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ABSTRACT 
Environmental problems are increasingly jeopardizing the earth's life-support systems. By shifting from 
a take-make-dispose industrial model to a circular one, resources will last longer, and the environmental 
impact will be significantly lower.  

People’s choices, behaviours and lifestyles will play a vital role in achieving sustainable development. A 
way to influence this is to use an educational tool that is accessible, interesting and fun. By superimposing 
computer generated objects to the real world, Augmented Reality (AR) adds a layer of interactivity and 
engagement. As there are 3 billion active smartphone users worldwide, an AR smartphone application is 
also very accessible. 

This thesis investigates how marker-based AR can be used as a means to educate a user in circular econ-
omy. This was done by using research through design and applied research to create a design for a proto-
type which worked as a proof of concept. The prototype was evaluated through a heuristic evaluation. 
Data was gathered through a form and semi-structured interviews. The data was analysed using the frame-
work method and box plots. 

The prototype used marker-based AR and was built using the game engine Unity with the Vuforia SDK. 
The results indicated that an AR application could be a good tool to use in combination with other sources 
of information such as seminars. 

 

  



 

SAMMANFATTNING 

Miljöproblem äventyrar i allt större utsträckning jordens livsstödssystem. Genom att byta från en ta-skapa-
kasta industriell modell till en cirkulär, kommer resurserna att räcka längre och miljöpåverkan blir betyd-
ligt lägre. 

Människors val, beteenden och livsstil kommer att spela en viktig roll för att uppnå en hållbar utveckling. 
Ett sätt att påverka detta är att använda ett pedagogiskt verktyg som är lättillgängligt, intressant och roligt. 
Genom att lägga till ett lager av virtuella objekt i den verkliga världen, tillför Augmented Reality (AR), 
interaktivitet och engagemang. Eftersom det finns 3 miljarder aktiva smarttelefonanvändare över hela 
världen, är en AR-smarttelefonapplikation också lättillgänglig. 

Denna avhandling undersöker hur markörbaserad AR kan användas för att utbilda en användare i cirkulär 
ekonomi. Detta gjordes genom att använda forskning genom design och tillämpad forskning för att designa 
en prototyp för konceptvalidering. Prototypen utvärderades genom en heuristisk utvärdering. Data samla-
des in genom ett formulär och halvstrukturerade intervjuer samt analyserades med hjälp av ramverks me-
toden och lådagram. 

Prototypen använde markörbaserad AR och byggdes med hjälp av spelmotorn Unity med Vuforia SDK. 
Resultaten visade att en AR-applikation skulle kunna vara ett bra verktyg att använda i kombination med 
andra informationskällor, som till exempel seminarier.  
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ABSTRACT 
Environmental problems are increasingly jeopardizing the earth's 
life-support systems [29]. By shifting from a take-make-dispose in-
dustrial model to a circular one, resources will last longer, and the 
environmental impact will be significantly lower [39].  

People’s choices, behaviours and lifestyles will play a vital role in 
achieving sustainable development [24]. A way to influence this is 
to use an educational tool that is accessible, interesting and fun. By 
superimposing computer generated objects to the real world, Aug-
mented Reality (AR) adds a layer of interactivity and engagement 
[2]. As there are 3 billion active smartphone users worldwide, an 
AR smartphone application is also very accessible [24]. 

This thesis investigates how marker-based AR can be used as a 
means to educate a user in circular economy. This was done by us-
ing research through design and applied research to create a design 
for a prototype which worked as a proof of concept. The prototype 
was evaluated through a heuristic evaluation. Data was gathered 
through a form and semi-structured interviews. The data was ana-
lysed using the framework method and box plots. 

The prototype used marker-based AR and was built using the game 
engine Unity with the Vuforia SDK. The results indicated that an 
AR application could be a good tool to use in combination with 
other sources of information such as seminars. 
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1 Introduction 

Environmental problems, such as biodiversity loss, water, air, and 
soil pollution, resource depletion, and excessive land use are in-
creasingly jeopardizing the earth's life-support systems [29]. By 
shifting from a take-make-dispose industrial model to a circular 
one, resources will last longer, and the environmental impact will 
be significantly lower. 

A circular economy mirrors natural systems where waste from one 
process nourishes another, thus no materials are wasted. By selling 
the benefits of the products instead of the products themselves, 
there will be a greater motivation to design for longevity, reuse, and 
recycling. To slow down climate change and preserve resources 

there needs to be a shift from optimizing on lowest initial cost to-
wards maximizing the total value and total cost of ownership [39].  

The transition to a circular economy will be beneficial both morally 
and economically. The Ellen MacArthur Foundation [39] estimates 
over one trillion US dollars in business opportunities. Circular 
economy will also lead us towards a future in which by 2050 9 bil-
lion people can live well and sustainably. 

People’s choices, behaviours and lifestyles will play a vital role in 
achieving sustainable development [24]. Therefore, it is crucial to 
educate the general public on circular economy. By providing more 
intuitive communications it is possible to increase the awareness of 
the negative impact of human behaviour on the environment [38]. 
However, sustainability overall is a sensitive subject to many and 
oftentimes associated with feelings of anxiety [23]. Therefore, an 
educational tool must be accessible, interesting and fun. 

In the last decade, several augmented reality (AR) applications 
have been built to inform, educate and help raise awareness [27, 
21]. By superimposing computer generated objects to the real 
world, AR adds a layer of interactivity and engagement and en-
hances the user's perception of and interaction with the real world 
[2]. 

There were an estimated 3 billion active smartphone users world-
wide by 2018 [24]. Smartphones are the preferred choice for going 
online, accounting for a greater share of the world’s web traffic than 
all other devices combined [17]. Additionally, people spend seven 
times longer using mobile apps compared to mobile web browsers. 
Therefore, apps are the most accessible option for spreading aware-
ness to many [28]. By creating an educating AR application for 
smartphones, it is thus possible to create an information tool that is 
accessible and engaging. 

This thesis investigates how marker-based AR can be used as a 
means to educate the user in circular economy and more specifi-
cally, the paper answers the following research question: 

What are the limitations and affordances of using marker-based AR 
for information presentation to create awareness about circular 
economy? 

2 Related work  

2.1 Circular Economy 

The current linear economy is not sustainable in the long run. It 
uses up finite resources at an alarming rate and has a devastating 
effect on the climate [40, 34, 39]. In 2015, the estimated volume of 
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Waste Electrical and Electronic Equipment (WEEE) collected in 
the 28 EU countries was 3.9 million tons. Of that, 640 thousand 
tons were IT and telecommunications equipment. In Sweden alone 
23.5 thousand tons of IT and telecommunications equipment was 
collected in that same year [36]. 

However, merely looking at the weight of the discarded material 
does not reveal the true value being lost. Mobile phones have a con-
siderable value embedded in components and materials, such as 
gold, silver and rare-earth metals. Due to the low collection and 
recycling rates today, nearly all this material is lost [11]. 

As circular economy is still a relatively new area there are not many 
examples of visualizations aimed at laymen. Therefore, the in-
fographics from the Ellen MacArthur Foundation [16] is commonly 
used. The infographic depicts the two cycles of circular economy, 
the technological and the biological cycle. The technological cycle 
represents all products that can't biodegrade on their own. The bio-
logical cycle on the other hand, represents products that biodegrade 
and are returned to nature naturally. 

 
Figure 1. Adapted from Ellen MacArthur's infographic on cir-
cular economy (Source: https://www.ellenmacarthurfounda-
tion.org/circular-economy/infographic) 

2.2  Information presentation to raise awareness 

Dixon et al. [6] concluded that attitude-based campaigns only can 
have a limited influence on behaviour, due to pre-existing atti-
tudes. However, an effective and intuitive interactive experience-
featured campaign can motivate those with strong pro-environ-
mental attitudes to produce stronger pro-environmental behaviour. 
By providing more intuitive communications it is possible to in-
crease the awareness of the negative impact of human behaviour 
on the environment [38]. 
 
A type of information presentation that is aimed at raising aware-
ness of humans’ environmental impact is eco-visualization. The 
term eco-visualization was coined in 2007 by Holmes [15]. They 
are generally creative visualizations of real time, ecologically rel-
evant data, such as electricity consumption, in the form of porta-
ble art and/or design works using images, and occasionally sound 
[14]. 

 
Figure 2. 7 000 oaks and Counting by Holmes 2007. 

7000 Oaks and Counting is an eco-visualization created by Holmes 
in 2007 [15]. The visualization makes use of real-time energy data 
in collaboration with artistic and ambient displays to bring atten-
tion, educate on and encourage reductions of energy consumption. 
The building’s real time carbon footprint is converted into a figure 
that represented the number of trees that would be needed to offset 
it. The animation on the screen starts of as a ring of trees and 
changes over the course of the day in response to energy usage. If 
carbon emissions are low, the rings are composed of green trees. 
However, as the energy consumption rises, the trees disappear and 
are replaced by electrical appliances such as Hummers and toasters. 

2.3 Augmented Reality 

 
Figure 3 Reality-Virtuality Continuum (Source: Milgram & 
Kishino, 1994) 

In 1994 Milgram et al. [22] presented the reality-virtuality (RV) 
continuum (Figure 3) which encompasses everything between 
purely real environments, on the left side in the continuum, and vir-
tual environments, on the right side. In between these opposite ends 
are all the different varieties of mixed reality. As augmented reality 
supplements the real world it is close to real environment in the RV 
continuum.  

Azuma [2, 3] defines the characteristics of AR as combining real 
and virtual objects in a real environment, runs interactively in real 
time, and aligns real and virtual objects with each other. This defi-
nition of AR is not limited to a specific display technology or to the 
sense of sight. 

2.3.1 Display Technologies 

AR can be displayed using head mounted displays (HMD), i.e. 
smart glasses, handheld displays (HHD), i.e. smart phones, head up 
displays (HUD) and holographic displays. Each of these display 
technologies have their advantages and disadvantages. The last two 
types of displays are placed statically within the environment and 
therefore not relevant for this study [37].  

HMD are devices that the users wear on their heads. The ad-
vantages of using a HMD is the more immersive experience as it 
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allows for interactions with the hands and free head movements. 
Unfortunately, it also has its disadvantages. Currently, their great-
est disadvantage, especially when creating an application to raise 
awareness, is the limited user base [30]. 

The advantages of using HHD are the portable and ubiquitous na-
ture. With an estimated 3 billion active smartphone users world-
wide [24] there are a lot of potential users with easy access. The 
disadvantages are the physical constraints of the user having to hold 
the handheld device out in front of them. This limits the user’s abil-
ity to interact with their hands. Additionally, the wide angle of the 
camera distorts the view and having to look around the room 
through a small screen is unintuitive [19]. 

2.3.2 Types of AR tracking 

There are currently two types of AR for smartphones, marker based 
and marker-less. Marker-less AR tracks the position of the mobile 
device as it moves and builds its own understanding of the real 
world. The phone's camera is used to identify interesting points, 
called features, and tracks how those points move over time. This 
in addition to readings from the phone’s internal sensors, GPS, 
compass and accelerometer, is used to calculate both the position 
and orientation of the phone as it moves through space. This allows 
for virtual items to be placed in the real world [1, 13]. 

Marker based AR uses cameras to track visual cues, that are objects 
present in the real world, to place and orientate the virtual objects. 
These visual cues can be a variety of things such as fiducial, images 
and 3D models. These markers are recognized by their natural char-
acteristics. The features of the image that are highly distinguishable 
is detected by using a mathematical algorithm and saved as feature 
descriptors. The image can then be recognized based on these fea-
tures from different distances, orientation, and illumination levels 
even with some occlusion as the descriptor is invariant to those 
changes. [18, 1]. 

2.3.3 AR to raise awareness 

To date, several AR applications have sought to act as an informa-
tional and educational tool. One example is a study in 2016 [27] on 
how to communicate the effect of human behaviour on the great 
barrier reef via mixed reality visualization. The application com-
bines a large tv-screen and HMDs. The large screen shows the bar-
rier reef as it is and is visible to all users. The HMDs adds a virtual 
layer on top of the screen showing the user wearing it their individ-
ual effect of the barrier reef.  

Moreover, TimeLab 2100 [21] is an AR roleplaying game, built by 
MIT in 2009. The aim of the game is to educate children on how 
the decisions made today can affect the environment in the future. 
The players role-play citizens of the early twenty-second century 
when global climate change is out of control. Through an HHD, 
they see their community as it might be nearly one hundred years 
in the future and their task it to change the past (current day) to 
improve the future. 

The advantage of using Augmented Reality to educate and inform 
users is that it enhances the user's perception of, and interaction 
with, the real world [2]. As AR supports seamless interaction with 
both real and virtual environments it enables using tangible inter-
faces as a metaphor for object manipulation. This makes AR useful 

in teaching information where the user cannot possibly experience 
it first hand in the real world [32]. 

Another example of educational AR is from Schwald et al. [31] 
who did a study in 2003 on how augmented reality could be used 
to aid and increase skills of users who must perform demanding 
working processes on complex mechanical assemblies. It was con-
cluded that using AR was an effective way for 3D visualization and 
it provided the necessary assistance to the user to enable them to 
carry out difficult procedures or understand complex problems. 

Dede [5] found that immersion into augmented reality as well as 
virtual environments shapes the participants’ learning styles, 
strengths and preferences in a different way than if they were using 
computers. Immersion in a digital environment can enhance educa-
tion by allowing multiple perspectives, situated learning, and trans-
fer [8]. In a study of 175 college students by Do et al. [7], it was 
found that 3D immersive visualization improves memory recall. 

3 Method  

In this project research through design and applied research was 
used to create a design for a prototype which worked as a proof of 
concept. The prototype was evaluated using a heuristic evaluation. 
Data was gathered through a form and semi-structured interviews. 
The data was then analysed using the framework method and box 
plots. 

3.1  Research through design 

When conducting research through design the desired outcome are 
design artefacts that can transform the world from its current state 
to a preferred state [41]. As research through design integrates 
knowledge and theories from many other disciplines, it can help to 
solve societal problems such as sustainability [42]. 

3.2  Applied Research 

Due to the nature of Augmented Reality the proof of concept had 
to be a functional prototype for it to be evaluated. Therefore, ap-
plied research was used as well. Applied research builds on trial 
and error based on the researcher’s capabilities of reasoning 
through intuition, experience, deduction and induction. It is rele-
vant when designing and implementing systems, interfaces or tech-
niques, which needs to meet certain requirements for performance, 
user interaction, user satisfaction etc. There are several advantages 
to using applied research, i.e. it is very goal driven and most often 
results in a product being produced. This product can then be eval-
uated against the initial goals. On the other hand, the method also 
has some disadvantages. The initial solutions can be very limited 
and not generalizable, or the produced product might not fulfil the 
initial desired outcome [20]. 

3.3  Heuristic evaluation 

Although Augmented Reality has been studied for over forty years 
the number of AR applications formally evaluated is rather small 
[10]. Literature surveys of user evaluation in AR have found that 
only around 8% of published AR research papers include formal 
evaluations [9, 35]. Therefore, guidelines and heuristics from other 
fields must be adapted and applied to AR applications. 

de Paiva Guimarães and Martins [4] created a list of 13 heuristics 
for AR by reinterpreting the heuristics set proposed by Nielsen [25, 
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26], which are focused on desktop applications, and adding three 
new heuristics specific for AR. They also present a checklist with 
questions to determine if the applications satisfy the heuristics. 

The heuristics are: 

• Visibility of the system status 

• Match between the system and the real world 

• User control and freedom 

• Consistency and standards 

• Error prevention 

• Recognition rather than recall 

• Flexibility and efficiency of use 

• Aesthetic and minimalist design 

• Help users recognize, diagnose, and recover from errors 

• Help and documentation 

The new heuristics are: 

• Accuracy 

• Environment setup 

• Satisfaction 

3.4  Analysis of data 

The open-ended data was analysed using the framework method. 
This method consists of five steps; familiarization, identifying a 
thematic framework, indexing, charting as well as mapping, and 
interpretation. The data is read and reread to identify and index 
themes and categories by which it can be examined and referenced. 
This is done by drawing on prior issues and questions derived from 
the aim of the study as well as issues raised by the respondents 
themselves and views or experiences that recur in the data. The data 
is then rearranged according to the appropriate part of the thematic 
framework to which they relate, and charts are formed based on 
this. The charts are then used to define concepts, map the range and 
nature of phenomena, create typologies and find associations be-
tween themes with a goal of providing explanations for the findings 
[28]. 
The data gathered using a linear scale was analysed by visualizing 
it as box plots. Box plots show four main features about a varia-
ble: centre, spread, asymmetry, and outliers. This makes it possi-
ble to compare the distributions of several batches of data. There-
fore, box plots allow quick and insightful comparison of several 
distributions [17]. 

4 Study  
4.1  Case 

The application was designed based on a case given by Jayway. 
Jayway call themselves a design driven software studio, they are an 
inhouse consultancy firm and offer end-to-end projects. The last 
couple of years they have been focusing on sustainability, more 
specifically circular economy. One of the issues they have been 
working with is how they can inform their clients about circular 

economy and how digital interfaces can help to create a more cir-
cular society. 

One of the ways they are working to raise awareness regarding cir-
cular economy is by holding seminars. These seminars can be held 
for a varying number of participants, from three to up to 150, from 
all different kinds of industries. It is therefore not possible to spec-
ify the information to only one industry. However, it is still im-
portant to make the information feel relevant to all the participants. 

The prototype created in this study was designed as a tool to be 
used in addition to the seminars. The application should be possible 
to use in a five- to ten-minute interval during the seminar as well as 
after the seminar in the participants’ own time. 

Based on the conditions mentioned above, the application should 
be: 

• relevant to a large variety of users 

• usable by a varying number of users 

• easily usable, due to the time limit 

• provide an option for further exploration 

• built to use while sitting down 

4.2  Application design 
As mentioned above, the target group for the application is em-
ployees at companies in a wide variety of fields. Therefore, the 
visualization must both be relevant in an office environment and 
to each individual user. To make the information more tangible it 
was decided to use a bottom-up approach and focus on visualizing 
a products journey in a circular economy. Due to the high degree 
of relatability within the user group, it was decided that this prod-
uct should be smartphones.  

The infographic of circular economy from the Ellen MacArthur 
foundation (Figure 1) was adapted and used as a base for the visu-
alization. Simple and intuitive visual feedback is vital in an Aug-
mented Reality setting [12, 33]. Therefore, data that was considered 
redundant, such as the biological cycles were removed. Addition-
ally, to provide a larger and more relevant perspective the actors 
were changed to design, extraction, manufacturing and distribution.  

The application should be usable with minimal instructions, by us-
ers with no previous experience. Therefore, it was important to 
keep the interactions simple, intuitive and engaging. It was decided 
to use marker-based AR as it is more reliable and allows for inter-
actions with objects in the real world. The main interactions used 
were adding and removing markers as well as clicking on the phone 
screen. 
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Figure 4 Start marker 

 

 
Figure 5-8 The four loop markers 

The application consisted of five markers. Throughout the study 
these were referred to as start marker and loop markers. There was 
one start marker, Figure 4, which represented the linear economy 
and four loop markers, Figures 5-8, each representing a loop in the 
circular economy. The markers were designed to have as many 
unique points as possible, to ensure that the tracking would be op-
timal. The background of the start marker also had the dual purpose 
of making the users think about nature. 

The start marker was A4 size. When the start marker was detected 
in the application the visualization of the linear economy was 
shown, as well as a leakage pile. A start marker of size A3 was 
considered and tested yet this was decided against as the applica-
tions had difficulties tracking two loop markers placed on either 
edge of the A3, as the distance was too big.  

The loop markers were 5x5 cm. The size was based on how large 
they could be while still fitting on the start marker when in a row. 
When a loop marker was detected the corresponding loop would be 
shown on the start marker and the leakage pile would shrink in size 

based on which loop the marker represented and which state the 
visualization was in. The difference in the size of the waste pile can 
be seen in Figure 10, past stage, Figure 11, future stage where the 
waste pile is gone and Figure 12, present state. 

If the tracking of any of the loop markers were lost the visualization 
that marker showed would disappear. If the tracking of the start 
marker was lost the entire visualization would disappear. 

On the bottom of the start marker there were three buttons which 
represented three different states: past, present and future. The user 
could change state by pressing another state on the phone screen. 
The default state was the future. The three different states were vis-
ualized using data from the Ellen MacArthur foundation [11]. The 
future state in the application, Figure 11, was a utopian vision to 
show what we should strive towards. It is a future with no leakage, 
where all our waste is reused, one way or another, in the circular 
economy. 

Information about the different parts of the visualization was avail-
able in text form, Figure 12. These text boxes were opened and 
closed by clicking on the object on the smartphone screen. Nearly 
every part of the visualization, actors, loops and waste, could be 
clicked in order to get more information. 

 
Figure 9 Screenshot of the visualisation on the start marker 
when only the start marker is tracked.  

 
Figure 10 Screenshot of the visualisation in the past state when 
the start marker and all the loop markers are tracked.  
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Figure 11 Screenshot of the visualisation of the future state 
when all markers are tracked.  

Figure 12 Screenshots shows the visualisation of the current 
state when all markers are tracked. Distribution and Remanu-
facture has been clicked to show more information. 

4.3  Participants 
Eleven experts from four different fields; augmented reality, circu-
lar economy, software development and user experience design, 
participated in the study. These areas were chosen to both get an 
overall understanding of how the application works as well as more 
specific feedback of certain important aspects of the app. Some of 
the experts were provided by Jayway and the rest were recruited 
through the author’s network. All were professionals working in 
the different fields. 

Experts in Augmented Reality were recruited to get feedback on 
how well the AR worked. They were also able to give feedback on 
how the application could utilise the AR technology in better or 
additional ways. As AR is still not a widely used technology, users 
are not always sure what type of interactions to expect and they can 
also be more open to different kinds of interactions. Therefore, it is 
beneficial to get feedback on the interactions from experts on AR 
as they both know what type of interactions are possible and might 
have experience with applications with similar needs. 

Circular economy experts were recruited to get feedback on the 
content in the application. As the goal of the application was to raise 
awareness of circular economy it is important that the application 
conveys the concept in a correct way. As circular economy is a rel-
atively new concept there is not a lot of material that are aimed at 
the general public which could be used as a base for the project. 
Therefore, feedback from experts in circular economy was crucial 
as they could tell if the application gave a good overview of circular 
economy and if there was any information missing. 

Software developers can give good insight into how well the appli-
cation works as a software, on possible areas of development and 
improvements. As the application is built for smartphones it allows 
for developments that are not solely AR related. As they are devel-
oping daily, they know what pitfalls to look out for, such as error 
and bugs. They can also give feedback on if the application is com-
mercially appealing and if it has a future as a product. 

User experience (UX) design experts can evaluate and find issues 
with the interaction with, and design of, the application. As well as 
how the experience could be enhanced for the user. An issue in AR 
is that since most users will have next to no experience with it, you 
cannot expect them to know what to do. To create the most enjoy-
able experience for the users the application must be easy to use. It 
is therefore important to evaluate small details such as how easy it 
is to close pop-up windows. 

The study was conducted with eleven participants, seven men and 
four women. The ages ranged from 23 to 36, with a median age of 
27. Three out of the eleven were experts in augmented reality. One 
was an expert in circular economy. There were seven experts in 
UX-design and nearly all participants, ten out of eleven, were ex-
perts in software development.  

The participants were asked to rate their previous AR experience. 
One represented no previous experience at all and seven repre-
sented expert level of experience. The participants had varying pre-
vious experience with AR. The median of the was at four, and the 
mean is slightly below at 3.8, which means that more than half of 
the users were above a four on the scale, indicating that they are 
quite familiar with AR. 

4.4  Study design 

The user test was conducted with one participant and the moderator 
at a time. The participants were given a short introduction to circu-
lar economy, as well as a short introduction on how to use the ap-
plication. If the prototype was to be made into a product, this infor-
mation should be available in the application. 

The participants were then given tasks to make them aware of what 
they could do in the application. Examples of tasks are “learn more 
about reuse” and “how does Remanufacture effect the waste pile in 
the present?”. If the participant started to explore the app on their 
own after being given a task they could continue. If the moderator 
found that they had missed something they gave the participant, the 
task for that specific feature. After the participants had tried all the 
mechanics of the application they could continue interacting with 
the app on their own. The participants had not been asked to con-
duct a think out loud yet, most participants still voiced some of their 
thoughts while using the application. This data was gathered by the 
moderator. 

After the user had interacted with the application, they were asked 
to answer a questionnaire. The questionnaire contained questions 
regarding the usability, functionality and information in the appli-
cation. Most questions were linear scale questions that had a range 
from 1 to 7. There was a word on either side of the spectrum to 
indicate what a high or low score meant. To keep it consistent the 
higher score correlated with what could be regarded as the positive 
end of the spectrum and the lower score with the less desirable re-
sults.  
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The other questions were in free text to allow the participants to 
write their opinions and explain why they had given a certain score 
on the previous questions. Thereafter, a semi-structured interview 
was conducted where the users were asked if there were anything 
they would like to add and how they found the different aspects of 
the application. This format was chosen to make sure that the par-
ticipants got an opportunity to express all their thoughts and feel-
ings about the application. 

4.4.1 Software and hardware 

The software used to create and build the application was Unity, 
version 2018.2.11, with Vuforia software development kit, version 
7.5.26. The hardware used, for the user testing, was as a Samsung 
Galaxy S7. 

5 Results  
5.1  Usability 

  

 
Figure 14 The graphs show the distribution of the users an-
swers to question regarding the usability of the application. The 
scale was 1-7, the higher the score the better the usability was. 

Most of the graphs in Figure 14 have their values in the upper half 
of the scale which indicates that the users generally were positive 
to the usability aspects of the application. However, some users felt 
that there was a steep learning curve for novice users. Additionally, 
some felt that the instructions given on how to use the application 
were somewhat unsatisfactory. 

According to the graphs, most users found the application easy to 
use and that the additional information about circular economy was 
easy to find. There was a satisfactory number of interactions that 
were easy to remember but, could have been more intuitive.  

The interactions with the markers enhanced the experience of the 
application. One user suggested that the loop markers should be 
made out of cardboard to make them easier to move around. 

In the open-ended questions, the users expressed that it was not ob-
vious enough what items in the application could be clicked. There 
was a desire to have something which conveyed the message “click 
me”. Two participants suggested that pressable buttons should start 
blinking if the user had not pressed them in a certain period. The 
fact that certain items could be clicked, such as the waste pile, could 
have been made more apparent. Most users were also unsure if they 
should press the buttons on the real-world paper or on the phone. 
This most likely occurred as the buttons were present both on the 
paper and in the virtual environment.  

Even though the application was designed to be used in landscape 
mode, some users preferred to hold the phone in profile as they 
found it easier to do with one hand. “– Make the layout more com-
fortable to use with one hand on the phone, so that you can use one 
hand for moving the markers or touching the screen.” 

5.2  Functionality 

 

 
Figure 15 The graphs show the distribution of the participants 
answers to the linear scale questions regarding the functional-
ity of the application. The scale used was 1-7, the higher the 
score the better the functionality worked. 

As can be seen in Figure 15 the users experienced some technical 
difficulties when using the application. Despite this, they were 
mostly positive towards the technical aspect of the application. The 
large range of answers shown in some of the graphs in Figure 15 
indicates that the quality of the tracking varied a lot between users. 
How good the tracking was depended on the lighting conditions in 
the room. As printer ink is slightly reflective, it can create a glare if 
the light hits the marker from a certain angle. This can cause the 
tracking to be lost. Generally, the tracking of the start marker was 
more reliable than the tracking of the loop markers due to its size. 

One user suggested that the way the visualization disappears, when 
the marker is lost, could be made more enjoyable. “I would prefer 
to delay the objects, so they are displayed even when the marker is 
no longer visible. Maybe even to animate (scale) out/in when they 
appear/disappear to make it less ‘hacky’”. 
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5.3  Information 

 

 
Figure 16 The graphs show the distribution of the participants 
answers to linear scale questions regarding the information in 
the application. The scale used was 1-7, the higher the score the 
better the information. 

Overall the information got high scores and most users found the 
application to be informative. All users found the information in the 
app relevant and most found it interesting and presented in a peda-
gogic way with a clear terminology. Some users found the infor-
mation difficult to read. 

Some feedback received from the open-ended questions, was that 
the percentages in the texts for each part of the linear process did 
not add up to 100%. The reason for this is that the information was 
based on different periods of time and calculated in different ways. 

 
Figure 17 The graph shows the distribution of the participants 
answers to the linear scale question “What did you think about 
the amount of information?”. The scale used was 1-7, a higher 
score than four represented too much information and lower 
than four too little. 

As can be seen in Figure 17 most users either felt that there was a 
good amount of information or too much information in the appli-
cation. One reason the users felt that there was too much infor-
mation was because most of it was presented in text format. As seen 
in Figure 16, they found the text difficult to read. “– It's hard to read 
that much text on so little space, while simultaneously keeping the 
phone in place.”, “– The text was a bit difficult to read, since it was 
a bit "tilted" and the space between the lines was quite small.”.  

Some users found it more fun to play around with the app rather 
than reading all the information. One participant suggested that 
some of the text could be replaced by animations. Another partici-
pant wrote “– The visual and auditory experience could be greatly 
enhanced with animations and movement!”.  

However, there was still information that some users felt was miss-
ing. Several users wanted information about the different states: 
past, present and future. Several users wanted information in the 
form of numbers. “Put the percent of emissions in relation to each 

other.” “Some numbers on the amount of waste maybe, more de-
tails on how the piles of waste differed between the different com-
binations.” 

5.4  Suggested improvements 

The participants were asked if they thought the application would 
be a good tool to use as a complement to seminars to help raise 
awareness of circular economy. All participants answered between 
five and seven. Where seven represented that the participants 
agreed that it would be a good tool, and one that they did not. They 
also liked the look of the application and some users claimed that 
the illustrations appeared to be real, almost as if present on the pa-
per.  

There were several suggestions given for improvements of the ap-
plication. Several users suggested the use of animations, videos and 
other types of visualizations to replace the texts. One participant 
also suggested that haptic and auditory feedback should be added 
during interactions to make them even more engaging and intuitive. 

Another suggestion was that there should be more of a change vis-
ually when the state is changed between past, present and future. 
For example, the waste pile should change its size, even if no loop 
marker is being tracked. Another suggestion was that the back-
ground should be affected accordingly to the user’s actions. 

The expert in circular economy felt that only showing a utopian 
scenario could create a false sense of “it’s not so bad” and therefore 
make users believe that change is not urgent in order to reach this 
scenario. They suggested that this could be solved by presenting 
two future scenarios, one to show what will happen if we remain 
idle and one that shows what we should strive towards. 

An AR expert suggested that a quiz should be added to make the 
application more interactive. The quiz should gather information 
about the users and give them personalised suggestions regarding 
what they could do to contribute to a more circular economy. “– I 
think I as a user need to be more involved in the result of the future. 
Now it feels more focused on production companies and factories 
and less on my role in the process. I would like to feel a bit guiltier 
for being a consumer, and possibly add other ways to contribute 
other than "end of life" scenarios.” 

6  Discussion 

Looking at the results the participants were overall positive towards 
the application. The main issue was the tracking of the markers, 
especially the loop markers. One factor to this was as mentioned 
the lighting conditions of the room in which the application was 
being used in addition to the reflective qualities of printer ink. The 
tracking of the start marker was noticeably more reliable than the 
tracking of the loop markers. This is due to the size difference and 
the higher number of trackable points. The smaller the markers the 
poorer the tracking. Therefore, a compromise must be made be-
tween usability and trackability. Larger markers will be more awk-
ward to move around and difficult to fit in the screen.   

The results also showed that the participants thought that there 
would be a steep learning curve for novel users. Additionally, the 
instructions given on how to use the application was not considered 
satisfactory and the interactions not very intuitive. This points to 
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the importance of a good introduction or tutorial before the use the 
application.  

As previously mentioned, the main issue with using a HHD for AR 
is the limited amount of information that can be presented. Com-
plex concepts such as Circular economy are difficult to boil down 
to just a few sentences. As was shown by the results, long texts 
placed as an overlay over the real world, can be difficult for the 
users to read. The issue is that the phone must be held still at an 
awkward angle and if it is moved closer to the text there is a risk 
that the tracking of the marker is lost. 

On the other hand, if the text is presented as pop-up windows, in-
stead of being placed in the real world, the user’s AR experience is 
disturbed. To limit the amount of text, one option is to use other 
mediums. However, the issues that arises with texts, like having the 
phone in the same position for several minutes, is still present with 
other types of media, such as videos. 

Furthermore, it is of great importance that the application is not 
lacking in information. If the user does not get a good understand-
ing of the concept the application has not fulfilled its purpose. A 
way to currently minimise the issue with the limited amount of in-
formation in an AR app, is to use it as a complement to other 
sources of information, such as seminars or a website.  

Another issue is that the technology might overshadow the content. 
The novelty of AR can attract users to use the app but also remove 
the focus from the content. AR alone is not enough to make the 
topic interesting, to catch the user’s attention the information must 
be engaging as well.   

Inspiration on how illustrations can be used to convey the message 
can be taken from eco-visualizations such as 7000 oaks and count-
ing. It would most likely not be relevant to create a real time visu-
alization of circular economy. However, the message conveyed is 
still the same, how our choices are affecting the environment. 

Right now, AR applications are a novelty and can therefore attract 
users. Unfortunately, that strength is also its weakness. The more 
novel the user, the steeper the learning curve, as well as the risk of 
the novelty wearing off in time. This loss of novelty will then lower 
the attraction but could also help lowering the learning curve. 

6.1  Future work 

The applications ability to raise awareness was not evaluated in this 
study. The focus was instead on the technical aspects of the appli-
cation, as well as the content. To test how well the application can 
raise awareness the application has to be evaluated by conducting 
user tests with the intended target group.  

Changes should be made on the prototype, based on the feedback 
from this study. For example, it should not only use text and illus-
trations but to also utilize more media, such as illustrations, anima-
tions, 3D models and videos. The visualization should also be made 
more interactive by letting the user’s decisions have an effect, i.e. 
by adding the quiz suggested by one of the test participants.  

Future work on the concept of using AR to spread awareness for 
circular economy should focus on creating apps that utilises AR in 
different ways and for different cases. This could for instance be 
using machine learning to recognize different types of technologies 
and show their environmental impact. The user could also be of-
fered ways that would prolong their devices’ technical lifespan or 

how to dispose of them in a circular way. Other ideas are to show 
what your company is doing to be more circular as well as examples 
of what other instances are doing. 

However, the results from this study is not limited to applications 
about circular economy. Hence, future work does not have to be 
limited by this either. The focus should, therefore, be on how well 
AR works as a tool to raise awareness for a topic. 

6.2  Method critique 

One aspect of circular economy that the visualization did not fully 
show, was the impact of maintenance. Maintenance unlike the other 
loops is not part of the products end life. Therefore, its effect was 
not calculated in the same way. It is easier to see how many percent 
have re-entered the circular economy than to say how many prod-
ucts that have not been purchased due to older items being main-
tained. Due to this, the effect maintenance has on lowering the 
amount of waste was not shown in the application. This can give 
users the impression that maintenance is not important for a circular 
economy when it in fact keeps the most value in the product and 
most often has the least effect on the environment. 

The greatest method critique for this project is how the design for 
the application was decided. There are nearly unlimited options re-
garding how circular economy could be visualized in augmented 
reality, both when it comes to interactions and visualizations. Due 
to the lack of visualizations of circular economy aimed at the gen-
eral public, more time would be needed to explore different options. 
The lack of time resulted in several of the design decisions being 
made solely based on the case given by Jayway. 

One possible route the project could have taken, was to solely focus 
on one area of circular economy instead of the entire concept. If 
only focusing on how to communicate a part of circular economy, 
it might have been easier to limit the amount information in the app. 

Additionally, allowing for movement creates a whole different set 
of possibilities and difficulties when it comes to AR. For example, 
movement lends itself better to marker-less AR. Marker-less AR is 
in some ways more accessible as it does not require the user to have 
physical markers with them. On the other hand, non-marker-based 
AR has less reliable tracking, as it does not have an anchor. If the 
tracking is lost the user must recalibrate the application. This could 
lead to a steeper learning curve and annoyance if it happens often. 

7  Conclusion 

The research question for this project was: What are the limitations 
and affordances of using marker-based AR for information presen-
tation to create awareness about circular economy? An AR appli-
cation designed to raise awareness about circular economy was de-
veloped to examine the question. 

The results indicated that an AR application could be a good tool 
to use in combination with other sources of information such as 
seminars. However, it also has its limitations and requirements. The 
instructions for how to use the application must be very clear and 
the interactions intuitive to avoid a steep learning curve for novice 
users. Another crucial matter when building an AR application is 
the amount of information in the application. Only a limited amount 
of information can be presented in the app and to be able to compete 
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with the novelty of the technology it must be presented in an inter-
esting and engaging way. 

Future work done on the application, should implement the im-
provements that were suggested in this study. Additionally, the ap-
plication’s ability to raise awareness for circular economy should 
be evaluated by conducting user tests with the intended target 
group. Future studies on this topic should be made that utilizes AR 
in different ways. There is also no need to limit the applications to 
circular economy but rather investigate how AR could work as a 
tool to raise awareness over all. 
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