. Finally, the design goal 
is presented. 



Clustering, see appendix C1, all insights 
led to the following design direction:

Causes and Effect 
Families have expressed they expect 
more interactive exhibit in Naturalis. 
They like create something themselves. 
There is not so much interactive exhibit 
in Naturalis which leaves room. Showing 
causes and effects can be processed in 
an interactive way.

Recognizable
Following theory on transformative 
experiences, for creating awareness it is 
important to bring it closeby. Families 
get excited by objects they recognize. 

Biodiversity Crisis
On biodiversity crisis families want to 
mostly learn about causes. If they are 
confronted with it, it should be mostly 
positive and in a way that they know 
what they can do themselves to solve 
the problem. This is in line with Natu-
ralis’ view: a mostly positive story with 
a perspective on how to act on solving 
the problem. From theory on behavi-
or change was seen that the message 
should be mostly positive. 

All insights from families are gathered 
and clustered after which three perso-
nas are created to show the differences 
between families and bring contrast.  
Personas are fictional characters that 
represent real people. They are based 
on data that is gathered during rese-
arch. (van Boeijen, Daalhuizen & Zijlstra, 
2020). It is used to simplify all gathered 
data and take certain input to focus on 
for the design. There are differences in 
current knowledge, experience of the 
museum, how they would like to be ap-
proached on topics, how nature or na-
ture decrease is part of conversations. 
These personas, figure 47, 48 and 49, 
are an addition to the existing Naturalis 
personas and focus more on the biodi-
versity and crisis part; how they want to 
be confronted with it and in what way it 
plays part in their lives. 

3.1 Design Direction

3.2 Personas

Bringing families that visit Naturalis a 
recognizable aspect of biodiversity 
crisis by letting them create a 
situation together and see the effects 
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The first persona describes parents and child-
ren with an equal interest in nature and they 
discover the museum with the same intent. 

Most of the time of the visit they split up. So-
metimes share what they see with each other. 
The topic of the biodiversity crisis is something 
that is discussed at home very often, since the 
parents think it is important to raise their child-

ren consciously. They also think it should be 
present a lot in the museum of Naturalis and 

really expect that to be part of it. 

ECO EXPLORERS

‘We are surprised that there is nothing to see on the 
biodiversity or climate crisis’ 

‘If we visit a museum, we are always losing our children’ 

‘We think it is important to raise our children consciously 
regarding the climate and biodiversity crisis’ 

figure 47. persona 1
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The second persona describes a family whe-
re the children take their parents by hand and 

explain to them about what they see in the 
museum and what they know. Children learn 
about nature decrease at school and some-
times confront their parents with it. On the 

other hand, parents can be a bit hesitant about 
their children being confronted with complex 

and difficult problems in the museum and think 
that the museum should mostly be entertai-

ning. LITTLE LEADERS

‘These insects are important to us, mum’ - Child

’I am visiting a museum to be entertained, also visiting the 
film festival to feel good, not to feel bad’ - Father 

‘Shall we first go to the dinosaurs?’ - Child

figure 48. persona 2
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The parents take the children by hand and ex-
plain to them about nature and the importan-
ce of it. They guide their children through the 

museum and enthuse them for exhibits. If there 
is a trigger such as a tv spot, the topic of nature 
decrease is discussed at home. The parents ex-
pect Naturalis to give more information about 

the decrease of nature, related to already exis-
ting exhibits. NATURE 

NAVIGATORS

‘Look at the appearance of those insects!’ - mother

For example, when there is a flood at Sao Tome, we explain 
the children what happened and why’ – mother

‘I think if you bring feasible and short term solutions to the 
problem, I expect the audience won’t mind hearing about 
the biodiversity crisis’. - Mother

figure 49. persona 3
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Conclusions
The personas are mapped out on a 
graph, see figure 50, with axes on ‘alone 
vs. together (while strolling through the 
museum)’ and ‘unconscious vs cons-
cious (on the biodiversity crisis)’’. It is 
most interesting to design for persona 
2 and 3. Persona 2 is most challenging, 
since they are most unconscious about 
the biodiversity crisis. At the same time, 
children learn and hear about nature 
decrease anyhow, and will confront 
their parents with that at some point. 
This can lead to interesting conversati-
ons that can be enhanced through the 
exhibit.
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figure 50. graph on personas
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An exhibit itself generally consists of 
two main elements: content and form. 
The content includes the storytelling. 
The form includes the appearance. An 
exhibit includes several steps, from 
approaching, to interacting, to walking 
away from it. This is discussed with 
employees from Naturalis from depart-
ment exhibitions. It is chosen to define 
the content first where the form follows 
the content. 

3.3.1 Journey

Figure 51 shows the steps that fami-
lies follow when they experience an 
exhibit. These steps are discussed with 
employees from Naturalis. The inter-
pretation of the steps are following the 
theory on transformative experiences 
and behavior change. The exhibit needs 
to attract families, that can be done 
through recognition and an appearan-
ce that is appealing to families. Once 
they are attracted, they can decide to 
interact with it. The problem is presen-
ted and there is room for reflection. The 
last stage, the take-away completes the 
exhibit in a positive way and can be the 
moment to remind families. 

3.3 Exhibit

figure 51. exhibit walk through

1. approaching the 
experience

3. take away

2. interacting with 
intstallation

attract by recognition
appealing appearance

aware of problem
reflection on problem

reminder
positive closure
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3.3.2 Content

The topic of insects is a challenge, since 
it is not really close to people, yet inte-
resting because insects are highly im-
portant for biodiversity and can not be 
forgotten, see chapter 2 on biodiversity 
crisis. There are multiple ways of brin-
ging this topic to the families. In figure 
52 there are listed 4 ways that can be 
followed. This is concluded from con-
versations with biologists that work at 
Naturalis, and Michiel Hooykaas who 
advocates to make insects more well 
known. It can help to focus on insects 
that are popular such as the butterfly or 
focus on insects that have a clear and 
well-known function to us (bee for our 
food production), or emphasizing the 
beauty of an insect (dragonfly). Or show 
insects that are inspiring, biomimicry.

The installation will focus more on the 
individual change to connect to fami-
lies. Therefore the contexts such as the 
street, city, garden, balcony, schooly-
ard are interesting, see figure 53 for an 
example. 

Popular

Inspiring

Function

Beauty

figure 52. ways to connect to the 
target group

figure 53. context of a garden
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The Goal
Deeper understanding on the biodiver-
sity crisis means that they walk away 
from the museum with increased know-
ledge on biodiversity crisis; dependen-
ce, being part of the problem and solu-
tion, as human beings. 

Secondly, discover on how to contribu-
te to biodiversity describes how families 
actively find out about their role in this 
topic and what consequences are of 
their actions.

3.4 Design Goal

To design a playful transformative 
experience in Naturalis where 
family members together develop a 
deeper understanding on the 
biodiversity crisis and discover how 
to contribute to biodiversity in their 
surroundings

Achievement
In order to reach the goal of deve-
loping a deeper understanding, it is 
on the one hand needed to explain 
the concept of biodiversity: the in-
terconnectedness between all living 
things; we need each other to have 
healthy ecosystems. Secondly, to 
further increase knowledge, it must 
be conveyed that humans are partly 
causing the crisis. 
To foster discovery to contribute, the 
effects of human actions that in-
fluence biodiversity must be shown 
immediately after an action, nega-
tively but also positively. This will 
eventually make clear what families 
can do at an individual level. 

63





develop 
the solution4
After conducting research and determining the 
design goal and its direction it is time for the design. 
This is done through several design methods, such 
as scamper, individual brainstorm and co-reflection 
sessions. Some testing has been done in the mu-
seum and interim insights are shared with stakehol-
ders to get to a final concept, which is explained in 
chapter 5. 



To meet the design goal, several design 
activities are carried out. Below this is 
shown in a general overview.

First of all, based on the focus of chap-
ter 3, three initial ideas are created. 
These are used as a base for further 
ideation; they are brought to a class of 
children and also to biologists and 
designers who work at Naturalis. This is 
brought in a way of co-reflection. 

The outcome of these co-reflections 
led to another individual brainstorm 
where all insights are combined into 
one mid idea. 

This idea is brought into a brainstorm 
with co design students from the TU, 
with the goal to build upon the mid 
idea and go a level deeper. 

From these insights, an exploration on 
existing museum techniques to see 
what the possibilities are by visiting 
museums, talking with Naturalis em-
ployees and previous museum visits. 

Three possible options are brought to 
visitors of Naturalis to see which playful 
elements work best. 

Exploration on techniques is done to 
see how it would work physically and is 
built to see if it is feasible. 

Based on those insights, a cardboard 
scale model is build, which is brought 
to visitors in Naturalis in a co-reflection 
setting.

The completion of the playful element 
is tested with co students to define the 
guidelines of the exhibit.

4.1 Design Approach

Little Leaders
The focus lies on the Little leaders, 
which translates into design that mainly 
aims at children. Practically that means 
the size is important, easy to under-
stand. Aesthetically it means it should 
be attractive to children and content 
wise it should be recognizable. The 
exhibit should be interactive, and have 
an option to earn something. 

Naturalis
Guidelines for the exhibit are discus-
sed with employees from the exhibition 
department to see what they prefer in 
the exhibit and take into account their 
advise. Elements within the installati-
on should be sturdy since children are 
using it and often do not realize their 
powers. For example, the binoculars in 
hall ‘ice age’ often are out of use be-
cause they are broken. Furthermore, the 
experience must be safe. That means 
that it should either be an open expe-
rience, or there must be someone near 
the experience the entire time. Because 
of the importance of the topic, every 
visitor should be able to join the expe-
rience or at least see it. Therefore, an 
escape room or a group experience is 
not ideal, since this limits the amount of 
people. Loose elements within exhibits 
can be stolen or destroyed by visitors 
so ideally all parts are attached. 
 
Figure 54 shows a collage that is the 
result of combining these guidelines. 

4.2 Design
Guidelines
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figure 54. examples on guidelines
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4.3.1 Individual Brainstorm
There are three initial ideas that were 
derived from HKJ’s on creating aware-
ness and fostering reflection during an 
individual brainstorm session. 

The first idea is in the context of a 
schoolyard, where families must turn 
around stones on the ground to make 
the bee go up in the graph; make it 
come alive, see figure 55.

For the second idea, family members 
are ‘the problem’ themselves; they are 
light bulbs and they must eliminate 
each other. This will make the lights turn 
off in the buildings and make insects 
come in, see figure 56.

The final idea presents an insect that is 
barely alive, in a life size dome, where 
family members have to make it come 
alive and create a chain (insect, plants, 
birds), see figure 57.  

4.3 Initial Ideas

figure 55. idea 1

figure 56. idea 2

figure 57. idea 3
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4.3.2 Share the Ideas

School Class
A co reflection workshop has taken 
place at a primary school in Schiedam, 
group 6, ages from 8-10. First the pro-
ject and design goal is explained in 
class, whereafter the children were as-
ked to come up with an idea, figure 58, 
for an exhibit for Naturalis in groups of 
5 to get a feel for the topic and to make 
them able to reflect on the ideas I pre-
sent them. Lastly, the three initial ideas 
are presented classically to see what 
aspects they like and which do not. 

The children mentioned they liked 
physical elements and being able to 
move those; to create something and 
lose fantasy. Also seeing a change or 
effect of an action is appreciated. Both 
collaboration and competition is va-
lued. They liked being involved in the 
installation. The completion of the ide-
as was not yet clear to them. For exam-
ple, if it is a quiz, what kind of ques-
tions? If you have to compete against 
each other, how does that work? And if 
the game is done, how does it get back 
to its initial state?

Insect Experts
The three initial ideas are also 
proposed to two insect experts Roy 
Kleukers and Jan Wieringa which most-
ly helped in choosing. They advised to 
choose an insect where its function is 
already clear. This led to choosing for 
the bee, yet another species than the 
well known honey bee, since it is im-
portant to show that there are many 
more species such as solitary ones. 
These are bees that look for food, find 
nests and lay eggs all alone. They also 
agreed that it is best to choose a pro-
blem that is as closeby as possible. 
That made them both choose for the 
first idea and eliminate the second idea.

Within these solitary bees, ‘Vosje’ is 
chosen, see figure 59. This choice is 
based on the list of the Bee Count 
2023. (Nationale Bijentelling, 2023).  It 
is chosen to take one bee to be able to 
create a bond between the animal and 
the visitors. By giving it a name, ma-
king it bigger, etc, chances on creating 
a bond increase. This is discussed with 
Loes Kreemers, behavior change psy-
chologist.  
 
From all input so far, a first concept is 
created, see figure 60. Within this con-
cept, visitors approach a nearly alive 
bee. Through a quiz and answering the 
right questions, they have to make it 
come alive. Visitors are standing around 
the bee, which is placed in a big cone. 
In the ideal situation, so when questi-
ons are answered right, the bee rises up 
and other elements of nature appear to 
show the recovering of biodiversity.  

figure 58. outcome from co-reflection workshop
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The design direction gets more 
focus: families can create in a 
physical way, and see the effects 
of those actions in a digital way. 

The story is about a solitary bee 
to enhance awareness on diver-
sity of bees and to connect to the 
families. 

Awareness on the problem  is 
created by presenting a nearly 
alive bee. 

Reflection is created by making 
families discuss answers on ques-
tions together.

The context where the story will 
take place will be the garden. 

key insights

Do I like daisies 
or hortensias?

figure 59. top 10 most seen bees in the Nether-
lands, number 6: ‘Vosje’

figure 60. idea that is brought to 
scamper brainstorm
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4.4.1 Brainstorm Session

The concept from figure 60 is brought 
to fellow design master students from 
TU Delft in a brainstorm session, figure 
61. Appendix D1 shows the insights that 
are gathered. First, to make the parti-
cipants get into the topic, a round of 
WWWWWH, (van Boeijen, Daalhuizen 
& Zijlstra, 2020), is initiated where they 
are allowed to ask all kinds of questions 
on the problem statement. After, sever-
al rounds of HKJ’s are facilitated to think 
of ways to design for the problem sta-
tement. Lastly, the method of Scamper 
is used. Scamper is a method where an 
initial idea, is presented and in several 
steps is changed in the following order: 
substitute, combine, adjust, modify, put 
to another use, eliminate, reverse. The 
idea is that there appear new refres-
hing ideas that can be used again, (van 
Boeijen, Daalhuizen & Zijlstra, 2020).

4.4 Ideation The character that is chosen for 
the experience could possibly 
return at other locations in the 
museum to remind visitors and 
add to the storytelling. For exam-
ple, the character could be sold in 
the museum shop. Images of the 
bee could be shown throughout 
the museum. 

To attract visitors to the experi-
ence, there could be made use of 
sensory elements, such as sounds 
of bees when you walk by, or 
visuals of bees on the wall that go 
around a corner.

Regarding the physical part and 
creating, it could be more like col-
lecting the right elements instead 
of a quiz.

The shape of the installation can 
be totally different than the cone 
idea. 

key insights

figure 61. brainstorm with fellow design students
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4.4.2 Realization Possibilities

After diverging different ideas to 
deepen on the first concept, see ap-
pendix D2, possibilities regarding exi-
sting techniques are explored, to get 
inspired for own design.

Digital
pepper’s ghost / movie / projection

Physical
life size chess board / kinect / scanning

Several examples are listed below that 
are divided over two areas: creating 
and seeing effects, based on the design 
direction. 

figure 62. existing museum experience techniques

72



4.5.1 Validating the Concept

Physical
The first aspect of the concept to be 
validated with families, is how they can 
create. In total, 10 families are asked to 
join. They were given three options: 
 
a) quiz, figure 63. Daisies or hortensias? 
b) sliders, figure 64. Stones to wild. 
c) searching, figure 65. Selection of 
things to put in a garden.

Families were invited to join the inter-
view, where they were asked to create 
the ideal environment for a bee three 
times. When finished, a video of a bee 
coming to life was shown. Afterwards 
it was asked what play element of the 
three is most valued and why. The in-
teractions with the prototype are ob-
served. 

4.5 Shaping the
Concept

When participants are busy cre-
ating they do not look at, nor no-
tice the digital video. The exhibit 
should be designed in such a way 
that the digital part also stands 
out.

The video of a bee coming to life 
was not rewarding enough. After 
making a choice, it should show 
an immediate effect, otherwise 
action is not clear. 

The selecting part was most va-
lued, since this gives most feeling 
of freedom. 

Most kids immediately grabbed 
the swimming pool card. This was 
a starting point for conversations 
between family members. 

key insights

figure 63. test: quiz

figure 64. test: slider

figure 66. test: collecting
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Digital
The effect of the choices that visitors 
make, so the part they see on the 
screen, is also first tested with fellow 
students. They were asked to select 
pictures they want to put in their ide-
al garden. The effects of those actions 
are shown on the screen, the bee can 
go one step in the wrong or good di-
rection. The goal is to reach the middle 
green circle. In figure 67 can be seen the 
pictures that were to be chosen and the 
lay out on the screen. 

From these tests was seen that it 
took a long time before to finish 
the experience. 

It is about a balanced garden 
and not about the amount of 
elements in the garden. So, it is 
simplified to one step (either in 
the middle, or out), instead of 5 
options. 

key insights

figure 67. test with photos and Figma

4.5.2 Realizing the Concept

Scale Model
A scale model is built to create a com-
bination of the physical and digital part. 
Families in Naturalis are asked to reflect 
on it and share their opinions. In total 
eight families joined. For the game to 
succeed, they have to select the three 
right elements that create a good en-
vironment for a solitary bee. There are 
8 elements: tree, hortensia, roses, bee 
hotel, daisy, bench, grass and a hedge. 
Through the sticks on the front, families 
are able to flip elements upwards. If fa-
milies finish, a video in the background 
plays, where a bee comes to live and 
pollinates a flower, see figure 68.

figure 68. test with scale model
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Visitors would like to receive 
direct feedback on choices they 
make. Why is something good 
or bad? Families expected their 
choice to appear on the screen. 

The animation should be more 
realistic and it must be clear what 
kind of animal it is. 

The physical way of selecting 
elements is valued, the more ele-
ments the better. 

It is currently not understandable 
without guidance, because there 
were no written instructions. 

The game should be more about 
human and bees together, and 
creating a situation where both 
can live.

Only the effect of seeing a bee 
pollinating a flower is not fulfilling 
or exciting enough, since families 
do not have a bond with the bee. 

Functioning
Physical part will be done through gears 
that enables certain elements to go up. 
These elements suggest parts you can 
add to arrange a garden, for example 
a daisy, see figure 69. With the pole, 
visitors can from a distance select an 
element to come up, see figure 70. This 
enables families to create a decor by 
themselves. Appendix D3 shows more 
photos on the development of the mo-
del. 

Through animation, families can see 
information on their choice and also the 
effect. Each element is connected to a 
piece of video that is showed when the 
element is turned up. If the element is 
turned down, the piece of video 
changes again. The animations are 
shown on a screen that is positioned 
behind the physical part. 

figure 69. gear

figure 70. mechanics

key insights
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4.5.3 The First Concept
From the scale model, a first concept is 
created. It consists of a journey follo-
wing the presented steps in paragraph 
3.3.1. 

Walk through
Families enter a poster with a charac-
ter that is called ‘Vosje’. It says: ‘I am a 
Vosje, would you like to get to know 
me?’. Families can decide to follow the 
character and go inside. See figure 71.   

If they are attracted to follow the 
character and decide to go further in 
the experience, they enter information 
on solitary bees in the Netherlands and 
their importance through a poster. It 
explains there are 360 species of bees, 
and that ‘Vosje’ is one of them. That is 
lives alone, settles in hollows, and polli-
nates flowers. See figure 72. 

Families encounter the main part of the 
experience where they are invited to 
‘create their ideal garden where Vosje 
and family can live together’. They can 
choose out of 12 options that they can 
put in the garden. If they make a selec-
tion, they see the effect and explanati-
on on the choice appear on the screen. 
They can explore for some time and 
discover how they can contribute to 
an environment were both human and 
bees can live. See figure 73. 

figure 71. step 1: approach

figure 72. step 2: information on bees

figure 73. step 3: overview experience
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Model
Visitors can turn the poles and choose 
for specific elements they want to put in 
their garden. There are 12 options to se-
lect from, which are chosen in consul-
tition with biologist and research from 

After some exploration they walk to the 
last part of the experience where they 
can read about why bees are important 
and they can grab flower seeds that 
they can plant themselves in their per-
sonal surroundings. See figure 74. 

PNAS. (Kawahara A. 2021). The height of 
the poles are set on an average child-
ren’s length. The wooden installation 
has to be put in front of a screen. See 
figure 75. 

figure 74. step 4: reminder

figure 75. inside of the model
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The choice for the element, is also 
shown on the screen, to make extra 
clear that the physical output is cor-
responding to the physical choice. The 
choice is supported with an explana-
tion. For example: ‘a tulip is not good 
for a bee, it is often exposed to poison’, 
see figure 76. Then the effect on either 
the human of bee is seen on the screen, 
figure 77 and 78. The goal is to create a 
balance where human and bee are both 
in the middle. This, to explore playfully 
how you as a person can affect a situ-
ation in the garden. They can get in the 
middle by making a right choice for a 
human or bee. 

Iteration
After discussing the first concept and 
prototype, see figure 79, with Naturalis 
and coaches from TU Delft, a few adap-
tions are made. According to Naturalis, 
the main message is not clear enough 
and the playful part is not rewarding 
and exciting enough. Usually for instal-
lations in the museum there is only one 
message and that is translated in a mi-
nimalized way: there is a title, instruc-
tions on use and a bit more in depth 
reasoning. 

Furthermore, the interaction with the 
installation is also not clear without 
guidance, which is a requirement before 
testing it with families in the museum. 

It is strived to align the physical and di-
gital part, so to have them in same style 
to make sure that it is clear these are 
connected. This can be improved since 
for both are used different styles; orga-
nic vs. illustrator style. 

Instead of four posters that 
inform families, it should be 
brought back to one poster to be 
more clear and create overview.
 
Adaptions should be made on 
the physical installation, such as 
adding wheels, arrows, clear in-
structions on use. 

The playful part has to be made 
more challenging, which will be 
done through adding several 
steps. 

The visual appearance of digital 
and physical will be more in the 
same realistic style. 

key insights

figure 76. explanation on choice

figure 77. optional screen

figure 78. game finished
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figure 79. model in the museum





the design5
Within this chapter the final design that is derived 
from research activities, will be described. This is 
done through presenting the concept and its key 
elements and the storyboard which explains how 
interactions work. From the concept is made a final 
prototype that can be tested in Naturalis. Lastly the 
a possible way for implementation is explained. 



5.1.1 Description
‘Bijdrage’ is a playful transformative 
experience designed for Naturalis and 
their visitors. It is created to show fa-
milies the concept of the biodiversity 
crisis, in a way that it is closeby and 
personal. It has the following message: 
 
Insects we are dependent from are 
decreasing rapidly partly due to hu-
man activity, yet we can prevent that 
from happening by making the right 
choices. 

It inspires families on how they them-
selves can contribute to a solution. This 
is accomplished by making them explo-
re actions that they do and after show 
the effects of those and why.

The experience is in the form of a de-
cor where families can create an en-
vironment of a garden themselves, that 
exists of a physical and digital part.

The name ‘Bijdrage’ has ‘bee’ in its 
name in Dutch and is translated as: 
Contribution, see figure 80 for the logo. 

5.1  The Concept 5.1.2 Design Goal
The design goal is: 
 
‘To design a playful transformative 
experience where families can together 
discover how they can contribute to 
biodiversity in their surroundings and 
gain deeper understanding on biodiver-
sity crisis.’

Develop a deeper understanding on 
biodiversity crisis

Families are informed through a poster 
on the existence of solitary bees, diver-
sity and the rapid extinction. Through 
the screen, it is showed that action is 
needed to create room for insects such 
as bees. 

Discover how to contribute
Families learn through playful experi-
ence which elements create biodiver-
sity. They have the freedom to create 
several situations and see the effects of 
those by making choices. 
 
Own surroundings
The story is in the context of a garden 
which is recognizable for children and 
adults. As well as the bee Vosje, which 
is a species that lives in the Netherlands 
and can be found in gardens. 

Playful
The goal is to bring a bee and a human 
closer to each other. This can be done 
through collaborating with the family 
and discussing on the right choices, in 
an interactive and physical way. There is 
variation, lots of options to choose, you 
can earn flower seeds in the end.

Together
It aims on letting children steer the 
wheels, which initiates interaction and 
being supported by the elder who can 
explain a choice by reading out loud 
and in that way help. The effects on the 
screen maintain a conversation, reflecti-
on moment between family members. 

figure 80. logo of concept
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5.1.3 Key Aspects

The concept can be seen in figure 81.

Elements
There are several physical elements that 
can be chosen. These are ‘objects’ that 
can be put in a garden, such as grass, 
trees, bee hotels, stones. These are 
based on the living areas of bees and 
on functionality or entertainment for 
human. In consultation with biologists 
a set of elements is selected, this can 
vary.

Wheels
With the wheels families can make their 
choice appear by turning to the left, 
and also select it by pressing it in. Pres-
sing it in again will unlock the wheel. On 

the wheels, all options are visualized. It 
is made on children’s height. 

Character
The story is about a specific type of 
bee, the ‘Vosje’, which is introduced 
within this installation, to create aware-
ness on the diversity in bee species. 

Effect on Screen
The screen shows information on the 
choice and an effect. The effect is eit-
her an increase in species, a change in 
conditions or emotions. The screen is 
on elder’s height. 

Information
On the front you can find a poster with 
information: a title, instructions on use, 
explanation on decrease of insects. 

figure 81. drawing of concept

screen

elements

poster

character

wheels

flower seeds
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Flower Seeds
When a family succeeds the game, 
which means, human and bee are in the 
middle near the flower, flower seeds 
appear, which come outside the in-
stallation. On these flower seeds, see 
figure 82, is written how to contribute to 
a well balanced garden. For example: 
‘interested in a bee hotel?, you can buy 
them at ...’.. On the bottom you find a 
sentence on flower seeds: ‘Take away 
flower seeds here!’

1. Approaching
The installation is located somewhere in Naturalis. Visitors approach the installation and can 
decide to try it out. Figure 83. 

5.1.4 Storyboard

1

figure 82. flower seeds paper

figure 83. step 1: approaching the experience

The storyboard shows how families 
approach, interact and walk away from 
the exhibit. 
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2. Reading 
Families look at the installation, possibly read the text on the poster where instructions on 
use are visible and information on decrease of insects and bees.  Figure 84. 

3. Discovering
After reading they start 
to look at the wheels, 
make choice, steer and 
find out what hap-
pens. When they want 
to select a choice, they 
can press on the wheel. 
Figure 85. 

2

3

figure 84. step 2. looking at experience, 
reading information

figure 85. step 3: interacting with experience
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4. Seeiing the Effect
On the screen they can find in-
formation on their choice. For 
example for the tulip: 
A tulip is bad for human and 
bee, because they are often 
sprayed with poison. With this 
information they can antici-
pate on their choice. They can 
undo a choice by pressing on 
the wheel again and steering it 
the other way around. Figure 
86. 

5. Completing 
When families choose for the right combinations of elements, they complete the game. Bee 
and humans increased in amount and are together in the middle. Figure 87. 

4

5

figure 86. step 4: seeing the effect

figure 87. step 5: completing the experience
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6. Receiving flower seeds
A card consisting of flower 
seeds comes out of the in-
stallation. Families can take 
it along. After that, the game 
refreshes and it goes back to 
its initial state. Figure 88. 

7. Flower Seeds
Families read what is on their card and 
can possibly plant their flower seeds 
in their surrroundings (garden, park or 
neighbourhood). Figure 89. 

7

6
figure 88. step 6: taking flower seeds

figure 89. step 7: planting flower seeds in garden
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5.2 The Model
5.2.1 Physical Part
To show the concept and be able to 
test it, a prototype is made. This repre-
sents the interactions with the installa-
tion, yet there are differences between 
the concept and the prototype. 

The prototype is build in Fusion 360, 
see figure 92, whereafter all parts are 
individually exported as illustrator files 
which are lasercutted. All parts are 
connected to each other and constitu-
te a whole, figure 91. It is enclosed by a 
wooden box, figure 94. 

Materials

1. wooden parts
2. monitor
3. switch (12x)
4. poles (12x) 
5. wheels
6. videos
7. stickers 
8. posters
9. 3d elements
10. bee flower seeds

An element can be turned up or down, 
figure 93. When it is turned up, a switch 
turns on, see figure 90. These switches 
are the connector to the digital part. 

figure 90. switches

figure 91. elements and gears
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5.2 Storyboard
figure 92. digital model

figure 93. physical action
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5.2.2 Key Aspects

Elements
There are 12 elements chosen for the 
model, with points for either human 
or bee: lawn (+1-0), apple tree (+1-+1), 
herbs (+1, +1), stones (-1, -1), tulip (-1, 
-1), hydrangea (1, 0), daisy (0, +1), dead 
trees (0, +1), sand (0, +1), ivy (0, +1), light 
(+1, 0), swimming pool (+1, 0). Figure 94. 

Flower Seeds
The flower seeds are for the model 
represented as a paper card and seeds, 
see figure 95. 

Character
An sticker of Vosje and a person is 
shown on the side, on the front and 
screen, figure 96 

Wheels
The wheels are wooden circles with 
arrows pointing towards the left, see 
figure 97.  

figure 94. the model

figure 95. flower seeds

Poster
On the front a poster can be seen, figu-
re 98. 
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figure 96. characters

figure 98. posters information

figure 97. wheels

Connection
To connect the digital to the physical, 
an arduino board is used that contains 
physical switches and shows an effect 
on the screen regarding the switch. Ap-
pendix E2. 

91



5.2.3 Digital Part
When an element is fully switched on, 
this creates an effect on the screen. 
First, the element that is chosen is 
explained on the screen with a title, its 
effect and a description. For example: 
‘tulip’ - ‘bad for people and bees’ - ‘of-
ten exposed to poison’, figure 101. Ap-
pendix E1 shows animations. Second, 
the effect of the choice is shown. This 
means that more bees or human ap-

pear, but also that they come closer to 
the flower in the middle, see figure 99. 
When all the right elements are put up, 
the a bee and human meet each other 
at the flower, figure 103. The back-
ground is an illustration of a garden, 
figure 102. All separate videos are put in 
the video programma ‘Resolume Arena’ 
where it is possible to switch on or off 
certain videos. 

figure 99. animation of bees

figure 100. animation of people
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figure 101. explanation on choice

figure 102. background animation

93



figure 103. combination digital part
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5.3 Implementation
5.3.1 Implementation Plan
Short term
The first model will be tested with fami-
lies in Naturalis concerning two aspects: 
design goal and usability. From these 
test, insights are gained and conclusi-
ons are derived. Based on these con-
clusions, a new and improved model 
can be designed. This can be done in 
collaboration with external parties such 
as Kossmanndejong or Bruns. Because 
of the high concern of the topic, it is 
advised to make an improved model as 
soon as possible, in the years of 2023, 
2024, and look for a suitable location in 
the museum. Next, it is also advised to 
expand the concept, by using ‘Vosje’ as 
a character and repeat it throughout the 
museum. This will create more connec-
tion to the story and strenghtens the 
bond, which leads to more awareness.  

Long term
Solely implementing the presented mo-
del will contribute in a way to transfor-
mation, however this can be increased. 
It is advised to think of ways to present 
the biodiversity crisis at more locations 
throughout the museum and make it 
fit the entire story instead of Naturalis 
and a detached installation. This can 
be done by creating a new concept 
hall that explains biodiversity crisis in 
more depth or by repeating the concept 
at multiple locations in the museum. 
When doing this, it is important to keep 
it positive so families are not scared 
away and provide or show ways on how 
to take action. 

See figure 104 for an overview of the 
implementation plan. 

Improve Model

redesign by processing insights 
from first tests, then execute tests 

with improved model

create a new digital model  ba-
sed on new insights and work 

closely with design agencies to 
build

extend the story of the extincti-
on of bees and repeat it in the 
museum; for example sell bee 

flower seeds in the museum 
shop or stuffed bee toys.

introduce more ways to explain 
on biodiversity crisis, for exam-

ple:  installations for livescience, 
that share a topic that is resear-
ched by the Naturalis biodiver-

sity centre.

Build

Complete

20
23

20
24 Expand

figure 104. overview implementation plan
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validate
the design6
The model that is described in chapter 5 is tested 
with families in Naturalis, to test if the design goal is 
met. Furthermore a usability test is done with Natu-
ralis employees. The evaluation plan for both tests 
are described. Insights from usability tests are sha-
red and results from the transformation test. 



There is a main focus on testing if the 
design goal is met; if transformation 
takes place, in other words if families 
learnt more on biodiversity crisis and 
know what they can do themselves. 

Before testing on the design goal, a 
usability test is done. 

6.1.1 Usability Test

Method
Testing the usability will be done at the 
department of exhibitions in the office 
of Naturalis, see figure 105. 

One individual testing takes 10 minutes. 
Interacting with the installation takes 
5 minutes, whereafter participants are 
asked to fill in a questionnaire which 
also takes up to 5 minutes. The questi-
onnaire gives participants the possibili-
ty to share how they felt on performing 
the tasks and to elaborate on possible 
uncertainties and improvements. 

Employees from department exhibiti-
ons, n=6. These employees are partly 
influenced and are aware of the goal 
of the installation, however they have 
not used the prototype before the test 
and thus can give valuable insights for a 
usability test. 

The model will be used for testing, 
where digital part is connected to the 
physical part through arduino and Re-
solume Arena. 

Protocol
Participants will test the prototype and 
are interviewed afterwards. This will be 
done individually, so participants are 
not influenced by each other. They are 
asked to perform several tasks.  
 
1. Make a choice for one element.
2. Select a right element for a bee.  
3. Select a right element for a human. 

6.1 Evaluation Plan 4. Select a wrong element for both.  
5. Undo a wrong selection 
6. Select a right element for both. 

After performing each task, participants 
are asked to fill in a scale 1-5, unclear 
- clear and why. This can be done 
through a questionnaire. During testing, 
participants are observed. In the ap-
pendix F3 the questionnaire and sup-
porting elements for the interview can 
be found. 

Participants expected information 
on their choice before they stee-
red the wheel. 
 
Instructions on use, it should be 
first to make a choice and after to 
steer the wheel.

It was not clear that they could 
earn bee flower seeds. 
 
It is debatable and too subjec-
tive whether certain elements are 
good for bees or for humans. This 
causes confusion.  

key insights

figure 105. usability test
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6.1.2 Design Goal Test

Method
Testing the design goal will take place 
in the workshop hall ‘Ontwerp’, which 
is located at the fifth floor. Testing is 
spread over two days in the weekend, 
when lots of families are visiting Natu-
ralis. How it all is set up can be seen in 
figure 108, 109, 110. There is a spot for 
the moderator, to react on actions from 
families, a spot for filling in the questi-
onnaire, and lastly a spot for interacting 
with the prototype, see appendix F2.  

Families, with a focus on children be-
tween 9-12, that are visiting Naturalis 
will be actively asked to join the testing. 
The interview questions focuses on 
the entire family with a slight focus on 
children.

To be able to test the prototype and to 
avoid complications with the arduino, a 
simplified version is created. The physi-
cal and digital part are both used, only 
testing follows a wizzard of ozz ap-
proach. Creating a digital effect is done 
by the moderator of the test. Animati-
ons on the screen are shown through 
the application Resolume, appendix F1.  

If the design goal is met, the before and 
after evaluation method is used. This 
means that before using the installati-
on, questions are asked by using scales, 
and also after use. The scales are deri-
ved from the design goal, appendix F4. 
The following scales are used: 

1. I know what biodiversity means 
2. I am conscious biodiversity is under 
pressure 
3. I know why it is not going well with 
biodiversity 
4. I know what needs to be done to im-
prove biodiversity 
5. I know what I can do to improve bio-
diversity in my own surroundings

The insights from evaluations are com-
pared to measure transformation.

Protocol
Once a family agrees to participate, it 
will be welcomed by the moderator, 
and it is explained what the project is 
about. Families are asked to fill in five 
scales on current knowledge and beha-
vior. After filling in the scales, the rea-
soning behind the answer is asked from 
family members. Then, the prototype 
will be shown and families are invited 
to interact with it. After that, it is asked 
to fill in the scales again and provide 
reasoning. Lastly, families are thanked 
for participation. 

figure 106. workshop hall design

figure 107. test location
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figure 109. wizzard of ozz set upfigure 108. flower seeds

figure 110. test set up front view
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6.2 Results
6.2.1 Transformation
During testing, there is a main focus 
on the transformative experience, and 
secundary focus on the use and expe-
rience. To evaluate transformation, five 
scales are used. Insights from families 
can be found in appendix F6. 

For each scale the average scores are 
calculated where before and after sco-
res are compared with each other. Ap-
pendix F5 shows this. Averages are also 
shown in pie charts, 109. Only three 
families dedicate a lower score on the 
some scales after testing the prototype.
No single family rates a score of 1 af-
ter testing the prototype at one of the 
scales. Scales 4 and 5 show that after 
testing, families don’t grant a score of 1 
or 2.  

Knowledge on the definition of biodi-
versity is low: 9 families indicate a score 
of 1 or 2 on the first statement. The defi-
nition of biodiversity is not entirely clear 
before, a bit more clear after. 

‘

‘
‘

‘
‘

‘

‘

Oh no, the hortensias? But I 
love those!
- mother

Before: ‘Biodiversity.. something 
with bio?’
- child

After: ‘Biodiversity is something 
about animals and people
- child

I see lots of stones in gardens, 
which is not so good
- child

76% decrease? That is a lot, 
really hard to imagine
- mother

I learnt something, this does not 
mean I am also going to do this
- father

Oh the tulip is not good, remove 
the tulip boys!
- father

Information on their choice made them 
reflect on their choice and possibly 
choose for something else and remove 
it from the garden.

Many families indicate they got to learn 
more about the effects of certain ele-
ments. Mostly the lawn, tulips and hor-
tensia were surprising to them. 

It also intiates the conversation on what 
they already know or experience. 

The few families that read about the 
insect decrease were astonished.

Despite families mentioned they dis-
covered, they doubted whether they 
would also really act on the behavior. 
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Before After

2. I am conscious biodiversity is under 
pressure

12,5%

12,5%

25%31,25%

18,75%

1

2

3
4

5

18,8%

25%
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3. I know why it is not going well with biodiversity
1 = strongly disagree, 5 = strongly agree

31,25%
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1

2

3

4

5

37,5%
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3

4
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1. I know what biodiversity means
1 = strongly disagree, 5 = strongly agree

37,5%

18,8%

1

2

3

4
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5. I know what I can do to improve biodiversity myself in my own surroun-
dings 
1 = strongly disagree, 5 = strongly agree

Before After

4. I know what needs to be done to improve biodiversity
1 = strongly disagree, 5 = strongly agree

12,5%

18,75%

18,75%

37,5%

1

2

3

4

6,25%

37,5%

56,25%

3

4

5

31,25%

18,75%

1

3

4

5

43,75%

6,25%
43,75%

56,25%

4

5

figure 109. results evaluation
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6.2.2 Use
It is observed how the prototype is 
used by families, quotes and actions 
are written down. This brings the follo-
wing insights. 

In all cases the children were steering 
the wheels and the parents or care-
takers were reading the text on the 
screen and supporting to the children 
on what to do. The balance game is 
not once understood by a family. This 
is partly due to the title, which was too 
difficult to understand. All 16 families 
were assuming they had to create a 
garden for a bee and choose only good 
elements for bees. This can be seen 
when families read information on the 
screen, such as: ‘cooling, but not good 
for bees’, which made them remove the 
swimming pool. The informing texts on 
the screen were clear, only should be 
visible for a longer time. The informa-
tion on the screen sometimes created 
distrust. 

The explaining text was clear enough, 
not too short not too long. It made 
them reconsider their choice or more 
gained more trust. Allthough it was 
clear, the effect and the information 
on the screen was not always seen by 
children because they were to busy 
with the wheels. In most cases this was 
read by adults. All families understood 
the concept of ‘Vosje’ and they made a 
link with the name and the bee on the 
screen. The information on the poster 
also helped. 

The arrows on the wheels made it clear 
what to do. The installation attracted 
children, they wanted to turn the wheel 
immediately and try it out. The pictures 
on the wheels were not entirely clear 

6.2.3 Experience
Families appreciated the interactive as-
pect of it: seeing direct effect of a choi-
ce. Furthermore the diversity in choices 
and discovering and at the same time 
learning something is valued. 

‘

‘

‘

‘Is this true? Bees in my garden 
like the hortensias’
- child

On sand: What is this, 
mushrooms?
- child

‘Vosje? That must be the bee 
then’
- mother

to eall families. It was expected to be 
more clear when the wheel was fully 
turned upwards. 
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figure 110. interacting with the model





discussion 
on outcomes7
Chapter 7, the final chapter, again shares conclusi-
ons on research on several areas and the validation 
of the concept. Furthermore, these conclusions are 
discussed by comparing them with expectations 
and explaining constraints. The final paragraph, 
recommendations shares what can be improved on 
the design and how. 



The project started with a question on 
how Naturalis was able to make their 
visitors aware of the biodiversity crisis. 
This is investigated by diving into sever-
al areas: the organization of Naturalis, 
transformative experience theories, 
biodiversity, families with a specific 
focus on children between 9-12. It was 
found that Naturalis only hits the sub-
ject of biodiversity crisis in a subtle 
manner through their website and app. 
In the museum there is nothing on the 
topic. They are open to implement, only 
when it is presented in a positive and 
family friendly way. Furthermore, to be 
in line with the education department, 
they want to inspire their visitors for 
action. From theories on transformative 
experiences and behavior change mo-
dels it was found that to create awa-
reness, it is important to choose for a 
story that is closeby, to which people 
feel connected. This strenghtens the 
interest and bond. In addition to that, 
it is a good strategy to present your 
audience a dilemma in which they are 
playing a part. To create a moment for 
reflection on the problem it is needed 
to make your audience talk about pos-
sible solutions and discover on them. 
Next to that it is important to have a 
good balance between negative and 
positive messages. You can present a 
rather negative message, as long as it 
goes hand in hand with a positive mes-
sage, it is preferred to close off positive-
ly. On top of that, when you want peo-
ple to change their behavior, it is best to 
make people intrinsically motivated, to 
show how they can change their be-
havior by presenting solutions that are 
within reach and fitting the target group. 
Biodiversity is still an abstract, new and 
difficult topic, especially for younger 
children. It can be descibred as the 
diversty and amount of all life on earth. 
This is under pressure, partly due to hu-
man activity, which we call biodiversity 
crisis. The definition of biodiversity  is 
not generally known in the Netherlands. 

7.1 Conclusions Therefor it is important to choose a 
closeby and well known subject within 
the concept. In contrast, research shows 
that children often know just one spe-
cies, for example, the elephant. This 
is also the case for birds and insects, 
despites the high diversity in these 
species. For example, there are already 
350 species of bees in the Netherlands. 
Therefore it is important to give attenti-
on to this fact and less popular species. 
In general families expect more inter-
activity and connective installations in 
Naturalis. To focus three personas are 
created that represent families that visit 
Naturalis: that differ in expectations, 
how the museum is visited and their 
relation to biodiversity. The final design 
focuses on the persona of Little Lea-
ders since it was seen that it has highest 
potential for transformation. The design 
that is created, is an interactive playful 
installation that contributes to transfor-
mation in the first stages: creating awa-
reness and reflection. It creates awa-
reness by making use of the bee as a 
character, which is recognizable for the 
audience. To create more awareness 
on the diversity of species, it is chosen 
to focus on a rather unfamiliar species: 
‘Vosje’. Dilemmas are shown by making 
use of the interactive video concept, to 
be able to make choices between good 
and wrong elements for humans and 
bees. Reflection is initated by providing 
information on a choice which makes 
the audience (re)consider a choice. To 
give a first hint for action, it is possible 
to gain flower seeds with a text that 
repeats the message from the installati-
on and provides suggestions on how to 
act. 

The installation is validated with a pri-
mary focus on the transformative as-
pect and a secundary focus on the use. 
This is done through the before and 
after evaluation technique where the 
same questions are asked before and 
after testing. During testing, 16 families 
are observed and interviewed. The con-
cept of biodiversity became a bit more 
clear, yet also after testing children did 
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Before testing the interactive trans-
formative installation it was expected 
the interactive part, steering wheels to 
change a situation, attracts children. 
This turned out to be the case since 
children runned towards it and tried it 
out for several minutes. The arrows on 
the wheel, its shape and the colorful 
style turned out to be a success. 

The playful part is not understood by 
participants. There are multiple reasons 
to name that lead to this. The installa-
tion mostly focuses on the bee; there is 
information on species, and on biodi-
versity decrease amongst insects. Ho-
wever, there is no information the hu-
man part. Furthermore, the explanation 
for the elements can be misleading, for 
example for the garden lighting it says: 
‘functional, yet it chases bees’. This 
leads to participants removing the ligh-
ting again, while this is not necessary 
since it is a balance game. Also, focu-
sing on two characters, bee and human, 
can be overwhelming to participants 
which makes them confused on what 
the installation really is about. Especial-
ly when time is scarce, this can lead to a 
disengaged audience.  
 
Because the game was never finished, 
it was not possible to reach out the 
flower seeds as a reward and thus not 
testable possible reactions or if it adds 
to the transformative experience. De-
spite that, the cards were handed out 
after testing the prototype. 

During testing the model, there was 
only one moderator that executed mul-
tiple actions as observing, interviewing, 
noting and guiding. A downside is that 
possible insights are not heard and or 
written down.  
 
It is possible that the moderator in-
fluenced the participants by providing 
hints and explanation. In reality there 
won’t be someone near the installation. 

7.2 Discussionnot fully know how to give a definition. 
It can be more prominent and more 
explanation is needed. It is seen that 
lots of participants learnt more about 
what they can do themselves to incre-
ase biodiversity in their surroundings. 
Some insights even surprised them. The 
information presented on the screen 
that explained the effect, started con-
versations between family members 
and also made them think about their 
own situation or remind them of earlier 
experiences. Families learnt more about 
the biodiversity that is under pressure, 
only it can be even more clear why it is 
under pressure. It is seen that the goal 
of the playful element is not under-
stood by a single family. The experience 
is interpretated as if the goal is to create 
a good environment for the bee, Vosje. 
The concept of Vosje was understood 
well; everyone knew it was about a bee 
species. Yet, the human aspect has not 
really sunk in, despite the effect that is 
presented on the screen. Choosing be-
tween different elements already crea-
ted the dilemma moment even before 
seeing the choice physically appear. 

The design fits the little leaders, since 
it attracts children to steer the wheels 
and take the lead. That is because of 
the height of the wheels and the color-
ful illustrated style. They can anticipate 
on their choice and discover what other 
choices to make. The instructions on 
use were understood, all participants 
knew how to make a choice, change a 
choice and see the effect. Despite the 
text and element, more feedback was 
expected, either sensory, visually or au-
ditorial. The text on the screen should 
be longer visible because sometimes 
participants missed the point. Not all 
of the illustrations on the wheels were 
clear. 
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For example, it occurred that families 
asked questions like, ‘is it possible to 
also steer the wheel back again?’ When 
this happened, the right way was ex-
plained in some cases. 
 
From research on families that visit 
Naturalis it was seen that children from 
9-12 are most ready for a topic as bio-
diversity crisis. However, during testing 
children with an age starting from 4 
are also asked to join in. That is done 
because Naturalis demands all their 
installations to fit families with children 
with all kinds of ages. 

Participants are asked on the spot 
which means there is not much time to 
execute the test, since participants also 
want to spend their time on other parts 
of the museum. On top of that, children 
are easily distracted, so therefor there 
was little time to go in depth on questi-
ons on the transformative experience.  

The questions that are asked are pre-
sented to the entire family, which me-
ans it is a shared answer. So there is no 
information on differences between fa-
mily members, while knowledge levels 
on the topic can differ. 

First of all it is advised to revise the 
playful part and execute more testing. 
Since the balance game did not work 
out well, it would be a better strategy 
to focus on the bee alone, to create 
an environment for Vosje. This already 
brings across the message of biodiver-
sity crisis, brings a disorienting dilemma 
and makes it more clear for the audien-
ce what the goal of the installation is. 

Because the concept of biodiversity 
was still not entirely clear after testing 
it is advised to bring more emphasis. 
This can be done by adding extra and 
more type of bees within the anima-

7.3 Recommendations
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tions, which shows diversity and the 
amount. Animations can be redesigned 
with an illustrator that knows how to 
draw attractive illustrations for children. 
Awareness is created on decrease and 
diversity of bee species, yet this can 
even be more emphasized. This can 
be improved through a redesign of the 
poster, where there is a better focus on 
biodiversity decrease and the reasons 
for it. 

Children recognized the bee and they 
immediately started to interact with the 
installation. The theme can even be en-
larged by giving more emphasisis to the 
character of the bee.  
 
The effect on the screen can be even 
more intertwined with the physical 
elements, which creates a well com-
bined whole. This can be done by for 
example make the animations react on 
the physical elements: a bee that flies 
towards a certain flower. It would incre-
ase the bond with the audience and the 
visitor if the bees show emotions. Fu-
rthermore the environment, the garden, 
can also adapt to the situation that is 
created. 

The interactive part can be made more 
clear by adding sound effects or a voice 
that explains, which indicates a good or 
wrong choice. 

The installation was located in a work-
shop hall on the fifth floor. It is prefer-
red to locate it near the entrance so fa-
milies still have attention to understand 
the new and difficult topic. Furthermo-
re, in contrast to the Naturalis museum, 
it was distinct from further installations 
which does not add to the storytelling. 
If Naturalis wants the message to stick, 
it can be possible to add more on the 
topic around the installation or make 
use of repetition throughout the muse-
um. 

In case the goal is reached: all right ele-
ments are selected, it should go back to 
an initial state, so new visitors experi-



ence it in the way it is meant. Therefor 
a reset setting should be added to the 
installation. 

The elements that are chosen are ba-
sed on right living conditions for bees 
and comfortable living for humans. 
These can also be adapted to other 
elements or elements can be added. 
The elements that had unexpected ef-
fects were most leading to a moment of 
reflection and conversation. 

Figure 111 shows an iterated concept 
with lights that show a good or false 
choice, the emphasis on the bee and 
animations with bees that react on the 
physical part. 
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figure 111. iterated concept



Sources



List of Sources

- Almeida A. 2015. Attitudes toward animals: A study of Portuguese children. Retrieved 
July, 2023, from https://www.tandfonline.com/doi/abs/10.2752/175303714X13903827487403

- Beery T. Jorgensen K. 2016. Children in nature: sensory engagement and the experien-
ce of biodiversity. Retrieved February, 2023, from https://www.researchgate.net/publicati-
on/309464210_Children_in_Nature_Sensory_Engagement_and_the_Experience_of_Bio-
diversity

- Bouma J. 2017. Insecten zijn aan het verdwijnen. Trouw. Retrieved February, 2023.

- Bruhl C. et al. 2021. Direct pesticide exposure of insects in nature conservation areas in 
Germany. Retrieved July , 2023, from https://www.nature.com/articles/s41598-021-03366-w

- Centraal Bureau voor de Statistiek. (2019, March 28). Ruim 80 procent minder vlinders 
dan eind 19e eeuw. Retrieved July, 2023, from https://www.cbs.nl/nl-nl/nieuws/2019/13/
ruim-80-procent-minder-vlinders-dan-eind-19e-eeuw

- CBS, PBL, RIVM, WUR (2013). Biodiversiteitsverlies in Nederland, Europa en de wereld, 
1700-2010. Retrieved February, 2023, from https://www.clo.nl/indicatoren/nl144002-ontwik-
keling-biodiversiteit-msa 

- Dali Tuinaanleg. (n.d.). Achtertuin Rotterdam. Retrieved July, 2023, from https://dalitui-
naanleg.nl/portfolio/achtertuin-rotterdam-4/

- De Lange. Et al. 2022. Communicating the biodiversity crisis: From ‘warnings’ to 
positive engagement. Retrieved February, 2023, from https://journals.sagepub.com/
doi/10.1177/19400829221134893

- Delft Design Labs. (n.d.). Museum Futures Lab. Retrieved February, 2023, from https://
delftdesignlabs.org/museum-futures-lab/

- Design Council. (n.d.). The Double Diamond. Retrieved February, 2023, from https://
www.designcouncil.org.uk/our-resources/the-double-diamond/

- Dierking Lyn. (n.d.). What does family learning look like? Retrieved February, 2023, from 
https://engagefamilies.org/family-learning-101/what-does-family-learning-look-like/

- Dr. Brandon Wiley. (2017). Magic Sand Video Game. YouTube. Retrieved July, 2023, 
from https://www.youtube.com/watch?v=ZuBpVbH2tV0

- Faculteit der Maatschappij- en Gedragswetenschappen, Universiteit van Amsterdam. 
(2021, September 28). Duurzaamheid: waarom een fundamenteel probleem van klimaatver-
andering psychologisch is. Retrieved March, 2023, from https://www.uva.nl/shared-content/
faculteiten/nl/faculteit-der-maatschappij-en-gedragswetenschappen/nieuws/2021/09/
duurzaamheid-waarom-een-fundamenteel-probleem-van-klimaatverandering-psycholo-
gisch-is.html?cb&cb

113



- Green Giving. 2021. Hoe werkt groeipapier? Retrieved June, from https://www.greengi-
ving.nl/blogs/hoe-werkt-groeipapier

- Hallmann C., Sorg M. et al. 2017. More than 75 percent decline over 27 years in total 
flying insect biomass in protected areas. Retrieved February, 2023, from https://journals.plos.
org/plosone/article?id=10.1371/journal.pone.0185809

- Hanzehogeschool Groningen. (2018). Waaier Kind in de de Wijk. Retrieved February, 
2023, from https://research.hanze.nl/ws/files/25297432/HANZE_18_0205_Waaier_Kind_
in_de_de_Wijk_Losbladig_LR.pdf

- Harvey J., Heinen R., Armbrecht I., Basset Y. 2020. International scientists formulate a 
roadmap for insect conservation and recovery. Retrieved July, 2023, from https://www.rese-
archgate.net/publication/338413795_International_scientists_formulate_a_roadmap_for_
insect_conservation_and_recovery

- Hooykaas M. et al. 2022. Animal biodiversity and specificity in children’s picture books. 
Retrieved March, 2023, from https://journals.sagepub.com/doi/10.1177/09636625221089811

- International Council of Museums (ICOM). 2022. ICOM approves a new muse-
um definition. Retrieved March, 2023, from https://icom.museum/en/news/icom-ap-
proves-a-new-museum-definition/

- IPBES. 2019. Media Release: Global Assessment. Retrieved July, 2023, from https://
www.ipbes.net/news/Media-Release-Global-Assessment

- IUCN Netherlands. (2021). Rode Lijst Brochure. Retrieved February, 2023, from https://
www.iucn.nl/app/uploads/2021/02/rode_lijst-brochure.pdf

- IVN. 2023. Over bloementuintjes. Retrieved July, 2023, from https://www.ivn.nl/bloe-
mentuin/over-bloementuintjes/

- James R. Miller. 2005. Biodiversity conservation and the extinction of experience. Re-
trieved February, 2023, from 
https://www.sciencedirect.com/science/article/abs/pii/S0169534705001643

- Jantje Beton. (2022). Onderzoek Buitenspelen. Retrieved July, 2023, from https://jant-
jebeton.nl/uploads/downloads/onderzoek-buitenspelen-2022-62a06183eb380.pdf

- Jones M. Niemiec R. 2023. Motivating relational organizing behavior for biodiver-
sity conservation. Retrieved March, 2023, from https://www.researchgate.net/publicati-
on/367098225_Motivating_relational_organizing_behavior_for_biodiversity_conservation

- Kawahara A. Et al. 2021. Eight simple actions that individuals can take to save in-
sects from global declines. Retrieved May, 2023, from https://www.pnas.org/doi/10.1073/
pnas.2002547117

-  Kitchenham A. 2008. The evolution of John Mezirow’s transformative learning theory. 
Retrieved February, 2023. https://www.researchgate.net/publication/249634386_The_Evo-
lution_of_John_Mezirow’s_Transformative_Learning_Theory

- Koolen, K. (2013). De Grote Bieb in Rotterdam - Let’s Talk Chess. Retrieved July, 2023, 
van https://karinkoolen.com/2013/09/15/de-grote-bieb-in-rotterdam-lets-talk-chess/

114



- Krishtalka L. 2009. Can natural history museums capture the future? Retrieved March, 
2023, from https://www.researchgate.net/publication/232677512_Can_Natural_History_Mu-
seums_Capture_the_Future

- Michie S. et al. 2011. The Behaviour Change Wheel: a new method for characterizing 
and designing behaviour change interventions. Retrieved April, 2023, from https://www.re-
searchgate.net/publication/51070630_The_Behaviour_Change_Wheel_a_new_method_
for_characterising_and_designing_behaviour_change_interventions

- Motivaction. 2013. De persona’s over natuurbeleving en drie tentoonstellingsconcep-
ten. Retrieved March, 2023. 

- Motivaction. 2021. Bezoekersonderzoek. Totaalrapportage. Retrieved February, 2023. 

- Museumvereniging. 2011. Meer dan Waard. Retrieved March, 2023, from https://www.
museumvereniging.nl/media/meer_dan_waard.pdf

- Nationale Bijentelling. 2023. Retrieved July, 2023, from https://www.nationalebijentel-
ling.nl/

- Naturalis Biodiversity Center. (n.d.). Biodiversity. Retrieved February, 2023, from htt-
ps://www.naturalis.nl/wetenschap/biodiversiteit

- Naturalis Biodiversity Center. (n.d.). Educatieve visie. Retrieved February, 2023, from 
https://www.naturalis.nl/educatie/educatieve-visie

- Naturalis Biodiversity Center. (2021). Naturalis Strategisch Plan 2021-2024. Retrie-
ved February, 2023, from https://www.naturalis.nl/system/files/inline/Naturalis%20Strate-
gisch%20plan%202021-2024.pdf

- Naturalis Biodiversity Center. (n.d.). Museumzalen. Retrieved March, from https://www.
naturalis.nl/museum/museumzalen

- Naturalis Biodiversity Center. (n.d.). Wat is biodiversiteit? Retrieved February, 2023, 
from https://www.naturalis.nl/wetenschap/biodiversiteit/wat-is-biodiversiteit

- Natural History Museum. 2021. What is mass extinction and are we facing a sixth one? 
Retrieved February, 2023, from https://www.nhm.ac.uk/discover/what-is-mass-extinction-
and-are-we-facing-a-sixth-one.html

- Natuur & Milieu. (n.d.). Rapport Verstening Openbare Ruimte. Retrieved February, 
2023, from https://natuurenmilieu.nl/app/uploads/Rapport-Verstening-Openbare-Ruimte.
pdf

- Natuurmonumenten. (n.d.). Biodiversiteit. Retrieved February, 2023, from https://www.
natuurmonumenten.nl/standpunten/biodiversiteit

- Natuurmonumenten. (n.d.). Thuis voor dieren. Retrieved March, 2023, from https://
www.natuurmonumenten.nl/thuis-voor-dieren

- Nemo Kennislink. (2022.). Hoe kun je duurzaam reisgedrag stimuleren? Retrieved Fe-
bruary, 2023, from https://www.nemokennislink.nl/publicaties/hoe-kun-je-duurzaam-reis-
gedrag-stimuleren/

115



- NK Tegelwippen. (n.d.). Nationaal Kampioenschap Tegelwippen. Retrieved July, 2023, 
from https://www.nk-tegelwippen.nl/

- Pronk Studio. (n.d.). Spoorlopers Doodlopers. Retrieved July, 2023, from https://pronk-
studio.nl/project/spoorlopers-doodlopers/

- Renes, R. J., & Hermsen, S. (2016). Draaiboek Gedragsverandering. Business Contact. 

- Rijksuniversiteit Groningen. 2020. Duurzaam gedrag als sleutel tot een beter milieu. 
Retrieved February, 2023, from https://www.rug.nl/alumni/magazines-and-newsletters/
broerstraat-5/pdf-los-per-nummer/b5-2020-3/00-oktober2020-web-89.pdf

- Rijksinstituut voor volksgezondheid en milieu (RIVM). 2018. Tijdschrift Milieu. Retrieved 
March, 2023, from https://www.rivm.nl/sites/default/files/2018-11/tijdschrift%20milieu.pdf

- Samen voor Biodiversiteit. (2020). Onderzoek Beelden van Biodiversiteit. Retrie-
ved February, 2023, from https://www.samenvoorbiodiversiteit.nl/pdf/Onderzoek-Beel-
den-van-Biodiversiteit-13-oktober-2020.pdf

- Sanchez-Bayo F., Wyckhuys K. 2019. Worldwide decline of the entomofauna: A review 
of its drivers. Retrieved February, 2023, from https://www.sciencedirect.com/science/article/
abs/pii/S0006320718313636

- Snaddon J. Turner E. Foster W. 2008. Children’s perceptions of rainforest biodiversity: 
which animals have the lion’s share of environmental awareness? Retrieved February, 2023, 
from https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0002579

- Snaddon J. 2007. A child’s eye view of the insect world: Perceptions of insect diversi-
ty. Retrieved March, 2023, from https://www.researchgate.net/publication/231980373_A_
child’s_eye_view_of_the_insect_world_Perceptions_of_insect_diversity

- Soga M. Gaston K. 2018. Shifting baseline syndrome: causes, consequences and impli-
cations. Retrieved March, 2023, from https://www.hsleiden.nl/binaries/content/assets/hsl/
lectoraten/natuur-en-ontwikkeling-kind/buitenboosters/shiftin_baseline-syndrome.pdf

- Soga M., Gaston K., Yamaura Y., Kurisu K.  Both direct and vicarious experiences of 
nature affect children’s willingness to conserve biodiversity. 2016. Retrieved February, 2023, 
from https://www.researchgate.net/publication/303531189_Both_Direct_and_Vicarious_
Experiences_of_Nature_Affect_Children’s_Willingness_to_Conserve_Biodiversity

- Staatsbosbeheer. (n.d.). Insecten. Retrieved July 26, 2023, from https://www.staats-
bosbeheer.nl/wat-we-doen/flora-en-fauna/insecten

- Sukkel W., Cuperus F. van Apeldoorn D. 2019. Biodiversiteit op de akker door gewasdi-
versiteit. De levende natuur. Retrieved March, 2023, from https://edepot.wur.nl/522454

- Unsplash. 2020. NSHYV1Z82ek. Retrieved July, 2023, from https://unsplash.com/pho-
tos/NSHYV1Z82ek

- Unsplash. 2018. nhCPOp4A2Xo. Retrieved July, 2023, from https://unsplash.com/pho-
tos/nhCPOp4A2Xo

116



- Unsplash. 2021. kbTp7dBzHyY. Retrieved July 26, 2023, from https://unsplash.com/
photos/kbTp7dBzHyY

- Unsplash. 2022. CmZE_m51pRg. Retrieved July 26, 2023, from https://unsplash.com/
photos/CmZE_m51pRg

- Unsplash. 2018. 6xeDIZgoPaw. Retrieved July 26, 2023, from https://unsplash.com/
photos/6xeDIZgoPaw

- Unsplash. 2020. shoE2y51uX0. Retrieved July, 2023, from https://unsplash.com/pho-
tos/shoE2y51uX0

- Unsplash. 2019. yxXpjF-RrnA. Retrieved July, from https://unsplash.com/photos/yxX-
pjF-RrnA

- Unsplash. 2020. Qpnk4GzMTu8. Retrieved July, 2023, from https://unsplash.com/pho-
tos/Qpnk4GzMTu8

- Van Boeijen A., Daalhuizen J. Zijlstra J. 2020. The Delft Design Guide. BIS Publishers BV. 

- Van Klink R. Et al. 2020. Meta-analysis reveals declines in terrestrial but increases 
in freshwater insect abundances. Retrieved July, 2023, from https://www.science.org/doi/
full/10.1126/science.aax9931

- Wageningen University & Research. (n.d.). Biomimicry. Retrieved April, 2023, from htt-
ps://www.wur.nl/nl/show/biomimicry.htm

- Wageningen University & Research. (n.d.). Biodiversiteit. Retrieved February, 2023, 
from https://www.wur.nl/nl/themas/biodiversiteit.htm

- Wageningen University & Research. 2022. 6 redenen waarom we niet zonder biodi-
versiteit kunnen. Retrieved February, 2023, from https://www.wur.nl/nl/nieuws/6-rede-
nen-waarom-we-niet-zonder-biodiversiteit-kunnen.htm

- YiPP. (2020). YIPP Wereldmuseum Superstraat. Youtube. Retrieved July, 2023 from htt-
ps://www.youtube.com/watch?v=Kujup0H3aQ0

117



Appendix



A



1. Project Brief

120



121



122



123



124



125



126



B



1. Photos Museums

128



129



2. Interviews primary 
school teachers

1. Welke groepen heb je lesgegeven?
Alle groepen lesgegeven, bovenbouw in 
stukjes. Onderbouw jaren.
 
2. Wordt er op school aandacht gegeven 
aan het belang van natuur?
Thematisch onderwijs, stukje waar na-
tuur in zit. 6 weken dieper op in gaan. 
Met de hele school de grutto gaan vol-
gen. (reis, eet, doet, land). 
Andere scholen methoden. Bloembol 
kijken en hoe die groeit. Een uur per 
week. 

Verschil onder- en bovenbouw. Onder-
bouw tuin in. Alles van de tuin bekijken 
en dan met de kinderen naar kriebel-
beestjes kijken of wat er groeit. Hangt 
van seizoen af. 

Middenbouw. Wat een aardappel nodig 
heeft, proefjes doen. 

Bovenbouw. Helpen de tuin te verzor-
gen. Erover lezen wat heb je nodig. Om 
de tuin zo goed mogelijk te helpen.

Natuur is verplicht vak (traditioneel vak). 
Vrijer mag je kijken hoe je het aanbiedt. 
Waar interesse ligt kan je op aanpassen. 

Hangt heel erg af van de leerkrachten 
en scholen hoe het aan bod komt. Kunt 
ook natuurlessen inkopen (gesubsidi-
eerd), week mee bezig. 

Sommigen een eigen tuin en die verzor-
gen dat. 

3.Welke onderwerpen binnen natuur 
vinden kinderen leuk en zijn relevant 
voor kinderen?
Plastic soep aanboren, ook onderdeel 
natuur. Vraag vanuit de overheid dan 
gebruik je dat in onderwijs. 

Naar dierentuin met de kleuters. Kinde-
ren gaan aan op de zeekoe. Sommigen 
zien het kleine vliegje aan tafel die komt 
mee eten. Kinderen gefixeerd op mus-

1. Welke groepen heb je lesgegeven?
3-4-5

2. Wordt er op school aandacht gegeven 
aan het belang van natuur?
In deze groepen is geen methode op 
gebied van planten, dieren, omgeving, 
aarde. Wij besteden aandacht aan na-
tuur tijdens projecten. 

3.Welke onderwerpen binnen natuur 
vinden kinderen leuk en zijn relevant 
voor kinderen?
De eigen omgeving ontdekken.
Naast onze school is het bos. Met de 
kinderen gaan we soms naar het bos. 
Wij geven dan gerichte opdrachten, 
zodat ze anders en met verwondering 
gaan kijken naar de natuur.

4. Wordt op school aandacht gegeven 
aan dat het niet zo goed gaat met de 
natuur?
Weinig. 

5.Vind jij het belangrijk dat er aandacht 
wordt gegeven hieraan en waarom?
Ja dat is zeker belangrijk. Het is goed 
om ze bewust te maken van hoe be-
langrijk de natuur is voor het leven van 
de mens. 

6. Welke kinderen zijn het meest klaar 
voor dit thema? 
Voor kinderen van de bovenbouw; 9 
t/m 12.

7.Hoe leren kinderen in jouw klas het 
liefst?
Praktijk, workshop, ervaren.
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jes. Als je een mierenboerderij hebt in 
de klas gaan ze erop in maar met een 
houten olifant ook. Hoe je het brengt is 
het belangrijkst. 

Naar het oog kijken van vlinders. Kudde 
dieren voelen aanstormen met geluid 
en trillingen. Zo gek maken als je zelf 
wilt zolang je maar er goed ingaat. 

Als er een toets aan vastzit dan leren ze 
het wel want ze willen het halen. Bo-
venbouw vlinderkas inzetten, worden 
super goed verzorgd. Andere manier 
ernaar kijken. Hier op een school daar 
zijn ze gek op paarden. Spelen in bo-
venbouw ook nog paardje. 

Geen verschil in onderbouw en boven-
bouw. 
 
4. Wordt op school aandacht gegeven 
aan dat het niet zo goed gaat met de 
natuur?
Verschilt ook weer per week. Thema-
tisch. Dagelijks alles scheiden afval. 
Jaarlijks een lessencyclus. (Groen doen: 
cyclus over plastic soep). Oude meu-
bels naar een ander land. Ene school 
heeft action andere school met spullen 
2ehands. Vanuit overheid niet. Je moet 
maatschappelijk lesgeven dus daar mag 
je het zelf onder verstaan.

Het gaat wel eens over dat er minder 
dieren zijn (bovenbouw). Komen er dan 
ook wel vragen vanuit de klas. Mag je 
geen stikstof uitstoten en dan hebben 
ze hier dat trekkerfestival. Dan zou je 
ook wel discussies in de klas krijgen. 
Kinderen van loonwerkers die verdedi-
gen alles met hand en tand. Wisselt ook 
met stad en dorp. Dan moeten kinderen 
wel klaar voor zijn. 

5.Grootste verschil tussen Friesland en 
Amsterdam?
Geen verschil! Allemaal hetzelfde. 

6.Vind jij het belangrijk dat er aandacht 
wordt gegeven hieraan en waarom?
Wel op aansturen als ik in zo’n thema 
zit. Kinderen hebben het niet echt door. 

Wolven komen en steeds meer roof-
vogels en je ziet ze hier ook. Dus dat 
strookt niet met het idee dat er minder 
dieren zijn. Gigantisch hoeveel ganzen 
en weidevogels je ziet. 

Als ik het zou bespreken dan zou ik het 
in de praktijk doen. (Bos in Duitsland). 
Als je het zomaar bespreekt dan krijg je 
die discussie. 

7.In welke vorm zouden kinderen het 
best hierover kunnen leren? (praktijk, 
lezen, luisteren, film, onder ogen zien, 
workshop)

In Sneek: naar de groene boer, stukje 
land bekijken. Is ook een man die geeft 
natuurlessen. ADHD, drukte werkt, geen 
blad voor de mond. Die neemt ze naar 
buiten. Het gras is uit Engeland maar 
dat komt niet uit Nederland. Niet in-
heemse. Dan komen ze met plantjes. De 
rest is onkruid dat trekken we weg, dat 
is toch raar. 

8.Hoe leren kinderen in de bovenbouw 
het liefst?
Met alle zintuigen, horen, voelen, zien, 
prikkelen, lichaam erin, dingen vastpak-
ken. Allemaal onderzoek

9.Hoe zou jij dat zelf doen in Naturalis
Ik ben iemand van de praktijk, te hak op 
de tak om gedachtegang uit te leggen. 
Als ik de tuin in ga dan zit ik er mid-
denin, en dan gebeurt er gewoon iets. 
Zintuigen erbij en hoe je die kan aan-
spreken.
Ik zou naar een klas gaan, lekker in de 
buurt. Delft: dvs (hoogopgeleid wit). 
Verschil tussen platteland en stad wel 
anders want je ziet ze vliegen. Maarja 
eigenlijk ook weer niet want in de Bijl-
mer ook weer in de grond wroeten. Ver-
schil: kinderen hoogopgeleide ouders 
of laag? Alleen in taalbegrip verschil. 
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3. Interview Materials
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4. Co Creation Session Materials
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1. Introducing myself to the group

2. Explaining my challenge: to design an exhibitit for 
Naturalis 

3. Classical conversation on games they prefer

4. Classical conversation on things they like to do in 
museum

5. Explanation on examples of enemies of insects 
(light pollution, pesticides, verstening, decrease of 
wild nature, anti-insectspray

6. Explanation on the assignment: design your own 
game for in the museum

7. Explain the guidelines of the game: museum, to-
gether with a family, educative, game should last 5 
minutes maximum

8. Groups of 5 children each come up with one game

9. Each group presents the game clasically
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5. Session with Naturalis

Session Naturalis

1. Group brainstorm on definition of 
‘biodiversity crisis’ 

2. Define definition of biodiversity crisis 
individually in 1-2 sentences

3. Group brainstorm on message Natu-
ralis wants to spread to its visitors

4. Define message Naturalis wants to 
spread individually

5. Brainstorm in groups of 4 on exam-
ples that indicate biodiversity crisis

6. Map examples on axis (individual - 
world)

7. Brainstorm HKJ’s on:

- how to get inspired
- how to share information 
- how to create awareness
- how to initiate reflection

8. connect input from HKJ’s to the target 
group of families

9. Create ideas through combining input 
from HKJ’s and examples of biodiversity 
crisis

10. Both teams pitch their ideas to each 
other, plenary discussion
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1. Families receive a sensitizing booklet 
through post, which was expected to 
be filled in prior to the vist

2. Families are welcomed by interviewer 
in the museum

3. Families are observed for the first 30 
minutes of their visit

4. After entire visit they are interviewed 
together, where trigger materials are 
brought to remind them of the visit

The iterated set-up 

1. Families receive a sensitizing booklet 
through post, which was expected to 
be filled in prior to the vist

2. Families are welcomed by intervie-
wee in the museum

3. Families are asked to walk around live 
science for 15 minutes whereafter they 
are asked questions on their experience

4. Families are brought to hall ‘death’ 
where they are asked specific questions 
on exhibit part of death of insects

5. Families are asked to walk through 
the museum freely where they are ob-
served for a maximum of 15 minutes

6. Families visit their visit and final 
questions are asked afterwards

Further details on semi structured inter-
views can be found in the appendix .

6. Contextmapping Interviews
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Family 1. 
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Family 2. 
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Family 3. 
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Family 4. 
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Family 5.
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C



1. Cluster insights
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D



1. Scamper Insights
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2. Ideation
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3. Model development
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1. Animations
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2. Arduino



F
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1. Resolume Arena

2. Set up Test

model

moderator

questionnaire

participants



3. Evaluating Use
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4. Evaluating Design Goal
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5. Results evaluation Design Goal
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familie 1. 

- ik wist niet van de hortensia en het 
gazon
- oh dit is niet goed voor de bij nou haal 
die dan maar weer weg (impliceert dat 
het niet duidelijk is dat het om mens en 
bij gaat)
- ‘ik wil ze allemaal wel even zien ei-
genlijk’
- jongetje wist heel veel over oorzaken 
voor afname biodiversiteit
- gingen draaien (was moeizaam om te 
draaien)
- ‘plastic in de zee, co2 uitstoot, af-
val’, kind wist veel en die ouders waren 
daardoor wel verbaasd. 
- ‘leuk hoe alles zo samen komt’
- we hebben zeker meer geleerd 
- einde spel is niet gehaald
- directe feedback was duidelijk
- als er tekst staat als; slecht voor bijen, 
dan gaat dat mis want dan doen men-
sen m weer weg

familie 2. 

- boomstammen was nog niet bekend
- zand niet duidelijk
- niet duidelijk dat je helemaal tot het 
einde moet draaien
- door scherm zag ik wel meer mensen 
en minder mensen
- dacht dat het voor de bijen was
- hebben een bijenkast dus zijn op de 
hoogte
- geluidseffect van schakelaar klikje gaf 
wel meer richting dat het goed ging
- soms niet bezig met het scherm, voor-
al met zoeken en draaien

familie 3.

- foutje in evaluatieformulier
- beter inzicht doordat je het laat zien
- je leert er wel van 
- leuk om te draaien
- ze deden ze allemaal omhoog en 
sommige niet naar beneden
- uitdagend is het wel want het eind-
doel is nog bij geen een geraden

- plaatjes helpen goed om te zien wat 
het is
- kinderen willen er tegelijk aan gaan 
draaien
- ‘nee ik wil eerst draaien!’
- ‘Ik weet wat ik zelf kan doen maar 
dat betekent niet dat ik het ook echt ga 
doen’

familie 4. 

- die draaiden wat sneller (zoals ik het 
bedacht had)
- jongetje moest lachen toen er een 
mens bij kwam
- tekst op het scherm begrepen ze niet 
- het kruis bij de tulp en stenen begre-
pen ze niet (niet duidelijk genoeg dat 
die eruit moeten)
- begonnen gelijk met draaien (nodigt 
uit om te draaien)

familie 5. 

- biodiversiteit, jongen wist het niet. 
Doe is een gok: ‘dieren’, bio = dier, di-
versiteit = verschillend
- vader helpt: weet je nu wat er gebeurt 
als we alleen maar gras zwembaden en 
hortensia’s plaatsen
- ‘wat zou je kunnen doen’, gras inwis-
selen voor zand
- directe feedback is leuk waarom het 
wel of niet goed is
- kort en bondig wat er stond (was goed 
leesbaar)

familie 6.

- steeds meer mensen zorgen slecht 
voor natuur
- minder afval in natuur en meer in 
prullenbak
- goed zorgen voor planten en dieren
- bloemen in de tuin strooien
- ‘noem is twee voorbeelden’ —> hout 
en kruiden en appelboom, klimop (wel 
bijgebleven)

familie 7. 

- komt door klimaatverandering
- verbeteren: meer planten

6. Insights valuating Design Goal
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- ouders nemen kinderen heel erg mee 
in het verhaal
- spel weer niet gehaald
- soorten dieren op veel plekken 
- straatverlichting slecht, stoepen, dat 
weten we nu
- sommige planten zijn dan weer niet 
goed, weten we nu ook
- ‘wij hebben geen tuin’, maar als ik er 
een had dan wist ik het
- minder stoeptegels
- vermakelijk, kind ook tekst gelezen, 
misschien gelezen in het museum weet 
niet zeker, draaien aan knoppen

familie 8. 

- nee hij hoeft niet weg hoor, het gaat 
om de balans (vader)
- uitproberen, tulp en steen doen ze 
meteen weer weg (werkt goed)
- interessant dat zo’n klein beestje zo 
belangrijk kan zijn en wij ook eigenlijk
- interessant om af en toe bij stil te 
staan
- wij hebben al heel bewust niet alleen 
maar tegels
- zoon vond het leuk om te spelen 
(keek heel blij)

familie 9.

-  vraag 1, weet het helemaal niet, iets 
met bio, dus beetje
- bewust dat het niet goed gaat, ‘ja? 
maar je weet niet eens wat het is’
- bomen worden gekapt, terwijl bomen 
c02, van bomen maken ze papier
- ‘divers’ nieuw? nee verschillend
- minder bomen kappen
- meer planten, meer toevoegen
- leest als eerst de titel
- ‘vosje is een bijensoort’
- leest eerst links
- dat moet vosje zijn
- interactieve is leuk, interessant
- dat er iets gebeurt als je draait, directe 
feedback
- huh maar waarom zijn tulpen slecht 
dan? die doen het bij ons juist goed 

familie 10. 

- mensen kunnen ook blij worden van 
bloemen
- golfbal, mensen niet blij omdat ze dan 
kwijtraken in hoog gras
- ze keken niet naar de informatie over 
de elementen (misschien met geluiden 
of lichten extra werken)
- balans element niet super duidelijk
- als het slecht is dan wilden ze het me-
teen weer weg doen (verlichting)

familie 11.

- leren veel over bijen op school
- vader support veel
- tulp. nee. fout. (kruis is duidelijk)
- hortensia weet niet of het inheems is 
echt
- ik wist al dat grasveld slecht is
- familie gaat weer focussen op de bijen
- ‘wat moet je verbeteren voor de bijt-
jes?
- tulp en gazon niet goed dan, (dus ze 
weten wat ze zelf kunnen doen)

familie 12.

- Vosje een bij? Niet helemaal duidelijk, 
staat wel in de tekst, maar mag mis-
schien wat overduidelijker
- Solitaire bijen gezien bij het klokhuis
- draai maar, kijk maar wat er gebeurt
- haal tulp maar weg
- tekst te kort
- zwembad weg
- hortensia zitten ze wel op bij ons in 
de tuin
- gras ook niet goed
- toch een redelijk tuintje voor elkaar 
gekregen
- biodiversiteit betekent dat dieren en 
mensen samen zijn - kind
- bewust dat het niet goed gaat (niet 
heel helder geworden na prototype)
- niet wijzer geworden over waarom het 
niet goed gaat
- wel goede tips gekregen dus wel ge-
leerd wat ik kan doen
- prototype mag wat steviger
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- boodschap was te snel weg
- wel leuk dat je iets kan kiezen en het 
effect meteen zien dat is positief

familie 13.

- willen meteen gaan draaien
- ouders lezen vaak de tekst voor
- afname biodiversiteit wordt niet gele-
zen
- leuk om direct effect te zien 
- tekst bij de wielen van wat het is, is 
niet duidelijk
- proberen en kijken wat er gebeurd is 
leuk
- om te zien wat er fout is, is leuk
- je kan alleen bij t eind komen met 
voorkennis

familie 14.

- ouders gaan uitleggen wat biodiversi-
teit is
- beginnen met lezen van titel en in-
structions on use
- ‘oh daar staat iets over biodiversiteit’
- ‘grafiek: steeds minder soorten’
- titel met vraag is niet helemaal duide-
lijk
- ‘zwembad sowieso niet
- ‘hoeveel bijen zijn er nu, tellen op het 
scherm’
- ‘tulpen niet goed’
- leerzaam en interessant
- te moeilijk, weet niet wat de bedoe-
ling is
- weinig instructie
- effect om te zien is leuk
- vanuit wiens perspectief moet je dit 
zien
- je wilt geen insecten in je tuin vanuit 
de mens, maar betekent niet dat je niet 
openstaat voor meer natuur
- ik wil die bijen juist weg hebben
- niet een huis als basis, maar meer een 
park (shared omgeving)
- park omgeving van de natuur

familie 15. 

- kind begon gelijk met aan de wielen 
draaien
- tulp, echt??

- hortensia i love those
- weten nu welke planten we moeten 
plaatsen
- sound erbij zou helpen vooral voor 
kleine kinderen
- voelt als een videogame en dat is leu

familie 16. 

- biodiversiteit, leven en natuur, 
- vosje. Meteen lezen: vosje is een bij-
ensoort
- we horen altijd dat de tuin groen moet 
zijn en dat er vlinderplanten moeten 
zijn etc.
- veel mensen doen alleen stenen in de 
tuin en dat is niet goed
- weet wel meer wat er moet gebeuren
- voor kinderen is het leuk, het draaien 
en het zien
- voor de oudere kinderen iets kunnen 
lezen
- van heel veel dingen niet bewust
- van tulp en gazon wist ik het niet
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