
Environmental Impact of Food with an
Interactive Data Visualization Exhibit
A study of Universeum’s visitors’ perceptions and experienced
learning when using visualization exhibits about sustainable
food consumption

Master’s thesis in Learning and Leadership

MALOU LIDERFORS & SANDRA LÖVGREN

DEPARTMENT OF COMMUNICATION AND LEARNING IN SCIENCE

CHALMERS UNIVERSITY OF TECHNOLOGY
Gothenburg, Sweden 2022
www.chalmers.se

www.chalmers.se




Master’s thesis 2022

Environmental Impact of Food with an
Interactive Data Visualization Exhibit

A study of Universeum’s visitors’ perceptions and experienced
learning when using visualization exhibits about sustainable food

consumption

MALOU LIDERFORS & SANDRA LÖVGREN

Department of Communication and Learning in Science
Division of Engineering Education Research
Chalmers University of Technology

Gothenburg, Sweden 2022



Environmental Impact of Food with an Interactive Data Visualization Exhibit
A study of Universeum’s visitors’ perceptions and experienced learning when using
visualization exhibits about sustainable food consumption
MALOU LIDERFORS & SANDRA LÖVGREN

© MALOU LIDERFORS & SANDRA LÖVGREN, 2022.

Supervisor: Lena Pareto, department of Education, Communication and Learning,
University of Gothenburg
Examiner: Philip Gerlee, department of Mathematical Sciences, Chalmers Univer-
sity of Technology

Master’s Thesis 2022
Department of Communication and Learning in Science
Division of Engineering Education Research
Chalmers University of Technology
SE-412 96 Gothenburg
Telephone +46 31 772 1000

Cover: The exhibition Vislab at Universeum, presenting many different interactive
exhibits which the visitors can explore.

Typeset in LATEX, template by Kyriaki Antoniadou-Plytaria
Printed by Chalmers Reproservice
Gothenburg, Sweden 2022

iv



Environmental Impact of Food with an Interactive Data Visualization Exhibit
A study of Universeum’s visitors’ perceptions and experienced learning when using
visualization exhibits about sustainable food consumption
MALOU LIDERFORS & SANDRA LÖVGREN
Department of Communication and Learning in Science
Chalmers University of Technology

Abstract
The climate is changing, and many commitments must be made to slow down that
change. However, many people seem to not know how big the environmental impacts
of food are, and what environmentally-friendly food is. At the same time, the visu-
alization of data is becoming a popular tool for educating people. The science center
Universeum in Gothenburg has opened a new public visualization exhibition called
Vislab, focusing on sustainable development and what impact different choices have
on our planet. This study is based on a climate-smart visualization exhibit about
food consumption at Vislab, and aims to investigate the role a visualization exhibit
can play in educating the public about different foods’ environmental impact.

Many participants believed locally produced food to be environmentally friendly,
and seemed to know how to reduce their environmental impact from food con-
sumption but choose not to. 47.1 % of the participants appeared to have problems
interpreting the data visualizations, with no significant differences between genders,
ages, or educational backgrounds. The males were significantly better at choos-
ing environmentally friendly food than the females were, but no similar differences
were found between participants of different ages or educational backgrounds. Most
participants seemed to learn about specific food items’ environmental impact and
19.6 % commented on how they should change their diet, indicating deeper learn-
ing. These findings support the idea of visualization being suitable for educating
people regardless of their background about climate change, but it is important to
continuously identify and correct eventual deceptive features which can jeopardize
the exhibit’s purpose.

Keywords: interactive data visualization, visualization exhibit, visitors’ interaction,
transformative learning, experiential learning, non-learning, field experiment, sci-
ence center, food consumption, environmental impact, climate.
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1
Introduction

As the climate change debate gains more and more attention in today's society,
an increasing amount of research about how to slow it down emerges. While the
transportation sector is commonly blamed for the increasing amount of greenhouse
gases in the atmosphere, voices are raised saying that what and how much we eat
has a huge impact on climate change as well. But how much does the general public
know about the impact food consumption has on climate change, and how can they
best learn more so that we can all together manage the global challenge of reducing
the amount of greenhouse gases in the atmosphere?

1.1 Background

In this section, previous research on food consumption and interactive visualization
tools will be presented. Information about the new Visual laboratory exhibition
Vislab at Universeum science center in Gothenburg will also be introduced, with a
particular focus on their exhibit about climate-smart food.

1.1.1 Food consumption and climate change

All food consumption involves the emission of greenhouse gases, but di�erent foods
lead to di�erent amounts of emissions. Hjerpe et al. (2013) advocate for buying
climate-certi�ed food products and have put together a weekly food menu with
climate-smart food which, if used, would reduce the emission of greenhouse gases
from food consumption by 50 %. Fundamental to the menu is a reduction of meat
consumption (especially beef), which stands for a large proportion of the emissions.
For Sweden to reach the goal of zero net emissions of greenhouse gases in 2050,
Hjerpe et al. (2013) say that it is crucial to also reduce the emissions from the agri-
culture industry, but it can be easier said than done to get people to change their
eating habits.

In a study performed by de Boer and Aiking (2022), the participants were asked
about what they considered to be a healthy and sustainable diet. They were also
given a list from which they were requested to choose one or more factors that they
thought had an impact on sustainable food consumption. The alternatives that
were thought to matter the most for a healthy and sustainable diet were �eating a
variety of di�erent foods, having a balanced diet� and �eating more fruits and veg-
etables�. �Eating vegetarian or vegan� was rarely considered to be of importance.
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1. Introduction

In northwestern Europe, a majority of the participants considered themselves to
play an important role in sustainable food consumption. This was not as evident in
southern and eastern Europe.

Macdiarmid et al. (2016) investigated the general public's perceptions about in par-
ticular meat consumption's possible impact on the environment. The study was
conducted through focus groups and interviews. The researchers found that many
were unaware of the connection between meat consumption and climate change, that
personal meat consumption was thought to have a minor role in a global context
among the participants, and that many had a negative attitude towards reduc-
ing their meat consumption. According to the study, many participants were also
skeptical of research showing a relationship between meat consumption and climate
change and they had a more positive attitude and thought it to be more important
for the environment to change behaviours that were not linked to food consumption.

1.1.2 Interactive visualization

To enhance the general public's knowledge about sustainable food consumption, ed-
ucation is needed. Historically, the retrieval of knowledge has mainly been done
through textual, mathematical, and visual literacy but as the society is develop-
ing, there is an increasing focus on the importance of data visualization literacy
(DVL); the ability to read, interpret and make meaning from visually represented
data (Börner et al., 2019). Kirk (2020) says that it is highly necessary to be able to
understand visual data representations to participate actively in today's society, and
believes that DVL is a shared responsibility between the illustrator and the user;
while the illustrator must strive to make the data as understandable as possible,
the user must also be motivated and willing to obtain abilities in DVL. DVL has
already been needed for quite some time to read and decipher diagrams and graphs,
but with today's new digital technology it is also an extremely important ability
when learning through interactive visualizations.

In a report from Ynnerman et al. (2018), the concept �exploranation� is described
as a combination of exploration and explanation when learning. Ynnerman et al.
(2018) means that curiosity-arousing parts of the data need to be presented and
explained pedagogically, while the visitors at the same time get to feel that they
are in control of what they are watching and exploring. Ynnerman et al. (2018)
also states that visualization, in particular, is a very versatile and useful tool and
that it is common for interactive visualization tools to become �magnets� where
many visitors gather around and watch while a single visitor explores a data set.
The report also states that the installation of visualization tools in museums and
science centers has led to an increasing amount of visitors. Through exploranation,
people can explore di�erent subjects on their own and through that hopefully take
the given information to heart more easily.

Ma et al. (2012) has investigated what visitors see and think when visiting an inter-
active exhibition and describe how many of the visitors asked questions about other
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1. Introduction

things than what the exhibit was about, which indicates motivation to explore the
data further but also underlines the importance of access to background information
for enhanced understanding. The same study advocates for a focus on helping the
visitors to understand important relationships and key concepts rather than having
visualizations that are completely scienti�c correct in regards to colors, sizes, and
similar attributes. Visualization seems to endorse learning but since visits to sci-
ence centers are based on a personal interest it is important for the visualizations to
spark interest already at the �rst glance, to be meaningful at several di�erent levels
of knowledge, and to be easy to understand (Ma et al., 2012).

In a study conducted by Ma et al. (2020) it was investigated how visitors decode
visualizations of scienti�c data, as well as which aspects of the visualization design
help or hinder the decoding. The study found that the visitors decode the screens
little by little continuously while they interact with the scienti�c data, instead of
decoding the entire screen at once. The visitors did not decode di�erent parts of
the visualization systematically; instead, they often went back and revisited previ-
ous images to interpret the decoding. Ma et al. (2020) states that this indicates a
need among the visitors to support the decoding after their �rst experience with the
visualization. It was also found that external representations, such as animations,
graphs, maps, and similar, supported the visitors' ability to decode. Data visual-
ization is getting more and more central in trying to understand our surroundings
and can give important insights into critical, scienti�c topics such as climate change,
genomics, and epidemiology (Ma et al., 2020).

1.1.3 Vislab at Universeum

At the beginning of 2022, the science center Universeum in Gothenburg opened a
public visualization laboratory calledVislab and fundamental for a large proportion
of the exhibition is the environment and sustainable development. The aim of the ex-
hibition is for the visitors to gain a stronger and deeper understanding of sustainable
development, and what impact di�erent choices we make have on our planet (Uni-
verseum, 2022). WithVislab, Universeum also gets a chance to better understand
the possibilities and limitations of data visualization. Universeum (2022) states that
images are the fastest way to understand data since they get past educational and
cultural barriers more easily and that they facilitate the understanding of complex
relationships. Universeum does, however, wish to gain more information about how
their exhibits endorse learning and what visitors could gain from interacting with
the exhibition.

In the Vislab exhibition there are several interactive exhibits where the visitors
can freely click on things that interest them to learn more. Figure 1.1 shows the
interactive exhibit this study will focus on (hereafter called �the climate-smart ex-
hibit�) in the foreground, with many of the other exhibits in the exhibition visible
in the background. The exhibits deal with many di�erent subjects such as food
consumption, ecosystems, infrastructure, anatomy, and space.

3



1. Introduction

Figure 1.1: The Vislab-exhibition at Universeum, with the exhibit about di�erent
foods environmental impact in the foreground.

At the climate-smart exhibit, the visitors can choose from a variety of foods. For each
food product, they can vary the amount and how often the product is being eaten
(per day or per week). The exhibit then shows the visitor what yearly environmental
impact the food product has in terms of greenhouse gas emissions, land use, and
water consumption. The visitors can also collect many di�erent food products on
a digital plate and see how big the environmental impact is from all food products
put together, see Figure 1.2. To the right in Figure 1.2 there are three icons where
the cloud stands for CO2 emissions, the tree stands for land use and the droplet
stands for water consumption. The percentages inform how many percent of a
sustainable, daily consumption the plate stands for. Thus, a visitor who eats the
breakfast shown in Figure 1.2 uses 47 % of their sustainable daily water consumption
budget on their breakfast meal. By pressing the icons, the visitors are presented
with exact numbers (kilograms of CO2 emissions, square meters of land use, and
liters of water consumption) instead of percentages. To the left in Figure 1.2, there
is a summarized table that shows bars of greenhouse emission (white), land use
(light blue), and water use (blue). The bars lengths for the di�erent food items on
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1. Introduction

the plate are in relation to each other. In the summarized table, the amount of a
picked food item can also be seen.

Figure 1.2: An example of what it might look like for visitors who have composed
their breakfast on the climate-smart exhibit.

1.2 Purpose of the study

The purpose of this study is overall to investigate the role a science museum can
play concerning the public's understanding of the environmental impact of food
choices; more speci�cally to explore what learning the public can gain from a visu-
alization exhibit on meals' environmental impact. Hopefully, this will give a more
clear picture of if and in that case how much information and enhanced understand-
ing a citizen can get through visualization exhibits, to gain a better understanding
of if interactive visualization exhibits are the right way to go when designing new,
pedagogical learning tools.

1.3 Limitations

The climate-smart exhibit shows no information to the visitors regarding nutritional
content. Therefore, this study will only focus on the environmental impact of the
visitors' plates, without any consideration of the nutritional content of the plates.
Thus, it is possible for a visitor to present a plate with very low environmental im-
pact but which does not meet the daily recommended intake of di�erent nutrients
advocated by nutritional experts.
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The study will not take into consideration what the visitor might eat during the
rest of the day, apart from the plate generated during the experiment. The visitor
could therefore present a plate with low environmental impact but which also does
not keep the visitor satis�ed for very long, leading to the visitor eating more during
their next meal. A consciously low environmental impact from the �rst meal could
consequently lead to an increase in the total environmental impact from the entire
day.

Since Vislab's primary target group is visitors aging from 13 years and older, no
one under the age of 13 will be a part of the study. Visitors 15 years old or younger
will only be allowed to participate if their legal guardians give permission. To more
clearly be able to distinguish age, gender, and educational background among the
participants, those who want to explore the climate-smart exhibit in pairs or larger
groups will not be able to participate in the study.

1.4 Clari�cation of research questions

In order to achieve the purpose of this study, four primary questions have been
formulated:

ˆ How do visitors choose food items for a typical meal for them compared to
their idea of an environmentally optimal meal?

ˆ Is the information provided by the climate-smart exhibit clear to the visitors,
or are there indications of misinterpretations during the interactions? Were
there any di�erences regarding misinterpretations related to gender, age, or
educational background?

ˆ What do the visitors' environmentally optimal plates tell us about their view
on climate-smart food consumption? Were there any di�erences regarding
gender, age, or educational level?

ˆ What indications of learning can be revealed/identi�ed during the visitors'
interactions with the climate-smart exhibit?
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Theory

In this chapter, all the theories behind the study will be presented. The theories
described are of both mathematical and sociological nature.

2.1 Statistical theories

The study has used multiple di�erent statistical tools. Each statistical method that
has been used in the study is described below.

2.1.1 Paired t-test

With pairs of data, i.e. two observations from each sample or individual, a paired
t-test can be conducted to investigate whether or not the di�erences between the
sample pairs are statistically signi�cant (Devore, 2016). To do a paired t-test, the
samples need to be random and the di�erences between the pairs need to be approx-
imately normally distributed; however, if the sample size is large enough (over 30),
the criteria of normally distributed di�erence means no longer needs to be ful�lled
(Devore, 2016). The hypotheses in the paired t-test are

H0 : � D = 0 (2.1)

HA : � D 6= 0 (2.2)

whereH0 is the null hypothesis to be tested,HA is the alternative hypothesis, and
� D is the expected mean value of the di�erences between the pairs (Devore, 2016).
The test statistic value t can be calculated as

t =
d � 0

sD =
p

n
(2.3)

where d is the sample mean of the di�erences between the pairs,sD is the sample
standard deviation of the di�erences between the pairs andn is the sample size
(Devore, 2016). To use thet-value in a t-curve table, one also needs to calculate the
degrees of freedomv as

v = n � 1 (2.4)

wheren is again the sample size (Devore, 2016). From the t-curve table, ap-value
(probability value) can be obtained, but sinceHA can imply either that � D is less
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than zero, or that � D is larger than zero, thep-value from the t-curve table must
be multiplied by two and if the p-value is lower than 0.05,H0 can be rejected at a
con�dence level of 95 % (Devore, 2016).

2.1.2 Mann-Whitney U test

The Mann-Whitney U test (sometimes also called the Wilcoxon Rank-Sum test)
is a nonparametric test that can be used to examine if the di�erence in means
between two independent, random samples is statistically signi�cant, but where a
two-sample t-test cannot be conducted due to the population distributions not being
normally distributed (Devore, 2016). The Mann-Whitney U test assumes that both
the shape and the spread is the same in the two distribution, and then states the
null hypothesis and three alternative hypotheses as

H0 : � 1 � � 2 = � 0 (2.5)

Ha : � 1 � � 2 > � 0 (2.6)

Ha : � 1 � � 2 < � 0 (2.7)

Ha : � 1 � � 2 6= � 0 (2.8)

where� 1 is the mean value of the smaller sample,� 2 is the mean value of the larger
sample and� 0 is the amount of which the smaller sample is shifted by to the right
of the larger sample (Devore, 2016). When performing a Mann-Whitney U test,
all observations in both samples together are arranged in order from smallest to
largest and then assigned a rank going from 1 (smallest observation) up to the total
number of observations of both samples (largest observation) (Devore, 2016). The
test statistic value w for the Mann-Whitney U test is then de�ned as

w =
mX

i =1

r i (2.9)

wherem is the number of observations in the smaller sample andr i is the assigned
rank for observation i in the smaller sample (Devore, 2016). Depending on the
alternative hypothesis, the p-value can be calculated in the following three ways

P0(W � w) (2.10)

P0(W � w) = P0(W � m(m + n + 1) � w) (2.11)

2P0(W � maxf w; m(m + n + 1) � 2g) (2.12)

wherew is the test statistic value,m is the sample size of the smaller sample andn
is the sample size of the larger sample (Devore, 2016). Equation 2.10 should be used
together with Equation 2.6, Equation 2.11 should be used together with Equation
2.7, and Equation 2.12 should be used together with Equation 2.8 (Devore, 2016).
When m = 3 and n = 4, the distribution of W is symmetric about the middle
value m(m + n + 1) =2, giving easily obtained P-values for lower-tailed and two-
tailed tests from a tabulation of upper-tailed null distribution probabilities (Devore,

8



2. Theory

2016). Whenm and n exceeds 8, a normal approximation can be used for theW
distribution (Devore, 2016). Values forP0(W � w) can be obtained from a table
and if the p-value is then equal to 0.05 or less, the null hypothesis can be rejected
in favor of the alternative hypothesis (Devore, 2016).

2.1.3 Kruskal-Wallis test

The Kruskal-Wallis test is similar to the Mann-Whitney U test in that it is non-
parametric and used for comparing independent samples in populations that are
not normally distributed, but the Kruskal-Wallis test can be used for more than two
samples Devore (2016). The null hypothesis in the Kruskal Wallis test is that the
population means of each sample are the same; in other words

H0 : � 1 = � 2 = : : : = � I (2.13)

whereI is the number of samples and� is the mean value of each sample (Devore,
2016). Similar to the Mann-Whitney U test, all observations in the data set are
arranged in order from smallest to largest and then ranked from 1 (smallest) toI
(largest) (Devore, 2016). The test statistic valueK can then be calculated as

K =
12

N (N + 1)

IX

i =1

Ji

�

Ri � �
N + 1

2

� 2

=
12

N (N + 1)

IX

i =1

R2
i �

Ji
� 3(N + 1) (2.14)

whereN is the total number of observations in the data set,I is the number of sam-
ples,Ji is the sample size of samplei , Ri � is the sum of the ranks for all observations
in samplei , and Ri � is the rank mean value for all observations in samplei (Devore,
2016). The second expression forK in Equation 2.14 is called the computational
formula and is easier to use since it only contains one subtraction (Devore, 2016).
While there are tables available to �nd the p-valueP0(K � k) for the Kruskal-Wallis
test, they are tiresome to use, and instead an approximation for �large samples� can
be used; whenH0 is true and there are either three samples where each sample
contains no more than six observations, or there are more than three samples where
each sample contains no more than �ve observations,K is approximately chi-squared
distributed with I � 1 degrees of freedom and so the approximate p-value can be
found under the� 2

I � 1-curve to the right of k (Devore, 2016).

2.2 Learning theories

Several di�erent learning theories are used to describe patterns and behaviours from
the study. Since the exhibitionVislab at Universeum is based on the idea that each
visitor will search for and explore the data available in their own way, learning
theories that focus on experience and exploration were considered to be best at
helping to explain possible learning outcomes from the study. The transformative
learning theory can explain how the visitors can transform their already existing
beliefs into new ones, while the experiential learning theory helps explaining di�erent
stages the visitors move through in their learning process. Learning does, however,
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not automatically occur in every learning situation, which can be explained by non-
learning theory to better understand underlying causes.

2.2.1 Constructivism and Transformative Learning Theory

Constructivism is based on the idea that knowledge is constructed upon a personal
unique pre-knowledge; people learn to learn, motivation is the key to learning and
learning is an active, social process that is contextual and engages the mind (Bada
and Olusegun, 2015). This means that the learning outcome will be unique for every
person who enters a new learning situation and the continued learning will depend
on what the person believes to be true (Bada and Olusegun, 2015). Within the
theory of constructivism, there are di�erent points of view, such as the classic cog-
nitive constructivism by Jean Piaget who claims that learning is related to cognitive
development, and the social constructivism by Lev Vygotsky whose ideas are more
focused on societal and peer in�uence (Schcolnik et al., 2006).

The transformative learning theory is a type of constructivism by Emeritus Pro-
fessor Jack Mezirow. Transformational learning occurs when the learner's beliefs
about topics, issues, or situations are changed (transformed) through critical re-
�ections which challenge the learner's frames of reference (Mezirow, 1997). These
frames of reference are shaped by previous conative, cognitive, and emotional expe-
riences and form how we understand the world (Mezirow, 1997).Habits of mind and
a point of view are the two dimensions which Mezirow (1997) use to sort people's
beliefs through. Thehabits of mindare broad and describe how humans are acting,
thinking, and feeling based on social codes such as political, economic, cultural, or
educational whilea point of view is described as more easily changed than habits
of mind and more about speci�c beliefs regarding groups or individuals (Mezirow,
1997).

The critical re�ection on taken-for-granted frames of reference is central for transfor-
mative learning and will hopefully generate beliefs that are more justi�ed and opin-
ions that are proven to be more truthful (Mezirow and Associattes, 2000). Mezirow
(1997) saw transformative learning as four learning processes;support or expand
an already existing point of view, establish a new point of view, transform a point
of view and transform our habit of mind. The latter is considered to be the most
di�cult one to achieve but can be achieved through several transformations of a
point of view within the �eld. In the 1970s, Mezirow constructed a ten-phase long
process that he claimed would result in a change of �our personal frame of reference
on self-concepts, goals, and criteria for evaluating change� (Mezirow, 1978, p. 7).
The ten phases are

(1) a disorienting dilemma; (2) self-examination; (3) a critical assessment
of sex-role assumptions and a sense of alienation from taken-for-granted
social roles and expectations; (4) relating one's discontent to a current
public issue; (5) exploring options for new ways of living; (6) building
competence and self-con�dence in new roles; (7) planning a course of ac-
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tion and acquiring knowledge and skills for implementing one's plans; (9)
provisional e�orts to try new roles; and (10) a reintegration into society
on the basis of conditions dictated by the new perspective. (Mezirow,
1978, p. 12)

Later on, some changes were considered, such as the importance of dialogue and
what the role of support from others could have in the process (Taylor and Cranton,
2012).

2.2.2 Experiential theory

Experiential theory is the belief that learning is a process rather than a set of pos-
sible outcomes; concepts and ideas are not �xed but instead continuously obtained
and modi�ed through experience (Kolb, 2015). Knowledge is created through the
transformation of experience and since that is an iterative process, it is not seen
as something to be achieved or collected (Kolb, 2015). With this mindset, no one
can ever completely learn something and the way to gain more knowledge is by
gaining more experience. Kolb (2015) also means that humans always enter new
knowledge areas with some sort of prior knowledge that a�ects their perceptions
and that teachers are to help evaluate and test these apprehensions to create better
understanding. Kolb (2015) states that the basis of learning is the resolution of any
con�icts between old and new perspectives and he speci�cally states that

Learners, if they are to be e�ective, need four di�erent kinds of abili-
ties - concrete experienceabilities (CE), re�ective observation abilities
(RO), abstract conceptualizationabilities (AC), and active experimenta-
tion (AE) abilities. That is, they must be able to involve themselves
fully, openly and without bias in new experiences (CE). They must be
able to re�ect on and observe their experiences from many perspectives
(RO). They must be able to create concepts that integrate their obser-
vations into logically sound theories (AC), and they must be able to use
these theories to make decisions and solve problems (AE). (Kolb, 2015,
p. 41-42)

Kolb (2015) calls the four abilities experiencing (CE), re�ecting (RO), thinking (AC),
and acting (AE). Together, they construct a so-called learning cycle, see Figure 2.1.
Kolb (2015) states that CE and AC are two ways of grasping experience whereas
RO and AE are two ways of transforming the experience and that the ideal learning
situation involves all four abilities cyclically.
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Figure 2.1: The Experiential Learning Cycle (Kolb, 2015, p. 51, Figure 2.5)

2.2.3 Non-learning

Misunderstandings, miscommunication, or just lack of interest in the learning sub-
ject are likely reasons for non-learning or mislearning, but in some cases, non-
learning is a result of a psychological mechanism calleddefense(Illeris, 2003).
According to professor Knud Illeris (2003), defense mechanisms are there for our
protection since humans don't want to get overwhelmed by in�uences they can't
sort out or that con�icts with their mental balance. When an in�uence does not
match our general pre-understandings within a speci�c theme, the in�uence will be
excluded or remade to match the pre-understanding (Illeris, 2003). Another psy-
chological mechanism in the brain that can control what we learn and non-learn
is mental resistance, which is a natural way of responding to something seemingly
impossible to understand or unacceptable to the learner (Illeris, 2003). According
to Illeris (2003), it can be di�cult in practice to determine if non-learning occurs
due to defense mechanisms or due to mental resistance, but it is a clear di�erence
psychologically. To separate the two mechanisms, one has to determine if the non-
learning occurred due to the learning situation itself triggering a resistance reaction,
or due to pre-understandings triggering a defense mechanism (Illeris, 2003).

A problem with the defense mechanism is that it tends to deepen and �x the
pre-understandings within a subject instead of creating new learning, despite the
possibility that the pre-understanding is wrong (Illeris, 2003). Moreover, the two
psychological mechanisms are essential parts of transformative learning theory and
have a strong learning potential if a possible educator can cope with the resistance
and defense and manage to turn it into learning (Illeris, 2003). According to Illeris
(2003), the possibility of new learning increases once we don't accept something that
is presented to us, but real learning occurs only if we also motivate ourselves to seek
the truth. With this in mind, non-learning together with both transformative and
experiential learning should be able to explain learning patterns among the visitors
at Vislab. The environment and idea behindVislab seem to bene�t the interplay
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between the learning theories; if we have a strong (but inaccurate) idea about how
things are, we almost need to explore ourselves and �nd out why our beliefs are
wrong to defy the defense mechanism and convince ourselves to re-evaluate our
assumptions.
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3
Methods

The study was performed by two researchers. The data in this study was collected
through a �eld experiment and then examined by both statistical and thematic
analysis. Detailed descriptions of all methods, together with ethical considerations
for the study, are presented below.

3.1 Field experiment

The chosen method for this project was a �eld experiment where data was collected,
observations were written down, audio was recorded and a short interview was car-
ried out for each participant. The �eld experiment was followed by data processing,
quantitative statistical analysis, and qualitative text analysis. Experimental meth-
ods, such as �eld experiments, are according to McDermott (2004) the best scienti�c
method for �nding out if there are causal links between di�erent phenomena. The
same reference claims that other methods can also o�er important and convinc-
ing arguments for causality, but only experiments can prove it. Field experimental
studies are carried out outside the laboratory, often in social environments, and are
designed to determine causality between di�erent relationships (Green and Gerber,
2004). According to Green and Gerber (2004), causal patterns can be identi�ed
by disrupting the normal �ow of the social environment, for example by introduc-
ing new information or by creating a di�erent social context. Field experiments
are, however, often carried out in environments di�cult to control, and the realism
that �eld experiments provide also involves more complexity (Hansen and Tum-
mers, 2020). In addition to this, Hansen and Tummers (2020) also states that it is
important to consider whether or not the �ndings from �eld experiments apply to
larger groups. Since �eld experiments are suitable for trying to �nd patterns such
as learning patterns, which is what this study aims to do, the method was deemed
to be suitable even though it can be di�cult to control.

The �eld experiment was performed during �ve days at Universeum's exhibition
Vislab; more speci�cally at the climate-smart exhibit about the environmental im-
pact of di�erent foods. As many as possible of the visitors who entered theVislab
exhibition when the �eld experiment was carried out were asked to participate in
the study. The study strove to gain as large variety as possible among the partic-
ipants regarding age, gender, and educational background so if many visitors were
present, the visitors who seemed to belong to a group which the study did not have
as many participants in were primarily asked to participate in the study. However,
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no visitors above the age of 13 were excluded from participating (the age require-
ment is further described in Section 1.3). To achieve the intended scope of 50 or
more participants, holidays and weekends were prioritized for the implementation
of the �eld experiment since the number of visitors is much higher on those days.

The �eld experiment was performed with individual participants led by an experi-
ment leader (one of the researchers) who also recorded the speech of all participants
during the experiment on a cell phone. Meanwhile, a documenter (the second re-
searcher) was seated with a computer next to the exhibit. The documenter regis-
tered all of the data collection, observations, and interview answers in a digital form.
When the experiment started, the participants were �rst asked by the documenter
to �ll out a digital form about their gender (�male�, �female�, �non-binary�, �other�
or �does not want to state�), age (in numbers) and highest completed educational
level (�has not �nished lower secondary school�, �lower secondary school�, �upper
secondary school (2 years)�, �upper secondary school (3 years)�, �college, university
(up to 2 years)� or �college, university (longer education - completed degree)�). Af-
ter this, the audio recording started and the participants were given time to play
around with the climate-smart exhibit to see how it responded to the participants'
actions. Meanwhile, the documenter was noting in the digital form if the partici-
pants acknowledged six basic moves on the exhibit which the participants had to
know to be able to continue with the upcoming tasks. The six moves were (1) tak-
ing a plate, (2) taking a food item, (3) tapping to see what food item it was, (4)
deleting a food item, (5) scrolling to �nd di�erent food items and (6) increasing or
decreasing the amount of a picked food item. The try-out time was set to around
one minute and if the participants did not explore all six moves during this time,
the remaining moves were shown by the experiment leader to make sure that the
participants could technically maneuver the upcoming tasks.

The tasks presented by the experiment leader to the participants were to create
two di�erent meals on two di�erent plates; one that should correspond to their typ-
ical �rst meal of the day (typical meal plate; TMP) and one that should correspond
to their perception of an optimal plate based on environmental impact (optimal
meal plate; OMP). The meals were created on the exhibit mentioned above and the
participants had no time limit for the composition of any of the plates. The wording
��rst meal of the day� was chosen instead of �breakfast� since not all people eat
breakfast. To ensure that the participants were not a�ected by the climate foot-
print result of their OMP, they had to start by creating their TMP. Moreover, the
participants were not told that they were going to create an OMP before they had
�nished creating their TMP. Once the participants had started to create their OMP,
they were not allowed to go back to make any changes in their TMP. This procedure
was chosen to get as honest TMPs as possible. The documenter documented in the
digital form what the participants said and pointed at when creating their plates, as
well as which food items the participants ultimately chose for each plate and what
environmental impact the exhibit had calculated for each plate. The environmental
impact was presented in both percentages and units for CO2 emissions, land use,
and water use (hereafter called �environmental aspects�).
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When the participants were done with their OMP, the experiment leader performed
a small interview by asking �ve open-ended questions to the participants. The ques-
tions, which were intended to help answer the project's questions, were �how do
you interpret the di�erences between the plates?�, �was there anything in the result
that surprised you?�, �was there anything that felt more or less interesting?�, �have
you learned anything and if so, what?� and �if you wanted to know more about
this, what kind of information would you look for?�. The documenter registered all
answers, both verbal and nonverbal (such as shaking their head, pointing, or other
gestures), in the digital form. When all questions were answered, the experiment
was considered completed and the audio recording stopped. The participants were
given candy as a thank you for their time, together with a note with information
about the study and their unique identi�cation number if they would like to with-
draw their consent to participate in the study later on.

Before the �eld experiment, a small pilot study with four participants was con-
ducted to test the method's structure. The pilot study was carried out in the same
way as the �eld experiment was intended to be carried out, with the exception that
the participants in the pilot project were asked to evaluate the survey design and
data collection method together with the experiment leader and the documenter af-
ter the �eld experiment was done. After the evaluation of the pilot study, a change
from the original plan for the �eld experiment was made. Before the participants
got the tasks to create the two di�erent plates, they were (as explained above) given
time to play around with the climate-smart exhibit while the documenter �lled in
via the digital form if the participant explored the six basic moves on the exhibit.
This play-around time was not included in the original plan for the �eld experiment
but seemed to bene�t the participants' ability to perform the tasks later on, instead
of spending time managing the user interface interaction moves.

3.2 Data processing

The data from the �eld experiment was collected in two ways; audio-recorded data
and documented text data from the digital form. The audio recorded data was
transcribed for all participants and compared with the documented text data from
the documenter. This was done to match up all verbal comments (such as �that value
was high�) with nonverbal actions (such as pointing at water usage) and to thereby
gain a better picture of what the participants had expressed since no video recordings
were performed due to ethical considerations (see Section 3.3). The comparison
was also made to minimize the impact of errors such as noise disturbing the audio
recording, or the documenter not being able to keep up with what the participants
said, where hopefully one source of data collection was still working as intended. The
summarized textual data resulted in one text �le for each participant and contained
background information, comments, actions and answers during the experiment,
the plates' content, and the plates' environmental impact in both percentages and
units for the environmental aspects. To be able to better compare results from the
participants of di�erent ages, all participants were categorized into the age groups
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13-19, 20-29, 30-39, 40-49, and 50+.

3.2.1 Statistical analysis

The statistical analysis is intended to help determine if there are systematic di�er-
ences in the data, or if the variance could be due to coincidence. If two or more data
points are collected from each sample, it is appropriate to perform a paired t-test
(Devore, 2016). In a paired t-test, the signi�cance of the di�erence between pairs
of data points for the di�erent samples is examined to know whether it would be
possible to say something more general about di�erent groups within the data set
(Devore, 2016). As in the case of this study, two di�erent meal compositions were
compared for each participant, and each participant is so to speak their own control
in comparing the TMP with the OMP. Due to this, the paired t-test is a statistical
method giving rather strong results without large populations. If it is statistically
certain that there are di�erences between the paired values, it will mean that people,
in general, eat di�erently from what they think is environmentally friendly. Since
the data in this study consist of precisely paired values, paired t-tests were consid-
ered to give the most accurate picture of the empirical data.

When comparing samples of non-paired data not normally distributed, common
t-tests or linear regression can not be performed (Devore, 2016). Instead, if the
data set is non-parametric and considered not to be normally distributed a Mann-
Whitney U test (for two samples) or a Kruskal-Wallis test (for more than two sam-
ples) can be used to determine if the samples are signi�cantly di�erent from each
other (Devore, 2016). Since the sample groups of gender, age and educational back-
ground in this study proved not to be normally distributed, Mann-Whitney U tests
and Kruskal-Wallis tests were considered to be suitable to perform.

The di�erent plates' environmental impact data for each participant was compiled
into the data analysis tool SPSS, where statistical analysis through paired t-tests
was performed to examine if there were any signi�cant di�erences in environmental
impact between the TMP and the OMP. Statistical tests of whether or not the di�er-
ences in environmental aspects between di�erent gender, age, and educational level
groups were signi�cant were also carried out by performing either Mann-Whitney
U tests or Kruskal-Wallis tests (depending on the sample sizes). SPSS was also
used to calculate mean values of the environmental impact from the di�erent pop-
ulation groups (gender, age, educational level). SPSS was also used to perform
Mann-Whitney U tests and Kruskal-Wallis tests to see if there were any signi�cant
di�erences in the amount of non-learning behaviour between the di�erent gender,
age, and educational level groups.

3.2.2 Thematic analysis

According to Braun and Clarke (2006), thematic analysis can be used to identify
and analyze patterns in themes within a data set, which they also consider to be
a good way to organize and describe data. Braun and Clarke (2006) describe the
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implementation of the thematic text analysis with six steps. The �rst step is to get
familiar with the data and write down some �rst ideas; in some cases, the text needs
to be transcribed and read several times. In the second step, the features of interest
in the text which can be observed over the entire data set are systematically coded
to be able to compile relevant data for each code. The third step is to identify and
create themes in the code. This is followed by step four where the themes are checked
with the coded text extracts and what the data set within the theme should contain
so that everything is correct. This generates, according to Braun and Clarke (2006),
a thematic map illustrating where the theme content comes from. In the �fth step,
data is analyzed based on the created themes and theme content and names for each
theme are de�ned. In the sixth and �nal step, the features which can answer the
questions in the study are picked out from the analysis, whereupon they are linked
back to previous research to �nally be presented in a report. This study aims to
analyze the visitors' perceptions and thoughts about environmentally-friendly food,
without any preconceptions or ideas from the researchers focusing the analysis in a
speci�c direction, which a thematic analysis was considered to �t well to.

The thematic text analysis was carried out with the summarized textual data, con-
sisting of one text �le per participant, in the computer program NVivo. All text �les
were coded systematically and then compared with each other to make sure that the
coding had been performed in the same way for all participants. To do this, the re-
searchers started by coding two participants separately before comparing them with
each other to construct a coding schema. Thereafter, one of the researchers started
coding the �rst participant and the other started coding the last participant, eventu-
ally �meeting up in the middle�. After each day of coding, the researchers' codings
were compared with each other to see new coding words and categories invented
by any of the researchers. When all participants were coded, the researchers went
through the entire material making sure the coding schema was followed everywhere.

Once the coding was completed, the process of �nding conceivable themes was done
inductively, which means the data is analyzed based on the data itself and not
concerning a pre-determined theory (Thomas, 2003). Di�erent codes were put into
comprehensive groups which were thought to re�ect what the participants consid-
ered to be an OMP, as well as what kind of learning outcomes and misconceptions
the exhibit could generate. The idea was to generate themes as speci�c as possible
while at the same time including enough participants to be considered a distinct
theme. This was an iterative process where themes were created, examined, and
then either kept or discarded repeatedly to try and �nd patterns. Once all codes
were organized into a �tting theme, and all themes were considered reasonable, rel-
evant, and useful, the process of identifying and creating themes was considered
�nished. The themes were then examined one last time to make sure that all codes
within the themes were correct and suitable for the respective theme, and that the
themes could help answer the research questions.

The result from the thematic text analysis was used when investigating how many
participants had shown indications of learning while performing the tasks, as well as
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how many participants said themselves that they had learned something. Learning
outcomes that particularly high numbers of participants expressed were investigated
further. In addition to this, the themes were used for analyzing di�erent types and
combinations of learning outcomes to distinguish patterns in learning. The di�erent
themes of learning outcomes were examined with statistical analysis to distinguish
whether or not there were signi�cant trends in the result between di�erent popula-
tion groups, i.e. if di�erent population groups showed di�erent amounts of learning
outcomes. The quantitative result from the statistical analysis and the qualitative
result from the thematic text analysis were compared and compiled to establish
conclusions about how di�erent population groups can receive and understand in-
teractive data visualizations about foods' impact on the environment. Furthermore,
to explain these learning results, the results were discussed concerning the learning
theories about transformative, experiential, and non-learning where several exam-
ples from the transcripts were used to illustrate the di�erent learning theories.

3.3 Ethical considerations

The individual information collected about the participants' age, gender, and ed-
ucational background was not regarded as sensitive information as it could not be
used to identify any single individual. Since no names were collected, each test
participant's answers were documented under a unique identi�cation number which
could not be linked to the visitor afterward. On the assumption that none of the
participants were well-known or had a recognizable voice that would make it possible
to identify them as individuals, the sound recordings were not regarded as sensitive
information and were only used by the researchers to produce the transcripts. The
study avoided involving visitors with a well-known and characteristic voice.

Each participant was informed about the purpose of the study. The participants
were also given information about how they could interrupt the experiment leader
and demand the deletion of all information collected about them at any time during
or after the experiment. Furthermore, consent to participate in the study was explic-
itly requested, and a note with information on how the participant could withdraw
their consent was handed out after the experiment was carried out (see Appendix
A). For children under 15 years of age, following the Act on Ethical Review of Re-
search about People (2003), consent from all legal guardians of the child was also
required. For underage participants, the study was presented as thoroughly as pos-
sible to ensure that they fully understood what they agreed on.

The idea of video recording each participant was examined when planning the study.
However, since the exhibit was so large the likelihood of accidentally including non-
participants in the video, who did not consent to engage in the study, was considered
too large. Therefore, a decision was made to both audio record the participants and
manually write down observations made, to still gather as much data and informa-
tion about the participants' comments and actions as possible.
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Results

In this chapter, the results from the quantitative statistical analysis and the results
from the qualitative thematic text analysis will be presented. The results from the
participants' meal compositions regarding environmental aspects (CO2 emissions,
land use, and water use) are presented as percentages of a sustainable daily bud-
get according to the climate-smart exhibit atVislab. The data presented for each
food item at the climate-smart exhibit at Vislab can be found in Appendix B. All
statistical tests have been done with a con�dence level of 95 %.

4.1 Participants

53 visitors participated in the study. However, during the data processing, two of
the participants were deleted from the data collection; one of them was due to a
great misunderstanding of the task, and one of them was due to a failure in the audio
recording. The collection of 53 participants went down to 51 participants for further
analysis. Among the 51 participants, 23 (45.1 %) were males and 28 (54.9 %) were
females. None of the participants chose any of the gender options �non-binary�,
�other� or �does not want to state�. The data set had a fairly even distribution of
age, see Figure 4.1.

17.6%
25.5%

27.5%

13.7%

15.7%

13-19 (9)
20-29 (13)
30-39 (14)
40-49 (7)
50+ (8)

Figure 4.1: Distribution of age for the 51 participants. The number of participants
in each group is presented within parentheses in the legend.

There was a slightly distorted distribution within the category of completed edu-
cational level, where the majority (58.8 %) of the participants had an educational
level of �College, University (longer education - completed degree)�, see Figure 4.2.
According to Statistics Sweden (2022), only 29 % of the Swedish population has
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an educational level of �College, University (longer education � completed degree)�
while in Gothenburg, the proportion is a bit higher (37.87 %). However, it is still not
near the study's rate of 58.8 %. None of the participants had an educational level
of �Upper secondary school (2 years)�, why the option �Upper secondary school (3
years)� is hereafter only denoted as �upper secondary school�.

7.8%

7.8%
13.7%

11.8%

58.8%

Has not �nished lower secondary school (4)
Lower secondary school (4)
Upper secondary school (7)
College/University (up to 2 years) (6)
College/University (longer education -
completed degree) (30)

Figure 4.2: Finished educational level for the 51 participants. The number of
participants in each group is presented within parentheses in the legend.

4.2 Meal composition

When asked to create the OMP, several questions appeared among the participants
such as if they needed to take nutrition, transportation, and/or taste experience into
consideration. A common conception among the participants was that the origins of
the food mattered for the composition of the OMP. During the study, as many as 23
participants (45.1 %) expressed a belief that locally produced food was better for the
environment and many asked if they could see anywhere on the exhibit where the
food came from. When asked what they would like to learn more about if anything,
14 participants (27.5 %) answered something associated with locally produced food,
such as emissions from transport, what a di�erence it makes to buy locally produced
food or where di�erent foods come from and how much transport that generates.

When the participants created their TMP the most common food item was cof-
fee, followed by bread, oat �akes, cheese, yogurt, egg, and milk in that order. Later
on when the participants created their OMP, the most used food item was oat �akes,
followed by apple, oat milk, egg, sparkling water, bread, and yoghurt, in that order.
In Figure 4.3, a bar chart is shown for the number of participants picking each food
item during the TMP and OMP task respectively. When comparing the two plates
some di�erences are visible, such as more participants deciding to put carrot, oat
milk, apple, sparkling water, and oat �akes on their OMP compared to their TMP.
Moreover, the participants reduced the amount of tomato, juice, banana, ham, milk,
yogurt, cheese, bread, and co�ee on their OMP compared to their TMP.
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Figure 4.3: Bar chart showing the number of participants who chose a speci�c
food item when creating their TMP and OMP.

Three paired t-tests were performed to evaluate whether there were any signi�cant
di�erences between the plates regarding the environmental aspects (CO2 emissions,
land use and water use). The three null hypotheses were stated as �there are no
signi�cant di�erences in CO2 emissions/land use/water use between the TMP and
the OMP�. The values for each environmental aspect were percentages of a sustain-
able daily budget. The result from the �rst paired t-test showed that the TMP (M
= 12.73, SD = 6.171) had higher CO2 emissions than the OMP (M = 4.84, SD =
3.695), t (50) = 9.384, p < .001. When performing the same test in regards of land
use, the result showed that the TMP (M = 5.63, SD = 4.094) had higher land use
than the OMP (M = 1.59, SD = 2.051), t (50) = 7.419, p < .001. Finally, when
looking at the water use, the paired t-test showed that the TMP (M = 38.45, SD
= 21.744) had higher water use than the OMP (M = 15.92, SD = 13.350) as well,
t (50) = 7.115, p < .001. In other words, all environmental aspects were signi�cantly
higher on the TMP than on the OMP and the participants' OMP can therefore
be considered signi�cantly more environmental friendly than their TMP. The mean
values and standard deviations for each TMP/OMP and environmental aspect are
visualized in Figure 4.4, where the green color indicates the lowest mean value within
each pair.
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Figure 4.4: Table from SPSS with the mean values and standard deviations from
the three paired t-tests between the TMP and OMP regarding the environmental
aspects.The mean values are percentages of a sustainable daily budget. The green
values are the lowest (and best) mean values within each pair.

To look for interesting trends and tendencies within the data set, it was investigated
what kind of food items participants of di�erent genders, ages, and educational levels
preferred for their OMP. It was also investigated whether or not some population
groups had a signi�cantly better OMP regarding the environmental aspects.

4.2.1 Gender

The amount of participants from each gender who picked a speci�c food item for
each plate is presented in Figure 4.5, where a darker blue or green color indicates a
more commonly picked item within that gender and for the speci�ed plate. For the
females, co�ee was the most popular food item to pick for their TMP, followed by
oat �akes, yoghurt, bread, cheese, and milk. The males preferred bread, followed
by cheese, co�ee, and egg for their TMP. When creating their OMP, apple was the
most popular food item for females to pick, followed by oat �akes, egg, oat milk, and
bread. The males mostly picked oat �akes, followed by sparkling water, oat milk,
and apple for their OMP. For both genders, co�ee, cheese, and milk were common
products to exclude when going from the TMP to the OMP.

The females picked on average a larger number of food products on both the TMP
and the OMP than the males did. Both genders picked fewer food items for their
OMP than they did for their TMP.
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