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Preface

When | started my “design-career”, | desperately wanted to invent
cool new gadgets. Yet the more | learned at the faculty, the more |
realised that we might not need new gadgets. Wheninitially learning
about the Circular Economy, it just clicked. It makes so much sense
to me that materials need to be circulated and used for as long a
period as possible to lower environmentalimpact. The world does
not need aredesigned toaster every year, but perhaps a redesigned
way of managing materials is necessary.

This thesis kickstarted from personal motivation to apply this topic
inthe realm of Social Design, which recently got my interest. After
realising that designers often use very abstract, expensive and
unnecessary language to communicate, | wanted to take a shot at
achieving the opposite: How can design be leveraged to Simplify
Language?

Throughout thisjourney, | learned that it is deceptively difficult and
time-consuming to do this. | stumbled often, made mistakes, held
wrong assumptions, and got stuck.

Despite these challenges, the community | found at IDE made all the
difference. The Faculty is home to many great people, who helped

me get up when | fell. | want to thank all of you, and especially my
supervisory team; Benjamin Sprecher and Heidi Carelsberg for
guiding me throughout this process, providing me with valuable
feedback, guidance and lessons that will stick to me for the remain-
der of my career and life.

Furthermore, | would like to thank my IDE-family who supported
me during coffee breaks, sparring sessions and reflections that
helped improve the overall designs.

Lastly, |l would like to express my gratitude for the inhabitants of
Carnisse, and many great initiative-leaders who are situated there.
A special thanks to Evelyne Hofman, who gave me a tour through
the neighbourhood and showed all of Carnisse’s beauty and hospi-
tality. By breaking my bubble, you expanded my world and made all
the difference in my research.

You all helped me a great deal, and this thesis would not have been
possible without you!

I would like to end this preface with the following quote, which will
serve as a guide- and lifeline for my future work:

44 Some people find it classy, tough, and impressive to
use fancy words, but it’s actually tough, an art, and a gift
to use words that reach as many people as possible.\\

- Rosetta Leiendecker

| hope you enjoy reading the thesis as much as | enjoyed makingit.

Bestregards,






Abstract

Addressing climate adaptation is one of Rotterdam’s critical
challenges as it seeks to achieve a fully circular economy by 2050.
However, language barriers and limited literacy levels, particularly
in neighbourhoods like Carnisse, prevent many residents from
engaging in the city’s climate initiatives. This thesis explores the
potential of Augmented Reality (AR) as aninnovative tool to bridge
these communication gaps, making complex Circular Economy
(CE) principles more accessible by increasing engagement,
comprehension and making the experiences more memorable for
residents with lower levels of literacy.

Using the Delft Innovation Method (DIM), this design research
iteratively develops and tests two AR prototypes to assess AR's
effectiveness inincreasing comprehension, engagement, and
retention among residents of Carnisse. Apart from the DIM, a
mixed-method approach was utilised, including literature reviews,
stakeholder interviews and observations. The first prototype
translates a municipal website that explains CE-principlesinto an
AR experience, and thus aims to establish whether the technology
is suitable for use in Carnisse. The second prototype, The Digital
Sustainability Tour, leverages learned lessons from the previous
prototype to improve, and expands the scope and generalises the
findings to another neighbourhood with a similar profile.

Results from A/B testing and community feedback suggest that AR
has the potential to enhance user engagement and understanding
compared to traditional text-based methods. Based onthese
findings, this thesis proposes three strategies that align with
municipal goals and capabilities, in which AR can be leveraged
effectively to: Improve Communication via Inform & Remember,
Increase Participation via Analyse & Apply and lastly enhance self-
efficacy via Evaluate & Co-Create. These strategies aim to foster a
more inclusive dialogue and empower inhabitant to participate in
sustainability efforts.
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Glossary

One of the main themes of this report is communication,
particularly how it can be tailored for individuals with lower levels
of literacy. Despite this focus, the report delves into complex
terminology, societal issues, and linguistic concepts. To make sure
clarity and accessibility are still respected, key terms have been
defined and listed below.

Delft Innovation Method (DIM): Design Method developed by
Jan Buijs (2012), in which the innovation processiis simplified as a
circular and continuous loop. The method consists of five phases
which merge into each other. Respectively these phases are named:
Product Use, Generate Search Areas, Generate Product ideas,
Develop Product and lastly Introduce. The method was conceived

to help designers innovate in rigid corporate structures, and helps to
structure and communicate the design process.

Circular Economy (CE): The CE refers to aregenerative systemin
which resources input and output, emissions, and leakage of energy
are minimised by slowing, closing and narrowing material streams
and energy loops (Geissdoerfer et al., 2017). This can be achieved
with the R-strategies which respectively are Refuse, Rethink,
Reduce, Reuse, Repair & Maintain, Refurbish, Remanufacture,
Repurpose, Recycle and lastly Recover.

Sustainability: The concept of Sustainability refers to the
balance between economic performance, social inclusiveness and
environmental resilience (Elkington, 1998), to the benefit of current
and future generations (Geissdoerfer et al., 2017, Keeble, 1988).

Sustainist Culture: A cultural framework stemming from books
like Sustainism is the new Modernism (Elffers & Schwarz, 2011) and
Sustainist Lexicon (Schwarz, 2016) that emphasizes the vocabulary
and values needed to promote a sustainable society. It integrates
social values such as placemaking, connectedness, locality,
commons, circularity proportionality and co-design, locality, guiding
towards community-oriented, environmentally responsible, and
ethically grounded ways of living.
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Boundary Object: A term coined by Star & Griesemer (1989)
andis utilised for concepts that can be used by heterogenous
parties to cooperate towards the same goal. Like how Sustainability
and the Circular Economy are two concepts that strive towards
environmental sustainability, but often have supporters from
different political wings.

Immersive Technologies: The umbrella term for technologies
that expand reality viaimmersive stimuliin the form of Augmented
Reality (AR), Virtual Reality (VR) and Mixed Reality (MR).

Augmented Reality (AR): An Immersive Technology that overlays
digital content onto the real-world environment via a smart device,
enhancing user interaction.

Virtual Reality (VR): A fully immersive experience where users are
placedina completely virtual environment. The technology is often
used in the videogame industry, but can also be found in education.
Aheadset is required for the experience.

Mixed Reality (MR): A blend of the real, augmented and virtual
worlds, where physical and digital objects coexist and interact in
real-time. An example of this is the new Apple Vision Pro.

Digital Twin: A digital counterpart of areal object. Currently
trending in city planning, as a digital twin can be used to simulate
potential real world scenarios and interventions to see their
implications. Digital Twins also pose opportunities for enhanced
participation, as inhabitants can be immersed in new plans which
helps with imagination.



Self-Determination Theory (SDT): A psychological theory that
suggests human motivation is driven by the need to satisfy three
psychological needs: autonomy, competence, and relatedness.
Autonomy refers to the need to feel in control of one's actions;
competence refers to the need to be effective and skilled in tasks,
and lastly relatedness is the need to connect with others. According
to SDT, satisfying these needs fosters intrinsic motivation, personal
growth, and well-being.

Wantivation: A form of motivation where internal pressures like
interest and enjoyment drive behaviour. Typically resulting in want-
to-do tasks. Itis driven by satisfaction.

Mustivation: A form of motivation where external pressures or
obligations drive behaviour, typically resulting in “must-do” tasks.
Unlike intrinsic motivation, which arises from personal interest
or enjoyment, mustivation is often fuelled by external rewards,
deadlines, or social expectations.

Bloom’s Taxonomy: A framework originally developed by
Benjamin Bloom in 1956, in which learning objectives are placed
ina pyramid. The Taxonomy underwent some changes in the last
decennia, yet the most modern version goes from top to bottom as
follows: Remember, Understand, Apply, Analyze, Evaluate and lastly
Create. This taxonomy is widely used by teachers to support deep
learning and critical thinking.

Cognitive Load Theory: A theory from psychology that states
that the human brain has a limited capacity for processing
information at one time. And when the brain is overloaded with
complex, unstructured and excessive information, learning and
decision making can become difficult. According to the theory,
Cognitive load can be dissected in: Intrinsic Load, Extraneous Load
and lastly Germane Load.

Intrinsic Load: This relates to the complexity of the information
itself.

Extraneous Load: This relates to the extra distracting elements
that do not necessarily contribute to the understanding of the
information, basically noise.

Germane Load: This relates to the extra information that helps
structuring the information. These can be supporting visualisations
or infographics for example.

Situated Learning: A learning theory based on the work of Jean
Lave & Etienne Wenger (1991) that argues learning occurs most
effectively when embedded in a relevant, real-world context (Brown
etal, 1989; Clancey, 1995).

Multimodal Learning: Aninstructional approach that integrates
multiple modes of learning, such as visual, auditory, and kinesthetic.
By engaging various senses, multimodal learning accommodates
different learning styles, often leading to improved retentionand
understanding.

Constructivist Learning: Based on the constructivist theory

by Jean Piaget, this approach views learning as an active process
where learners construct new knowledge by connecting it to prior
experiences. Learning is thus personalized, meaning-making,

and exploratory, with an emphasis on problem-solving and critical
thinking (Dunleavy & Dede, 2013).
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Introduction

This chapter introduces the thesis and gives necessary background
information on the situation in the Netherlands, and more specifically
Rotterdam Carnisse, within the realm of communication, sustainabil-
ity and the CE. Afterwards, the problem is defined, and an overview
of the projectis given.

In this chapter:

11 Background

1.2 The Problem Definition
13 Project Overview

13



01 | Introduction

1.1 Background

Language is everything. Everything we can imagine, build and
design has come from somewhere, and that somewhere most
likely started as an idea. That idea was shared with others, and
together people were able to turn that idea into reality.

Language, through words, letters, and sounds, has long shaped our
path to success and innovation. For many people however, access
through this path is not as simple, as evidenced by alarming literacy
rates. In the Netherlands, 18% of the populationis struggling with
lower levels of literacy (Stichting Lezen & Schrijven, 2024). And if

we zoom ininto Rotterdam’s Charlois (in which Carnisse is located),
this number is almost doubled to 34% (CINOP, 2018; CBS, 2023) .
Apart from the challenges regarding literacy, Charlois struggles with
lower-income levels as well (Allecijfers, 2023).

According to Hart & Risley (2003), these phenomena are related. As
observedin their “380-million-word gap’, children from lower-income
households are exposed to 30 million fewer words by age three
than their higher-income peers, resulting in limited literacy and re-
duced opportunities from an early age. As Tim ‘S Jongers highlights
in Poverty Explained to People with Money, these barriers reinforce
social divides, driving a wedge in our society.

Additionaly, this literacy gap makes conversations around complex
issues like climate adaptation inaccessible for many. In Carnisse,
residents opinions are often overlooked because they are seen as
“uninformed” or “unlikely to contribute.” This perception denies them
avoice in discussions thatimpact their neighbourhood and limits
not only comprehension but also active engagement in sustainable
initiatives.

Today in the Netherlands, challenges like rising polarization (Minis-
terie van Volksgezondheid, Welzijn & Sport, 2022), the housing crisis
(Mouissie & Kraniotis, 2023), and climate adaptation (Rijksoverheid,
‘2020) have become critical issues. While this project focuses main-
ly on climate adaptation, it isimportant to note that all three issues
affect both socio-economic and environmental domains. Tackling
suchinterconnected, “wicked” problems requires a careful balance,
as changesin one area influence the others (Dorst, 2019). Address-
ing climate adaptation, for example, presents particular challenges
for Carnisse residents. Sustainable products often carry premium
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prices due to their added social and ecological costs, which limits
accessibility (Ingenbleek, 2015). At the same time, responsibility for
climate adaptation is shared across multiple stakeholders, making
collective action difficult and resulting in a diffusion of responsibil-
ity (Przepiorka, 2018). This is further complicated by low levels of
trust in government entities to deliver on sustainability- (Gadenne
etal, 2011) as well as social commitments, leading to the fact that
residents feel unheard (Hoogenboom, nd.) (Van der Goot, 2024).
Declining ecological literacy further boosts this issue, as diminished
connections with nature reduce sustainable behaviour (Hempel,
2014, Hilmi et al., 2021).

These barriers make discussions about climate adaptation over-
whelming, hindering efforts to promote sustainable behaviours
(Fraune & Knodt, 2018; Tranter, 2013), as inhabitants feel it is not
worth the hassle.

To get back to the literacy gap that was identified in the previous
sectionandits relation to climate adaptation, it isimportant to get
an understanding of Rotterdam’'s agenda and vision regarding the
topic. Rotterdam has committed to the ambition of becoming a
Circular Economy by 2050, and as a leap in the right direction they
aim to be 50% circular by 2030, which is soon (Rotterdam, n.d.). Yet
these plans, and the expectations the municipality has from their
inhabitants, are mostly communicated in text-based media.

This combination of challenges that Carnisse faces fuel the fire of
miscommunication and frustration. The 34% that struggles with
literacy are indirectly excluded from the conversation about climate
adaptation, since the language surrounding sustainability and CE

is unnecessarily complicated. Furthermore, there are so many
definitions, that engaging with this topic can be extremely daunting
(Bulten et al,, 2021; Segrave, 2014). This is alarming, because this
means a third of Carnisse's population cannot share their voice and
opinion, and is that truly democratic?



1.2 The Problem Definition

Based on the background information, one would wonder if there activate alarge portion of their inhabitants to participate.
might be a way to simplify communication between the municipality
and itsinhabitants. This project starts from a desire to do just that, In past researches, AR has already shown potential to simplify

and use Augmented Reality (AR) to make informationabout sustain-  complex topics, especially benefiting users with lower levels of prior
ability and CE principles more accessible to lower-literate residents knowledge (Katika et al,, 2022). This project aims to make climate

in Carnisse. By visually bridging communication gaps, AR could be adaptation a more inclusive dialogue, and is guided by the following
avaluable tool in the communication arsenal of the municipality, to research question:

A4 4 Can Augmented Reality be used to make Circular
Economy Principles more engaging, comprehensible
and memorable, to the households of Carnisse? \\

15



1.3 Project Overview

This thesis spans over both the Integrated Product Design (IPD) The project kicks-off with a contextual analysis to identify the

and Strategic Product Design (SPD) Master’s. To distinguishinwhat ~ problem area. This contextual analysis is built on a literature review,
parts of the thesis each discipline contributed to the process, an interview insights and a stakeholder analysis.

overview sketch has been made (Figure 1). SPD mostly guided the

fuzzy front end, as well as the development of the future directions Afterwards, an AR prototype has been designed in the embodiment
and strategies, while IPD mostly contributed to the embodiment phase to “probe” the Inhabitants of Carnisse and test if the technol-
phase in which concepting, prototyping and testing were most ogy is suitable for the neighbourhood. Based on this information, the
important. design has beenimproved and a new iteration was designed. This

<
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>0,
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Fuzzy Front End

Contextual Analysis
SPD




iteration aimed to facilitate a more direct connection between the
inhabitants and the municipality.

Allthe insights gained from the project were distilled in three
strategies that can give the municipality directionin creating their
own Immersive Experiences to communicate sustainability and CE
principles.

Ay )
z
8 £

Embodiment Design Strategic Development

Concept-, Prototyping- and Testing Developing Future Vision and Roadmap
IPD SPD







Design- and
Research Method

Inthis chapter, the chosen Design Methodology, Research Ques-
tions and employed Research Methods will pass review. For the
Design method, the Delft Innovation Method by Jan Buijs (2012)
was chosen. For the Research Method, a mix of a Literature Review,
Stakeholder Analysis, A/B-tests and Qualitative Interviews were
employed.

Before delving deeper into the project’s leading questionand
research method, alight will be shed on the design method that
guided this project.

In this chapter:
21Design Methodology
2.2 Research Question- and Method

19



02 | Design- and Research Method
2.1 Design Methodology

Jan Buijs jokingly said that he serendipitously got infected
with the “innovation virus” in 1974. To synthesise his journey,
Buijs wrote the Delft Innovation Method as “his memoirs with a
twist”. The developed method reflects his 35 years of helping,
learning and teaching to create & innovate in corporate
settings.

distribution
premation
& sales

product
launch

product
design

technology
develop-
ment

product
develop-
ment

evalu-
ation

Figure 2: Delft Innovation Method (Buiis, 2012)
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For this graduation project, the Delft Innovation Method developed
by Jan Buijs (2012) will be employed. This iterative method is devel-
oped for corporate innovation on both product and service level.
Anoverview of the original method can be seenin Figure 2 below,
and the method is signified by its iterative loop. As Buijs notes: “The
innovation process is not linear, it is circular and ever continuous”. A
“product” is never finished and can always be improved.

product
inuse

strategic
product
. position

strategic

situation
of the

company

generating
product
ideas

external
needs
analysis




Apart from the continuous cycle, the individual phases are conveyed
ina Diamond-like shape that diverges and converges, resembling
the classical Double Diamond Design process (IDEO, nd.). Figure
Jillustrates this with anisolated “bit” of the method. This approach
ensures that new possibilities are explored while a clear scope and
focus are maintained.

Figure 3 Isolated "Diamona-like” bit of the DIM

21



02 | Design- and Research Method

JanBuijs' method s crafted with a quick-to-market strategy inmind.
lterations should be validated as soon as possible, to gather valuable
feedback early in the design process. As aresult, a slight adjustment
was made to the method, where each phase is ended with either an
experiment, MVP or Prototype. Figure 4 shows a visual interpreta-
tion of the adjusted method, in which the quick-to-market strategy is
highlighted with a drawing of a vehicle that evolves with each phase.

This analogy is meant to represent the following anecdote in green
from the book “Art & Fear” (Wix, Bayles & Orland, 1998).

Ina nutshell, the steps of the adjusted DIM are summarized below.

1. Deconstruction|Product Use I Analyse current communi-
cation methods through desk research, stakeholder interviews,
and small experiments.

2. Scoping|Generating Search Areas: Translate identified
needs into search areas for directed ideation.

3. Ideation | Generating Product Ideas: Develop various ideas
which can be tested and validated.

4. Conceptualisation | Product Development: Further develop
and test the best-suited concept.

5. Introduction & Distribution: Test the refined communication
concept with alarger sample of the target audience

6. Validation|Product Use lI: Assess and reflect on the con-
cept'simpact on the research question.

2.1.1 Rationale behind the DIM

The municipality of Rotterdam operates as a large, hierarchical
organization with a corporate-like structure, which canintroduce
political and bureaucratic challenges that slow down innovation.

The DIM s particularly well-suited for navigating such environments
because it provides a structured, iterative approach that encourages
creativity withinrigid, siloed settings. This makes DIM anideal fit

for engaging with the municipality, as it aligns design's dynamic

and iterative nature with the municipality’s need for order and
accountability.

22

, A pottery teacher has two classes

and decides to host a little com-
petition. Students from class A are
tasked to deliver a single pot at the end
of the month, a “masterpiece” so to say.
Students of Class B are tasked to build
apot every single day, until the month
isover. Atthe end, the teacher looks at
the pots from Class A and B, and notices
that class B has booked significant prog-
ress in skilland craftsmanship, due to
the fact they iterated rapidly and learned
from their mistakes. “

Where design can be unpredictable and exploratory, corporate and
municipal structures prioritize clear steps and defined outcomes.
DIM offers a framework that anchors the design process, organizing
thoughts, ideas, and concepts inaway that fosters collaboration
with stakeholders.

By establishing a shared language, structuring decisions logically
and managing expectations, the DIM supports alignment between
designers and municipal representatives, facilitating communication
and transparency throughout the innovation process.



MVP 1l

Experiment |

onceptualizatigp

MVPI

Figure 4: Adjusted DIM
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02 | Design- and Research Method

2.2 Research Questions & Methods

In this section, the research questions and methods used to address
them are outlined. The goal of this research is to evaluate whether
AR serves as an effective medium for communicating CE principles
to householdsin Carnisse. To assess this, two prototypes were
developed and tested in sequence.

Thefirst AR prototype was tested against a municipal website, with
both evaluated based on engagement, comprehension, and memo-

rization by Carnisse residents. This initial test aimed to validate AR's
effectiveness as acommunication tool.

2.21 The Main Research Question

The main research question and hypothesis for this study are:

Based oninsights gathered from the first test, a second prototype
was developed and tested in both Carnisse and Leidschendam.

Testing across these neighbourhoods with similar profiles allowed
foranassessment of AR's broader applicability and effectiveness.

The main and sub-research questions, along with their correspond-
ing methods, are presented in the following sections to provide a
structured overview of this studly.

Can Augmented Reality be used to make
Circular Economy Principles more engaging,
comprehensible and memorable, to the
households of Carnisse?

H1:

Augmented Reality can be implemented
to improve communication in the domains
of comprehension, engagement and

memorisation to the inhabitants of Carnisse.
Due to AR's immersive nature, it has the power
to simplify abstract subjects and turn them into
experiences, which will be stored in long-term

memory.

24



2.2.1.1 Methods for the Main Research Question

As stated in the introduction of this section, two prototypes have
been developed and tested. These will be explained with their
corresponding method, to start, the first prototype method will be
shared.

Prototype 1: AR Website Translation

The first prototype was a translation of a municipal website that
explained the Circular Economy. For this prototype, a visual
interpretation of a municipal website has been developed which
contains the same information. However instead of text, this
information is provided through a voice-over and visual support
that suits the 3D-AR environment. This prototype was compared
to the website through an A/B-test, where levels of engagement,
comprehension and memorisation were compared between two
groups, one with the website and one with the AR experience.

For this study, these three principles were defined in the following
way:

Sampling Strategy

Participants were recruited via purposeful sampling strategies from
Patton (2014). The goal of this research was to find out whether AR
is suitable for use in Carnisse. As aresult, the sampling strategies
have been chosen for their ability to get an understanding of group
characteristics, so an apt and generalisable conclusion could be
made (Patton, 2014). The specific strategies used are shared to the
right:

Engagement: According to Attfield et al., the definition of
user engagement is the emotional, cognitive and behavioural
connection that exists, at any point in time and possibly over
time, between a user and aresource (2011). The questionis
thus to find out to what extent the participant feels engaged
to whatever they have experienced.

Comprehension: To what extent is the participant able to
understand and recite that what they experienced?

Memorisation: To what extent is the participant able to
memorise that what they experienced, and how much of that
canthey recall later (+/- 14 days after the experience)?

Typical Case Sampling: The average inhabitant of Carnisse
will be recruited to get an idea of what works for a typical
resident. These participants were found in public spaces
(Zuidplein Library and the Amelandseplein) and at events
organised by Gouwe (Kl)ouwe.

Key informant sampling: Key figures from the
neighbourhood were asked to participate and contribute as
well. These key informants are the initiative takers of Gouwe
(Kouwe & Zuidplein Librarians due to their connection with
the inhabitants of Carnisse, and insider knowledge onthe
neighbourhood.
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02 | Design- and Research Method

Sample Size

A comparison was made between the existing website of the mu-
nicipality and the AR translation, and as a result two groups needed
to be tested. A total of 16 participants have been asked to participate,
equally divided between these two groups (Control Group A: 8
participants, AR Group B: 8 participants).

The sample size was chosen due to feasibility reasons. While a
larger sample size would greatly benefit the rigor and validity of

Method

Atfirst, recruits were asked to fillin a consent form, of which an
empty version can be found in Appendix B. Next, participants were
tasked to go through either the municipal website (Group A) or the
AR Translation (Group B). Afterwards, both groups were given the
same questionnaires, which can also be found in Appendix B. The
participants were then asked to rate the media they went through
on Engagement via Likert scales and a Subjective Perception of
Time test (SPT-test), Comprehension via open ended questions

Figure 5: Overview sketch of Group A Setup
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the research, time constraints made this difficult. By taking alean
approach, the sample size was smaller, but the feedback and input
gathered in this test were implemented in a second prototype. This
prototype has been tested again to have a swift iteration loop that
improved the overall concept. Next to that, this study is indicative
and explorative by nature, and can thus be used to lay the foundation
for future, larger quantitative research.

and Retention through a call at +-2 weeks after exposure. For this,
participants had to leave their phone number.

The answers of the questionnaire were compared, and differences
in perceived Engagement, Comprehension and Memorization were
noted. A more detailed experiment protocol can be found in Appen-
dix C.Next to that, Figures 5 & 6 provide a situational sketch of what
the experiment looked like for Group A and B.

Circulaire economie




Materials

The tests were be based on information gathered from the website
of the Municipality of Rotterdam. More specifically, the information is
based on the following webpage;

483 Wat is een Circulaire Economie?

This webpage has been chosen because the following themes
were mentioned, which are considered CE principles for this study:

«  WhyaCircular Economy is necessary?

»  Whyagreener Rotterdamis desirable”?

«  What can we do with waste?

»  Reuse, Reduce &Recycle

«  Rethinking the System in a piecewise manner

Allthe materials that were used in this A/B test are listed in Table 1.

Control Group A

AR Group B

Questionnaires on paper

Questionnaires on paper

iPad to engage with website

iPad to engage in AR environment

Stopwatch app on phone

Stopwatch app on phone

Voice recorder on phone

Voice recorder on phone

Table 1: List of Materials for the A/B test, categorised per group

Figure 6: Overview sketch of Group B Setup
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02 | Design- and Research Method

Prototype 2: Digital Sustainability Tour

Building oninsights from the first prototype, this second version, The
Digital Sustainability Tour, was developed. The Digital Sustainability
Tour aims to test AR’s ability to communicate CE principles across
neighbourhoods with similar demographics. To achieve this, partic-
ipants from Carnisse and Prinsenhof were recruited via purposeful
sampling.

Sampling Strategy

Same as with Prototype 1: AR Website Translation, Participants
have been recruited via purposeful sampling strategies from Patton
(2014). Yet due to time constraints only Typical Case Sampling
(Section 2.211: Sampling Strategy) was utilised.

Sampling Size

To validate, a total of 10 participants were recruited, evenly distribut-
ed between Carnisse and Prinsenhof. This size was, again, chosen
due to the time constraints and limitations of the project. Infuture
studies, it would be beneficial to test reception with alarger sample
size, to further enhance the rigor and validity of the research.

28

Methods

After consent (Appendix D), participants will engage with the new
AR prototype; “The Digital Sustainability Tour” and then participate
inopen-ended interviews and loosely structured discussions, which
are guided with the Reflectionnaire (Appendix K). This qualitative
approach captures insights on participants’ engagement and under-
standing of the experience. These insights will be used to triangu-
late AR asa communication tool in neighbourhoods with a similar
profile, like Carnisse and Prinsenhof.

Figure 7 shows an overview sketch of the test environment.

Materials

The updated AR prototype has been designed to provide a Digi-

tal Sustainability Tour thatimmerses participants in sustainability
concepts. The interviews and questions afterwards will focus on
capturing participants' reflections on the experience, aiming to
uncover whether AR can be generalised between neighbourhoods
with a similar profile.

The fulltest protocol can be found in Appendix J,and to make the
questions more engaging / exciting the participant is given the
“reflectionnaire” which can be found in Appendix K.

The list of materials used for this validation test is:
«  Consent Form (Appendix D)

«  iPadtoengage with the Experience

«  Reflectionnaire on paper (Appendix K)



Figure 7- Overview sketches of setup for The Digital Sustainability Tour
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2.2.2 Sub Research Questions & Methods

Before answering the main research question, itis essential to build
afoundation of knowledge and theory. Understanding how AR can
assist Carnisse residents with CE principles requires insights into
Sustainability, the Circular Economy, Rotterdam and Carnisse's
context, as well as AR's strengths and weaknesses in municipal and
sustainability communication. As aresult, the following Sub-Re-
search Questions (SRQ's) were formulated.

What makes sustainability & the Circular Economy
such difficult concepts to grasp for inhabitants of
Carnisse?

. Aliterature review in which the Circular Economy, Sustainabil-
ity and its inherent differences will be reviewed is conducted.
, Relevant literature on the origins of both concepts will pass

review. And the political context of both concepts will be
touched upon. Next to that, a light will be shed on what makes
the concepts so elusive.

This can be read in Chapter 3.1.
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What are the current communication strategies
of Rotterdam, and how do these connect with the
inhabitants of Carnisse?”

Method;

Stakeholder interviews will be conducted with municipal
officials from Rotterdam, experts from Rotterdam Circular,
and Inhabitants & initiators from Carnisse. To understand the
connection between the inhabitants and the municipality, the
community will be “infiltrated”. The following strategies will be
used to achieve this:

This can be read in Chapter 3.2.

@ Recruitment via Virtual Network Sampling and Snowball
Sampling Strategies: Using LinkedIn and other social networks to
connect with key individuals within the municipality and the Carnisse
community. Initial contacts will help expand the network through
referrals (snowball sampling).

@ /Interviews and Focus Groups: Conducting semi- structured
interviews and focus groups with municipal officials, community
leaders, and residents to gather insights on current communication
methods, challenges, and preferences.

@ Participant Observation: Engaging in community activities and
municipal meetings to observe and understand the dynamics,
needs, and challenges from both a top-down and bottom-up per-
spective.

Why can AR be implemented successfully (or not)
within the domain of municipal communication, and
what are important considerations when crafting a
novel AR experience?

Method;

A brief historical analysis of Immersive Technologies will be
reviewed. Afterwards, a literature review on AR and its inherent
strengths in the domain of communication and education will
be explored. Then, academic case studies that utilised AR in
the domain of communication, education and sustainability will

pass review. Lastly, experts are interviewed to share their views on
AR's use inamunicipal setting.

This can be read in Chapter 33
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2.2.3 Overview of Research Questions

The Sub-Research Questions are used to build a strong foundation
that grounds the main research question in academic research.
Figure 8 shows an overview of this relation.

Chapter 3 will explore each Sub-Research Question in detail, pro-

viding the background necessary for Chapter 4, which examines the
prototypes and presents the study’s results.

Can Augmented Reality be used to make

Circular Economy Principles more engaging,

comprehensible and memorable, to the households of

Carnisse?
I
What makes sustainability & the What are the current Why can AR be implemented
Circular Economy such difficult communication strategies of successfully (or not) within
concepts to grasp for inhabitants Rotterdam, and how do these the domain of municipal
of Carnisse? connect with the inhabitants of communication, and what are
Carnisse?” important considerations when

craftinganovel AR experience?

Figure 8: Overview of foundation for the Main Research Question
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The Context;
foundation

Building on the research questions and methods outlined in Chapter 2,
this chapter provides the academic and theoretical groundwork needed
to address the main research question. Here, the Sub-Research Ques-
tions are explored in depth, with each section designed to clarify the core
concepts and challenges of the studly.

aying the

First, this chapter examines the origins of sustainability and the CE,

and discusses the concepts within the context of climate adaptation,
language and poalitics. By dissecting the multi-faceted nature of these
concepts, this section will highlight the complexities and potential barriers
that arise when communicating these ideas to diverse audiences, setting
acommon foundation for understanding.

Next, the current sustainability goals and communication strategies used
by the municipality of Rotterdam are closely analysed to identify potential
misalignments or areas where communication with Carnisse residents
may fall short. This review provides insights into the existing challenges
and opportunities forimprovement within the municipal machine.

Finally, the potential ofimmersive technologies, specifically AR, as a tool
for enhancing communication and learning is evaluated. Beginning with
abrief historical analysis, this section explores AR's unique strengths and
limitations in communication and education, complemented by an analy-
sis of relevant case studies. Expert interviews provide further insights into
AR's applicability within a municipal setting.

Together, the insights from this chapter will support the design of aninno-
vative AR communication concept aimed at conveying CE principles to
Carnisse residents in an engaging, comprehensible, and memorable way.

In this chapter:

31The Evolution of Sustainability & the CE

3.2 Communication between the Municipality & Carnisse
3.3 Immersive Technologies and their potential

34 Synthesis: Connecting the Dots
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3.1 Background

In December 1968, astronaut William Alison Anders captured
a historic image during the Apollo 8 mission:” Earthrise”. For
the first time, humanity saw Earth from space, a fragile sphere
floating in the pitch black depths of space.

3.1.1 Defining Sustainability; from
Forestry to Frameworks

Thereis alot of speculation and ambiguity surrounding the definition
of sustainability. Scholars have proposed various definitions of sus-
tainability, with estimates of over 300 interpretations (Johnston et al.,
2007). From this, an abundance of concepts ranging from quantita-
tive models like the IPAT equation (Commoner, 2020, Holdren & Eh-
rlich, 1974) and the Planetary Boundaries (Rockstrom et al,, 2009), to
more systemic approaches like the Cradle-to-Cradle (McDonaugh
& Braungart, 2009) and Resilience theory (Holling, 1973) emerged,
making Sustainability difficult to grasp from a uniform perspective.
This abundance and variety in lenses further add to the complexity,
making them difficult to address for the untrained.

Eventhough there is a plethora of explanations and lenses, the
originis clear. The word stems from the French verb “Soutenir”,
which translates to: “to hold up or support” (Brown et al., 1987). The
word can be found in forestry and is based on the silvicultural (= the
art and science of managing forests and woodlands) principle that
the amount of wood harvested should not exceed the volume that
grows again (Geissdoerfer et al,, 2017). This definition goes back to
the 18th century, where it can be found in the “Sylvicultura Oeco-
nomica” (von Carlowitz, 1713).

At its core, sustainability focuses on maintaining balance, a concept
that would later evolve into the more encompassing framework of
“‘Sustainable Development,” famously defined by the Brundtland
Commission as meeting the needs of the present without compro-
mising the ability of future generations to meet their own (UN, n.d.;
Keeble, 1988).
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“Earthrise” symbolised a turning point, sparking global awareness
of Earth's vulnerability and inspiring the early environmental move-
ment, and is often cited as having led to Earth Day (BBC, 2023). It
serves as a powerful visual reminder that we are rather lonesome
inspace, urging us to rethink the way we do things, if we want to
maintain our Earth.

The Golden Standard

Today, sustainability is commonly visualized through the “Triple
Bottom Line” (Elkington, 1998), which balances social, environ-
mental, and economic factors. This framework (Figure 9) evaluates
organizational activities based on their social, environmental, and
economicimpacts, striving for long-term viability and meeting in the
middle all three dimensions, ergo; Sustainability.

Figure 9: The Triple Bottom Line by Elkington (1998)
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3.1.2 Behold, Spaceship Earth ?

Two years before “Earthrise,” economist Kenneth E. Boulding
introduced the Circular Economy concept in The Economics of the
Coming Spaceship Earth. Boulding argued that Earth's resources
are finite, with no “new frontiers” to exploit. As a result, he proposed
a closed-loop system where waste becomes the feedstock for new
production, a vision that would later shape modern Circular Econo-
my principles.

Building on Boulding's ideas, Pearce and Turner (1989) and the Ellen
MacArthur Foundation (2013) developed the Circular Economy into
aframework that emphasizes resource cycling and regeneration.
This approach differs from sustainability by focusing on the logistics
and business models that enable a regenerative economy. The Cir-
cular Economy encourages local resilience, resource optimization,
and closed-loop systems to create a sustainable economic model.

Defining the Circular Economy; from open- to

closed Earth RO Refuse i
_ , , R1 Rethink 3
The Circular Economy employs a plethora of strategies to achieve R2 Reduce 5
the aforementioned local resilience and resource optimisation. “
These key strategies are:
The R-ladder: This framework (Figure 10) consists of 10 words that R3 Reuse ; a2
start with the R: Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Eg’ Ee{pogi Maintenance H
Remanufacture, Repurpose, Recycle and lastly Recover. The green e E
) ) R6 Remanufacture =
words are the most circular, and thus can have the most influence o
o . . R7 Repurpose =
onemissions, as they heavily influence the design phase. The blue
words influence the use phase, and can be used to lower emissions
here. The red words are recapturing value at the end-of-life phase,
and have the lowest potential. a
R8 Recycle §
R Recover o
(-]

Figure 10: The R-Ladder
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Closing the Loop: Instead of viewing materials as disposable, the
Circular Economy emphasizes the importance of reusing, recycling,
and repurposing resources to create a closed-loop system. This
means designing products and systems with Durability, Repara-
bility, and Recyclability in mind, and ensuring that materials canbe
continuously circulated within the economy. Thisis visualised in the
Butterfly Diagram {Figure 11).

X
Q
O

LAyl (O L |- R —
it \

PARTS MANUFACTURER
\

Voo

PRODUCT MANUFACTURER

BIOCHEMICAL
FEEDSTOCK

REGENERATION BIOSPHERE

CASCADES

ANAEROBIC
DIGESTION

L S\

EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK?

1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input

cArthur Foundation
Clrets conomy systems diagram (February 2019) MINIMISE SYSTEMATIC
www, carthurfoundation.org LEAKAGE AND NEGATIVE = Ell:‘b:'?l%?!nmun
Draw sed on Braungart & McDenough, { EXTERNALITIES 4
Cradle to Cradle (C2C)

Figure 11- The Butterfly Diagram (EMF, 2013)
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Resource Optimization: The way materials and resources are
currently managed need to be rethought. Resources cannot be
disposed at the current rate. The CE aims to increase Durability and
Recyclability of products. Next to that, the CE vouches for renew-
able materials and energy, thus minimising environmental impact
while maximising value. The CE visualizes this in the Value Pyramid
(Figure 12).

4 Mountain of Opportunity >

Refurbish

Remanufacture

VALUE

Recycle

TIME

Production Use Prolonged use
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Shifting to Service Models: Another spearhead of the CE is

the transition from a product-based to a service-based economy.
Instead of owning products outright, consumers access goods and
services through sharing, leasing, or subscription models. This not
only reduces the demand for new products but also incentivises
manufacturers to design products for longevity and durability, as
they retain ownership of that what they produce, and are benefitted
withlongevity, instead of the other way around. A common example
is a vehicle sharing service (Figure 13).

Figure 13: llustration of \Viehicle Sharing Service
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3.1.3 Political Perspectives

Itis no coincidence that “Sustainability” often appears on the left of
the political spectrum, while the CE tends to resonate more with
the right. These frameworks essentially convey the same message,
striving for an ecologically stable future, but differ in approach.
Generally, left-leaning ideologies align with sustainability through
abstract, aspirational goals that emphasize social well-being, equity,
and environmental conservation. For many leftists, sustainability
supports avision that tackles inequality and fosters community
resilience (Hopwood et al., 2005). However, the termitself can be
paradoxical,implying “sustaining” something, when, in fact, it in-
volves efforts to improve current environmental and social systems
(Jasanoff, 2010).

In contrast, right parties often frame sustainability through the lens
of economic potential. This perspective emphasizes efficiency,

Figure 14: flustration of Foltical Perspectives

profitability,and a “circular” approach to resource management,
which combines environmental concerns with a market-driven
focus (Geissdoerfer et al., 2017). The CE concept aligns with the
emphasis of the right on tangible, actionable solutions, where local
sourcing, resource recovery, and durability contribute to economic
resilience and independence (Bjarn & Hauschild, 2013). Some argue
that CE frameworks align well with nationalist sentiments, given
their emphasis onlocal economies and reduced dependence on
external resources (Blok et al., 2015).

The challenge for the public lies in navigating these divergent, and
often conflicting messages. Figure 14 illustrates this conflicting mes-
sage as a boxing match. While political parties may seemto argue
different approaches, both sustainability and CE are commonly
used as “boundary objects”, as defined by Star & Griesemer (1989),
for heterogenous parties to cooperate towards the same goal.
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3.1.4 Mixing the Cocktail:
Sensemaking

Synthesising all the previous findings into a cocktail, we can shed a
light on what makes sustainability and the CE so difficult to grasp. Itis
acombination of jargon, a lack of consensus amongst ‘experts, pol-
iticians who frame the terms differently to highlight opposing views,
the abstract long-term and goal-oriented language that is difficult to
envisage and lastly the effects of behaviour that feels disconnected
fromthe now.

Toaddress the two latter, AR can be used to bring these long-term
goals closer to home, by creatingimmersive experiences that

show the impact of sustainable actions or visualizing datain a more
accessible way. To do so, plain language and visualisations can be
presented to create a trifecta of communication, integrating audio,
text, and visuals to create a multi-sensory experience ina way that is
accessible and aligns audience's cognitive abilities.

However, itisimportant to not see AR as a silver bullet that can
bridge the gap between political divides. Rather, it can be used as
another tool to convey ideas, educate and inspire inhabitants to
engage actively with sustainability and CE goals.




“The Sustainability Sour”

Ingredients:

20z.Jargon Gin

15 0z. Expert Disagreement Vermouth
0.75 oz. Political Twist Syrup

10z. Abstract long-term tonic

1spash of Disconnected Action bitters
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3.2 Rotterdam, Carnisse & Communication

In translating sustainability and CE goals into local action, munication strategies that bridge gaps in understanding and
Rotterdam faces unique challenges, particularly in neighbour-  engagement.

hoods like Carnisse. Despite the city’s ambitious targets, the

success of these initiatives relies on clear, accessible and This section will deep-dive in how Rotterdam’'s communication
actionable communication that resonates with all residents. approaches align, or fall short, in addressing Carnisse's specific
Carnisse, characterized by its socio-economic diversity and needs, highlighting the barriers and opportunities for buildingamore
lower literacy levels, exemplifies the need for tailored com- inclusive dialogue around sustainability.

3.2.1 Rotterdam’s Big Hairy Audacious Goal & Communication styles

As stated in the introduction, Rotterdam has the ambitious goal to 1.

be fully Circular by 2050, and as a stepping stone they committed

to being 50% along the way by 2030 (Rotterdam Circulair,nd.). This
ambition requires a drastic redesign of how the city functions, as well
as the way in which resources are managed. A much more local
strategy will be employed, enabled by local businesses, communi-
ties, initiatives and inhabitants.

Transitioning to a CE cannot be achieved overnight. As a result, Rot-
terdam Circular has written a Vision Document (Rotterdam Circulair,
n.d.) in which the three primary goals and priorities from the period
2023-2026 are outlined. These are:

BHAGSs are usually
used to inspire
employees to take
action, from ‘Built to
Last"by Jim Collins
and Jerry Porras
(1994)
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A greener and more sustainable Rotterdam:

We prevent or reduce the negative impact on the envi
ronment, nature, and climate of all resources, materials, and
products we use.

We utilize (local) organic resources for a healthy soiland
nature restoration.

A more economically resilient Rotterdam:

We reduce our vulnerability to supply risks and prevent
resources and products from becoming unaffordable,
known as resource poverty, by reusing existing resources,
materials, and products in a high- quality manner.

We strengthen the local economy and circular business
activity by supporting companies that focus onlocalem
ployment.

A healthier and cleaner Rotterdam:

We reduce the use of toxic substances and promote the
use of healthy resources, materials, and products incon
struction and the production of (consumer) goods.

We work towards a cleaner living environment by reducing
emissions, pollution, and (litter) waste.



3.2.1.1 Communication Challenges and Opportunities in Carnisse

Apart from the goals, it is mentioned within the document that
Rotterdam has the ambition to utilize strategies that are higher on
the R-ladder, since it came to the attention of the Planbureau Voor
de Leefomgeving (PBL) that the Netherlands are using Recycling
asasilver bullet. This is over-reliance is not desirable if we want to
design aresilient Rotterdam, and to achieve strategies higher onthe
R-ladder the municipality needs to activate its inhabitants to Refuse,
Rethink and Reduce.

Rotterdam’s Circular goals require engagement from all
neighbourhoods, but achieving this in Carnisse presents distinct
challenges. Interviews with Ingrid Verheij and Jerney Steur from
Rotterdam Circular highlighted several barriers specific to Carnisse,
including a lack of biodiversity, limited waste separation, and the need
to normalize sustainable behaviour.

PumpTrack
010

Visibility of Circular initiatives is key to connecting residents to

these goals. CityLab010's interactive map (Figure 15) aims to
showcase initiatives across Rotterdam, but most of these projects
are concentrated in the North, with fewer options in the South. This
division, strengthened by the physical barrier of the river Maas,
makes these initiatives less accessible to residents of Carnisse. If
Rotterdam strives for better visibility of Circular Initiatives, there are
two simple solutions. Either make the North more accessible, or
kickstart and scale-up more initiatives in the South. This latter can be
achieved by informing and motivating residents with cormmunication
that sticks.
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Figure 15: Map of Initiatives in Rotterdam (CityLab010,nd)
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3.2.1.2 Current Communication
Methods and their Limitations

Rotterdam Circular has three spearheads for communication:

- Highlighting success stories — Inspiring

- Informing about alternative, more sustainable products —
Spreading Knowledge

- Enabling inhabitants to start-up sustainable initiatives
themselves — Subsidize and Empower

Yet these strategies manifest themselves in communication
methods that do not stick with inhabitants for a plethora of reasons.
Which ultimately means the goals are not achieved. To shed a light
onwhy thisis the case, and what specific communication methods
do not work, inhabitants of Carnisse were interviewed at multiple
locations and events (at the “Zuidplein Library”, “Gouwe (KI)Ouwe”,
“De Groene Oase” and lastly “de Kunst- en Vliegfabriek”). Many
residents expressed distrust toward municipal-branded materials,
preferring direct, personal communication instead. Specific
challenges per communication channelincluded:



Poaurg

Duurzaam ondernemen.
Ben jij klaar voor de toeckomst?

) Gemeente
| Rotterdam

Figure 16: Screenshot of DuurzaamO10 (ndl) Figure 17:Image of MIKB Rotterdam-Rijjnmond (ndl)

Newsletters sent to the addresses of inhabitants (Figure 16) — Are Posters - as they are branded with municipal logo's and again

not checked because when something “smells” like the municipality, — smelllike the municipality. This results in distrust. Next to that, poster

the inhabitant becomes hesitant and distrustful (Evelyne Hofman, campaign’s usually do not reach Carnisse physically (e.g. Municipal

2024). Elections of 2022, where politicians decided to skip campaigning in
Carnisse. Figure 17 shows an example of a poster from Rotterdam.
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Digital Based Communication Methods

Ik werk met
meelwormen
en verzuip

in de regels.
Wie helpt mij?

Willem Flinterman
Worms@Work

Figure 18: Circulair Loket (Rotterdam
Circular Instagram, 2024)

A digital sustainability counter where inhabitants can pose
questions — The turnaround time is too long, it takes approximately
4 weeks to get an answer to your question, and this counter is not
really accessible if you do not know about it in the first place. Figure
18 shows promotion of the counter.
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Compost produceren
en verkopen op
wijkniveau, mag dat?

P
an o do Ss0s
=]

9cireulalr
« Loket

WhaT Does
SuSivabLity

e — S 70“7

voedzame bodem voor
eigenwijze modemakers"

Figure 19: Instagram Feed of Rotterclam
Circular (2024)

Websites & Social Media (i.e. Rotterdam Circulair, Gemeente
Rotterdam) — You need to actively follow these channels, and

you only do that if you are interested in the first place. As aresult,
highlighting success stories and sharing information this way is not
reaching many people. Figure 19 shows a snippet of the Instagram
feed of Rotterdam Circulair.
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People-based Communication Methods 8\\ /O

Figure 20: Image by Noorderzon 010 (Bastinck, 2023)

Quartermasters who are key-figures in neighbourhoods. These
quartermasters are not quite accessible and rarely have the time to
speak to people. Figure 20 shows a quartermaster.
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Apart from these methods that do not reach the inhabitants, many
inhabitants perceive the municipality is inaccessible. To further
elaborate on the distance between the municipality and the
inhabitants, an example of acommunication pipeline is shared
(Figure 21). Communication starts in the Municipality and at
Rotterdam Circulair. Afterwards, messages are passed down to

the Neighbourhood Manager, then towards the Neighbourhood
Networker, and at last they will be passed on towards the
inhabitants. Apart from the bureaucratic steps which negatively
influence the timeframe of communication, the message also gets
diluted with every step. Of course there are protocols that aim to
reduce distortion, yet the cumulative effect is often inevitable.

— @ —1




@

@
@uﬁﬁm Q

T\ —




03 | The Context
3.2.2 Carnisse’s Frame

Inthe previous section we discussed the Circular Vision of
Rotterdam, and how it aims to communicate that. However, the
section also touched briefly on the fact that these generalised
methods struggle to connect with certain communities. Carnisse,
withiits distinct challenges and demographics, is an example of
such acommunity. In order to understand why the current strategies
fall short and how they could be improved, it is crucial to explore
Carnisse's unique frame and context in greater depth.

Carnisseis a sub-neighbourhood of the larger “Charlois” [Sjaar-
loos] (Figure 22). And its history stems back to the Middle Ages.
Charlois became habitable after the construction of dikes, leaving
aplot of land for settlers to live (SHC Geschiedenis Charlois, nd.;;
Vocke, 2024).

The name can be traced back to the name of “Karel van
Bourgondi€”, who received the land and aptly named it after himself,
Charollais. Eventually, transforming into Charlois.

Fast forward to 1899, when the municipality gave a greenlight to
build workers housing along the Katendrechtse Lagedik. Asa
result, the neighbourhood grew between 1900s and 1950s. A major
contributor to this was the exponential growth of the port of, and an
urgent need to accommodate the new workers that were required.
Evolving into a working-class neighbourhood, Carnisse has arich
history shaped by its industrial past and diverse community.
According to recent research findings from interviews with
inhabitants, many residents express a strong sense of community
and pride in their neighbourhoods' resilience. However, concerns
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about issues such as gentrification, affordable housing, and access
to public services are mentioned. Next to that, inhabitants express
their concerns regarding criminality, safety and cleanliness, which
can be seeninthe safety score index (Wikprofiel, 2024). Next to
that, one inhabitant calls the area “marginal”, where he explains
that the neighbourhood feels as a balancing act, that is frequently
challenged with happenings & events that cross the boundaries of
norms and values (OPEN Rotterdam, 2023). Additionally, a report
by Citisens (n.d.), that was initiated after the record-low turn-out of
voters for the municipal elections, highlights lower levels of trust
inthe government among residents. This reflects broader socio-
political dynamics within the community which can be summarized
with the following sentiment:

J J You (The Municipality) are not doing
anything for us. { |

For the municipality, this came as a surprise, but when delving
deeper into the matter | found out that not a single politician came to
the area to talk about and promote their plans. This gave a signal to
the inhabitants that they do not matter and are not worth the time.



Map of perceived Social Status of
Neighborhoods (Wijkprofiel, 2024)

Legend:

Much higher than
average
Higher thanaverage

About average

Lower than average

-
-

Figure 22: Map of Rotterdam, with Wijkprofiel Research highlighting levels of perceived social status of the neighbourhood (Wikorofiel 2024)

Much lower than
average
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3.2.21 Carnisse’s Conundrum

In section 3.21, the following challenges were identified: Lack of
Biodiversity, the Separation of waste & getting sustainability higher
onthe agenda. After an interview with Ozlem Ates, project leader
at Rotterdam Circular who is frequently speaking with Carnisse’s
inhabitants, it became apparent that Carnisse deals with another
very specific challenge;

J J Each day of the week, one can see big
bulks of waste piling up on the street. \\

Thisis the result of the following phenomenon: The flow of
inhabitants is constant and fast, meaning a lot of people move in-

and out of the area. This is caused by two things, housing is available,

3.2.2.2 Transforming Trash into Treasure

As aresult, the initiative Gouwe (Kl)ouwe has been developed.
Gouwe (Kl)ouwe picks up the furniture (Figure 24) and refurbishes
them in a workshop location within Carnisse. The refurbished
furniture then can be picked-up by another inhabitant of Carnisse,
to prolong the life of good quality furniture. As aresult, a circular
ecosystem within the neighbourhood emerged.

Figure 24: One man’s trash is another man's treasure (Citylab010,ndl)
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yet expensive. And relative to the price, housing is moderate at best.
For the same price, inhabitants can find better accommodation.

When all these people move out, they throw away a large portion

of their household items, which shows itself in the streets (Figure
23). These items are considered garbage, while they actually are
valuable resources to others. However, if these items are left outside
and left to be collected by the waste managers, the items follow their
proclaimed destiny and in fact, do become waste.

Figure 23: A normal sight in Carnisse (CitylabO10, ndl)

Apart from Gouwe (kl)ouwe, there are a handful of other initiatives
in Carnisse. “De Moeite Waard” is an initiative that transforms
obsolete fabrics into useful products (i.e. bags and aprons) for
inhabitants of the neighbourhood. At “‘de Moeite Waard”, Jannie
Spoor helps inhabitants of Carnisse bring their obsolete articles
of clothing into bags and aprons. She is a sewing teacher and
voluntarily helps inhabitants to upgrade their products, by offering
guidance, machinery and a location to be creatively active, enhance
social cohesion and help people improve their skills (Rotterdam
Circulair,n.d.). The location is financed by a local bar-owner, who
has a Circular Heart.



Café Huisman, Carnisse Rotterdam
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3.2.2.3 Other Initiatives

Apart from “de Moeite Waard” and “Gouwe (Kl)ouwe), Carnisse is
home to some other initiatives with different goals.

“De Groene Qase’ (Figure 25) is a community garden located near
Zuiderpark. As the name suggests, it serves as a green oasis within
the urban landscape of Rotterdam, significantly contributing to

the social cohesion of the neighbourhood. It exemplifies a “third
space’ where residents can meet, relax, and engage with nature,
thereby enhancing local ecosystems. “De Groene Oase” supports
small-scale urban farming, sells plants, and offers a welcoming
environment where everyone is invited to enjoy a cup of coffee (De
Groene QOase, nd.). However, “De Groene Oase” faces pressure
from the municipality due to plans for constructing a new high-rise in
the area. This development raises concerns about gentrification and
fosters fear among residents that their cherished community space
may disappear (Based oninterview with Harmen Sliep, 2024).

Figure 26: De Kunst- en Viiegfabriek

Figure 25: De Groene Oase

Lastly, “De Kunst & Vliegfabriek” (Figure 26)
is another initiative led by local entrepreneurs
and inhabitants, which aims to improve
social cohesion through cultural activities.
These activities revolve heavily around urban
culture, hip-hop & spoken word, speaking
mainly towards a younger audience.
However, the owner is also a profound
enjoyer of boardgames, so boardgame
nights are organised as well.






03 | The Context
3.2.3 Highlighting Implications: Sensemaking

From the previous sections, we can see four clear implications.
These are highlighted below:
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W\f\ AN 20

Abstract
B Language

Scaling-up
M Initiatives

The abstract nature and goal oriented language surrounding Rotterdam seeks more community-led initiatives to create
Sustainability and the Circular Economy make it difficult and standalone Circular Ecosystems, supported by neighbourhood
confusing for vulnerable groups of society to take part in the participation, yet this is not communicated properly.

discussion about the topic, meaning their perspectives are left

out.



Distrust and
B Neglect

Municipal trust in Carnisse is at an all time low due to a feeling of
neglect. Their problems are not prioritized and efforts to make the
areamore livable are left to initiatives that are not (yet) supported
by the municipality. This is extra painful, seeing the Municipality’s
ambition from point 2.

Islandlike
M Isolation

While Carnisse stands alone, a plethora of initiatives have emerged.
Thereis a strong “us versus them” mentality makes it difficult to find

common ground.
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3.2.4 Inhabitants of Carnisse

As stated in the introduction, in 2022, the municipality of Rotterdam
made the estimate that 34% of Charlois's population (aging between
16-65) struggles with lower levels literacy (CINOP et al., 2018). This

is a considerable amount, as this is approximately twice the average
of the Netherlands is 18% (Stichting lezen & schrijven, 2024). Next

to that, the income levels of the inhabitants of Charlois are relatively
low. Infact, according to AlleCijfers, households in Charlois have the
lowest average income in the whole of Rotterdam (2024).

3.2.41Personas

To understand how the community of Carnisse interacts with the
communication methods in the regards of sustainability and the

CE, itisimportant to get a better understanding of the mindsets and
behaviours of the inhabitants. To map these, personas were made.
These personas reflect diverse attitudes towards sustainability,
communication methods, and engagement with municipal
initiatives. Each persona highlights different communication barriers
and opportunities forimprovement.

These personas are based on talks with inhabitants of Carnisse
during various activities and settings. These include ad-hoc
interviews at Gouwe (Kl)ouwe, Zuidplein Library, De Groene QOase,
De Kunst- en Vliegfabriek and lastly on the streets.
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Despite these challenges, Carnisse remains a vibrant and dynamic
neighbourhood, with ongoing initiatives aimed at improving living
conditions and fostering community engagement. In the next
sections, we will take a plunge into Carnisse’s People, and look at the
specific Persona’s that can be found within the neighbourhood.

In order to do something with the information, the different
personalities can be positioned in Matrix 1, and are distinguished
with the folowing antanyms:

. Individualistic versus Collectivist (Horizontal)
. Reactive versus Proactive (Vertical)

Matrix 1 provides a visual representation of where each persona
falls in relation to one another. Next to that, each quadrant of the
Matrix can be used to formulate and target a specific strategy. To
illustrate, communicating with the Local Leaders will require arather
different approach than, let's say, the Urban Gardeners. The different
personas will pass review in the next pages.



Inhabitants of Carnisse
Subdivided into personas

The Urban Gardener

“Proactive”

“Individualistic”

2

The Cautious
Neighbour

“Reactive”

“Collectivist”

Maitrix 1 Inhabitants of Carnisse, subdivided into four different personas
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J J ' have livedin Rotterdam for a couple of
years now, and started living here after my
studies. | really like the increase in greenin the
neighbourhood. It reminds me of Berlin, which
inspired me. | kind of want to turn the pavement
sectionin front of my house into a garden, a little

hub to enjoy the outside in. Y\

The Urban
Gardener

Bio:

This personaims to make their space more liveable by constructing
afacade garden or placing plant pots outside. They prefer to work
alone due to their timidity but will participate in neighbourhood
greening if it involves theirimmediate surroundings.

My Goals:

| want to create a more liveable green space around my home and
inspire others by showing how small-scale initiatives can improve
the quality of life
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This is how you reach me:

To connect with me effectively, use visual inspiration, like photos or
case studies from other cities with vibrant projects. It'simportant to
keep communication simple and to the point, focusing on the direct
benefits to my personal environment. | appreciate offers for small-
scale projects with low levels of commitment—think of them as
low-hanging fruit.

Avoid these when communicating with me:

Please don't overwhelm me with large group projects or complex
processes, as they stress me out. Next to that, dont assume I'll take
partinlong-term collaborations without prior discussion.



J J People are always changing things without
consulting me. | always need to ask around
what the plans are and this is tiring.  am not sure
if everything my neighbours organize is within
municipal policy,and | do not want to getin

trouble. Y\

The Cautious
Neighbour

Bio:

A hindsight thinker, the Cautious Neighbour fears chaos, associating
it with nature. When a new greeninitiative starts, they worry about
potential problems, such as maintenance and obstruction of views.
However, once the green spaces are established, they appreciate
the development and its integration into the street scene.

My goals:

| aim to maintain peace of mind by ensuring all initiatives are safe,
regulated, and won't cause unintended issues or accidents. | also
want to avoid any personal responsibility for potential problems that
could arise from neighbourhood changes.

This is how you communicate with me:

To effectively communicate with me, provide clear, detailed
explanations about how projects adhere to regulations and policies.
Reassure me that any issues, like maintenance or municipal policy
concerns, are addressed. Engage me in low-risk, clearly defined
activities that come with minimal personal responsibility. Make
regulations and rules easy to find, or ensure it's quick and easy to get
amunicipal official to check the changes.

This is how you do not communicate with me:

Don'tambush me with sudden changes without ample notice,
explanation, and reassurance. Please avoid using vague or abstract
goal-oriented language; | prefer plain speech from someone with
authority toreassure me.
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J ¥ Ve ve built a strong network in this neighbourhood,

one we'e very proud of. Recently, the municipality issued a
tender for companies to provide sustainable care packages
to residents. A company from outside Rotterdam won, and

now they're paid to deliver these packages. But when they
struggled to connect with locals, they came knocking on our
door. | don't appreciate others benefiting from the network
we've worked hard to build. The municipality could have Y g'

involved us instead. Keeping it local is how we create
ecosystems that benefit Rotterdam. Y\

The Local

Leader
Bio: This is how you communicate with me:
An active inhabitant who organizes various activities, the Local To reach me effectively, keep communications professional but
Leader often has an entrepreneurial spirit, evidenced by numerous personal—address and acknowledge my expertise about the
businesses and initiatives they've started. As key figuresin neighbourhood. Offer collaboration opportunities that align with my
the neighbourhood, they are trusted by other inhabitants and goals and community-oriented mindset; don't hesitate to reach out

experience little difficulty when recruiting help for their initiativesdue ~ and invite me to meetings, | am very happy to help!
to neighbourhood-wide support.
This is how you do not communicate with me:

My Goals: Please don't bypass my input when planning projects or events; |

I strive to strengthen the community through entrepreneurial want to be involved because | can provide valuable insights about
ventures, local initiatives, and activities that boost social cohesion. the neighbourhood. This can give projects a head start and improve
| also want to create a vibrant neighbourhood ecosystem that adoption time

leverages the capabilities of its inhabitants and keeps value in the

neighbourhood.
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F J | enjoy spending time with my
neighbourhood family. Any activity, you name it,  \
and 'l be there!

JJ 't has beenacouple of years since | came
back to the Netherlands. Since that time [ have
been very busy joining different initiatives. | go to
the church where they repair clothes, | help with
green and | enjoy working on furniture at Gouwe

(Kl)ouwe. W\

The Event
Enthousiast

Bio: make me feel included and needed. If you use posters or any other
Thisis, as the name suggests, a very social person. They love to form of indirect communication, place themin accessible locations.
spend time with others and are always present at neighbourhood You canfind me in parks, public spaces, and at initiatives.
activities. These people are like mascots of the neighbourhood, very
trusted and familiar. This is how you do not communicate with me:
Don' rely too much on formal channels of communication like
My Goals: emails or newsletters; | prefer face-to-face or direct invitations. Avoid
| want to participate in as many social activities and initiatives as making events seem too formal or structured—I enjoy relaxed and
possible while strengthening relationships with neighbours and laid-back events where everyone can just be themselves. When the
fostering a sense of community belonging. municipality takes over an event, | can smell it from a mile away. One
big tellis that at the start and end of an event, there will be a “Thank-
This is how you communicate with me: you" bit, where someone picks up a microphone to thank everyone
To connect with me, be enthusiastic and personal—invite me for their participation. Additionally, someone is often taking pictures,
directly to community events or gatherings. Use word-of-mouth to which feels fake to me, and | do not like this.
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3.2.4.2 Stakeholder Map

Now we have a better idea of all the players in the field. We
discussed the municipality, the inhabitants and the initiatives in
Carnisse specifically. These stakeholders can all be plotted on

a stakeholder map, which can be found in Figure 27. In this map,
the stakeholders are either categorised as Direct, Links and lastly
Indirect. Direct referring to stakeholders who experience Carnisse
onadaily basis. Links referring to people and/or places that link
direct and indirect parties together. Indirect meaning stakeholders
who do not experience the neighbourhood on a daily basis. Itis
also interesting to note that the Local Leaders usually are those
who kickstarted a neighbourhood initiative. However, they are an
inhabitant first (hence Direct), and initiative taker second (Link).



The Municipality

Rotterdam Circular

Rotterdam Municipality

The Inhabitants
The Event Enthusiast / Neighbourhood
Networker
The Local Leader
Neighbourhood
Manager

The Cautious Neighbor

The Urban Gardener

The Initiatives
“De Moeite Waard”

“De Kunst- en Vlieg Fabriek”

“Archiklas”

“Gouwe (Kl)ouwe”

Figure 27 Personas, Initiatives and Municipality in Stakeholder Map
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3.2.4.3 Rotating the Perspective

From this analysis of Carnisse and the Municipality we understand
the roles and influence of each stakeholder, itis essential to shift
focus away from a birds-eye view of stakeholders to the practical,
boots-on-the-ground reality of Carnisse’'s community. Rather

than assuming that stakeholders will work harmoniously, it is
crucial to consider the disconnects in communication, trust,and

engagement among the Municipality, Initiatives/Local Businesses,

and Inhabitants.

In this adjusted perspective, we observe that while the intentions
of the municipality may be positive, residents face barriers to
understanding and acting upon sustainability messages. The

initiatives, positioned as intermediaries, often serve to bridge the

gap yet struggle with maintaining sustained engagement. As the
initiatives need to have multiple “personalities” when dealing with
either the Municipality or the Inhabitants. Perhaps initiatives are a
tad overprotective, which hinders collaboration as well.

Figure 28 depicts this dynamic, where the inhabitants are “in

the pit,” facing challenges that hinder active participation. This
sideview highlights that the current structure leads to confusion and
disengagement, illustrating the need for more direct and accessible
pathways of communication and support between the Municipality
andresidents.

Figure 28: Siceview from Stakeholder Map; Rotating the Perspective
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3.2.4.4 Envisioning the Desired State

The visualization in Figure 29 of the desired state shows a more
collaborative and connected ecosystem. Here, the Municipality
actively supports Initiatives/Local Businesses that are engaged with
residents, fostering mutual trust and collaboration. In this model, the
focusis on facilitating contact and teamwork across stakeholders.
For residents, this creates a more inclusive environment where they
feel part of the sustainability conversation.

Bridging the literacy gap with immersive technologies like AR can
support this transformation. By making beneficial information that

can be put to one’'s advantage more accessible, and reducing
complexity through AR, the Municipality can offer initiatives

and residents actionable, relatable information on sustainability,
effectively levelling the “playing field”. This new approach could
make sustainability goals more understandable, and residents
would be better equipped to engage actively, resulting in the feeling
that the municipality is there to support the neighbourhood.

Figure 29: Sicleview from Stakeholder Map; Rotating the Perspective
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3.3 Immersive Technologies and their
role within the Municipality

Currently, Augmented- and Virtual Reality are all therage. Two  (Brownlee, 2022; Aggarwal, 2024; Apple, 2024). Both offer

tech giants, Apple & Meta are pushing the concept through solutions aimed at enhancing productivity and education,
their line-up of products that enable the technology to be extending possibilities beyond the limitations of the physical
experienced by those interested. Meta with its Quest series environment.

(Meta, 2024), and Apple with their newly released Vision Pro

Extended

Real

Environment ’/J_,A

Augmented M
Reality Re
(AR) (1

Figure 30: Reality - Virtuality Continuum schematic based on research by Arena et al (2022)
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3.3.1 Defining Immersive Technologies

The name “Immersive Technology” refers to a set of contemporary Examples of Immersive Technologies are Virtual Reality (VR),

technologies that have the power to create or extend reality by
immersing users into a virtual environment. By doing so, they
enhance or replicate real-world experiences and canimmerse
usersin new environments.

Reality (XR)

—
- |

N\

o—

ixed
ality
VIR)

Augmented Reallity (AR) & Mixed Reallity (MR), and they canbe
plotted on the Reallity — Virtuality Continuum (Arena et al., 2022)
(Figure 30). The concepts will be defined in the next sections, and
description, example of applications and key characteristics will be
shared.

Virtual
Environment

Virtual
Reality
(VR)
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Augmented Reality

AR overlays digital elements (such asimages, text, or animations)
onto the real-world environment. Users can still see and interact with
the real world while experiencing digital enhancements through
devices like smartphones, tablets, or AR glasses. Figure 31 shows an
illustration of this.

Examples of applications:

+  Google withits Wayfinding- and Lens AR application (Google,
nd)

+  Video games like Pokémon Go (Niantic, n.d.)

+  City Tours (Niantic,n.d.)

Key characteristics:

+  Realworldisstill visible.

- Digital elements enhance or augment real-world experiences.
- Typically requires a smartphone, tablet, or AR glasses.

Figure 32: Sketch of VR
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.

Figure 31-Sketch of AR

Virtual Reality

This technology immerses usersin a completely digital environment,
replacing the real world with a virtual one. This is achieved through
headsets that block out the physical surroundings and simulate
afully interactive 3D world. The downside of VRis the fact that a
headset is required, which can become costly when opting for
premium models and makes the wearer less mobile. As aresult, use
can only be facilitated in a controlled environment. Figure 32 shows
asketch of this.

Examples of applications:

+  Gaminginacomputer generated environment (i.e. Beatsaber)

+  Simulation Training (i.e. with the Simulation Crew (2023))

+ 3D modellingin generated environment (i.e. digital sketching
with Gravity Sketch (n.d.))

Key Characteristics:

»  Realworldis fully replaced with a virtual environment.

«  Highlevels of immersion and interaction.

«  Typically requires a VR headset (eg., Meta Quest, HTC Vive).



Mixed Reality

This technology blends the physical and digital worlds, allowing Key Characteristics:

users to interact with both at the same time. InMR, virtual objectsare  «  Combines real-world and virtual elements in a more interactive
anchored to the real world and respond to its conditions, creating and integrated way than AR.

aninteraction between the digital and physical environments. This - Usersinteract with both physical and digital elementsin real-
often requires advanced sensors and hardware, like Microsoft's time.

HoloLens and the Apple Vision PRO. Figure 33 shwos a sketch of - Oftenrequires specialized hardware like Microsoft HoloLens
this. and Apple's Vision Pro.

Examples of applications:

+  Remote Collaboration (i.e. creating digital workspaces)
«  Virtual Property Tours

- Advertising

Figure 33: Sketch of MR
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3.3.1.1 A Brief History of Immersive Technologies

Althoughimmersive technologies are currently trending, they are multi-sensory experiences toits users (Robinett, 1994). Among the
by no means arecent innovation. The original idea dates back to various experiences it offered, the most notable was a simulated
1933, where the concept was conceived in a story by Grauman motorcycle ride through New York City, which combined visuals,
Weinbaum, called Pygmalion’s Spectacles (Figure 34)(Weinbaum, sound, and even scents to create an engaging and memorable
1935). experience. While at the time considered revolutionary, it now is

reminiscent of modern-day simulator games. Figure 35 illustrates
The concept was further developed, and in the late 1950s, Morton the original Sensorama patent as envisioned by Heilig (1955).

Heiligmade amachine called the “Sensorama’, which could deliver

PYGMALION'S
SPECTACLES

By STANLEY G. WEINBAUM

Author of “The Black Flame,” “A Martian Odyney,” stc.
€ 1935 Coutihenial Pusiretioss. i

Figure 34: Poster of Pygmalion's Spectacles by
Stanley G. Weinbaum (1935) Figure 35: The Sensorama Patent
drawing by Heilig (1955)
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Acouple of years later in 1968, the Stereoscopic-Television One of the first commercially available VR products was Nintendo's
Apparatus for Individual Use (Figure 36) was built by lvan Sutherland.  Virtual Boy (Figure 37), launchedin 1994. Although it was an

This was the first helmet that was equipped with lenses instead of innovative concept, the hardware limitations—such as its bulky
alarger screen, which made it possible to view images that were design and awkward interaction mechanisms—contributed to its
superimposed into the real world (DuBose, 2020). However, due commercial failure (Boyer, 2009).

to the excessive weight of the contraption it had to be mounted

toaceiling, representing the “Sword of Damocles”. The uncanny Despite these early shortcomings, advances in technology,
resemblance stuck, and the apparatus was aptly renamed. particularly through Moore's Law, have allowed immersive

technologies to evolve. The reduction in size and improvementin
performance have led to successful applications in portable gaming
consoles and smartphones as well as other technologies. Which
were notable inthe next years.

Figure 36: The ‘Sword of Damocles” configuration, Figure 37: The ‘Sword of Damocles” configuration,
developed by van Sutherland (Ismail ndl) developed by lvan Sutherland (Ismail ndl)
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From these technological advancements, the first succesfull
AR-phone app was conceived in 2016. Pokémon GO (Figure 38)
(Niantic, nd.) was an extreme hit when it came out. It was praised by
its ability to morphe outdoor activity with gaming, and showed the
world that AR is a viable technology.

Another contributer to Pokémon GO's succes was the fact that it

was free to download, meaning it was accesible to millions of people.

Users could use the existing hardware they had, namely their phone,
to download and play the game.

Figure 38: Pokemon
GO by Niantic (Nd)

)
o
<

76

The year 2016 was not only great for AR, the VR-fans finally could
get their hands on the first proper headset named the Oculus Rift
(Figure 39). While the machine was already announced many years
before, and changed hands from Oculus to META, this VR-machine
was able toimmerse usersin VR videogames for the first time, if you
were able to pay the hefty fee.

The Oculus Rift paved the way for the META Quest lineup, whichis
currently the biggest name in the VR world.

Figure 39: The Oculus Rift



In 2024, Apple entered the immersive tech market with the Vision
Pro, a sophisticated mixed-reality headset. Tech enthousiasts
became excited, as usually when Apple joins the party, the
technology works well, and the interactions are optimised.

While reviews are positive, the Vision Pro (Figure 40) still deals with

teething problems like the front glass breaking quickly, heavy weight,

limited app support and a hefty price tag.

The takeaway from this brief history is clear:immersive
technologies have evolved from experimental prototypes

to mainstream tools that shape how we interact, learn, and

work. Today, they are more widespread than ever, with rapid
advancements in hardware and software enabling broader
adoption and deeper integration into everyday life (Cipresso

etal, 2018). As accessibility continues to increase, immersive
technologies are destined to further define the way we interact with
information, blending physical and digital worlds in ways once only
imagined.

Figure 40: Apples Vision PRO
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3.3.2 Immersive Technologies in the Social Domain

As stated in the previous section, the sector that can be attributed to
the rise of immersive technologies is mostly Gaming. They jumped
the bandwagon quickly, and already reap the commercial benefits
of the new market. To stress again, META, Apple and Microsoft are
investing billions in Immersive Technologies (Renganayagalu et al.,
2021), and with the recent release of their new products, immersive
technologies are not just afad, they are here to stay.

Apart from the Gaming industry, Immersive Technologies have seen
arise of use in the Military, Healthcare and Blue Collar jobs to be
used as training devices (Fonarov, 2024).

Yet, itis interesting to learn how Immersive Technologies can further
be leveraged within the domain of Municipalities and Sustainability
as education and communication tools, as the technology can
provide benefits that aid the social domain as well. To learn more
about AR's connection with learning and communication, the

next section delves deeper into these psychological concepts.
Afterwards, Academic Studies that effectively used AR in the same
context will pass review.

3.3.2.1 Theories behind Immersive Technologies

The surge onImmersive Technologies can not only be attributed to
the fact that companies pump alot of money inthem. Though the
money helps and incentivizes research, there have been a plethora

Cognitive Load Theory

The Cognitive Load Theory, developed by John Sweller (1988),
inessence states that the human brain has a limited capacity for
processing information at one time. When the brainis overloaded
with complex, unstructured and excessive information, learning and
decision making can become difficult. According to the theory, there
are three forms of Cognitive load and they can be dissectedin the
following way:

1. Intrinsic Load: relating to the complexity of the information
itself

2. Extraneous Load: relating to the extra, distracting elements
that do not necessarily contribute to the understanding of the
topic

3. Germane Load: relating to extra information that helps
structuring the information.

78

of studies that plea for the standalone positive effects of ARin
the field of cognitive psychology. These benefits will be reviewed
subsequently.

AR can be used as atool to lower Cognitive Load by presenting
information in a real-time, accessible and interactive way. Some
ways are shared below:

1. Synchronising Bite-sized information (structuring
Intrinsic load): Rather than providing all the information at
once, AR can structure information in a stepwise manner. New
information appears when the user is ready.

2. Reducing Extraneous Load: AR can highlight specific things
inthe real world, so that the “noise” becomes less apparent. For
instance, if you're learning about plants, AR can highlight and
label each plant in real-time, making it easy to understand and
remember their functions, isolated from one another.

3. Enhancing Germane Load: AR allows layers to be added on
reality. These layers can be used to link relevant information
inthe experience, so the previously mentioned plants can be
layered with insects for example. This way the brain can make
more links and logical structures and connections.



Cognitive Load Theory in Practice

Inthe case of Carnisse and Rotterdam, reading competence has
become increasingly crucial. Yet letters have a high cognitive load
for people struggling with lower levels of literacy, due to being
overwhelmed, confused and disoriented. In this case, AR can help to
guide the user and make the information more accessible.

Some studies have also highlighted this theory in relation to AR

and show how they can be employed to lower the cognitive load,
making information more accessible for specific groups. In 2017 for
example, Yoon et al. (2017) were able to improve the knowledge of
visitors of a science museum on the Bernoulli principle, by allowing
them to interact with an AR product (Figure 41). In this studly, intrinsic
load was structured, extraneous load reduced and germane load
enhanced with visual cues and special attention to cause and
effects.

Next to that, Lai et al. (2019) designed an AR approach that tied in
with a series of geographical learning books. The maps could be
scanned with a mobile device, and a 3D geographical formation that
corresponds with the map was then loaded. This synergy between
Intrinsic Load and corresponding and relevant Germane Load
lowered the overall cognitive load of students who read about the
subject (Figure 42).
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Figure 41 Images of the ‘Bernoulli Blower” by Yoon et al
(2017)
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timediia AR approach to lower cognitive load of students by Laiet al (2019)
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Situated & Constructivist Learning

In addition to managing cognitive loads, AR experiences align
closely with Situated and Constructivist Learning principles.

Situated Learning Theory suggests that learning is most effective
when it occurs in relevant, real-world contexts rather than inisolated
settings like classrooms, where knowledge may feel abstract

and disconnected (Brown et al., 1989; Clancey, 1995). AR can

bring learning directly into contextually relevant locations, either

by being deployed in real-world settings or by simulating realistic
environments, increasing the impact of the learning experience
(Dunleavy & Dede, 2014). For example, an AR experience simulating
rising water levels could convey the tangible impact of floods,
making the concept of flood risk more meaningful, evenif the
experience occurs in alocation not directly at risk.

Constructivist Learning Theory emphasizes the need to situate
learners in contexts that connect with prior knowledge, encourage

Multimodal Learning

One of the strongest phenomena in favour of AR is the ability to
enrich students and practitioners with a cognitive visual experience
next to the ordinary text. In Chapter 314 thisisreferred to as the
“Trifecta of Communication”, but Binytska et al. (2020) goes a step
further and connects immersive technologies to the five senses of
humans:
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self-directed exploration, and allow active participation. AR naturally
aligns with this approach by enabling interactive, context-rich
environments where learners actively engage with the content at
their own pace, reinforcing their understanding through firsthand
interaction (Dunleavy & Dede, 2014).

To design AR experiences that optimize learning, key principles
from Constructivist Learning include:

* Embedding Learning in Relevant Locations: AR can bring
the “classroom” to the learner, embedding learning directly in
context.

»  Providing Self-Directed, Active Learning Opportunities:
AR allows users to explore content in a hands-on, self-guided
way, reinforcing understanding through personal interaction
and discovery.

J J The effectiveness of the principle

of visualization in the use of immersive
technologies is confirmed by the fact that of
the five organs of human perception today
it is possible to use three - sight, hearing,

touch. \\
- Binytska et al. (2020)



3.3.2.2 AR in Educational Projects

Research shows that AR is gaining traction as an effective tool

in corporate training, offering workers essential skills to operate
equipment and machinery efficiently and safely (Martins et al,,
2023). One key benefit of AR in training is its ability to streamline
learning processes with minimal supervision from senior staff, which
reduces training costs and resource demands (Ullo et al., 2019).

Martins et al.'s (2023) systematic literature review (SLR) highlights
several positive impacts of AR on skill acquisition. For example, AR
enhances skill transfer (Pena-Rios et al., 2018), shortens training
times (Syberfeldt et al., 2016), reduces cognitive load (Okazaki &
Takaseki, 2017), and boosts motivation, ultimately leading to better
long-term retention of knowledge (Baccaet al., 2018). These
advantages make AR a valuable tool in workplace settings where
safety, efficiency, and knowledge retention are crucial.

Beyond corporate training, immersive technologies like AR have
also emerged in educational environments. For example, Neumann
etal. (2022) found that AR and MR applications, such as SimSchool
and the Magic Book (an Augmented Reallity Picture Book, or ARPB),
have shown potential in classroom learning. AR is particularly
popular due toits accessibility compared to VR and its increasing
use in ARPBs, which can seamlessly be integrated in current books
and methods with a corresponding application. This allows students
tointeract with educational content inan engaging, hands-onand
21st century way (see Figure 43).

Figure 43: ARPB by Augray (nd)
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Immersive experiences have also demonstrated the potential

to foster empathy in educational settings. At the Central Pacific
Institute in Hawaii, students using immersive technology to simulate
ahomeless person's experience reported a new understanding

of the vulnerability associated with homelessness. “Becoming
Homeless,” (Figure 44) a project by Stanford’s Virtual Human
Interaction Lab (VHIL), helped students experience the emotional
impacts of homelessness, with students and teachers noting
increased empathy and positive learning outcomes (Asher et al,,
2018).

Figure 44: Frame of Becoming Homeeles, animmersive experience
aimed to foster empathy for the Homeless in Hawaii (Asher et al,
2018)
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A similar course about empathy is present in the curriculum of the
UMC Utrecht. “Social Medicine in the consultation room” is a series
of courses aimed to give students perspective about the situation

of patients from a socio-economic class. These lessons gained
tractionin social media, and theirimportance is underscored by the
fact that most students come from middle- and upper-class families
and have little clue about the social situation of patients (Dalila,
2024). Currently we see more initiatives emerging that leverage VR's
ability to function as an empathy tool (Vogelzang, 2022).

N
N

Figure 45: Medicine Students with VR-glasses, picture by Volkskrant
(Van der Geest, 2017)



3.3.2.3 Immersive Experiencesin
Sustainability and CE projects

Apart from attention amongst tech giants, Immersive Technology
has garnered attention in academia, especially within environmental
subjects like climate change and biodiversity loss (Cosio et al.,
2023). From 2017 to 2020 alone, over 1100 articles were published
on the topic, comprising roughly 56% of total research within this
domain during that period (Abad-Segura et al., 2020).

Cosio et al. conducted a systematic review of 80 papers exploring
the application of Immersive Technologies for Environmental
Sustainability and concluded that these technologies hold
significant potential to bridge the gap between people and complex
environmental issues. Immersive Technology can enhance self-
efficacy, providing individuals with a sense of empowerment in
addressing these issues (Erika et al., 2020) and can also promote
behavioral change (Ahn et al,, 2013). These qualities make it an
intriguing tool for municipalities, as it provides a means to educate
and engage inhabitants on complex social topics. However, there
is stillno clear consensus on best practices forimplementing the
technology effectively.

Figure 46: Ul of participatory AR tool (Katika et al, 2022)

One practical example of AR in municipal context regarding
sustainability and the CE is a 2022 study in Greece. In this study, AR
was used to support community engagement for a CE. The study
introduced aninnovative AR tool (Figure 46) that allowed citizens

to engage with CE principles interactively. Participants could scan
aQR code, place a virtual tree in their environment, answer quiz
questions on CE principles, and view saved locations onamap. This
experience was shown to enhance social cohesion and inclusion,
bringing the benefits and principles of the Circular Economy into
public focus (Katika et al.,, 2022).

Campaign Title

Quiz Question

Which is the total amount
of the composition
product?

O 10-151/day
O 20-251/day
O 30-351/day

O 0-5 I/day

e I soom |
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Going more towards visualising sustainable (or lack thereof) The Stanford Ocean experience was picked up by Pimentel et al.
behaviour, another Stanford VHIL project demonstrated ocean (2019), and they added a new level to the experience. Their VR
acidification’s effects on coral reefs at Punahou International prototype named: “Climate change on your plate” (Figure 48), where
University. By incorporating elements of gameplay, the project users could compose their favourite seafood on a plate, was added
allowed students to interactively experience the degradation of after the Stanford Ocean Experience. The idea was that the food
coral reefs due to human actions (Figure 47). Students expressed users selected would deteriorate in their hand, symbolising the
disappointment and concern about environmental harm, noting increased ocean acidification from the Stanford experience.

that the immersive experience intensified their connection to and
concern for the ecosystem (Fauville et al., 2021).

After the research was conducted, the VR experience was
uploaded to videogame platform Steam under the name:
The Stanford Ocean Acidifcation Experience, where it can be
downloaded and experienced for free.

= , - F/ ¥
Figure 47: Frames of Crystal Reef a VR experience that visualises CO2  Figure 48 ‘Climate change on your plate’, a VR experience that builds
in Coral Reefs (Fauville et al, 2021) upon the Stanford Ocean Experience (Pimentel et al, 2019)
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Some other VR-studies have been done that aimed to bring the
long-term effects of climate change closer to home.

Huang et al. (2019) aimed to bring sustainability and climate
adaptation closer by visualising a forest in VR. A tool was developed
in which ecological data (from LANDIS-Il software) could be
visualisedin VR. The toolis interactive and aims to show users what
effects climate adaptation has a forest in Northern Wisconsin under
two climate scenarios (Figure 49). The tool was able to transform
abstract LANDIS-II Data into clear visualisations that could be
communicated towards laymen, making the information more
accessible.

Figure 50: Visualising water levels in Portrane (Xu et al, 2019)

Select climatg scenarios

Figure 49: Visualising a forest in two scenario's (Huang et al, 2019)

Apart from visualising the effects on ecosystems, Immersive
Technologies can also be used to visualise rising water levels. Xu
etal. (2022) have designed an awareness tool that was able to
visualise floods at the beach area of Portrane in VR (Figure 50). The
floods would generate based on DEM (Digital Elevation Model)
data fromthe year 2021to 2100. This data was turned into an
interactive animation, that immersed the users in a flood. Currently,
this applicationis turned into an AR experience, as the accessibility
is higher.
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3.3.2.4 AR & VR in Dutch Municipalities

Inthe Netherlands, municipalities have begun exploring Immersive
Technology for urban planning and citizen engagement. The
Municipality of Arnhem, for instance, recently piloted a Virtual Reality
(VR) program designed to help residents visualize new city plans.

By creating a “Digital Twin" of several city areas, they have provided
avirtual environment where real-world development plans can

be overlaid and experienced by inhabitants. This allows citizens

to engage directly with proposed changes, such as experiencing
aplanned park through VR at a public event, rather than merely
viewing static representations like posters and pictures. This
immersive approach has helped make plans more tangible, enabling

earlier and more effective co-creation between the municipality and
residents, as they can express their feedback at preliminary design
stages. Animage of Municipal officials from Arnhem tinkering with
VR can be found in Figure 51.

Inaninterview with project leads Arjuna Snoep and Alex Kramer,
they highlighted the promising results of this pilot. Beyond
supporting urban planning, the Digital Twin concept could also
advance fields like traffic simulation and water management,
illustrating its potential to optimize city planning comprehensively.

Figure 51- VR Pilot in Arnhem (Arnhem Direct 2018) (Picture by
Zefanja Hoogers)
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Rotterdam has similarly explored Immersive Technologies under
the “De Digitale Stad" initiative. The final report from this initiative
proposed the development of an Open-Urban-Platform, with a
Digital Twinto support simulations in areas such as crowd safety,
logistical challenges, sustainability impacts, and noise levels at the
port (Eindrapportage de Digitale Stad, n.d.). Key objectives from this
report can be seenin Figure 52, and included:

«  Leveraging Immersive Technology to co-create with residents

- Visualisation of future plans

«  Building a Digital Twin to simulate urban dynamics, including but
not limited to urban traffic, noise and water simulations

[ ——— w‘ B
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Figure 52: Development of Open Urban Platform with Digital Twin
(Eindrapportage de Digitale Stacl nd)

However, despite the successful pilots, Roland van der Heijden,
Program Manager of “De Digitale Stad”, expressed concerns
regarding adoption challenges. He noted that a resistance to
change among some officials, who may favour maintaining the
status quo, has stalled further implementation. Additionally, the
technical nature of the prototypes requires expertise and preliminary
explanations, limiting their accessibility to a broader audience.

Toaddress these challenges, it was concluded that new designs

are needed to simplify and clearly communicate AR applications,
making the technology accessible, tangible, and self-explanatory for
officials and residents alike. Such an approach would address both
voiced and unvoiced concerns, increasing the likelihood of adoption
and long-term engagement.

Yetitis interesting to see that in the beginning of November 2024,
the Rotterdam Municipality has decided to present the vision
document to the public, soft-locking themselves into this new
direction. Roland van der Heijden noted on this release that:

J J We have deliberately chosen a concise
narrative. This means that the actual
elaboration on the Rotterdam challenges
has only been partially developed. There is
still plenty of work to be done! Y\

- Roland van der Heijden (2024)
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3.3.2.5 Battle of Immersion: AR vs VR

The examples discussed above demonstrate the rising adoption
of Immersive Technologies, within communication, education,
sustainability, CE and municipal contexts. Once mostly associated
with video games and corporate training, these technologies

are now having a foot in the door of Municipalities, with cities
experimenting with “Digital Twins” to create immersive urban
models that can be used for simulation and engagement.

Although both AR and VR are increasingly adopted, VR remains the
most prominent. This trend is partly fuelled by VR's aforementioned
high-techimage, where substantial marketing investments promote
the Metaverse, thus positioning VR as a technology that powers

the future. However, it is important to note that while VR offers fulll
sensory immersion, there are definite drawbacks that need to be

considered. The hardware is expensive, requires substantial training,

and impairs user movement. In some cases, VR caninduce nausea
orasense of isolation for users (Carter, 2023). These limitations
make VR less accessible for large-scale, public-facing projects,
especially where ease of use and inclusivity are paramount.
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In contrast, AR is accessible through common, portable devices
like smartphones and tablets, reducing both cost and the need

for extensive user training. Familiarity with the mobile interface,
whishis based on touchscreens and intuitive gestures, makes it
more inclusive, enabling a broader range of users to participate
comfortably. This accessibility makes AR a powerful tool for public
spaces and community engagement initiatives, as citizens can
participate using personal devices without specialized equipment.
Additionally, AR tends to produce less nausea compared to VR,
making it more suitable for longer, repeated interactions in public
settings, especially where users may be of diverse ages and tech
comfort levels (Carter, 2023).

Itisimportant to consider the trade-offs as well. With AR, processing
power is, at the moment, limited to the hardware of the mobile
device. While AR works fast on flagship phones, performance can
be laggy on budget alternatives. Next to that there is AR fatigue, the
discomfort from holding a device at an optimal viewing angle, which
can setinover prolonged use. This is a limiter of session length.



Next to that, there is AR fatigue. Holding a smart device so you
can properly see requires a special stance that makes your arms
become sore after a period of time.

Each technology serves unique functions: while AR facilitates
seamless integration of digital information into real-world contexts,
VR excels at creating entirely immersive, controlled environments.
Municipalities could benefit from adopting both technologies in
acomplementary manner. For instance, using VR for detailed
visualisations of complex or conceptual projects, where a single
headset can help give specific stakeholders anidea of space. On
the other hand, AR can be used for public engagement events
inwhich a portable, cost-effective, and easily accessible toolis
required to have the widest reach possible.

Giventhe accessibility and minimal investment required, AR
presents a practical solution for municipalities like Rotterdam to
engage citizens in a way that is both accessible and impactful.

By allowing residents to participate using their own devices, AR
democratizes access to information and encourages broader
community involvement in sustainability efforts. For this project, the
focus will therefore remain on AR, aligning with Rotterdam’s goals of
fostering aninformed, engaged, and inclusive community.
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3.3.3 AR Toolbox

Currently, there is no standard recipe to make an AR experience.
Lessons from the previous researches and studies have been used
to produce a well-considered pipeline. The next section willshed a
light on programme selection. Afterwards, “Design Principles” have

been shared to act as ananchor throughout the prototyping stage,
but these might also prove useful for practitioners who want to make
AR experiences but do not yet know where to start.

3.3.3.1 Programme Considerations and Production Pipeline

Currently,a wide range of programs are available for creating AR
experiences, each varying in ease of use, functionality, and cost.
Generally, more user-friendly software provides a streamlined
interface but may offer fewer advanced features. However, all AR
production pipelines require two core elements: a program for
creating 3D models and another for implementing interactions. This
section outlines the considerations involved in selecting the most
suitable modeling and AR software for this project.

Some commonly used modeling tools for AR and VR include
Blender, Maya, and Cinema4D. Yet there are numerous other
programs are available, any software that can export 3D models
inan OBJ format is compatible. Blender, an open-source platform,
is widely adopted for 3D modeling and animation due to its flexible
workflows and, notably, its cost-free access. Maya and Cinema4D
are both powerful, industry-recognized alternatives that offer
extensive functionality, although their licensing fees are relatively
high (PCMag, 2022 [1,2]). Based on prior experience with Blender
and its cost-effectiveness, Blender emerged as a clear choice for
this project.

Regarding AR development software, three options were evaluated:

Unity, Adobe Aero, and Trace AR. Unity is arobust platform
well-suited for developing complex AR and VR experiences but
comes with a steep learning curve. Its capabilities are enhanced
by its support for custom code scripts, which adds flexibility but
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increases technical difficulty. Adobe Aero, by contrast, provides a
more accessible user interface, particularly for those familiar with
the Adobe Suite. Aero’s feature set, while more streamlined than
Unity’s, is comprehensive enough to support arelatively large AR
experience and offers geographic pinning options. Moreover, Aero
allows for QR-code generation, enabling broad accessibility by
linking the AR experience to a simple scan.

The third option, Trace AR, offers a plug-and-play AR creation tool
that enables users to drag and drop assets from a pre-existing
library. While Trace AR holds promise for a future where AR creation
is accessible to a wide audience, its primary limitation is its reliance
onusersinstalling the app to view experiences. Additionally,

as Trace ARis stillin beta, access requires aninvitation fromits
development team. Given my limited experience with coding and
familiarity with Adobe software, Adobe Aero presented the optimal
balance between functionality and ease of use, making it the most
suitable choice for this project.

Figure 53 summarizes the production pipeline. The process begins
withinitial sketching and storyboarding, followed by 3D modeling in
Blender, and finally, interaction design and deployment within Adobe
Aero. This streamlined approach ensures an efficient workflow
while allowing for the creative flexibility required for this project’s AR
application.



Augmented Reality production Pipeline

Transforming 3D
Sketching & Translating MOdeI§ in AR
Storyboarding sketches to 3D experience

(VAVAVAVATAYS

Figure 53: AR Production Ppeline
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3.3.3.2 Design for AR Principles

Based on the previous information, an AR toolbox can be crafted
which can be used as an anchor and guide when building an
experience. The following “principles” followed from a multimedia
analysis, that identified tips & tricks from content creators online, as
well as own insights when tinkering with the software pipeline.
These principles are shared below with a short description and
implementation tips.

Thereis atotal of 12 principles, and they have been subdivided
equally inthree groups which are explained below:

» Interaction Guidelines (1-4): These are guidelines to keep
inmind that improve interactions between the users and the
experience. These are important to keep in mind, as they can
make the experience fun and satisfying instead of frustrating.

+ Practical Guidelines (5-8): These are guidelines to keepin
mind when designing and programming the experience. These
guidelines are mostly important for the designer, as they cover
arange of practical tips that make building and loading the
experience quicker. However, there are also some accessibility
guidelines here.

»  Abstract Guidelines (9-12): The last guidelines are more

abstract, and mention designerly ways of thinking that can help
when building the prototype.
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Tutorial
Island

H INTERACTION

ﬂi‘.

Introducing users to the AR experience through a controlled tutorial
environment helps them become familiar with the interface and
interactions before they engage with the full experience.

Implementation Tips;

1. Designasimple,isolated area where users can learn the basics
without pressure.

2. Usethis space tointroduce core mechanics and visual cuesina
straightforward manner.



Interactivity
= Glow

B INTERACTION

In traditional websites, interactions are simple, usually involving the
mouse. In 3D AR, interactions need to be communicated differently
asthereis nomouse. Interactable items should grab users' attention
through visual cues like glow, bounce, or arrows.

Implementation Tips:

1. Useconsistent visual signals for interactive elements.

2. Testdifferent cues to ensure they are noticeable and intuitive for
users.

Feedback
Mechanisms

H INTERACTION

=&

T ——

Multi-sensory feedback mechanisms are vital. For example, when
abuttonis pressed, it should activate something, move slightly, and
perhaps make a sound. This feedback ensures users know their
actions have an effect, preventing confusion and frustration.

Implementation Tips

1. Implement subtle movements or sound cues when users
interact with AR elements.

2. Ensurefeedback is consistent across different interactions to
build user confidence.
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Context

H INTERACTION

—————————

Context awareness in AR ensures that elements harmonize with the
user's environment, enhancing realism and usability.

Implementation Tips

1. Consider environmental factors like lighting, colour schemes,
and physical space. Next to that, itisimportant to be
considerate and make experiences so that they do not hinder
traffic and pedestrians for safety reasons.

2. Design AR elements to adapt to or complement the
surrounding context
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Proximity
& Scale

H PRACTICAL

In AR, spatial awareness and the correct scaling of elements are
crucial for creating animmersive and seamless experience. Proper
placement and sizing of AR elements ensure they integrate naturally
into the user’s environment, enhancing the sense of presence and
usability.

Implementation Tips

1. Regularly test anditerate to find optimal placements.

2. Utilize simple 3D blocks to prototype spatial arrangements
before finalizing designs.



Contrast

H PRACTICAL

———————————

Contrast is essential for guiding users' attention. It serves as a crucial
tool for wayfinding and creating a clear and navigable AR world.

Implementation Tips

1. Consider the environment where the AR experience will take
place and adjust colours and contrast accordingly.

2. Use backdrops or background planes that contrast with the real
environment to enhance the visibility of key AR elements.

Optimization

l PRACTICAL

A

4_—L.

Optimization ensures that the AR experience performs well across
different devices and conditions, providing a consistent user
experience

Implementation Tips

1. Optimize assets and 3D models to reduce load times and
processing demands. Do this by keeping the number of
vertexes and information in the models low. Make strategic use
of shading as well. Cell shading (The shading style usedin my
prototype) is excellent for this.

2. Testthe AR experience on various devices to ensure broad
compatibility and performance stability.
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Depth &
Layers

l PRACTICAL

—————————

Creating 3D objects can be time-consuming. Save time by creating
theillusion of 3D through layering 2D images with some distance
between them. This method works well with Photoshop files that
can be easily exported.

Implementation Tips

1. Leverage toolslike Photoshop to design layered 2D assets.

2. Experiment with the distance between layers to enhance the
3D effect.
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Skeuomor-
phism

Bl ABSTRACT

———————————

Using metaphors and skeuomorphisms helps make the AR
experience more literal and straightforward, reducing confusion and
frustration. This approach turns abstract AR elements into familiar,
real-world objects.

Implementation Tips

1. Introduce familiar objects and metaphors to ease user
interaction.

2. Avoid over-reliance on skeuomorphism; blend it with novel AR-
specific design elements to create unique experiences.



OAR Lens
Hl ABSTRACT

ARis amedium that enhances reality, offering opportunities for
creativity and innovation beyond the constraints of the physical

world. Designers should trust their intuition and push the boundaries
of whatis possible.

Implementation Tips

1. Encourage creative thinking and experimentation within the AR
environment.

2. Balance this creativity with user accessibility and
comprehensionin mind. MAYA (Most Advanced, Yet
Acceptable) is animportant principle to consider

Iterative
Cycle
B ABSTRACT

.o

The iterative design processis crucial in AR, allowing for continuous
improvement and refinement based on user feedback and testing.

Implementation Tips

1.

2.

Incorporate user feedback and testing data into each iteration,
test quickly with peers and test scale with yourself.

Stay flexible and willing to adjust designs based on real-world
testing outcomes, this also translates to your 3D modelling
production pipeline. Be flexible and keep changes adaptable.
By making lots of backups and organizing work, one can save a
lot of time retracing steps when necessary and save heartache
when software crashes
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User Journey &
Wayfinding

B ABSTRACT

Awell-structured user journey in AR ensures that users can navigate
the experience intuitively, with clear paths and transitions.

Implementation Tips

1. Mapout the user journey and identify key interaction points.

2. Designintuitive transitions and wayfinding aids to guide users
through the experience. Test the flow to ensure it aligns with
user expectations and minimizes frustration.
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3.4 Synthesis; Connecting the Dots

With insights gathered across the previous domains, the
following synthesis connects each facet to create a pathway
forward, demonstrating how integrated communication

3.4.1Building the Backbone

Having established the potential of immersive technologies,
specifically AR, as a powerful learning tool, incorporating
structured learning frameworks like Bloom's Taxonomy (Figure
54) offers alogical next step for transforming passive information
sharing into active, participant-driven engagement. Bloom's
Taxonomy, developed in 1956, provides a structured approach to
organizing learning goals and objectives, progressing from basic
understanding to more complex cognitive skills. This framework
helps not only to clarify the “why” behind the transfer of knowledge
but also to design educational modules that facilitate active,
meaningful engagement with content (Armstrong, 2010).

Inthis framework, AR can become a dynamic medium that
moves beyond traditional modes like websites, posters, or letters,

strategies and immersive tools can strengthen sustainable
engagement in Carnisse.

transforming learning into an interactive, layered experience.
Immersive experiences can tell stories to be remembered, explain
concepts to be understood, create interactions where knowledge
is applied and analysed, and lastly visualise new scenarios that
students can evaluate or evenimprove upon when creating new
ideas.

The framework is the backbone that enables inhabitants to
progress from understanding to applying sustainable practicesina
way that resonates with their day-to-day experiences, as opposed
only accessing information and then doing nothing withit.

Bloom’s Taxonomy

Produce new or original work
Design, assemble, construct, conjecture, develop, formulate, author, investigate

\ Justify astand/ decision
Appraise, argue, defend, judge, select, support, value, critique, weigh

Draw connections amongstideas
Differentiate, organize, relate, compare, contrast, distinguish, examine

Execute, implement, solve, use, demonstrate, interpret,
operate, schedule, sketch

\Use information in new situations

Explainideas or Concepts
Classify, describe, discuss, explain, identify, locate,
recognize, report, select, translate u

Recall facts and basic concepts
Define, duplicate, list, memorize, repeat, state

Figure 54: Latest version of Bloom's Taxonomy (Armstrong, 2010)
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3.4.2 Consciously Communicating

If this future is to be envisioned, a shift from passive- to active
learning is required. Passive learning is very much synonymous
to the current “one-way-street” style of communication currently
employed by the municipality essentially pushes information onto
residents without inviting interaction (Figure 55). When residents
attempt to engage, they face a Kafkaesque bureaucratic process,
making it extremely difficult to voice their opinions. Thisissue is
compounded by the lower literacy levels in Carnisse (Wijkprofiel
Rotterdam, 2024).

The antonymis Active Learning, where learners construct
knowledge interactively, with guidance from the teacher (Figure
56). Active learning promotes more engagement and interaction,
and research suggests it leads to better understandability and
memorization (Keep, 2021).

The problem with Active Learningis that it is difficult to setup. A good
teacher is required, who actively asks questions and engages with
its classroom. Preparation time for these ‘lessons’ increase cost.
This is problematic, regarding the fact that the municipality is already
struggling with time and manpower.

As aresult, active interaction can be simulated with AR (Figure 57).
Immersive experiences that are tailored towards the inhabitants

of Carnisse can be crafted to lower the Cognitive Loads when
assimilating information. It provides another flavour to choose from,
and due to the novelty can become something that is spoken about
with neighbours, family and friends, thus sparking a movement. Next
to that, the interactivity element builds upon choice, inhabitants can
choose what they want to learn, strengthening self-governance and
self-efficacy.
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Figure 55: Fassive Learning Figure 56: Active Learning Figure 57 Immersivel.earning
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3.4.3 Measuring Motivation

Currently, the municipality’s approach relies on residents’ intrinsic
motivation to stay informed and engaged. However, there is a clear
misalignment between the municipality’s expectation of self-efficacy
and the actual willingness of inhabitants to participate (Sociaal

en Cultureel Planbureau, 2020; Burmanije, 2022). A structured
approach to motivation could bridge this gap and foster stronger
engagement. Self-Determination Theory and the Motivation
Continuum (Visser, 2017) (Figure 58) provide a valuable framework
for shifting from externally driven motivation to intrinsic, value-driven
motivation, thereby encouraging sustained involvement..

This framework differentiates between “wantivation” (intrinsic,
personal value-driven motivation) and “mustivation” (extrinsically
motivated by obligation). By aligning AR experiences with residents’
values and emphasizing direct benefits, AR can foster “wantivation”
thatis rooted in residents’ sense of value and interest. For instance,
AR experiences that visualize a cleaner, greener neighbourhood not
only illustrate the impact of sustainable behaviours but also appeal
to personal and community benefits, thus encouraging intrinsic
motivation. Over time, this approach can drive a deeper connection
to sustainability and CE principles, enhancing residents' self-efficacy
and willingness to engage in ongoing municipal efforts.

The Motivation Continuum

. | Extent to which basic psychological needs (of autonomy, competence, and relatedness) are satisfie
S l ! ! ! l
s Amotivation Controlled motivation Autonomous motivation
b4 : . . y . .
g Feeling unable “mustivation’ “wantivation”
s and unwilling,
inding nothin L L oL
s intergsting Org Extrinsic motivation Intrinsic
o . . . . .
S important Internalized motivation motivation
. | I I I | |
> Inact.lylty h’gﬁrndl P“{}?“r‘— Internal pressure Usei.:ulness-drl.ven Value-driven Interest-driven
° Passivity, be:q‘ﬁf:g;“e;e‘r‘;i ; Doing something Doing something Doing something [ [ Doing something
5~ | avoidance, 7 e because of internal because experienced || because it fits with because it is
= oppositional (pull)lﬁhments “musts” and usefulness, one’s own deeply interesting or
2 behavior L expectations relevance held values enjoyable
(7]
e« I I I I I I
Insecurity, fear i i i L :
2 of ﬁiﬁl’e Tegsr:;?g’;iifﬁ’r}gﬂe Feelings of guilt, Sense of volition, pleasure, energy, persistence, deeper
O — a N & @ o L . 5 . .
g resistance, . bhle;(;l iovivoiil?se of learning, performing well, gratification
apathy dissatisfaction

© 2017. Translated version adapted from Visser, C.F.
(2017). Leren & presteren. Just-in-Time Books.

Figure 58 Motivation Continuum by Visser (2017)
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This figure is based on the work by Richard Ryan and Edward Deci and many other researchers in the field of
Self-Determination Theory. The terms mustivation and wantivation were coined by Maarten Vansteenkiste.




By applying Visser's proposed strategies that frame information
as Usefulness-, Value- and Interest Driven, self-efficacy as well as

motivation can be strengthened. This relationisiillustrated in Matrix 2,

andis also outlined in self-efficacy theory by Albert Bandura (Lopez-
Garrido, 2023). Itis also interesting to note that self-efficacy can be

strengthened by Imaginal Experiences (=basically portraying goals
as achievable, and the most likely outcome) (Maddux, 2013). This
further supports the case for using AR, asimmersive experiences
can be designed to facilitate these imaginal experiences, reinforcing
both motivation and self-belief.
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Meatrix 2: Self-Efficacy and Motivation
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3.4.4 Establishing the Framework

When combining the Motivation Continuum, Self Efficacy;,
Active & Passive Learning and plotting the Municipality’s current
communication methods, we get Matrix 3.

This matrix highlights where communication gaps currently exist
and gives direction on how to continue. By considering “Active
Learning” and fostering “Wantivation”, self-efficacy can be improved.
AR can be leveraged to bridge this gap, and create communication
channels that resonate with the inhabitants while teaching them a
thing or two.
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3.4.5 Summarising the Lesson:
Sensemaking

To conclude this chapter, the scope goes beyond
communication and incorporates learning as well
communication. By broadening this scope, lessons and
strategies from Bloom's Taxonomy, Self Determination Theory
and lastly Active vs. Passive learning can be used to create
actionable design strategies. These strategies are shown
below.
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I Ap
’ Understand

Remember

Bloom’s
B Taxonomy

When sharing information, keep the taxonomy in mind. Focus
first on Remembering and Understanding, explain ideas

and concepts. Afterwards move towards to applying that
knowledge, analyzing the world with this newly gathered
knowledge, forming an own opinion by evaluating and lastly
creating new original work. This progression ensures

that residents become active participants rather than
passive receivers of information.
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Active vs.
Passive
H Learning

Create immersive learning experiences that move away from the

one-way street style of communication. Create interactionand a
way that facilitates Feedback Loops. AR can facilitate this shift,

making abstract concepts tangible and interactive.

Self Efficacy &
Determination
H Theory

Go towards Intrinsic Motivation, or “Wantivation’, by making the
information that is shared:

* Usefulness driven: Make sure that the information becomes

actionable and useful in day to day life. How can the inhabitants

leverage the absorbed information to make their life more
fulfilling and gratifying? And how can they use the gathered
motivationimmediately instead of letting it fade away?

¢ Value Driven: Make sure that the information provided fits with
the beliefs and values of the inhabitants of Carnisse. Speak
their language. For instance, show the benefits of more green
ina visual way and plain way, that is in line with municipal policy.
This way, the “Cautious Neighbour” can see what something
looks like and mentally prepare. Make sure their guestions are
answered.

¢ Interest Driven: Make something enjoyable, and highlight
personal and community benefits, such as improved quality of
life, social cohesion and shared responsibility.
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Results

The theoretical framework from the previous chapter needs to be put

to the test. As aresult, this chapter will delve deeper into the developed
prototypes and their corresponding tests. This chapter will function as
practical evidence on the effectiveness of AR as a communication tool in
Carnisse, and eventually Leidschendam.

To start, the first prototype will be reviewed, and the executed A/B test
results will be shared. Afterwards, the improved prototype will be shared
alongside the small-scale validation and triangulation test.

The insights from the aforementioned prototypes and tests have been
used to develop a Future Strategic Direction in the form of a Roadmap.

Based onthis test and its results, an iteration was designed that incorpo-
rated improvements and is validated in Rotterdam Carnisse and Leid-
schendam Fluitpolderplein, two areas with similar profiles. The results
were triangulated to see if generalisation for the application of AR was
possible.

Furthermore, three strategies with the learned lessons from this thesis will
be shared.

And to conclude, a summarisation of the design process will be shared

inthe form of a Design Evolution. This evolution will link back to the Delft
Innovation Method, and give more insight in executed experiments and
the design process.

In this chapter:

41Prototype 1: AR Website Translation

4.2 A/B Test Results Prototype 1: AR Website Translation

4.3 Prototype 2: Digital Sustainability Tour

4.4 Test Results of Prototype 2: Triangulating Carnisse & Prinsenhof
4.5 Future Strategic Direction

4.6 Design Evolution
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4.1 Prototype 1: AR Website Translation

The first AR prototype, The AR Website Translation, was de-
veloped to test AR as a communication medium by translating
the content of the municipal website “Wat is een Circulaire
Economie?” into aninteractive experience. The two media
formats were then compared in an A/B Test. The prototype
was built on insights from the AR Toolbox discussed in Chap-
ter 3.3.3 to align with cognitive load principles and optimize
user engagement.

411 A Green Start

This stage functioned as a gateway to AR, and provided the users
with a short tutorial that learned participants the ropes of what
interactions were necessary to complete the tour. Users were
tasked to press the red button, look around to find the green button
and press that, and eventually continue to the next stage. The
isolated stage can be found in Figure 59.

v

Figure 59: Overview of ‘A Green Start’
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To enhance user comprehension, the prototype presented
information in a linear path supported by audio narration and
visual aids, designed to reduce Extraneous Load and maintain
focus on key concepts. By synchronizing audio and visual
elements, it aimed to increase Germane Load, allowing users
to concentrate on the most relevant information without
cognitive overload. The following sections detail each stage
of this prototype’s development. All stages of the prototype
are shared below.

4.1.2 The Essence of Circurity

After finishing the tutorial, a wooden deck appears that guides the
user towards the first content-related stage. Here, it is explained
what Circularity means for Rotterdam, and recyclability and
durability are highlighted. This information is synchronised and starts
from left to right, as to not overstimulate the user. Figure 60 shows an
isolated view of this stage.

Figure 60: Overview of “The Essence of Circularity”



4.1.3 City in Movement

Inthe “City in Movement” stage, the user is greeted with a miniature
of the Erasmus Bridge, the “de Rotterdam” building, and the Nieuwe
Maas River. This stage aims to demonstrate why sustainable
behavior within a circular economy is essential. Climate change
impacts our society, and fluctuations in water levels must be
considered to build a resilient city. Since these challenges can feel
distant, AR is used to bridge the psychological distance, bringing the
issue closer to home. Figure 61shows anisolated view of this stage.

4.1.4 Transforming Trash into
Treasure

The next path appears, and the user is tasked to walk towards the
hydraulic press. This machine is a visual metaphor for the transition
of waste becoming products. Plastic bottles are compressed, and
as the pressrises, a new bottle emerges. This stage aims to shed
alight on the production process that is usually kept in the shadow
outside of the inhabitants reach. Figure 62 shows anisolated view of
this stage.

Figure 61: Overview of ‘City in Movement”

Figure 62: Overview of “Transforming Trash into Treasure”
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4.1.5 Balance for the Planet

This stage aims to simplify the Planetary Boundaries principle

by showing a simple supply and demand graph that relates to
materials. The user is greeted with the Reuse, Reduce, Recycle
strategies on top of a table, and can press the corresponding button
to see the effect these strategies have over the supply of materials.

This stage aims to put the user in a position where they can directly
see what effect these strategies have on the grander scheme of
things, and make this concept more tangible. Figure 63 shows an
isolated view of this stage.

12

Figure 63: Overview of ‘Balance for the Planet”



41.6 The Sustainable Path

Lastly, the user is shown a television and a closing message that
acknowledges that this transition is a daunting task. Yet by tackling
itin a stepwise manner a change can be made. Apart from being
difficult, this transition can also be fun, adding more green makes
cities more liveable. Engaging with neighbours improves social
cohesion and quality of life. Sharing has the power to lower costs,
which means money can be spent elsewhere. There is light at the
end of the tunnel, and the journey is part of the destination, whichis
why we all should contribute. Figure 64 shows anisolated view of
this stage.

Figure 64: Overview of “The Sustainable Path’
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41.7 The Total Overview

Figure 65 shows the total overview of the immersive experience,
that has been made to fitin the Zuidplein Library as well as the
Amelandseplein within Carnisse. A pilot test has been executed with
this prototype, which can be found in Appendix E.

Figure 65: Total Overview of Prototype
114



Access to Prototype.

: Ifyou want to testoutthe
| prototype for yourself scan the
 QR-codeontherightpage. To
dothis, youneedtoinstalithe
Aeroviewer gppinthe App-
~ orGoogle Playstore Make
'_  sure you have enough sbczce .
 and always beware of your
.Surround/ngsl ;
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4.2 Test Results AR Website Translation: A/B Test

In this section, the results of the AR Website Translation proto-
type A/B Test are shared. A total of 16 participants have been
tested, 8 in control Group A and 8in AR group B.

The data has been collected using paper questionnaires, and
these results can be found in Appendix F. As explained in the
method, quantitative data has been collected via Likert Scales
and answers to the questionnaire. In addition, Qualitative data

4.2.1 Quantitative Results

This section will discuss the Quantitative Results gathered from the
A/Btest. Tables containing the summarised results will be shared
here, but for the complete tables Appendix G can be consulted.

4.21.1 Introductory Questions

The introductory questions helped organize the experiment,

with the question “How much do you know about sustainability?”
serving as agauge for the accuracy of the results. Notably, 38%
of Control Group A reported a “more than basic” understanding of
sustainability principles, whereas 88% of AR Group B did (Graph
1). This difference needs to be considered when interpreting the
results.

Participants were recruited from the same locations (Zuidpoort
Library and Gouwe (Kl)ouwe) and at similar times (14:00 —17:00),
though on different days. Ideally, prior knowledge levels would be
comparable across groups to avoid potential biases, but due to
time constraints and recruitment challenges, participants were not
selected based on this prior knowledge.
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has been gathered via open-ended questions and loosely
structured interviews with the participants after the tests.

These interviews provided deeper insights into participants’
experiences and helped identify latent needs, which can be
leveraged in future iterations of AR tools for Municipal use.
First, the Quantitative Results will be reviewed, followed by the
Qualitative Results.

Respectively, results covering the introductory questions,
Engagement, Comprehension, and finally Retention & Memorization
willbe shared.

62%

36%
12%
More than Basic Level More than  Basic Level
Basic Level Basic Level
Control Group A AR Group B

Graph 1: Comparison of prior knowledge levels bvetween groups
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4.21.2 Engagement

To assess engagement, participants completed a Likert Scale
evaluating engagement, control, and trust. Additionally, participants
estimated the duration of the test, which was used in a Subjective
Perception of Time (SPT) test—a scientific method reflecting the

idea: “time flies when you're having fun”.

Theresults reveal that AR Group B reported higher average
engagement scores (5,75,5,50, 6,63 >4,38,3,25,5,75) and lower
standard deviations compared to the control group. These findings
are summarizedin Table 2. Furthermore, participants in AR group

B perceived the test duration as shorter, with SPT-test results
presentedin Table 3.

Control Group A AR Group B
Mean Std. Mean Std.
Deviation Deviation
Engagement | 4,38 2,2 5,75 1,39
Control | 3,25 1,75 5,50 1,51
Trust | 5,75 1,2 6,63 0,74
Table 2-Means and Standard (std) Deviations comparing engagement
Control Group A AR Group B
Average Real Time Perceived Real Time
Perceived Time
Time
7mb6s &6Em18s 13m4dis 18m49s
Table 3: SPT-Test Results

18




4.21.3 Comprehension

For this part of the study, the answers of the participants to the
questions below were compared to specific keywords that
represented concepts that participants were exposed to. The
questions asked were:

«  Canyourecite verbally what you experienced during the test?
«  Canyouexplain what a circular economy is?

Points were awarded based on the ability to mention something akin
the following relevant keywords and concepts:

Reuse, Reduce, Recycle

The Climate is changing

Waste, we can do something with that

Material demand is challenging the supply

It is a daunting task, but we can tackle it in a stepwise manner

SIFNESN SIE

A summarisation of the results can be found in Table 4. From this
table, it can be seen that Control Group A scored lower (mean=1) as
opposed to AR Group B (Mean=2,25), suggesting AR can help with
comprehension.

Control Group A AR Group B
Mean Std. Mean Std.
Deviation Deviation
Correct Answers 1 0,76 2,25 1,04

Table 4: Summary of Comprehension Results

4.21.4 Retention & Memorisation

The Retention & Memorisation test was designed to evaluate the
participants ability to recall and retain information presented during
the experiment. This aspect of the study was particularly crucial
asit directly relates to the effectiveness of the learning experience
facilitated by AR versus the municipal website, and simulated “long-
term” memory by calling participants at +-2 weeks after the initial
exposure.

Theresults revealed that participants in the AR Group B exhibited
an almost twice as high average retention score (mean=2,71)
compared to those in the Control Group A (Mean=1,50).

These summarised results can be found in Table 5.

Control Group A AR Group B
Mean Std. Mean Std.
Deviation Deviation
Retention score 1,50 0,837 2,71 1,38

Table 5: Summary of Retention & Memorisation Results
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4.2.2 Qualitative Results

Apart from the Quantitative insights, participants were loosely
interviewed. Insights gathered from these conversations and
observations are shared in this section.

4.2.21 Introductory Questions

When participants were working on the introductory questions, an
interesting phenomenon related to the collection of phone numbers
and photo consent emerged.

While two participants from Control Group A were uncomfortable
sharing their phone numbers, all but one participant from the AR
group (who did not own a phone) were willing to provide theirs.
Additionally, website participants expressed discomfort with

4.2.2.2 Engagement

Regarding engagement, qualitative insights reinforce the
quantitative findings from Chapter 4.21.2. Participants expressed
enthusiasm for the new technology and noted that the AR
experience, despite its longer duration, made time seem to pass
more quickly, as reflected in the SPT-test.

Participants valued the interactive elements of AR, which enhanced
theirimmersion and connection to the content. Participants also
highlighted AR's benefits for those who struggle with language
barriers or limited imagination. They preferred AR over VR due to
AR's integration with the real world and its facilitation of interaction
with others. Notable quotes include:

- P1:"lliked the concept and understood what happened.
Especially the changing water levels in Rotterdam struck
me.”

« P83 "llike theinteractions AR offers. | follow tech trends closely,

solthink Iwould like to see AR on more places, even though it
sometimes can be atad childish, / just think it’s more fun.’

120

having their pictures taken and did not consent when asked, which
contrasts with the AR participants’ greater willingness to engage.
These observations suggest that AR might build trust through
immersive and interactive experiences, enhancing user confidence
and willingness to participate. This trust-building capability could
be further investigated in further research, as this evidence is only
indicative and not yet concrete.

«  P5:"Such a concept could work well for a big group of
people, namely those who struggle with imagining what
certain things will look like.” Quote 2: “However, be cautious
of adigital world, Virtual Reality can really suck people into their
own bubble, and it becomes difficult to have interactions with
them, that's what | like about your variant, as it still shows the
real context and things happening, meaning you are not
fully closed off.”

- P8:"“lamthekind of person that finds it difficult to look around
and explore whilst listening closely to information. | can focus on
one thing thing. Even though the story is quite simple and easy
tofollow, sometimes | struggled with that. That’s why I liked the
fact that you can click buttons multiple times, and you can
listen to the parts again.”
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4.2.2.3 Comprehension

The higher comprehension scoresin AR Group B from Chapter
4.21.3 seemto suggest that AR can be used to enhance
understanding of complex topics. The interactive and immersive
nature of AR facilitated better engagement with the material, leading
toimproved comprehension. AR allows users to see and interact
with information in a more dynamic and context-rich environment,
which according to Cognitive Load theory helpsin reinforcing key
concepts and principles.

Itis interesting that the municipality has opted for a website doctrine
that utilises little to no visual aid. This offers little context,and when
combined with difficult language this makes the Cognitive Load
high, asking a lot of brainpower from the participants.

This became apparent with the following quotes from participants
from Control Group A:

«  P1&P2:"We come from Turkey and had trouble with the text.
We did not properly understand it, even though we speak
Dutch quite okay.”

«  P4:"The text felt like | was thrown into a theme without
an introduction. | already knew what Circular means, but a
specific context or intro would be nice. Next to that, the texts
do not read that well.”

4.2.2.4 Retention & Comprehension

The quantitative results suggest that the immersive and interactive
nature of AR may contribute to better retention of information.
Throughout the test, it was interesting to note that even onthe
phone, participants from Group B took a stepwise approach when
answering the questions. Participants thought aloud and said things
inthe like of: “At first, | walked here, then | saw this..” etc. On the other
hand, participants from group A were in most cases not able to recall

122

«  P5:“lam alanguage coach at the Zuidplein Library, and |
think the written text is too complicated. Simple language
is key if you want the message to stick to everyone, even
those with lower levels of literacy’

It was interesting to note that P4 experienced the website as topics
that were loosely connected. Within AR group B, no participants
mentioned this issue. This can stem from the fact that the AR
Website translation shared information piecewise inislands, and
therefore this might be subconsciously perceived as separate
pieces of information. The overarching theme of Sustainability &
Circularity connect them, which s visually represented in the path.

The last interesting observation was perceived in the independr
of the participants. AR participants went their way with the
questionnaire, whereas multiple participants from Group
clarification on the questions.

specifics, and did not operate in a structured way.

Next to that, itis notable that multiple participants from Group B
mentioned that the exaggerations left a lasting impression. These
participants were able to recall the specifics of the interactions, and
mentioned that it left them thinking about the situations.
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4.2 Prototype 2: Digital Sustainability Tour

This section focuses on the next iteration of the AR prototype,
where the previous insights have been incorporated into the
design. Key improvements include the addition of more inter-
active elements, a stronger narrative flow, enhanced acces-
sibility features, and the introduction of a physical touchpoint
that bridges the gap between residents and the municipality.
The prototype has also been gamified more to leverage AR’s
unique strengths, making the experience more engaging and
enjoyable.

4.3.1Key Changes

After testing the initial prototype, it became apparent that AR can be
a valuable addition to the Municipality’s Communication Toolbox.
Both quantitative, qualitative and observational insights from the

Key changed include:

Exaggerations of long-term effects and visualizations of the impact

of certain behaviours resonated with participants. These aspects willbe
maintained or expanded in the next version to reinforce understanding and
engagement.

Interactive elements, such as buttons that affect the digital environment,
were highly appreciated by users. Therefore, more interactions will be
added to encourage active participation.

To create a consistent starting point, an object that bridges the physical
and digital worlds was considered necessary. Research shows that the
“‘disconnect” between residents and the municipality makes dialogue
difficult. To address this, a municipal touchpoint, represented by a ballot box,
isintroduced, offering a space for both information sharing and gathering
feedback. This links back to the need for dialogue-based communication,
rather than one-way information delivery (Chapter 3.21.2)

AR Fatigue , has been taken into account. This phenomenon takes place
when participants hold the device for AR for alonger period of time. This can
cause cramps and discomfort. As aresult, the time the test and experience
take should be takeninto account.
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Through visualizations, a detailed storyboard, and descriptions of
the key features, this section will walk through the design process
of the new prototype, explaining how it was developed to address
the communication challenges identified in previous sections. The
Digital Sustainability Tour is introduced, offering residents interactive
content on Biodiversity, Heat Stress, and Water Floods, chosen for
their relevance to the community.

A/Btestinformed key design adjustments for this new iteration,
which will refine the user experience and communication strategy.

The language used in the first prototype was identified as overly complex.
Toimprove accessibility, a B1 language checker was used to simplify the
text. Additionally, the narrative flow was described as inconsistent, though
not overly distracting. Still, adjustments have been made to streamline the
story and maintain focus, ensuring clarity.

Interms of Diversity and Inclusion, the AR experience should mirror the
accessibility functions of websites, such as adjustable font sizes, voice
recitation, and language selection. A personalization console will be added,
allowing users to customize their experience, further aligning with the
principles of inclusion and accessibility.

Gamification: AR presents a unique opportunity for gamification, which
remains underexplored in previous iterations. This potential has further been
leveraged to make the experience more enjoyable and interactive (see
Interest-Driven Motivation in Chapter 3.4.3).

Call to Actions have been used to greater effect. By digitally linking
relevant webpages from the municipality in the AR experience, participants
canimmediately access information necessary to start aninitiative

for themselves. This makes it easier to do something relevant with the
discovered information.



4.3.2 The Digital Sustainability Tour

A Digital Sustainability Tour was created, offering basic information A new feature was introduced to connect the physical and digital
about Rotterdam’'s CE ambitions and three relevant subtopics: worlds; amunicipal touch-point. In this case, the touchpoint is a ballot
Biodiversity, Heat Stress, and Rising water levels. These topics box, where participants can leave their feedback, symbolizing a
were selected due to theirimportance to the residents, linking back communication channel between the residents and the municipality.
to the concept of Usefulness-Driven Motivation). Additionally, the This idea stems from the preliminary research, which highlighted
experience was designed to be more en-gaging, contributing to that the residents of Carnisse often feel unheard (see Chapter 3.2.3).
Interest-Driven Motivation, with the ultimate goal of fosteringintrinsic ~ This manifested itself into a Ballot Box (Figure 66), which can be
motivationin users (see Chapter 3.4.3). seenas amunicipal touchpoint.

Figure 66: Ballot Box used as starting point and Feedback Mechanism
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4.3.2.1 The Storyboard

Astoryboard (Figure 67) was used to develop this new iteration. The  overview image of the full iteration is shared in Figure 68.
following steps highlight the gist of this new iteration. Afterwards, an

2. )

Arrival at the Ballot Box: The participant walks towards the Introduction by a Municipal Official: The first time the
ballot box. ballot box is introduced, a municipal official explains the
project.

Immersive Journey: The participant walks through the Reflection Form: The participant is given a formto reflect
experience, engaging with the contentin the order they ontheir experience and share their opinions.
chose.

Figure 67 Storyboard Drawing of the Digital Sustainability Tour
126



Scanning the QR Code: The participant uses their own
smart device to scan the QR code. This grants access the
AR experience.

Ballot Submission & Feedback mechanism: The
participant drops their feedback in the ballot box, which
willremain at the location for approximately two weeks to
encourage further participation.

Element of Choice: The user isintroduced to the Circular
Economy and the municipality’s plans. They can then
choose to explore one of three subtopics: Biodiversity, Heat
Stress, or Rising water levels.

Community Engagement: | ocal Leaders and Event
Enthusiasts (as identified in Chapter 5) are expected to act
as early adopters. Through word-of-mouth, they will spread
awareness and encourage others to participate, creating a
wave of community interest.

127



04 | Results

4.3.2.2 Overview of The Digital Sustainability Tour

The new iteration was built using Adobe Aero, and a detailed
overview can be found in Figure 59. The steps outlined in the
storyboard are expanded upon, showing how each stage functions.
Fullimages of the iteration can be found in Appendix H, including
the text that is recited to participants at each stage. Below, all
stages of the new iteration are shared and numbered. The numbers
correspond to the numbers on the overview image to the right.

Rundown of Stages:

Diversity, Inclusion, & Accessibility: Personalization
options, such as adjustable font size and language
selection, willenhance the experience for all users,
ensuring that the AR platformis accessible to
individuals with varying needs and preferences.

Tutorial Island: A new feature designed to guide
first-time users through the AR experience, ensuring
they understand how tointeract with the systemand
navigate the various features smoothly.

What is a Circular Economy?: This section
introduces participants to the basic concept of the
Circular Economy, explaining how it differs from
traditional economic models and why it isimportant
for creating sustainable communities.

Why do we need a Circular Economy?: This
segment expands on the necessity of adopting a
Circular Economy, illustrating its potential to reduce
waste, promote resource efficiency, and contribute to
amore sustainable future for Rotterdam.

How can we make Rotterdam more biodiverse?:
This topic focuses on Biodiversity and explores
ways to increase green spaces and protect local
ecosystems, emphasizing the importance of a
healthy, diverse environment in making the city more
resilient.
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Another notable change in the design is the replacement of the
ballot box with a door. This door acts as a portal to the digital
information and was chosen because it sparks curiosity more
effectively than a ballot box. Tollustrate, the ballot box is quite logical,
itis used to gather opinions. However, when there is arandom door,
people willwonder: “What is this door for?” and investigate. Next to
that, the door can still retain the functionality of collecting feedback
through a mailbox, so no functionality is lost.

This prototype was also pilot tested, of which the results can be
seenin Appendix I.

How can we combat Heat Stress?: In this section,
participants learn about Heat Stress and its growing
impact on urban areas, particularly in Rotterdam. The
contentincludes strategies for reducing heat-related
risks through urban design and community action.

How can we combat rising water levels?: This part
addresses the challenge of rising water levels and
flooding, providing insights into Rotterdam’s water
management strategies and actions residents can
take to contribute to flood prevention efforts.

Closing Message: A final message to reinforce

the importance of community involvement and
continuous feedback in shaping the future of
Carnisse, encouraging participants to engage with
sustainability initiatives and share their thoughts with
the municipality.

Access to Prototype:

If you want to test out the prototype for
yourself, scan the QR-code on the right
page. To do this, you need to install the
Aero viewer app in the App- or Google
Play store. Make sure you have enough
space, and always beware of your
surroundings!
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Figure 68 Overview of The Digital Sustamnability Tour
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4.4 Test Results Prototype 2: Carnisse & Fluitoolderplein

This section discusses the final validation test, conducted

at the Zuidplein Library in Carnisse and the Fluitpolderplein
Library in Leidschendam. A total of ten participants, five

from each location, engaged with the Digital Sustainability
Tour prototype, followed by a loosely structured interview or
reflectionnaire. The goal was to determine whether reception
toward the prototype remained consistent in neighbourhoods
with similar profiles.

4.41Key Findings

The Key Findings from this final experiment will be shared in

this section, subdivided in comments about Engagement and
Perceived Value AR has in Communication. Then, speculations
and considerations of Participants on future use-cases are shared.

4.41.1 Engagement and Perceived Value

Overall, participant engagement remained high across both
locations, with users describing the experience as interactive,
visually stimulating, and informative. The inclusion of gamified
elements and an emphasis on choice within the AR environment
kept participants curious and motivated to explore further. Notably,
participantsin both Carnisse and Leidschendam valued the novelty
and interactivity of AR, often expressing that it was more engaging
than a traditional website or printed material.

Participant 1 (Carnisse) found the visual and interactive elements
compelling, noting that AR could enhance learning for complex
topicsin high school settings. They were especially interested in
seeing AR applied at local landmarks, such as Erasmus Bridge,
to visualize floods in real time: “l would be curious to see AR

come to life at contextually relevant locations in Rotterdam, like at the
Erasmus Bridge, for example, so you can see a fbod in real-time.”

Participant 1also appreciated the engaging format, stating, ‘It is
always fun to receive information in a visual and animated way. Next
to that, exploring the content at your own pace and discovering
everythingis nice.”
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The results of the interviews are detailed in Appendix L, where filled-
inreflectionnaires and interview notes can be found. Although the
reflectionnaire was initially intended as a written questionnaire, it was
more effective to discuss the questions verbally with participants,
using the form to document their responses.

Afterwards, Contextual Relevance will be reviewed. Next to last,
the interaction and accessibility will be reviewed and lastly key
considerations in the form of Action Points are shared.

Participant 3 (Carnisse) highlighted AR’s versatility and
portability, saying, “It is cool that AR can be used in any space.”
Participant 5 (Carnisse) noted the usefulness of AR as anovel
technology to share information. She expressed gratitude that
thisimportant subject was gaining attention among younger
generations: “Such a clear explanation is very useful. Done
intelligently. A lot is covered, but it remains well-organized”. and
“Finally, | just want to say that I'm glad to see a younger generation
working on something I've always felt was important, but in which |
often felt quite alone. Fantastic!”

Participant 7 (Leidschendam) valued the gamified interactions,
explaining that AR's cause-and-effect elements effectively
conveyed information. They suggested that AR would be
particularly valuable in educational settings where complex
Cause-Effect relations can be explained visually and
interactively.



4.41.2 Envisioning an Immersive Future: in an educational and public setting

Participants across both locations saw clear potential for ARin
educational settings, such as schools, libraries, and museums. They
expressed that the visualizations made abstract or complex topics
more tangible, especially in subjects like history, social studies, and
the environment. The prototype’s format allowed users to explore
topics at their own pace, which several participants noted as a key
strength of AR for learning environments.

Participant 3 (Carnisse) saw value in using AR at museums or
monuments, where history could be brought to life: ‘It would be

interesting to use AR in different contexts, like on monuments or
during history classes, to let the past come to life. Next to that, it would
be fun to use in social studiies classes.”

Participant 8 (Leidschendam) suggested that AR couldbe a
meaningful addition to town halls, where residents in waiting rooms
could engage with sustainability content. They also envisioned
using AR to show future urban situations, turning city planning
into participation and giving a voice back to the inhabitants.

4.4.1.3 Contextual Relevance: Bringing Sustainability towards your doorstep

While Carnisse participants were engaged with the Rotterdam-
centered content, some in Leidschendam expressed a desire for
the experience to include more locally relevant information. This
finding highlights the importance of contextual relevance in AR
experiences to create a more personal and meaningful connection
for users. Participants suggested tailoring the content to specific
neighbourhoods, such as highlighting relevant subsidies or projects
in Leidschendam.

Participant 9 (Leidschendam) found the visuals captivating but
felt they would have connected more deeply if the content
was failored towards Leidschendam. They suggested adding

4.41.4 Interactions and Accessibility

Feedback on usability was generally positive, though several
participants noted that the experience could be further enhanced
with additional interactive elements. Minor usability challenges
included some difficulty with orientation within the AR environment,
suggesting the need for a tutorial feature to guide first-time users.

Participant 3 (Carnisse) experienced some “AR fatigue” when
using a tablet, indicating that a shorter or more modular experience
might reduce user fatigue. Yet also mentioned a preference for the
openness of AR over VR, noting that AR allowed them to remain
engaged with their surroundings.

practical steps residents could take in their own neighbourhoods,
like setting up facade gardens or applying for subsidies, specifically
for Leidschendam.

Participant 10 (Leidschendam) noted anincreased interest in
sustainability after the experience, wanting to apply similar practices
in Leidschendam: “I'd like to know more about how we can do
similar things here (in Leidschendam)”. This feedback indicates
that while AR content can have a broad appeal, contextually relevant
information makes the information actionable and more urgent.

Participant 6 (Leidschendam) appreciated the simplicity and
clarity provided by the visualizations, which helped maintain focus
on key messages without overwhelming them with text. They also
emphasized the benefit of using imagery and analogies to
convey complex ideas, further reinforcing the accessibility of
the AR experience.
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4.41.5 Lessons Learned: Action Points for Improvement

Theresultsindicate that AR can be an effective tool for engaging
and educating residents on sustainability topics, with both Carnisse
and Leidschendam participants responding positively to the format
and interactivity of the Digital Sustainability Tour. Key considerations
from this testinclude:

High Engagement across Contexts: The gamified
elements and interactive design of the AR experience were
well-received by participants, maintaining their interest and
encouraging exploration of sustainability concepts.

Potential for Broader Educational Applications:
Participants from both neighbourhoods expressed
enthusiasm for seeing AR in schools, libraries, and public
spaces. This supports AR's applicability in municipal and
educational contexts where active learning could enhance
public understanding of sustainability topics.

Importance of Local Relevance: To optimize impact,

AR experiences should include location-specific content.
While Rotterdam-based content was effective in Carnisse,
Leidschendam participants wanted information relevant
to their neighbourhood, suggesting that localized
adaptations may facilitate deeper personal connections
and encourage action. Fromalogistical point of view,
generic models can stillbe used, but itisimportant that a
level from the experience refers to something of contextual
importance.

Figure 69 Comparison between Rotterdam and Leidschendam
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Usability and Accessibility considerations: Feedback
oninteraction flow, AR fatigue, and user orientation
suggests that AR experiences can beimproved. The
tutorial should be more clear, and visual cues that support
wayfinding and interactions can be leveraged to a greater
effect to make the experience more accessible to a larger
audience.

AR as a kickstart to Action: Participants across both
locations felt that AR facilitated a better understanding of
how they could take concrete steps toward sustainability.
Linking the experience to real-world actions, such as
subsidies and neighbourhood initiatives, was particularly
valued, as it provided immediate pathways to action.




Fluitpolderplein in front of Library, L eidschendam
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4.5 Future Strategic Direction

Building on the insights from the previous chapters, this
chapter outlines three strategic directions that can be used to
implement AR in a way that not only informs, but also involves
and empowers residents as well as municipal officials in shap-
ing their community’s future.

These strategies are based on Bloom’s Taxonomy (Chapter
3.4.1) and follow a structured progression through Inform &
Remember, Analyze & Apply, and finally Evaluate & Co-create.
This approach aims to deepen residents’ learning and partic-

ipation, evolving from basic awareness to active involvement
and ultimately to collaborative creation through AR. These
strategies are designed to accommodate varying levels of
knowledge and engagement, addressing different personas
within the community.

With the ultimate goal of improving levels of proactiveness
and collectivism amongst inhabitants, resulting in higher
levels of self-efficacy and the emergence of more citizen-led
initiatives.

4.5.1 Incorporating AR in the Municipality

In Chapter 3.3.2.4,it was stated Immersive Technologies are

slowly gaining a foothold in municipalities. Both the municipality

of Rotterdam and Arnhem have executed pilots with AR and VR
respectively to immerse inhabitants in new municipal plans (Snoep
& Kramer, 2024; Van der Heijden, 2024). Rotterdam has even

gone one step further,and they have set up the “De Digitale Stad”
subdivision, which released its new vision document at the time

of writing this thesis (Rotterdam in Transformatie, 2024). Within
this document, an Open Urban Platform has been discussed,
highlighting the possibilities and advantages a Digital Twin can have
onthecity.

Within this document, AR, VR and XR are identified as opportunities
for Rotterdam, and the Open Urban Platform, that basically functions
as adigital hub for inhabitants. Within this platform, the vision is that
inhabitants become creators and can share information about for
example services that can be delivered but also participation. The
first version of the platform will be released in 2025. In this version,
data from the real world (like locations of buildings, trees etc.) will

be shared in a digital environment. In the future, the Open Urban

Platform should become a portal in which inhabitants can become
active as well. Inhabitants could make profiles, explore the “digital”
city, or apply for permits. The municipality embraces the idea of the
“Citiverse”, where itis possible to visualise new building plans in real-
time, and simulate the effects. And they envision the following:

The “Rotterdamin Transformatie” document paints a bright picture
for Immersive Technologies, yet all these plans are only still that,
plans. Still a plethora of challenges before this becomes a reality.
The document is still visionary, and there is not yet a list of actionable
steps. As aresult, the following three strategies could be used to
guide and help municipal officials create immersive experiences that
connect withinhabitants.



4.5.2 Three Proposed Strategies

As stated before, the three strategies build upon Bloom's Taxonomy. having multiple horizons that are sequential, the proposed strategies

Next to that, the strategies have been formatted into a “roadmap- can be executed simultaneously. Theindividual strategies have
like” structure, that has been made in accordance with the “Design independent end-goals, that relate to the personas from Chapter
Roadmapping” book by Lianne Simonse (2024). Yet instead of 3241 The strategies include:

1. Inform & Remember

Digital Sustainability Tour

2. Analyse & Apply

Walk-Through Participation

3. Evaluate & Co-Create

Democratising Open Urban Platform
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4.5.21 Strategy 1: Inform & Remember

The accessibility and visibility of sustainability and CE goals canbe
improved by adding Digital Sustainability Tours. The primary aim of
this strategy is spread the message to the inhabitants of Carnisse in
away that resonates with them. Making minimal use of letters, the
tour aims to immerse users in information that is usefulness-, value-
and interest driven. Figure 69 shows animpression of this.

By placing these tours in public locations like the Zuidplein Library,
Amelandseplein or Gouwe (Kl)ouwe, the information becomes
visible and community driven, as opposed to letters, posters and
websites which usually are targeted towards the individual.

This strategy enables the shift towards a more collectivist mindset
by providing easy-to-access AR experiences that everyone can
understand and engage with. Due to this, residents are more likely to
view sustainability as a shared responsibility, rather than anisolated,
faraway goal. The communal learning experience unlocks a sense
of togetherness, building the foundational idea that sustainability
benefits the entire commmunity and requires collective effort. This
desired shiftis visualised in Figure 70.

Figure 69: Visualisation of Strategy 1: Inform & Remember
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Figure 70: Desired effect of Strategy 1on personas of Carnisse
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4.5.2.2 Strategy 2: Analyse & Apply

Basic Sustainability and CE knowledge can be used to analyse the takes place in the neighbourhood. Figure 71 shows animpression

current situation in the neighbourhood. In this scenario, AR canbe sketch of this.

used during participation events. Participants are given access to

preset models that come with sustainable innovations referring to, This enables the shift to a more Proactive Mindset, while the munici-
but not limited to biodiversity, heat stress and water management. pal officials show effort by coming to the inhabitants and giving them
These models can then be placed in the real environment, and in- the tools to “design” their own streets. This desired shift can be found

stead of having participation events in conference rooms, the event inFigure 72.
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Figure 72: Desired effect of Strategy 2 on personas of Carnisse
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4.5.21 Strategy 3: Evaluate & Co-create

The last strategy is also the most futuristic. With an Open Urban
Platform as suggested by the Rotterdam in Transformatie (2024)
document, inhabitants can upload their own ideas for improvement.
Others can support ideas they like via voting systems or comment
sections, and as a result the Municipality of Rotterdam can act ac-
cordingly. Figure 73 shows animpression of this. More residents are
empowered to launch their own initiatives, driven by an enhanced
understanding of sustainability and the CE principles, possibilities
are communicated in a clear way, and increased trust is fostered

Figure 73: Visualisation of Strategy 3: Evaluate & Co-Create

140

through the Open Urban Platform, where it can be leveraged to turn
inhabitants into “architects” of their own neighbourhood, instead of
just being bystanders.

This enables the shift towards a more Proactive and Collectivist
mindset. Inhabitants are given the tools to become architects of their
own community,and have a platform to share their visions of how
the neighbourhood of the future looks like. This desired shift can be
foundin Figure 74.
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Figure 74: Desired effect of Strategy 3 on personas of Carnisse
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4.6 Design Evolution

In Chapter 2.1, the Delft Innovation Method was introduced.
Throughout this project, this specific method has been

used with some adjustments. Figure 76 shows anillustrated
Design Evolution, which gives an overview of different tests,
experiments and iterations that were made before eventually

Experiment 1: Testing a simple AR experience, where a QR code
was used to pinasmall television which could play an animation.
From this prototype, | got my first experience with tracing and lock-
ing AR objects into the real world.

MVP1: In MVP 1, simple tiles with a tree and a bench were made.
These tiles could be placed within the environment, and were a
proof of concept that showed the potential of AR. This MVP was
tested with David de Zwart, a municipal official from Leidschendam.
From the talk, it became apparent that AR has the power to visualise
things that are not really there, a beneficial strength that can be lever-
aged in participation sessions.

Due to the realistic nature of the models used, the experience was
rather slow and sluggish. Meaning a different approach to modelling
was required.

MVP 2: Building on MVP1, MVP2 introduced “islands” where
abstract sustainability and CE concepts could be explainedina
playful, cartoonish style using cell-shading. This technique reduced
processing demands, addressing the performance issues encoun-
tered in MVP1and allowing a smoother experience while adding a
distinctand memorable style.
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coming up with the AR Translation and The Digital Sustainabil-
ity Tour.

In order, the experiments, MVP’s and Prototypes were:

MVP3: This MVP essentially became the AR Website Translation,
this prototype was tested with 16 participants on engagement, com-
prehension and retention versus a municipal website. In this iteration,
llearned to improve immersive experiences with the Cognitive

Load Theory in mind. By synchronising information and tackling

the production process with a pipeline that resembles videography,
information could be delivered in a synchronised and simple way,
making it easier for people to follow.

Final Prototype: This became The Digital Sustainability Tour,and
was used in a validation exercise with inhabitants of Carnisse and
Leidschendam. The final prototype is a standalone sustainability
tour about Rotterdam and its ambitions and strategies to work to-
wards a CE. While the tour is portable and can be used everywhere,
its effectiveness is probably highest in Rotterdam, as the tailored
attention to recognisable models like the Erasmus bridge and “De
Rotterdam” positively influences the distance between the problem
and the user. Meaning the message hits closer to home.

Figure 76: Design Evolution that visualises the process









Discussion

This section discusses key limitations of the study and provides
recommendations for future research. The study’s exploratory
nature and use of prototypes offered insights into the AR as a tool
for municipal communication on Sustainability and CE principles.

However, several methodological constraints, participant dynamics,

and procedural choices influenced the outcomes. These factors
offer valuable lessons for future reference, to help and avoid facing
the same pitfalls.

In this chapter:
51 Limitations of the Study
52 Recommendations for future studies
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5.1 Limitations of the Study

Sample Size and Group Distribution

The findings of both the first as well as the second test were based
onarelatively small sample size of respectively 16 and 10 partici-
pants. Additionally,in Prototype Test 1, the groups were not evenly
distributed when looking at levels of prior knowledge of sustain-
ability and CE principles amongst participants. Although a prior
knowledge question was included, it was not effectively used to
dictate group assignments. Future studies should consider appoint-
ing participants based on their initial knowledge levels to achieve
balanced group distribution, which would enhance the reliability of
comparative results.

Novelty Effect of AR Technology

A potential novelty effect, or “wow-factor,” may have positively
influenced participants responses. AR technology, being relatively
new, may have led participants to rate the experience more favour-
ably due to its novelty rather than its intrinsic qualities as an effective
learning tool. This effect could diminish over time, transforming AR
from an engaging experience into a perceived gimmick. ltis es-
sential to acknowledge this possible bias in interpreting results and
consider that future iterations of the tool might need to incorporate
sustained value to remain engaging over time.

Technical and Accessibility Barriers

While AR shows promise in enhancing engagement, it may pose
technical challenges or accessibility barriers, especially for users
with low digital literacy levels. It isimportant to note confusion could
arise while navigating the experience, as well as device-related lim-
itations in the performance of hardware, which is especially relevant
in Carnisse when taking into regard the fact that it is a lower-income
neighbourhood. The inhabitants must not be expected to have flag-
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ship phones to see the experiences. These challenges can hinder
broader adoption in not only Carnisse, but the whole of Rotterdam
South. Therefor itis recommended to situate AR experiencesin
withinaccessible locations like public libraries, community centres
or town halls, where on-site assistance as well as hardware could be
available to guide users through the experience.

Time allocation in Contextual Analysis Phase

The extensive contextual analysis of Carnisse provided valuable
insights, but has diverted time and resources that could have been
used for deeper collaboration with Municipal stakeholders. Although
interviews with subdivisions from the municipality like Rotterdam
Circular and De Digitale Stad provided some insights, establishing
amore direct partnership with the Municipality of Rotterdam could
have offered a clearer understanding of municipal needs foran AR
communication tool. More intensive collaboration with the munic-
ipality probably would have enhanced the practical relevance and
potential scalability of the tool, from the perspective of the munici-
pality.

Recruitment Challenges and Testing Methods

The study initially aimed to conduct random sampling in Carnisse;
however, interactions with residents proved challenging, and some
negative encounters led to adjustments in recruitment strategy.
Testing was subsequently conducted in more controlled environ-
ments, such as public libraries and the Gouwe (Kl)ouwe initiative,
which limited the representativeness of the sample. Testing in fa-
miliar public spaces likely created a more comfortable environment
for participants but may have reduced the diversity of perspectives.
Future studies should consider recruiting participants from varied
locations across Carnisse to achieve a more representative sample.



5.2 Recommendations for Future Studies

Partnering with Organizations for increased Authority

A recommendation for future projects is to begin with a partnership
with a recognized organization, such as Rotterdam Circular, the
Municipality of Rotterdam, or alocal library. Collaborating with estab-
lished stakeholders could streamline the project, facilitate partici-
pant recruitment, and provide greater authority for planning focus
group sessions and prototype tests. Alternatively, collaboration with
social design agencies like Zeewaardig or Muzus could enhance
credibility and allow for structured, professionally guided testing
events. Collaborating with an organization could also alleviate some
of the communicational challenges faced in this study, such as diffi-
culties in securing meetings and recruiting participants.

Larger Scale Pilots

Partnering with an organisation, as mentioned before, could open
doors for larger scale pilot tests. It would be interesting to conduct a
pilot test within the municipality, to measure doubts and questions
of municipal agents. Next to that, pilot tests can be executed across
different neighbourhoods in Rotterdam South to provide additional
data on scalability, and could be used to identify areas for improve-
ment. Lastly, it would be beneficial to see whether the municipality
has the resources to develop AR prototypesin-house, perhaps
within the division of De Digitale Stad, as this could save costs and
give the technology a foothold within the municipality.

Conducting Group-Based Testing

Testing individual inhabitants provided qualitative insights, but was a
timely endeavour. Conducting group-based tests, preferably as part
of community events or workshops, could provide rich data on how
AR experiences are received in social contexts. Next to that, it would
allow for more participants in a shorter duration of time. Lastly, it
would be interesting to see whether participants engage in collabo-
rative learning and / or discussion.

Random Sampling and Recruitment in Public Spaces

For more robust and generalisable findings, future studies should
explore random sampling across various public locations in
Carnisse. Interactionsin public spaces can be unpredictable and
uncomfortable, sampling from a diverse set of (random) locations
would provide a more accurate reflection of the neighbourhood's
perspectives. To allow this, the presence of multiple researchers
could create a safer and more structured setting for testing, resulting
the whole of Carnisse of Rotterdam South can be reached instead
of just libraries and initiative locations.

Exploring AR beyond Inform & Remember

Apart from Inform & Remember, it would be interesting to build

and test AR-prototypes that incorporate Analyse & Apply as well
as Evaluate & Co-Create functionalities, to see what the response
is towards different activities that can be facilitated with AR. The
hypothesis being that co-designing one’s own neighbourhood is an
activity that enhances trust, gives a sense of pride & ownership and
increases Social Cohesion within the area. According to Wijkmoni-
tor (n.d.), this especially is desired in Rotterdam South.

Long-Term Memory and Retention Studies

It would be interesting to have studies that take long-term memory
into account. Perhaps another A/B test can be conducted in which
animproved AR prototype is compared with a website, and partic-
ipants are asked to recall information +-2 months after exposure. It
would be interesting to see what sticked.

All-in-one Experience

Lastly, it would be beneficial to turn the AR environment in an all-in-
one experience, meaning that no extra steps, apart from scanning
the QR-code with a smart device are necessary to complete the
tour and establish communication. This would make the concept
easier to scale, and would integrate everything nicely ina single
package.
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Conclusion

This research started with the question of whether and how AR can
be used to make CE principles more engaging, comprehensible and
memorable for the households of Carnisse. The study started off
with a contextual analysis kickstarted to answer why sustainability
and the CE are such elusive concepts, how Rotterdam currently
communicates and what their pitfalls are when reaching Carnisse
and lastly to learnif and how AR has been used in past cases, and
what its strengths and weaknesses are in communication.

On top of that foundation, two prototypes were developed to com-
pare the effectiveness of AR versus a municipal website, and assess
if reception towards AR can be generalised between neighbour-
hoods with a similar profile.

This chapter concludes this graduation thesis, and the main-and
subsequent sub-research questions will be answered.

In this chapter:
61 Answering the Main Research Question
6.2 Answering the Sub-Research Questions
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6.1 Answering the Main Research Question

JJ Can Augmented Reality be used to make Circular Economy Principles more
engaging, comprehensible and memorable, to the households of Carnisse? \\

Theresults of the A/B test indicate that AR canindeed enhance
engagement, comprehension, and memory retention among
households of Carnisse regarding CE principles. This outcome can
largely be attributed to principles from Cognitive Load Theory:in this
specific research, the prototype was designed to optimize Germane
and Extraneous Load, while minimizing Intrinsic Load by delivering
synchronized information in manageable, segmented bits. Partici-
pants rated the AR prototype higher on Engagement, Comprehen-
sion, and Retention than the municipal website, suggesting that AR
could be an effective tool for conveying complex information.

After the initial test, the prototype was improved to respect the rules
of the Motivation Continuum by Visser, as well as improve upon
points of feedback mentioned by participants. The Digital Sustain-
ability Tour contained information that was useful for participants,
aligned with their values and was made more interesting through
gamification and the novelty of AR. Allowing information to be pre-
sented inadifferent flavour than plain text. Amongst the participants
that were tested in Carnisse and Leidschendam, this Immersive
Experience was received positively.

In Rotterdam, inhabitants suggested that it would be interesting to
see Immersive Experiences at famous landmarks. This could speak
toimagination more, yet the downside would be that the experience
is bound to a specific location, lowering potential for scalability. Par-
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ticipants envisaged the Immersive Experience as well suited for use
in libraries, schools, during participation events and lastly at monu-
ments or museums. At all of these locations, AR could be used as an
engaging storytelling device with the potential to teach and reach.

In Leidschendam, participants expressed a desire to see more
contextually relevant highlights. The Digital Sustainability Tour was
still tailored towards Rotterdam, and for participants from Leid-
schendam this felt further away. While a tailored experience would
be preferable, participants still were excited about the idea, and saw
the experience working in schools, libraries, but also in a town hall,
where participants canimmerse themselves in an experience while
waiting for their appointment and learn something in the process.
Next to that, it was noted that AR can work at asylum seeking
centers, where language barriers can be bridged with Immersive
Storytelling.

In conclusion, participants were optimistic about AR’s potential for
public engagement and foresaw its use in various settings. Ensuring
that AR experiences incorporate contextually relevant content, such
aslocallandmarks or familiar “insider knowledge”, would establish a
sense of connection and help ensure that the message resonates.
While further refinements in interactivity and local contextualisation
are necessary, these findings suggest that AR could serve as a
valuable tool in sustainability and CE communications.



6.2 Answering the Sub-Research Questions

S RQ1 J 7 What makes sustainability & the Circular Economy such difficult concepts
to grasp for inhabitants of Carnisse? \\

Sustainability and CE concepts are inherently complex, often adds another layer of confusion, as Sustainability is often associated
conveyed through specialised terminology and abstract, long-term with left-leaning values, whereas CE concepts may seem more
perspectives. For residents of Carnisse, this language can feel dis- appealing to the right. Integrating AR, which provides a way to expe-
connected from theirimmediate concerns. Those with lower literacy  rience these ideas more concretely, offers a promising solution for
levels may particularly struggle to engage with text-heavy, goal-ori- bridging these comprehension gaps.

ented explanations. Additionally, the political framing of these topics

J 7 What are the current communication strategies of Rotterdam, and how do
SR QZ these connect with the inhabitants of Carnisse? \\

Rotterdam currently relies on various communication strategies, Municipal messaging is largely top-down and filtered through a
text-based materials such as newsletters, websites, and posters bureaucratic structure that dilutes messages and hinder timely and
are meant to inform residents about sustainability goals. However, clear communication. Although recent initiatives have sought to
residents in Carnisse often view these channels with suspicion or increase local engagement, a more context-sensitive and accessi-
lack of interest, there is an “allergic reaction” towards things that ble approach is needed to establish a genuine connection with the
“smell” like the Municipality due to previous negative interactions community. AR technology has the potential to work around some
(or lack thereof). Next to that, there is a strong disconnect between of these limitations by providing a direct, interactive way for residents
the municipality's expectation of Self Efficacy levels of inhabitants to engage with sustainability and CE content, creating goodwilland
versus the reality, which drives a wedge in expectations. showing effort towards the inhabitants of Carnisse.
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SRQ3

J 7 Why can AR be implemented successfully (or not) within the domain
of municipal communication, and what are important considerations when

crafting a novel AR experience? \\

AR holds promise for successful integration into municipal coommu-
nication due to its ability to make complex information more acces-
sible and engaging. As seenin previous studies, AR has been used
effectively to reduce Intrinsic and Extraneous loads, while improving
Germane Loads, ultimately lowering the Cognitive Load of learn-
ing. Next to that, AR has the power to facilitate Situated Learning
experiences, that strengthen effective learning in contexts that may
otherwise feel remote. Connecting these findings with Self-Deter-
mination Theory, AR has the potential to unlock intrinsic motivation,
or “wantivation”,

For residents of Carnisse, AR offers a way to visualize and interact
with sustainability and CE concepts, bringing abstract ideas “close
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tohome.” Essential considerations for implementing AR include
ensuring contextual relevance by incorporating local settings or
references. Furthermore, AR experiences should be intuitive and
accessible, as overly complex interfaces risk overwhelming users.
Practical design choices, such as simplifying interactions and align-
ing content with residents’ values, can optimize AR's effectivenessin
municipal commmunications. While further iterations and testing will
be necessary, this research suggests that AR could be a powerful
tool for enhancing engagement, understanding, and action related
to sustainability and CE initiatives.
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Appendices

In this chapter, all the appendices with extra information can be
found. Below, an overview of all appendices s listed.

In this chapter:

Appendix A: Initial Project Brief

Appendix B: Blank Consent Form and Questionnaire for Prototype 1
Appendix C: Research Protocol for Prototype 1

Appendix D: Blank Consent Form for Prototype 2
Appendix E: Pilot test Prototype 1: AR Website Translation
Appendix F: A/B Test Prototype 1Filled in Questionnaires
Appendix G: A/B Test Table of Results

Appendix H: Detailed overview of Prototype 2

Appendix I: Pilot Test Prototype 2:

Appendix J: Test Protocol prototype 2

Appendix K: Reflectionnaire

Appendix L: Filled in Reflectionnaire with Researcher notes
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Appendix A: Initial Project Brief

Personal Project Brief — IDE Master Graduation Project

Name student Sjoeke Suilen Student number 4,859,715

PROJECT TITLE, INTRODUCTION, PROBLEM DEFINITION and ASSIGNMENT

Complete all fields, keep information clear, specific and concise

Improving Circular Economy communication between Rotterdam and the inhabitants of Carnisse by using
Project title Augmented Reality

Please state the title of your graduation project (above). Keep the title compact and simple. Do not use abbreviations. The
remainder of this document allows you to define and clarify your graduation project.

Introduction

Describe the context of your project here; What is the domain in which your project takes place? Who are the main stakeholders
and what interests are at stake? Describe the opportunities (and limitations) in this domain to better serve the stakeholder
interests. (max 250 words)

Climate change and Sustainability are perhaps the most formidable issue of our time. What makes these challenges o-so
interesting, is the fact that their impact spans socio-economic and environmental domains, making them particularly
challenging. Despite the growing emphasis on sustainability and the Circular Economy in Rotterdam (i.e. the ambition to be
Circular in 2050), many individuals, particularly those from lower-income households, encounter significant barriers to
adopting sustainable practices. These barriers manifest in various forms:

-The premium prices of sustainable products, which often incorporate additional social and ecological costs (Ingenbleek,
2015).

-Ambiguity surrounding sustainability and the Circular Economy, leading to diverse perceptions among stakeholders and
conflicting research findings (Bulten et al., 2021; Segrave, 2014).

- Diffusion of responsibility among multiple stakeholders, increasing the challenge of collective action (Przepiorka, 2018).

- Low levels of trust in governmental entities to deliver on (sustainability) commitments (Gadenne et al., 2011) resulting in
the feeling of not being heard (Citisens, 2022).

- Declining ecological literacy in urbanized societies, diminishing connections with nature and wildlife (Hempel, 2014), that
as a result lead to decline in sustainable behaviour (Hilmi et al., 2021).

These barriers make sustainability and Circular Economy discussions overwhelming and polarizing, hindering efforts to
promote sustainable behaviors (Fraune & Knodt, 2018; Tranter, 2013). However, Augmented Reality (AR) might pose an
opportunity to communicate Circular Economy principles in a more engaging, comprehensible and memorable way. as
papers suggest that AR has the power to help with the transfer of knowledge, specifically users with lower levels of prior
knowledge on a specific topic tend to benefit most from this immersive technology (Katika et al., 2022).
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image / figure 1 Slightly modified version of the Delft Innovation method by Jan Buijs (2012).
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Personal Project Brief — IDE Master Graduation Project

Problem Definition

What problem do you want to solve in the context described in the introduction, and within the available time frame of 100
working days? (= Master Graduation Project of 30 EC). What opportunities do you see to create added value for the described
stakeholders? Substantiate your choice.

(max 200 words)

The municipality of Rotterdam is having multiple initiatives to share and spread knowledge about the Circular Economy with
its citizens to improve the Circular Economy Literacy and influence behaviour. However when speaking to inhabitants, it is
apparent that these initiatives do not stick long-term nor fit the preferences of the inhabitants.

In Carnisse, 34% of the inhabitants struggle with lower levels of literacy (CINOP et al, 2016). Next to that, the neighborhood
is the lowest-income neighborhood of Rotterdam (CBS, 2023), meaning the usual suspects of sustainable behaviour (i.e.
buying sustainable products & installing solar panels) are out of the equation.

| want to provide the inhabitants of Carnisse with a physical "probe" with AR functionality that helps communicating circular
economy principles in a comprehensible, engaging and memorable way. Next to that, a system that facilitates closer
connection with the municipality should be achieved to allow the inhabitants to make that what they learned actionable.

Assignment

This is the most important part of the project brief because it will give a clear direction of what you are heading for.
Formulate an assignment to yourself regarding what you expect to deliver as result at the end of your project. (1 sentence)

As you graduate as an industrial design engineer, your assignment will start with a verb (Design/Investigate/Validate/Create),
and you may use the green text format:

| want to answer the following research question: "Can AR be used to make Circular Economy Principles more engaging,
comprehensible and memorable, to the lower-income households of Carnisse (Rotterdam-Zuid)?"

Then explain your project approach to carrying out your graduation project and what research and design methods you plan to
use to generate your design solution (max 150 words)

This thesis adapts the Delft Innovation Method (Buijs, 2012) (Figure 1) to guide the research process:

1. Product Use I: Analyze current communication methods through desk research, stakeholder interviews, and small
experiments.

2. Generating Search Areas: Translate identified needs into search areas for directed ideation, testing ideas with a minimum
viable product (MVP).

3. Generating Product Ideas: Develop various ideas in a sensitizing package, allowing stakeholders to autonomously test
them.

4. Product Development: Further develop and test the sensitizing package based on insights from previous phases.

5. Market Introduction & Distribution: Test the refined communication concept with a larger sample size.

6. Product Use II: Assess and validate the concept's impact on Circular Economy Literacy, in the domains of communication
and memorization.



Project planning and key moments

To make visible how you plan to spend your time, you must make a planning for the full project. You are advised to use a Gantt
chart format to show the different phases of your project, deliverables you have in mind, meetings and in-between deadlines.
Keep in mind that all activities should fit within the given run time of 100 working days. Your planning should include a kick-off
meeting, mid-term evaluation meeting, green light meeting and graduation ceremony. Please indicate periods of part-time
activities and/or periods of not spending time on your graduation project, if any (for instance because of holidays or parallel
course activities).

Make sure to attach the full plan to this project brief.
The four key moment dates must be filled in below

In exceptional cases (part of) the Graduation
Kick off meeting 26 Mar 2024 Project may need to be scheduled part-time.
Indicate here if such applies to your project

Part of project scheduled part-time

Mid-term evaluation 4 Jun 2024
For how many project weeks | 30

Number of project days per week | 5,0
Green light meeting 10 Sep 2024

Comments:

Graduation ceremony 22 Oct 2024

Motivation and personal ambitions

Explain why you wish to start this project, what competencies you want to prove or develop (e.g. competencies acquired in your
MSc programme, electives, extra-curricular activities or other).

Optionally, describe whether you have some personal learning ambitions which you explicitly want to address in this project, on
top of the learning objectives of the Graduation Project itself. You might think of e.g. acquiring in depth knowledge on a specific
subject, broadening your competencies or experimenting with a specific tool or methodology. Personal learning ambitions are
limited to a maximum number of five.

(200 words max)

Throughout my studies in Delft, | learned that often people use the same words when communicating, but then end up
meaning completely different things. As a result, | want to employ the visualization tactics and strategies | aim to take
abstract terms such as Sustainability and the Circular Economy and turn them into tangible, understandable narratives for
diverse audiences. | would love to take this opportunity to develop these skills further, and achieve a positive outcome in
the realm of municipalities and sustainability.

This project will be a stepping stone for my ambition to become a Social Designer. | am motivated to pioneer innovative
solutions that resonate with both experts and laymen, with the aim of achieving a more sustainable and interconnected
community.

So in short | want to:

- Improve my knowledge and skills in visualization, communication and Sustainability
- Get valuable experience within the realm of Social Design and Municipalities

- Use new technologies to make otherwise "seemingly static" concepts come to life
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Appendix B: Blank Consent Form and
Questionnaire for Prototype 1: AR Website

Translation

Blank Consent Form

Evaluatie van Website bij het Communiceren van Principes van de
Circulaire Economie

Hoofdonderzoeker: Sjoeke Suilen, Technische Universiteit Delft
Contactgegevens:

Doelvan het Onderzoek:

U wordt uitgenodigd om deel te nemen aan een onderzoek uitgevo-
erd door Sjoeke Suilen. Het doel van deze studie is om de effectiviteit
van Augmented Reality (AR) te vergelijken met traditionele webge-
baseerde communicatiemethodes bij het communiceren van princi-
pes van de Circulaire Economie (CE) aan de inwoners van Carnisse.

Procedures:
Als u akkoord gaat met deelname, wordt u gevraagd om:

Voor de test:

- Een korte vragenlijst in te vullen met uw basis demograf-
ische informatie (naam, leeftijd, telefoonnummer).

- Dit toestemmingsformulier te lezen en te ondertekenen.
- Ofwel eentraditionele webgebaseerde communicatie-
methode of een Augmented Reality ervaring over CE-principes te
volgen.

Activiteiten na de Test:

- Eenvragenlijstin te vullen die uw betrokkenheid, begrip en
memorisatie van de inhoud beoordeelt.

- Kort de ervaring te bespreken met de onderzoeker.

Follow-up:

- Ongeveer veertien dagen na de test ontvangt u een tele-
foontje om nog wat vragen over de test te beantwoorden.
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Uw deelname aan deze studie is geheel vrijwillig. U kunt op elk
moment zonder gevolgen stoppen met deelnemen. Als u besluit niet
deelte nemen of uw deelname wilt beéindigen, zijn hieraan geen
negatieve gevolgen verbonden.

Vertrouwelijkheid:

Alle informatie die in deze studie wordt verzameld, blijft vertrouwelijk.
Gegevens worden geanonimiseerd en veilig opgeslagen. Alleen

het onderzoeksteam heeft toegang tot de gegevens. Uw identiteit
wordt niet bekendgemaakt in publicaties of presentaties die voort-
vloeien uit deze studie.

Contactgegevens:

Als uvragen of zorgen heeft over deze studie, neem dan contact op
met:

Sjoeke Suilen,

Toestemming:

Door hieronder te tekenen, erkent u dat u de bovenstaande infor-
matie hebt gelezen en begrepen. U stemt ermee in deel te nemen
aan deze studie en begrijpt dat uw deelname vrijwilligis.

Naam Deelnemer:

Handtekening Deelnemer:

Datum:

Dank u voor uw deelnamel!



Questionnaire Prototype 1

1.

2.

3.

Deelname #

Gebruik van digitale beeldvorming bij
communicatie over duurzaamheid -
Augmented Reality

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

Wat is uw naam?

Wat is uw leeftijd?

Wat is uw telefoonnummer? (06-, of huisnummer)

17
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Gebruik van digitale beeldvorming bij communicatie over duurzaamheid - Augmented Reality

4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.

@ Ik weet weinig of niks over duurzaamheid
D Ik weet de basis van duurzaamheid
C) Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

() Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

Niet betrokken Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

Geen controle Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Niet waar Wel waar

2/3



Gebruik van digitale beeldvorming bij communicatie over duurzaamheid - Augmented Reality

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

10. Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren
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Appendix C: Research Protocol for
Prototype 1

Protocol for Group A:

1 Welcoming the participant Make participants feel at ease by asking how they are doing etc. Explain the 2min.
participant the reason of this research that they are participating in.

2 Informed consent form Ask the participant to read and sign the informed consent form. Tell the user 5min
that he/she has the possibility to stop the research at will

3 Start of the test Participant is tasked to open questionnaire, and answer the following ques- 2min
tions:

- What is your name?

- What is your age?

- What is your phone number?

- What is your prior knowledge on CE principles?

4. Engaging with the webpage Participant is now given the laptop with the webpage and is asked to read 5min.
through the first five paragraphs. Explain to participant that they can ask
Qquestions at any time

At this point, the researcher secretly times the participant. When the partic-
ipant notifies the researcher that they are finished, the researcher stops the
timer.

5 Continuation of Questionnaire Participant will be tasked to continue filing in the questionnaire. The questions | 5min.
are categorized in the two themes; Engagement and Comprehension

Engagement:

+ Howlong doyou think the test took? (Subjective Perception of Time  test
(SPT))
Froma scale of 1—7,how engaged did you feel with the content?
From a scale of 1—7,how much control did you feel you had when inter-
acting with the content”?
Froma scale of 1—-7,to what level did you trust the content you interacted
withto be the truth?

Comprehension:
Can yourecite verbally what you experienced during the test?
Can you explain to me what a circular economy is?
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Reflecting onthe answers

The participant and the user willnow engage in a reflecting conversation on
what the participant has experienced.

Ask why they answered specific questions the way they did.
This plece of the conversationis recorded for future reference and is used to

gather insights that can improve the next prototype. This can be considered
aninformalinterview.,

5min,

LLast questions

At last, the participant will have the opportunity to ask final questions, and can
give their opinions,

2min.

Closing

+-14 days after the test — Memorisation

Thank the participant for his/her time and valuable feedback

Participant is called on the given phone number, as explained in the introduc-
tion of the protocal. Some final questions are asked regarding memorisation:

‘Can you recite verbally what you experiencedin the test a week ago?”
Once the participant gave answer, ask follow-up questions:

‘Apart fromwhat you already mentioned, is there anything specific that struck
you?'

‘Can you explain a Circular Economy to me?”

Thereis alsoroom for further questions asking if the participant understood
what they saw.

2min,

10min
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Protocol for Group B:
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Welcoming the participant

Make participants feel at ease by asking how they are doing etc. Explain the
participant the reason of this research that they are participating in.

2min

Informed consent form

Ask the participant to read and sign the informed consent form. Tell the user
that he/she has the possibility to stop the research at will

Smin.

Start of the test

Participant is tasked to open questionnaire, and answer the following ques-
tions:

- What is your name?

-What s your age?

- What is your phone number?

- Whatis your prior knowledge on CE principles?

2min

Engaging with the webpage

Continuation of Questionnaire

Participant is now given the iPad with the AR experience and is asked to walk
throughit. Explain to participant that they can ask questions at any time.

At this point, the researcher secretly times the participant. When the partic-
ipant notifies the researcher that they are finished, the researcher stops the
timer.

Participant will be tasked to continue filing in the questionnaire. The questions
are categorized in the two themes; Engagernent and Comprehension,

Engagement:

+ Howlong do you think the test took? (Subjective Perception of Time  test
(SPT))
From a scale of 1—7,how engaged did you feel with the content?
From ascale of 1-7,how much control did you feel you had when inter-
acting with the content?
Froma scale of 1- 7, to what level did you trust the content you interacted
with to be the truth?

Comprehension:
Canyou recite verbally what you experienced during the test?
Can you explain to me what a circular economy is?

Smin.

sSmin.




Reflecting on the answers

The participant and the user will now engage in a reflecting conversation on
what the participant has experienced

Ask why they answered specific questions the way they did.
This piece of the conversation is recorded for future reference andis used to

gather insights that canimprove the next prototype. This can be considered
aninformalinterview.

5min

Last questions

At last, the participant will have the opportunity to ask final questions, and can
give their opinions.

2min

Closing

+-14 days after the test — Memorisation

Thank the participant for his/her time and valuable feedback.

Participant is called on the given phone number, as explained in the introduc-
tion of the protocol. Some final questions are asked regarding memorisation:

‘Canyou recite verbally what you experienced in the test a week ago?”
Once the participant gave answer, ask follow-up questions:

“Apart from what you already mentioned, is there anything specific that struck
you?”

‘Canyou explaina Circular Economy to me?”

Thereis also room for further questions asking if the participant understood
what they saw.

2min

10 min.
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Appendix D: Empty Consent Form

experiment 2

Evaluatie van Digitale Duurzaamheidstour

Hoofdonderzoeker: Sjoeke Suilen, Technische Universiteit Delft
Contactgegevens:

Doel van het Onderzoek:

U wordt uitgenodigd om deel te nemen aan een onderzoek uitgevo-
erd door Sjoeke Suilen. Het doel van deze studie is om de effectivit eit
van Augmented Reality (AR) te toetsen bij het communiceren van
principes van de Circulaire Economie (CE) aan de inwoners van
Rotterdam Carnisse en Leidschendam Prinsenhof.

Procedures:
Als u akkoord gaat met deelname, wordt u gevraagd om:

Voor de test:

- Een korte vragenlijst in te vullen met uw basis demograf-
ische informatie (naam, leeftijd, telefoonnummer).

- Dit toestemmingsformulier te lezen en te ondertekenen.
- Een Augmented Reality ervaring over duurzaamheid te

volgen

Activiteiten na de Test:
- Eenvragenlijstin die reflecteert over de ervaring
- Kort de ervaring te bespreken met de onderzoeker.

Uw deelname aan deze studie is geheel vrijwillig. U kunt op elk
moment zonder gevolgen stoppen met deelnemen. Als u besluit niet
deelte nemen of uw deelname wilt beéindigen, zijn hieraan geen
negatieve gevolgen verbonden.

Vertrouwelijkheid:
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Alle informatie die in deze studie wordt verzameld, blijft vertrouwelijk.
Gegevens worden geanonimiseerd en veilig opgeslagen. Alleen

het onderzoeksteam heeft toegang tot de gegevens. Uw identiteit
wordt niet bekendgemaakt in publicaties of presentaties die voort-
vloeien uit deze studie.

Contactgegevens:

Als uvragen of zorgen heeft over deze studie, neem dan contact op
met:

Sjoeke Suilen

Toestemming:

Door hieronder te tekenen, erkent u dat u de bovenstaande infor-
matie hebt gelezen en begrepen. U stemt ermee in deel te nemen
aan deze studie en begrijpt dat uw deelname vrijwilligis.

Naam Deelnemer:

Handtekening Deelnemer:

Datum:

Dank u voor uw deelname!






Appendix E: Pilot Test Prototype 1

Pilot test Prototype 1

Before testing with real inhabitants of Carnisse, a pilot test will be - Testwhetheritis possible for the participant to think aloud
conducted with IDE master students. To save time, the question during the AR experiment

regarding the theme memorisation will be asked immediately after - Testif everything works smoothly and is easy to follow.

the test, as the results are not important for this pilot. Next to that, the

AR experiment was not conductedin Carnisse. After the pilot test, the feedback gathered will be implementedinan

improved and iterated upon test plan.

The goals of the pilot test were to:

«  Checkthetiming of the test

- Testwhetheritis awkward for the participant to be followed by
the researcher during the AR experiment
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The pilot test was conducted with two IDE Design for Interaction
students, due to their skill and knack for interactions. The provided
feedback can be summarized in the following points:

Alotis happening on the screen, try to give input to the userina

piecewise manner and synchronize the audio with the visual effects.

This will help guide the user, and will let them know where to go at
what time. This aligns with the continuity principle in multimedia
theory.

Augmented Reality is fairly novel to many people, consider making
abrief “tutorial” or something to let the user familiarise themselves

with the mechanics of the interaction.
Consider to add more interactions in the form of buttons, to make
the user feel like they are in charge more.

With the feedback gathered from these students, the prototype was
upgraded and tested another time to iron out any last wrinkles.

The figures on this page show the updated prototype inuse. As
aresult of the gathered feedback, a tutorial island, a Path that
connects the islands and more buttons have been added. An
overview of these changes can be seenin the next page.
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Appendix F: A/B Test Questionnaire Results

AR Group B Results:

Gebruik van digitale ing bij icatie over id - Augmented Reality

Deelname ﬂ

4. Hoeveel weet u over duurzaamheid?
Gebruik van digitale beeldvorming bij S i e e
Comm un lcatle Over d u u rzaam held _ _) Ik weet weinig of niks over duurzaamheid
" ) Ik weet de basis van duurzaamheid
AU g mented Rea I |ty . Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid, ev?cdef\\a‘d\u("- UQE\

Beste deelnemer, Mmoo Aiekalles

) Ik weet alles over duurzaamheid!

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented e
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen. 5. Hoe lang denkt u dat u bezig bent geweest met de test?
In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw - : i
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire O tO‘BC‘CA ITORAAN I S UAN AN
Economie beter kunnen communiceren naar de inwoners van Carnisse.
Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U 6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!
Markeer slechts één ovaal.
Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet, TRRO. | G405 6 A

Sjoeke Suilen Niet betrokken @ Ergbetrokken

1. Wat is uw naam?

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.
2. Watis uw leeftijd?

&

7] 2083004 546 7

Geen controle . Veel controle
3. Watis uw telefoonnummer? (06-, of huisnummer)

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Jos 2 48 4 -+5. 6

Niet waar ® Wwelwaar
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Gebruik van digitale bj icatie over

gmented Reality

9. Kuntu in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

Ben cets dooe Rekberdom |, mes acmme Bt
Lecandeaen Uan et woberpel beof e

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

Procluck en 2;>\>ee\ e(ék« ebruuhef\
uul Zodwe. akerialen cdlient” 2pu MokLerLo«l n
die bu poix ojebru&/xef\ oo\d woorden,

Belruilh tmolie van chienst e e zoueel
W\o%e\t)b\ %ebruub\ van malien.

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren

313

Deelname #_Z
- 5w

\,\\\J”‘

Gebruik van digitale beeldvorming bij
communicatie over duurzaamheid -
Augmented Reality

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

1. Watis uw naam?

2. Watis uw leeftijd?
4“3 \)cmx_

3. Watis uw telefoonnummer? (06-, of huisnummer)
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Gebruik van digitale ing bij e over

- Augmented Reality

4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.

) Ik weet weinig of niks over duurzaamheid

@) |k weet de basis van duurzaamheid

_) Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

) Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?
F wuontken

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

Niet betrokken | % Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

Geen controle % Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

M2 askaa o5, (6" 7

Niet waar bz Wel waar

213

Gebruik van digitale bij over

id - Augmented Reality

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

(\LM\M@ o,ww.l;? mesrAetz.  uilesmainen-

Nei it men At ye e R B

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

Redice x Re wse # Q;zaéck 2
'\“c)’ VMW% AV, \ov&a\«ue__ 2
@eats qeberdde \mg&*u—&a« v 20 dle maThuii
e adlasken

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren

33



Gebruik van digitale ing bij tie over i igmented Reality

Deelname ﬂ

4. Hoeveel weet u over duurzaamheid?

Gebruik van digitale beeldvorming bij €~ 5-2== Merkeer sechts één oeal
commu n|cat|e over d uurzaam held - ;) Ik weet weinig of niks over duurzaamheid
. (__ Ik weet de basis van duurzaamheid
Augmented Reallty @ Ik weet meer dan de basis, maar nog zeker niet al!es van duurzaamheid

Beste deelnemer,

) Ik weet alles over duurzaamheid!

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented

Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt

traditionele communicatiemethodes met digitale ervaringen om te zien welke methode

effectiever is in op basis van betrokkenheid, begrip en geheugen. 5. Hoe lang denkt u dat u bezig bent geweest met de test?

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw <
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire (T\M’B > gﬂ"’\’\

Economie beter kunnen communiceren naar de inwoners van Carnisse.
Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U 6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!
N Markeer slechts één ovaal.
Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet, e S MAT S, (6

Sjoeke Suilen Niet betrokken 5 %y Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

2. Watis uw leeftijd?

24,

Geen controle % Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Niet waar “ Wel waar

113 » 23

185



Gebruik van digitale ing bij over id - Aug Reality Deelname # L
9. Kunt uin woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik

het tekstviak beneden om het antwoord op te schrijven. Gebruik van d|g itale beeldvo rming bIJ

Yen Wcheve, Vel ~(ealik, nfovinghese communicatie over duurzaamheid -
plendpge—nec llonal W:L”M}ﬁ Augmented Reality

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented

Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt

traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het effectiever is in op basis van betrokkenheid, begrip en geheugen.

tokstvlakibenedeniomihatiantwoord op te:sehriven: In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw

antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire

sada : ¥
C/\ ' re CCO/LO//VU 2 \ﬁfb/lj 5«(— ek~ \_ﬁ” Economie beter kunnen communiceren naar de inwoners van Carnisse.
N
gen C@WQ/M/‘\Q Umﬁn U Mfaag fU/( é{/‘L Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
@’) 3@{2( V) ’Cllfﬂl L‘)‘O\/‘Ou . kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.

Met vriendelijke groet,

|
Bedankt! Sjoeke Suilen

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

2. Watis uw leeftijd?

7&,

Google Formulieren 3. Watis uw telefoonnummer? (06-, of huisnummer)

33
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Gebruik van digitale ing bij over id - Aug Reality

4. Hoeveel weet u over duurzaamheid?
Markeer slechts één ovaal.

() Ik weet weinig of niks over duurzaamheid

) Ik weet de basis van duurzaamheid
X Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

) Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

/5 ML W

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?
Markeer slechts één ovaal
1 28y v A 57 6 4o

Niet betrokken ')< Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

Pt 32 oa3lie 4 (51467 (7

Geen controle X Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Niet waar )< Wel waar

Gebruik van digitale bij over - Augi Reality

9. Kunt u in woorden uitdrukken wat u tiidens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

thvors HET oo/ om mer 76 Dosn
1 HOop. PAT HETWERu T DAT HET
BB TE MIASTE N JETS BETER W ORD

10.  Kuntu in woorden uitieggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

YK VD BT MEEL Corp DAT J £ £R
1168 BLE21CH BE A
TH VIND KNET HEEL RofED.

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

P ="

Google Formulieren
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188

2.

3:

Deelname #_K’T

Gebruik van digitale beeldvorming bij
communicatie over duurzaamheid -
Augmented Reality

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

Wat is uw naam?

Wat is uw leeftijd?

bo

Wiat is uw telefoonnummer? (06-, of huisnummer)

13

Gebruik van digitale ing bij icatie over id - Augmented Reality

4. Hoeveel weet u over duurzaamheid?
Markeer slechts één ovaal.

) Ik weet weinig of niks over duurzaamheid

() Ik weet de basis van duurzaamheid

&_) Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

) Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

115 wiuden

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?
Markeer slechts één ovaal.
e 2alsg 154005 167,

Niet betrokken X Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.
1 208t .5 b 7

Geen controle ¥ Veel controle

8.  Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?
Markeer slechts één ovaal.
1 2 aneae 5. 6

Niet waar ¢ X' Wel waar



9.

Gebruik van digitale ing bij icatie over

- Augmented Reality

Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

Eew \IUS\M[()HFL‘%\IM \L\MMZO( (eah\y ew de
Weskelie [4ay TG oo I ap dad
U«ouxeéjwi' bevord . G SAi

Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

Eon hopie die We ua weetew strestin e woas
ledereen e ‘Oj age aan wost(kunues) leserou.
We woeren wiek~alleu Produntenta em CousUmersm
woaur ook (veorol) uadeukeu voor het prockucerca, das
hexsteller. eu hcradcmto«

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren

Deelname #_K

Gebruik van digitale beeldvorming bij
communicatie over duurzaamheid -
Augmented Reality

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

Wat is uw naam?

2. Watis uw leeftijd?

25

Wat is uw telefoonnummer? (06-, of huisnummer)

e

o\«\\;“‘c‘

&)r\/(ﬁ

0
P:ﬁ‘"ﬂd PM% Fled iy

mancally trans0 kd

by é)'ocl[ .

13
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190

Gebruik van digitale id - Augmented Reality
4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.

() Ik weet weinig of niks over duurzaamheid

() Ik weet de basis van duurzaamheid

@ Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

) Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

S-o Mminvten

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

Niet betrokken ) Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal

Geen controle () ( ) &) (O (D) € Veelcontrole

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?
Markeer slechts één ovaal.
*o e R

X) Wel waar

Niet waar

Gebruik van digitale bij over

- Augmented Reality

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

76@\« omﬂavlv\a c}\l@ V»\ UA\?/:) Dﬁ& oven

Jus e 2286 hed EA armMee OV~

,k,o,"\ % z)/ﬁq/\ - R —

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

Doy s Ay tov  Alles
vanm hea  leens don U ondd
Zovam ot e Qi
bt Y sdjwem, J

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren

33



Deelname #_Z

Gebruik van digitale beeldvorming bij
communicatie over duurzaamheid -
Augmented Reality

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt

traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

1. Watis uw naam?

2. Watis uw leeftijd?

2L (7
3. Watis uw telefoonnummer? (06-, of huisnummer) o
'onh+ ici pat
E\lzd I Sb\léj
Cw '.‘..c ‘ '("\qhvﬂ’\’j
Yrows vl bed)
Bj 6\50&‘ (<

113

Gebruik van digitale bij over - Augmented Reality

4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.

1 ”) Ik weet weinig of niks over duurzaamheid

) Ik weet de basis van duurzaamheid

Xf Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

15220 Tos

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

Niet betrokken X Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer sléchts één ovaal.

1 2, 30T, 5 6. 17

Geen controle X Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

b @iy Bl 5 67T

Niet waar X) Wel waar

191
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Gebruik van digitale bij over igmented Reality

9. Kuntuin woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstviak beneden om het antwoord op te schrijven.

| k kLMZEj een \}\V‘tudl‘/ \A)@V'M ()\ pv((,ﬂ OP

dc echde M’dd an v
I ik eeq q'f} 2k haev L’tl(’w

W\ ¥ ormalic !Z.rc PN

O C'T on v el IN\% ’L\)"\

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.
Civ c\-lA\V‘c 2conomic 14 &a’{‘ Ae
1/\ caen arle Uan r\/\A lev -

\9 oka — " V’O“J '\O‘é" e o
;)LCNV 3(‘,&;{7‘% 3#, i woew cl Qﬂa

Bedankt!

(;v\w«

o d b3k,

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren

Deelname ﬂ

Gebruik van digitale beeldvorming bij
communicatie over duurzaamheid -
Augmented Reality

Beste deelnemer,

28w

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

1. Watis uw naam?

2. Watis uw leeftijd?

24

3. Wat is uw telefoonnummer? (06-, of huisnummer)

173



Gebruik van digitale ing bij over

gmented Reality

4. Hoeveel weet u over duurzaamheid?
Markeer slechts één ovaal.
) Ik weet weinig of niks over duurzaamheid

) Ik weet de basis van duurzaamheid

@ Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

k weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?
NORY

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

JEEhi2icndd i 56T

Niet betrokken Q Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

Geen controle @ Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.
Niet waar m Wel waar

23

Gebruik van digitale ing bij over - Augmented Reality

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstviak beneden om het antwoord op te schrijven.

Nw {(o& Pﬂo Vrfzr\ k (y(cwmctﬁ Q;AJLU 2n anﬂ;ﬁs
Guef” M ((cx Kan ' len moel U’ZW
D (/ WU“Kh daor Guex W‘[M/(g en

o kmfa AwW@. ‘OY lucm( oo
Zlgr\’«‘ uﬁ\ M/‘alsmmwkm Zoq/5 \’ﬁf (Q/\

10.  Kuntu in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

bt ﬁ ‘\%zeéﬂ;/f ;Zmoé/rﬂaw( ww((wzmgz
madetaal 365”‘“7(6 [ Tf [}V‘IZZC

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren

313
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Deelname# | ¢ |,

Gebruik van digitale beeldvorming bij 4,
communicatie over duurzaamheid - Sne o
Website Db
Beste deelnemer, FC)(

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

2. Watis uw leeftijd?

09

mer)

Control Group A Results:

Gebruik van digitale ing bij icatie over id - Website

4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.

() Ik weet weinig of niks over duurzaamheid
(V) Ik weet de basis van-dutirzaamheid
(") Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

() Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

L0 niea

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?
Markeer slechts één ovaal.
ARiZaass o' L 5 B R

Niet betrokken X Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

Geen controle D\ Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Lo S e

Ik vertrouwde XN Ik vertrouwde de inhoud

de inhoud niet



Gebruik van digitale bij e over - Website

9. Kuntuin woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

1k kom v?}“ T«rLrée_ .1 o= Ik ?foLeeflﬁ
Ne nhovd geac:é@u\. Aok vond Yl be\anar:éLe
Vool on eV,

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

\r\Q¥ S over  Auw( Zoam e(\e(“'f)iﬁ_ . 3001\ s€ We”"‘
Aot da bileoet  verendeck: We  mieten Yege 1)
Ly doen.

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren

33

Deelname#2 £ v

Gebruik van digitale beeldvorming bij 2= sa.
communicatie over duurzaamheid - ebsite-
Website
Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

1. Watis uw naam?
2. Watis uw leeftijd?

K

3. Wat is uw telefoonnummer? (06-, of huisnummer)

113
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Gebruik van digitale ing bij over - Website

4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.

) Ik weet weinig of niks over duurzaamheid

k weet de basis van duurzaamheid
) Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

) Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

10 adipaka .

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal

Niet betrokken ’ @

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Erg betrokken

Markeer slechts één ovaal.

Geen controle 70 Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Ik vertrouwde

de inhoud niet }Q Ik vertrouwde de inhoud

23

Gebruik van digitale bij over - Website

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

L o uid Twlﬁ(

1k kb m\i/n Les 1 Ju/aa/l

10.  Kunt u in woorden uitleggen wat een Circulaire Economie i§? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

1k L?g TO Vet dat  Clrculoie E(rmomm Lé&vzjn [RTENR T4
het wilen o doabon , mnsalea, , dclene lucht .
.

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren

1L be\j(tep het aed }'\lLLW:W{'
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Deelname #J_

Gebruik van digitale beeldvorming bij £ $
communicatie over duurzaamheid - m‘

Website S fue ek
befeme <M

doi
J

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt Kemoupt s,
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode

effectiever is in op basis van betrokkenheid, begrip en geheugen. 14 KP’V’*“ ‘0'10
In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw ﬁ
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire

Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

1. Wat is uw naam?

2. Watis uw leeftijd?

)

3. Wat is uw telefoonnummer? (06-, of huisnummer)

Gebruik van digitale ing bij tie over - Website

4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.

() Ik weet weinig of niks over duurzaamheid

Ik weet de basis van duurzaamheid

k weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

) Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

; 5 V")?r\utw

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

Niet betrokken ( X Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

Geen controle > Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Ik vertrouwde 3 X

LR Ik vertrouwde de inhoud

23
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Gebruik van digitale bij ie over - Website

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik Deelname#_&{_
het tekstvlak beneden om het antwoord op te schrijven. |
. oD = o A 4~ 10
Het el laton 2en  che of witatit enoen coorelt Gebruik van digitale beeldvorming bij e
¢ 5 - .
tet  bbefe Rt corduarzse tan  Rotted cokn communicatie over duurzaamheid - Fo it

Website

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
tekstvlak beneden om het antwoord op te schrijven. effectiever is in op basis van betrokkenheid, begrip en geheugen.
l ( In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
“loe  in Qf,{ ‘bear‘ ﬂ') > ol;,( een eﬁonomk ae_mgegn] P antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
e o/ Economie beter kunnen communiceren naar de inwoners van Carnisse.
Uleag en canbad, oks e rrec orasy cks te  mcer
aan mo[ . {V‘@KQ( (70101 ;?)(’l tegen eséed Cl( '('if‘/t Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
ea (7 kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!
Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,
Bedankt!

Sjoeke Suilen
Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

1. Watis uw naam?
Groetjes en nog een fijne dag,

Sjoeke

2. Watis uw leeftijd?

33

Google Formulieren 3. Wat is uw telefoonnummer? (06-, of huisnummer)

DED\‘)* S Gorkey
At A\P\c»c 6)[ P’”\J N)’
. He advalodd i~
33 / ’ De %“J L,,‘,,_ 20 lp

s
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Gebruik van digitale ing bij

over - Website
4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.
Ik weet weinig of niks over duurzaamheid

_ Ik weet de basis van duurzaamheid

X ) Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

S vonnio
1 /A, v (7)
6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

il SR g 5 e Y,

Niet betrokken X Erg betrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?
Markeer slechts één ovaal.
1 2 i3t a5 T Y
Geen controle X Veel controle
8.

Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.
1 G L O T

Ik vertrouwde ¢
de inhoud niet X Ik vertrouwde de inhoud

P

Gebruik van digitale bij over id - Website

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik

het tekstvlak beneden om het antwoord op te schrijven.

Hek voel} alx o; ik L oeen fema word ?«aooﬂ
wnder jhoducke, [k ol wnlb ciralar betekend maar
373 Srtrxi};del. (ork&l iAo oo ;Jn ’ﬁ}n. Qo vind ch

de Aelslen op do uvbsil&fmﬁg (hber rem e puk s
wiek duidelil ingedadh maae GLb v of slley by lhacs
loodi eth Liedce vedaal .

10. Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

Eon tivalere tcoromic s e wlhwisgeliog van wande
wad di bean o ket wed van kef proces %ﬁlok% By
et et it & ugar H‘)JL\; hel proceny 7;&—-—@&(

o wardle ouithack efgus .

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren
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Deelname # ;)_ Gebruik van digitale ing bij e over id - Website

4. Hoeveel weet u over duurzaamheid?

Gebruik van digitale beeldvorming bij  t 3 «. M T
Communlcatle over duurzaamheld _ ) Ik weet weinig of niks over duurzaamheid

(240 Ik weet de basis van duurzaamheid

WebSIte :‘ Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid
Beste deelnemer, () Ik weet alles over duurzaamheid!
Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van"’Augmented & S

Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen. 5. Hoe lang denkt u dat u bezig bent geweest met de test?

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw 3 C ;
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire 7— My - (AWTAS
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U 6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!
Markeer slechts één ovaal.
Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet, S e TR T

Sjoeke Suilen Niet betrokken X Erg betrokken

1. Watis uw naam?

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

2. Watis uw leeftijd?
1 2 AT G B

5

\r\U ol Geen controle )( Veel controle

3. Watis uw telefoonnummer? (06-, of huisnummer)

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

LJuaks 4’4/*’1 Cpr}\

4 Markeer slechts één ovaal
S\M J\‘ +oa) DY Pap BaL 66y
Ik vertrouwde i
kp:) de inhoud niet X Ik vertrouwde de inhoud

13
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Gebruik van digitale ing bij over - Website

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik

het tekstvlak beneden om het antwoord op te schrijven.

‘Y\ullzm/ \OQOC_I l&ﬁs# z[/u-lev

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

W naYe - La&\\jc wAaj, aec« ot Lo,

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren
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Deelname #_é

Gebruik van digitale beeldvorming bij & his Lo

communicatie over duurzaamheid -
Website

Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

1. Watis uw naam?

2. Watis uw leeftijd?

SK

3. Watis uw telefoonnummer? (06-, of huisnummer)

113
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Gebruik van digitale ing bij icatie over id - Website

4. Hoeveel weet u over duurzaamheid?
Markeer slechts één ovaal.
() Ik weet weinig of niks over duurzaamheid
() Ik weet de basis van duurzaamheid

i 2 Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

) Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

) 3R () Ergbetrokken

Niet betrokken ()

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

i eras s i SR e

Geen controle () () () () Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

sl L S S

Ik vertrouwde

de inhoud niet . () Ik vertrouwde de inhoud

Gebruik van digitale bij e over id - Website

9. Kunt u in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstvlak beneden om het antwoord op te schrijven.

,,,/,r——f«B<\ww7'\/vvv\ JWWL&XJ/ ,I‘&,,SM permolie,
""" O th-degeler\evor—p G Shil e
g s —wadwi—dogp L—f/\owaxl\‘ijg S
s pohrtldng 6P Zukes On
— RSt

10. Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

 Vayompraioord Smqeem 124 olles om ons h%

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren
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Deelname # #

Gebruik van digitale beeldvorming bij | se=
communicatie over duurzaamheid - | 5

Website e

—
Beste deelnemer,

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode
effectiever is in op basis van betrokkenheid, begrip en geheugen.

In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw
antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
Economie beter kunnen communiceren naar de inwoners van Carnisse.

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.
Met vriendelijke groet,

Sjoeke Suilen

Wat is uw naam?

Wat is uw leeftijd?

zé,dnémr

Wat is uw telefoonnummer? (06-, of huisnummer)

73

Gebruik van digitale ing bij icatie over id - Website

4. Hoeveel weet u over duurzaamheid?

Markeer slechts één ovaal.

() Ik weet weinig of niks over duurzaamheid
(X)) Ik weet de basis van duurzaamheid
D Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

D Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

Hofeniay T nl ¥odoati i S sening

6.  Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

1

N

B4 5 6 T

Niet betrokken () () ()

") () Ergbetrokken

7. Opeen schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

| ot g LU Y e W

Geencontrole { ) () () (X) () () () Veel controle
{5 Bred D0

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Ik vertrouwde

iR addinit Ik vertrouwde de inhoud

203



Gebruik van digitale ing bij licatie over - Website Dee I n am e # ( ;‘

9. Kuntu in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik
het tekstviak beneden om het antwoord op te schrijven.

Gebruik van digitale beeldvorming bij ~ +- 1o
MNuek _peel oigenlqr. Ik probeer_2elf altid wel gen beebe communicatie over duurzaamheid -
extra_op Ao "lettén om mgr’ Uoet drule “ke 1erminderen.

0P do._macsa ’Droduche in_de foekomst el aPaemen Website
Jo eckereren i ben dlact over te wWeinig geinfbc meercl Bestedeeinemer

_om daac s @ of geen vec trounedd i ke’ ecoacen.

Hartelijk dank voor uw deelname aan ons onderzoek naar de effectiviteit van Augmented
Reality (AR) bij het communiceren van duurzaamheidsprincipes. Dit onderzoek vergelijkt
traditionele communicatiemethodes met digitale ervaringen om te zien welke methode

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het effectiever is in op basis van betrokkenheid, begrip en geheugen.

tekstviak beneden om het antwoord op te schrijven. In deze vragenlijst stellen we enkele vragen over uw ervaring tijdens de test. Uw.

antwoorden zullen ons helpen om te begrijpen hoe we informatie over de Circulaire
9,(0&@); et b ‘DQGTQPG(\ ? [ukf het mq t{’ Qo Economie beter kunnen communiceren naar de inwoners van Carnisse.
0m de esust docdling on mcaekuk\«\ec\er\ da
€r2ya om 0p en betire tronié o ke docn mer
hot onilecs ..

Uw deelname is volledig vrijwillig en alle antwoorden worden vertrouwelijk behandeld. U
kunt op elk moment stoppen met de vragenlijst als u zich ongemakkelijk voelt!

Alvast bedankt voor uw tijd en waardevolle bijdrage aan dit onderzoek.

Met vriendelijke groet,
Badanki] Sjoeke Suilen

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes! .

1. Watis uw naam?
Groetjes en nog een fijne dag,

Sjoeke

2. Watis uw leeftijd?

24

Google Formulieren 3. Watis uw telefoonnummer? (06-, of huisnummer)

33 13
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Gebruik van digitale ing bij icatie over id - Website

4. Hoeveel weet u over duurzaamheid?
Markeer slechts één ovaal.

Ik weet weinig of niks over duurzaamheid
() Ik weet de basis van duurzaamheid
(S< Ik weet meer dan de basis, maar nog zeker niet alles van duurzaamheid

() Ik weet alles over duurzaamheid!

5. Hoe lang denkt u dat u bezig bent geweest met de test?

Z minufin

6. Op een schaal van 1 tot 7, hoe betrokken voelde u zich bij de inhoud?

Markeer slechts één ovaal.

AEa 203 nidn. £ SA 60 T

Niet betrokken () () () (1) () & () Ergbetrokken

7. Op een schaal van 1 tot 7, hoeveel controle voelde u dat u had bij het omgaan
met de inhoud?

Markeer slechts één ovaal.

Geen controle () Veel controle

8. Op een schaal van 1 tot 7, vertrouwde u dat de inhoud waar was?

Markeer slechts één ovaal.

Ahigrd s, SR RMG T g

|k vertrouwde e ; ‘ 3
de inhoud niet Sl >< ijlil?/rerertrouwdedelnhoud

23

Gebruik van digitale ing bij ie over id - Website

9. Kuntu in woorden uitdrukken wat u tijdens de test heeft meegemaakt? Gebruik

het tekstvlak beneden om het antwoord op te schrijven.

10.  Kunt u in woorden uitleggen wat een Circulaire Economie is? Gebruik het
tekstvlak beneden om het antwoord op te schrijven.

Bedankt!

Hartelijk dank voior het invullen van deze enquéte. Over een week zal ik nog kort contact
opnemen voor een paar laatste vragen, dit duurt ongeveer 5 minuutjes!

Groetjes en nog een fijne dag,

Sjoeke

Google Formulieren
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Retention & Memorisation Test Results
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changing
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we can do
something
with that

4. Demand
is

challengin
g supply
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Daunting
task, but
we can
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total

-

A
Table XX: Control Group A results qf etention iMemorizahon test

ARGroup B, Wehy d e

/

Participant #

Checks

5 6

1. Reuse-
Reduce &

. 4
7 il v

climate is

changing

J

3. Waste,
we can do
something
with that

N

4.Demand
is

challengin

g supplh
5

Daunting
task, but
we can
tackle it

piecewise

Points
total

Table XX: Al

Group B results of Retention & Memorization test
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Appendix G: A/B Test Tables of Results

Introductory Questions

The introductory questions, which can be found below, were For convenience sake, the questions are shared below:

used to gather information that was necessary to execute the
memorisation retention test. The last question: ‘How much do
you know about sustainability?” however, had other significance.
This question helped differentiate between participants based
on prior knowledge.

+ Whatis your name”?
« Whatis your age?
+ Whatis your phone number?

How much do you know about sustainability?

The answers to the question: "How much do you know about
sustainability’?” can be found in Tables 1& 2 below:

Control Group A Participant #
1 2 3 4 5 <] 7 8
Question: “How much do Basic Basic Basic More Basic More Basic More
you know about Level Level Level than Level than Level than
sustainability?” basic basic bhasic
Level Level Level

Table 1: Levels of Sustainability knowledge prior to test Control Group A

AR Group B Participant #
1 2 3 4 5 6 7 8
Question: “How much do More Basic More More More More More More
you know about than Level than than than than than than
sustainability?" basic basic basic basic basic basic basic
Level Level Level Level Level Level Level

Table 2: Levels of Sustainability knowledge prior to test AR Group B
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Thefirst set of questions from both questionnaires for Control Group
Aand AR Group B were used to find identify engagement levels and
patterns. For convenience, the questions are listed below:

+ How long do you think the test took? (Subjective Perception of Time

-+ Fromascale of 1-7, to what level did you trust the content you

interacted with to be the truth?

The answers to the engagement test from Control Group A canbe
foundin Tables 3 & 4. The answers of AR Group B can be found in

test (SPT-test)) Tables5&6.
- Fromascale of 1-7, how engaged did you feel with the content”?
- Fromascale of 1-7,how much control did you feel you had when
interacting with the content?
Control Group A Participant #
1 2 3 4 5 6 7 8
Estimated Time 10 10 5 1.5 2.5 10 15 7
(Mins.)
Real Time (Mins. 8mbo4s 9ma2s 3m28s 1ms2 1m47 4mbs4s S9m4d8s | 10mi2s
+5 =534s =572s =208s =112s =107s =204s =588s =G612s
Table 3: SPT Test Control Group A
Control Group A: Participant #
1 2 3 4 5 6 7 8
Question # 2 6 6 5 1 1 6 4 6
3 4 4 4 2 1 6 4 1
4 (5] 7 5] 7 4 5] 4 (5]
Table 4: Engagerment resuilts Control Group A
AR Group B Participant #
1 2 3 4 5 6 7
Estimated Time 12.5 7 5 15 15 7.5 17.5 30
(Mins.)
Real Time (Mins. | 14mS2s | 15m07s = 15m58s | 15m12s  15m04s | 14m58s  15m09s | 28m16s
+5 } =892s =907s =958s =912s =304s =895s =909s =1696
Table 5: Engagement results AR Group B
AR Group B: Participant #
1 2 3 4 5 6 7 8
Question # 2 7 5 6 7 7 3 5 6
3 G a 8 7 7 4 7 3
4 7 (5] 5 7 7 7 7 7

co

Table 6: Engagement results AR Group B
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Comprehension Results

The principle of comprehension was tested via the following two representing key principles discussed during the test. Tables 7 and 8

gquestions: present the selected keywords and participants scores. Participants
were awarded a point for each correct response, including instances

- Canyourecite verbally what you experienced during the test? where synonyms or alternative phrasing conveyed the same meaning.

+ Canyouexplain to me what a circular economy is?

The participants answers were compared with predefined keywords

Participant #

Checks 1 2 3 4 5 6 7 8
1. Reuse- - = - - w - R x
Reduce &
Recycle
2.The - - - = ® o *
climate is
changing
3. Waste, X X - - - - - - Total
we can do
something
with that
4. Demand - - - - - = x - &
is
challenging
|_supply

5. Daunting - - - - - - - - Mean
task, but
WE can
tackle it
piecewise
Points 1 1 o o 2 1 2 1 1
total

Table 7: Control Group A results of Comprehension

Participant #

Checks 1 2 3 4 5 6 7 8
1. Reuse- X X X = X X X X Total
Reduce &
Recycle
2.The X = - = - = - X
climate is
changing
3. Waste, X X X - X X x X 18
we can do
something
with that
4. Demand - X - = A = - = Mean
is
challenging
supply

5. Daunting - - - - - - - -
task, but
we can
tackle it
piecewise
Points 3 3 2 0 3 2 2 3 2,25
total

Table 8: AR Group B results of Comprehension
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Retention & Memorisation Results

The retention and memoarisation test was conducted approximately
14 days after participants were exposed to either the website or AR
experience. Unfortunately, fewer participants completed this phase, as

some were uncomfortable sharing their phone numbers, and others did

not answer when called. These participants, highlighted in orange, are
excluded from the total and mean calculations

In total, 13 participants were contacted from both Control Group A
and AR Group B. The retention and memorisation test mirrored the

comprehension test but was administered later via phone. The identical

results are presented in Tables 9 and 10 below.

Participant #

Checks

2 3 4

5

1. Reuse-
Reduce &
Recycle

X = X

x

2.The
climate is
changing

Total

3. Waste,
WE can do
something
with that

4. Demand
is
challenging
supply

5. Daunting
task, but
WE Can
tackle it
piecewise

Points
total

2 2

Table 9: Control Group A results of Retention & Memorisation test

Mean

1.5

Participant #

Checks

5

1. Reuse-
Reduce &
Recycle

2.The
climate is
changing

Total

3. Waste,
we can do
something
with that

4, Demand
is
challenging
supply

5. Daunting
task, but
We can
tackle it
plecewise

Points
total

Table 10: AR Group B results of Retention & Memorisation test

Mean

2,7
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Appendix H: Detailed Overview of the
Digital Sustainability Tour

1. Language Selector

Thisis the Dutch version of the script that willbe used in the new Actions:
iteration of the AR concept. The script is subdivided in different - Control panel appears in which Language can be selected
sections that will be recorded separately and synchronized to the - Select the selected language and move on'to Tutorial Island

AR environment. This text has been cleared with alanguage coach
and the website “Is het B1".
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2. Tutorial Island

Leuk dat je meedoet met deze digitale Duurzaamheidstour. Tijdens de tour zul je
soms op knoppen moeten klikken. Klik op de
rode knop om kennis te maken met de interacties.

2.1 Groene knop gevonden
Goedzo! Zoek nu de groene knop, je kunt ronddraaien met het apparat omrond te
Kijken.

2.2 Tutorial klaar

Perfect! Je weet nu alles wat je nodig hebt om deze tour te voltooien. Volg de
houten plateaus en klik op de knoppen om te ervaren

wat duurzaamheid en de circulaire economie betekent voor Rotterdam.
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3. Circulaire Economie

In 2030 wordt ‘circulair’ de norm in Rotterdam. Maar wat betekent dat eigenlijk?

3.1Linear naar Circulair

Momenteel halen we materialen uit de aarde om producten te maken. Deze
gebruiken we dan en gooien we als we klaar zijn weg.

Wat als we, in plaats van weg te gooien, producten en materialen hergebruiken?
Dan veranderen we ons materialensysteemin een

cirkel, waarin we zuiniger omgaan met producten. Hierdoor hebben we uiteindelijk
ook minder afval!
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4. Waaromis dit nodig?

Je vraagt je misschien af: “Waaromis dit nodig?” Er is maar een
bepaalde hoeveelheid materiaal op onze Aarde. Als dit op is, is het
op. We komen langzaam dichterbij deze grens. Hierdoor worden
producten alsmaar duurder. Het is belangrijk om de grenzen van
de Aarde te respecteren, zodat ook generaties na ons nog van de
aarde kunenn genieten.

41 Stad naast de Maas

Als we inzoomen naar Rotterdam zien we ook waarom het
belangrijk is. Het is namelijk zo dat Rotterdam naast de Maas ligt. Als
het te veel regent, hier of ergens anders langs de Maas, kan deze
obverstromen. Dit zorgt voor problemen.

4.2 Versteende Stad

Door de hoeveelheid steen in de stad kan het water moeilijk weg.
Ook zorgt het steen ervor dat de stad heel heet wordtinde
zomer,omdat warmte blijft hangen. Dit noemen we hittestress.

4.3 Wat te doen

Dit kunnen we oplossen: Door meer groenin de stad kan het water
beter naar de grond, zonder dat het naar het riool hoeft. Ook

zorgt dit ervoor dat de stad in de zomer afkoelt. Uit onderzoek blijkt
dat het op een hete zomerdag zon 10 graden verschilkan

maken! Als extra komt er nog bij dat meer groen ook nog eens goed
is voor veel verschillende insecten, dieren en planten.

4.4 Kies wat je wilt weten

Als je meer wilt weten over een van deze onderwerpen, nodig ik je
uit om op het desbetreffende pad te lopen! Voor biodiversiteit

loop je naar links, voor hittestress neem je het middelste pad, en het
rechtse pad gaat over wateroverlast! Als je klaar bent kan je

terug lopen naar dit level, en op de groene knop klikken voor een
afsluiter!
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5. Biodiversiteit

Biodiversiteit betekent de variatie aan planten, dieren in een gebied.
Hoe meer soorten er zijn, hoe sterker en gezonder de natuur

is. Ditis belangrijk omdat het zorgt voor een stabiel ecosysteem:
bomen en planten zuiveren de lucht, dieren bestuiven bloemen en
houden ongedierte in toom. Biodiversiteit is de variatie aan planten
endieren. Hoe meer soorten, hoe sterker het ecosysteem, met
schone lucht en een gezondere natuur als gevolg.

Klik op de groene knop om te zien hoe een biodiverser Rotterdam
eruit kan zien!

51 Wat kan je doen om bij te dragen aan meer biodiversiteit?
De gemeente kan je helpen met het aanleggen van geveltuinen of
stukjes groen. Er zijn subsidies beschikbaar, maar de gemeente
moet hiervan weten. Dus meld je plannen!




6. Hittestress

Inde zomer kunnen steden heet worden door steen en asfalt, wat
hittestress veroorzaakt. Dit kan gezondheidsproblemen geven,
vooral voor ouderen, kinderen en huisdieren. Meer groen, zoals
bomen en parken, helpt door schaduw en verdamping, wat de
temperatuur tot 10 graden kan verlagen.

Klik op de knop omeen plek aan te leggen die iets doet aan
hittestress!

6.1 Wil je wat doen aan hittestress?

Wilje helpen de stad te verkoelen? De gemeente biedt subsidies
voor het aanleggen van groene ruimtes, zoals geveltuinen of
parkjes. Vergeet niet om dit aan te geven bij de gemeentel!
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7. Wateroverlast

Rotterdam ligt naast de Maas en kan risico lopen op overstromingen
als het te veel regent. Omdat de stad veel bebouwd is, kan

het water niet goed weg. Dit vergroot de kans op wateroverlast.

We kunnen natuurlijk Dijken bouwen, maar ditis erg duur enis een
tijdelijke oplossing.

Het zou beter zijn om de stad zo in te richten, dat hij beter met water
overweg kan. Gelukkig is dit mogelijk!

Bijvoorbeeld meer parken en minder bestrating helpen alenormom
het water beter te laten wegstromen. Planten enbbomen

kunnen water opnemen, wat de druk op het riool vermindert en
overstromingen helpt voorkomen. Zo maken we de stad beter
bestand tegen hevige regenbuien. Daarnaast is di took beter voor de
hittestress en biodiversiteit!

7.1 Wat kun je doen tegen
wateroverlast?

Ook de gemeente werkt hieraan meel!
Er zijn subsidies voor het vergroenen
van je buurt, zoals voor de aanleg van
geveltuinenen

groene daken. Informeer de gemeente
als je hieraan wilt bijdragen.




8. Afsluiting

Bedankt voor het meedoen met deze digitale duurzaamheidstour.
Je kan nu een formulier, ditinvullen, eninleverenin de stem

doos. We hopen je geinspireerd en geinformeerd te hebben over
duurzaamheid. Als je meer vragen hebt, nodigen we je uit om

langs te komen op het gemeentekantoor, en we willen je vragen om
na te denken over duurzaamheid!
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Appendix I: Pilot Test Prototype 2

Prototype 2: The Digital Susuinability Tour has been tested at IDE with anumber of
students, IPD, SPD and DF for their unique view on the model. Images are shared
below:

mmn.!....‘.l.......'.....

e —
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Appendix J: Test Protocol Prototype 2: The
Digital Sustainability Tour

Prototype 2: The Digital Susuinability Tour has been tested at the Zuidplein Library as
well as the Fluitpolderplein Library with the following protocol.

Number: | Activity Description: Instruction: Time:
1. Welcoming the participant Make participants feel at ease by asking how they | 2 min.

are doing etc. Explain the participant the reason of
this research that they are participating in.

]

Informed consent form Ask the participant to read and sign the informed 5 min.
consent form. Tell the user that he/she has the
possibility to stop the research at will. A blank
consent form can be found in Appendix B.

Start of the test Participant 1s given the 1Pad and the Digital 1 min.
Sustainability Tour starts

Engaging with the Digital Participant 15 now following the Digital 10 min.

Sustainability Tour Sustainability Tour and the researcher follows

them to assist with any questions or help that 1s
required by the participant

End of test — Open ended, Participant will be tasked to participateina 10 min.
semi-structured interview short semi-structured interview, in which the
based on the following questions will be asked:
“Reflectionnaire™ 1. Did you have previous experiences
with AR?

2. What did you think of this experience?

3. Could you follow everything? Was the
experience easy to grasp?

4. Would you have wanted to learn
something in this way in the past? If
yes

5. Doyou think this concept has a place
in the future of education and
communication?

6. Didyou learn something in this test
that you think is interesting?

7. Doyou have any other questions?

Test protocol / list of activities for Prototype 2: Digital Sustainability Tour
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Appendix K: Reflectionnaire

Toaccommodate different users, areflectionnaire is used to guide the interview.
Participants have the ability to either answer the questions on paper or verbally. But the
same questions will be asked.

The name reflectionnaire comes from the first three questions, which reflect on the

things that were shown to the participants throughout the experience. The other
questions are used to make sure allimportant aspects are discussed.

Enquéte over Digitale Beeldvorming

Dlg qu Ie Beel dvorm I ng Bedankt voor het meedoen met dit onderzoek over hoe
en D uurzaam heid goed digitale beeldvorming werkt. Om antwoord te

geven mayg |e schrijven of tekenen in de rechthoeken!

1. Waar zou je in de wijk meer natuur willen zien
en waarom? Geef dit aan met een boom op de
kaart.

2. Waar zou je in de zomer graag willen zitten in

de wijk, waar dat nu niet kan? Geef dit aan met
een stoel op de kaart.

CHARLOIS
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3. Hoe zou jij je voorbereiden op een
overstroming?

Heb je in het verleden wel eens iets op deze
manier vitgelegd willen krijgen? Zo jq, kan je
vitleggen waar en waarom?

4. Wat vond je van deze ervaring op een schaal
van 1 - 7? Waarom vind je dit?

Niet
ek O O O O O O O %
1 2 3 4 5 6 7
7. Heb je iets nieuws geleerd tijdens deze test wat

je waardevol en/ of interessant vond?

8. Is er iets dat je verder had willen weten?

o

Zie je dit concept werken in de toekomst? Zo jq,
waar zou je dit zien (bijv. op school of publieke
ruimtes), en over welk onderwerp?

Vul hier je naam en telefoonnummer in

als je mee wilt doen met een kort telefonisch
vervolgonderzoek wat maximaal 5 minuten
duurt!
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Appendix L: Filled in Reflectionnaires

To accommodate different users, areflectionnaire is used to guide
the interview. Participants have the ability to either answer the
questions on paper or verbally. But the same questions will be asked.

The name reflectionnaire comes from the first three questions,
which reflect on the things that were shown to the participants
throughout the experience. The other questions are used to make
sure allimportant aspects are discussed.

Participant 1

3 Hoe zou jii je voorbereiden op een
overstroming?

o

e i haal
' \Wat vond je van deze ervaring op een 3¢
! van | - 77 Kan je dit verder toelichten?

5 00O0O®O
i o8 9 & % & 7

230

However, due to the immersive nature of the experiment, the
reflectionnaires were mostly used to start the interview. In most
cases the reflectionnaire was used as a way for me to structure
notes from the conversations.

PS. apologies for the Coffee marks and chaos, testing was stressfull.

)

5. Heb je in het verleden wel sens jets op deze
manier vitgelegd willen krijgen? Zo jo, kan je
vitleggen waar ¢n waarom?

&, Zie je dit concept werken in de toekemst? Zo jao,
waar zou je dit zien [bijv. op school of publicke
ruimtes)?




7.

Heb jo iets nigwws geleerd tijdens deze test?

.

L=
8.

Is er iets dat jeverder had willen verkennen

in deze ervaring?

Notes:

Participant 1liked the concept of AR and mentioneditis always fun
to getinformationin a visual way. Next to that, the participant noted
thatitis nice to walk around and explore the information at your own
pace.

Next to that, the participant noted that AR could work with difficult to
grasp concepts at high school (like physics), and noted it would have
been usefulin her own career.

Apart from her own experience, she sees the concept working at
lower-middle-high schools and in public spaces as you can truly see
everything that changes in front of you, which immerses.

Participant 1did not learn anything new, but noted that the
experience would have been cool to have at specific locations within
Rotterdam, for example at the real Erasmusbridge, and then seeing
the Maas floodinreal time.
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Participant 2

L

3. Hni zou jif ju voorbersiden op een
ﬂ‘ﬂl‘l‘l‘l’ﬂnﬂnu?

E'*&f:f '-.-I'“'J_l". [-dl‘r.u r‘}é&wml:ﬁ‘l -l:'i-"_.{{,_..-.
e Lﬁ F"" 'LI'E.r[ L
Pz&kj;"" L Wans L?'-E-T

ot}

5.  Heb je in het verleden wel eens iets op deze

manier vitgelegd willen krijgen? Zo ja, kan jo
vitleggen waar en waarom?

4, Wat vand js van deze ervaring op een schaal

wvan | - ??W.‘_r 1 toelichten? ——

F o0 00 @ o

L& % 4 5 B 7
cla imfen
gwmﬂr

Ted, ol .

!Ed‘t}tﬂpdﬁ{lﬂmﬁ

Mmﬂv{w%mio |

lh[e‘! “h‘cl'}‘ ’];m;b":

i
=

o

&. Zia je dit concept wurl:-Hn de toekomst? Zo jo,

waar zou je dit zien [bijv. op school of publieke
ruimtes)?
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7. Heb je iets nieuws geleerd tijdens deze test?
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8. Is er iets dat je had willen verkennen
in deze ervari
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Notes:

Participant 2 liked the AR concept and noted that the interaction
ensured that he stayed curious to what whas to come, and was
excited to see the story unfold.

The participant also noted that he had never used AR before. Yet
he sees the potential in for example museums, schools, stores
and showrooms, and mentions that its useful at all locations where
informationis shared.

Next to that, Participant 2 noted that he did not know there were
any subsidies for enhancing your neighbourhood or house onthe
discussed themes, like facade gardens. By linking the websites, the
participant also was able to immediately learn more about how he
cangetaccessto these subsidies.

Lastly, participant 2 would have liked to see specifically what the

cause of a flood in Rotterdam would be, and would have liked to see
what effects a flood has on his house/neighbourhood.
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Participant 3

—
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3. Hoe zou jij je voorbereiden op een
overstroming?
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4.  Watvond je van deze ervaring op een schaal
van 1 - 77 Waarem vind je dit?
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Heb ie in het verleden wal eens iets op 1
mnni':r vitgelegd willen krijgen? Zo 19, kan je
uitleggen waar en waarom?
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&, Tie j& dit concept werken

in de toekomst? Zo ja.

waar zou je dit gien [bijv. op school of puhl'uk-
ruimtes), en over welk onderwerp?
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7.

Heb je iets niewws geleerd tijdens deze tost wat
je waardevol en/ of interessant vond?
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Is er iets dat je verder had willen weten?

o ad e, VoM daana dos, AR T oGanb
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Notes:

Participant 3 thought the concept was “cool” because it can be used
at every location. Prior to the test he did notimagine that AR could
be usedin alearning-context.

After learning more about AR, the participant shared multiple ideas
about how AR could be used in schools, during history classes or
onmonuments so you can learn more about the background of the
object. Another use case would be during social study classesin
high school.

Participant 3 also noted that heat stress was an interesting subject,
and would have liked to see specific strategies or examples of things
Rotterdam has done to combat heat-stress, floods and increase
biodiversity. So more applied examples.

Observations:

Enthusiastic about the concept of AR, and understands the
message. At first the participant was hesitant to join research, but
then | showed him the concept and he was eager to try!

Feedback:

«  Adding more interactionsis a good idea and would be fun.

«  ARfatigue was noticeable (so perhaps do it with a phone
instead of a tablet.

« ldeatoshow AR onmonuments andin classes with Social
Studies and history

- |lwouldlike to see where Sustainability things were applied.
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Participant 4
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Notes:

Participant 4 noted that having more visualisations and animations
enhanced interaction. Next to that, the participant noted that he is
spending a lot of time on the topic.

The participant sees an opportunity in geography lessons, where
books can be enhanced with AR, and mountains can appear on
books. Next to that, the participant would like to see the conceptin
libraries or schools.

Participant 4 never realised that visualisations can be so powerful,
and canreally immerse users, and noted a special interest in how
one can produce a concept like this.

Observations:

Liked the concept and wanted to see more AR, thought ARwas a
goodideatouseinlibrary and schools.

Feedback:

- Some pieces had too much information, it would be nice to
keep the information load at a minimum.

« lreally liked the environment, and appreciated the Augmented
reality as opposed to using Virtual Reality which uses glasses.
This makes the environment more open and makes it easier to
stillengage with people.
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Participant 5

Hallo Sjoeke,

Allereerst, ik voelde me vereerd de test te mogen doen. Leuk zo'’n modern apparaat met virtuele rode en blauwe (of waren het
groene?) knoppen om keuzes te maken.
In het begin een beetje spannend voor mij, vandaar dat ik de kleur niet meer weet, maar het kwam goed.

Nu een paar antwoorden:
1. Eerste opwelling, opblaasbare rubberboot op de zolder. Maar dat is natuurlijk heel egoistisch en slaat eigenlijk nergens op.
Hier komt het aan op het grote belang van het beheer van waterwerken. Niet alleen maar met zijn allen.

2. Ervaring 1. Het hoogste punt dus. Heeel leukkkk!
(Omgekeerde puntentelling?)

3. Zo'n duidelijke uitleg is heel nuttig. Intelligent gedaan. Er komt veel aan bod maar het blijft overzichtelijk.

4. Ik zie dit concept zeker werken.

Duidelijk, overzichtelijk en veel terzake doende informatie.
Scholen sowieso, de jeugd is de toekomst!

Openbare ruimten ook. Alles helpt.

5. lets nieuws geleerd? Natuurlijk, altijd, al was het alleen al de omgang met moderne apparaten. Maar de informatie die je kon
krijgen na het doorklikken vond ik heel fijn, duidelijk en overzichtelijk. Daar heb je wat aan! Ik heb alleen niet alles onthouden.

6. Geen vragen meer.

Wel wil ik nog zeggen dat ik het fijn vind dat er een jonge generatie bezig is met iets dat ik altijd al belangrijk vond, maar waar ik
me erg alleenin voelde.

Met hartelijke groet, succes ermee,
Corrie
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Participant 6

3. Hoe zou jij je voorbereiden op een
overstroming?
Mes haar boven b 2- :.IIL- e
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4, Wat vond je van deze ervaring op &en schaal
vean 1 - 77 Waarom vind je dit?
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Notes:

Participant 6 liked the concept as well, and stressed that
explanations with abunch of imagery and analogies work well. This
maintains clarity and simplicity.

Next to that, the participant noted that the tour could be beneficial
inschools as well as public locations, and even invited me to
participate in the Sustainability week that will be organised half
December inthe Fluitpolder library.
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Participant 7

3. Hoe zou jij je voorbereiden op een
overstroming?

5, Heb je in het verleden wel eans iets op deze

manier vitgelegd willen krijgen? Zo jo, kan je
vitleggen waar en waarom?
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4. Wat vond je van deze ervaring op een schaal
van 1 - 77 Kon je dit verder toelichten?
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Heb je iets nieuws geleerd tijdens deze test?
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Is er iets dat jeverder had willen verkennen
in deze ervaring?
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Notes:

Participant 7 was enthusiastic about the visualisations and
gamification of the topic. The element of choice was also
appreciated. She also mentioned that having informationin
this way is much more interactive than a website, and sees
it working in situations where cause and effect is difficult to
explain. Using AR could visualise the causes and effectsin
aninteractive way.

She also mentioned that it would be funto have these
interactions at recycling centers, so you can visually explain
how their waste becomes something new. Next to that,
participant 7 was wowed by the fact that Rotterdam already
has quite a lot of possibilities to start initiatives, and was
curious to learn more about Leidschendam and committed
to googling more about it.
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Participant 8

- B Hoe zou jij je voorbereiden op een
ovarstroming?
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5. Heb je in het verleden wel eens iets op deze

manier vitgelegd willen krijgen? Zo jo, kan je
vitleggen waar en waarom?
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6. Zie je dit concept werken in de toekomst? Lo ja,
waar zou je dit zien [bijv. op school of publieke
ruimtes), en over welk onderwerp?
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' Notes:
| Participant 8 noted that the experience made him think
more about the effects humans have on the climate and vice
versa. He was also thinking about floods, especially since

gt . the Catastrophe in Valencia just happened.
7. Heb je iets nisuws geleerd fijdens deze test wat i g JsHhapp

|e waordevel en/ of interessant vond? | Places of interest for this technology would be town halls, so

that people inthe waiting room can engage inameaningful
'[}1 ] I:‘- :’f '.IL " | activity while waiting. He also mentioned that AR could be
+ ey A a3 vegh 15 interesting to see what the city of the future could look like.

“Does Leidschendam also have money for initiatives?”
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8. Is er iets dat je verder had willen weten?
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Participant 9

3.

Hoe zou jij je voorbereiden op een
overstroming?
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Heb je in het verleden wel eens iets op deze
manier vitgelegd willen krijgen? Zo jo, kan je
vitleggen waar en waarom?
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Zie jo dit concept werken in de toekomst? Zo jo,
waar zou je dit zien [bijv. op school of publicke
ruimtes), en over welk enderwerp?
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Notes:
Participant 9 appreciated the style of the visuals, saying they
felt playful and work well if you want to give an atmospheric

7 Heb je iets nisuws geleerd tijdens deze test wat impression. She mentioned that this way of engaging with
je waardevel en/ of interessant vond? content is exciting and she felt like she was exploring.
This tech could work for Asylum Seeking Centers, Town
: - Halls, Community buildings and places for integration.
D:ﬂ ﬁr, e -5,-} e "‘P‘A She also mentioned that this way of learning can be suitable
for the “Tik Tok generation”.

= t‘ -,
T &r-5 I:'L" l hh = After the test, she was wondering what she hastodotogeta
facade gardeninaFlatin Leidschendam.

8. Is er iets dot je verder had willen weten?
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Participant 10

3. Hoe zou jij je veorbereiden op een
overstroming?

5. Heb je in het verleden wel eens iets op deze

manier vitgelegd willen krijgen? Zo jo, kan je
vitleggen woaor en waarom?
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4, Wat vond je van deze ervaring op een schaal
van 1 - 7? Waarom vind je dit?
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6. Zie je dit concept werken in de toekomst? Zo jo,
waar zou je dit zien (bijv. op school of publieke
ruimtes), en over welk onderwerp?
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7. Heb je iets nieuws geleerd tijdens deze test wat
je waardeveol en/ of interessant vond?
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8. Is er iets dat je verder had willen weten?
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Notes:

Participant 10 mentioned that the experience would be even
more funif there were more interactions. He also mentioned
that the experience fit with his learning style, as he prefers
visualisations instead of plain text. He also mentioned that
he watches a lot of youtube videos to learn. In the library this
concept could work he said.

He found it interesting to see how, with simple interventions,
he can make a difference. He used to think sustainability is
toodifficult. Yet he wanted to learn how these things applied
to Leidschendam.
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