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ABSTRACT 

The aim with this project was to investigate whether we could 

apply design methodologies in order to identify, scope and 

practically solve a design problem using two emerging 

technologies. With the use of the design methodologies design 

thinking, brainstorming, rapid and iterative prototyping we were 

able to produce an integrated prototype that can be empirically 

tested and further developed. The prototype consists of an 

augmented reality (AR) and a desktop application. Together they 

form a solution within the realm of Internet of Things (IoT). The 

desktop application is used to display our creature BoBo and its 

habitat, while the AR application is used to retrieve the children 

that escaped the habitat. 
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1. Introduction 

1.1 Goal with the prototype 

Through the development of BoBo we wanted to tap into 

emotions such as empathy, with an underlying goal to trigger and 

facilitate shorter walks around the DSV premises. The artefact 

itself (BoBo) will be able to express a span of emotions between 

happy and sad, indicating the level of outdoor activity around 

DSV. The emotions will be based on the number of children that 

manage to escape and return. Students will be encouraged to 

collect them as AR-objects on a path outside DSV. By returning 

them to BoBo they will be able to positively impact its mood.  

More specifically, by designing BoBo into a creature that people 

will empathize with, we hope to trigger positive behaviors and 

facilitate them by designing a task that amplifies the feeling of 

accomplishment and adds to the sense of community among 

students.     

1.2 Design problem                                         

How could design be used to incentivize shorter outdoor breaks?  

1.3 Techniques 

During the initial brainstorming, where the goals and ideas for this 

project evolved, it became clear that some specific techniques 

would have to be involved. 

 

Tangible interaction – As the idea of BoBo grew and we decided 

upon it being able to motivate people through its emotions, we 

understood BoBo would have to be a physical object. Something 

real. We first thought of it being an actual toy-like creature much 

like the more expensive toys that can talk and move now days. 

 

However, during a session of rapid prototyping, we realized that it 

would not live up to our goal. It turned out it was very hard to 

make a tangible toy show intuitively interpreted emotions that 

triggers people’s empathy. Since we still needed BoBo to be a 

physical object, we decided upon it being physical in the sense 

that it would exist on a specific geographical location by moving 

its expressions into a digital realm. BoBo is therefore manifested 

as a digital scenery, including emotions and expressions, on a 

screen (see figure 1). 

 



 

 

 

Figure 1. BoBos habitat.  

The user can still interact with BoBo physically by returning its 

children by touching its habitat with their smartphone running the 

AR-application (see figure 2).  

 

Figure 1. AR application  

1.4 Internet of Things – Since the bigger part of interaction 

with the game of BoBo is outside, only including the player and 

their smartphone, we needed to include aspects and techniques 

from the realm of IoT. 

 

The definitions for Internet of Things can be somewhat 

ambiguous and vague, but it normally includes phenomenon 

where several different parts communicate with each other by 

sending information over the internet (Sharma, Neha et al. 2018). 

In our project the player uses an application on their smartphone 

that requests different information from our backend web-

application. BoBo also needs to receive information from the 

same web-application and an NFC-reader, enabling the players to 

return the kids to BoBo, also need to communicate with the rest of 

the system. This all includes techniques of Internet of Things. 

 

1.5 Augmented reality – The largest part of the project is 

composed by the player searching for the escaped BoBo children 

out in the wild. This is all taking part in the real world, but the 

objects the players are looking for exists in the realm of ones and 

zeros. This is exactly what AR is and therefore a large part of our 

project was to use techniques for bringing digital visual object 

into the real world using a smartphone and its camera and gps-

sensor. 

Context of use and the target users   

 

Our primary target users are students at DSV. However, teachers 

and other members of staff are also welcomed to participate. We 

decided that BoBo will be placed in the cafeteria, since most 

students tend to visit it during their breaks.  

2. Background 

We let the theoretical work on prototyping tools and techniques 

by Beaudouin-Lafon and Mackay (2002) as well as Houde and 

Hill (1997) guide us through and initiate our iterative and 

explorative design process.  
 

According to Houde and Hill (1997), a prototype is a way to 

examine design problems and evaluate their solutions. By initially 

spending some time defining and breaking down our design 

problem, it became easier to evaluate its solutions.  

 

Lafon and Mackay (2002) makes a clear distinction between off-

line and on-line prototypes. Off-line prototypes are characterized 

by quick drawings on paper, with a highlighted focus on quantity. 

They argue that the effect of such prototypes, makes it much 

easier to explore a design space (2002). Since we wanted a fast 

design cycle, in which all group members could participate, we 

made the decision to create off-line prototypes in the form of hand 

drawn sketches. 

  

In addition to that, we adopted two prototyping techniques, rapid 

and iterative prototyping. Rapid prototyping is commonly used in 

the early stages of design, in order to quickly explore a variety of 

solutions (2002). Iterative prototyping is used to gradually evolve 

the prototypes towards the final design, where each iteration 

informs some parts of the following (2002).  

 

During our prototyping sessions, we paid extra attention to what 

designers in several fields have come to label “design space”. A 

“design space” is a concept used to explore different solutions tied 

to a specific design problem (Beaudouin-Lafon & Mackay, 2002). 

By letting our problem statement limit our design space, we were 

able to maintain confidence in our design decisions while 

allowing ourselves to explore a plethora of different solutions. 

This is one of the main reasons why the design of BoBo could 

iteratively evolve from a physical thing into a digital. 

 

There has been plenty of research within the field of augmented 

reality in general and augmented reality gaming in particular. One 

such game that has been receiving a lot of publicity during the 

past years is Pokémon Go. One of the main premises behind 

Pokémon Go is that the Pokemon (digital creatures) are to be 

found digitally at certain places in the physical world. This art of 

interaction and game design resembles the thought behind the AR 

application that was built in order to catch BoBo’s children. This 

means that research within this scope has relevance to our 

prototype.  

 

Hamari et al. are taking a closer look at the motivations behind 

using the application Pokemon Go in order to form a better 

understanding of its uses and gratifications (2019). The study 

draws connections not only between playing the game and its 

increased physical activity, it is also able to point at a connection 

with an increased interest in exploring new outdoor areas (Hamari 

et al., 2019). 



 

 

 

 

Another basis for our prototype is the concept of virtual pets. A 

study by Ahn et al. (2015) explores the health implications by 

introducing a virtual pet to children. The children who were 

involved with a virtual pet had one more hour of outside activity 

than the kids who were not (Ahn et al., 2015). Furthermore, it 

suggested that interacting with virtual pets has a long-term effect 

on the willingness to be physically active.   

3.  Design & Development 

3.1 Concept Idea 

The development of the prototype began with generating concept 

ideas for the project. Then we set out to explore immersive, 

entertaining and creative solutions to improve the environment at 

DSV, with a focus on potential social benefits. A common 

denominator within the design team was the desire to create 

something that could bring people together. 

 

Ideas for the project were generated using brainstorming. 

Brainstorming is a technique for generating as many ideas as 

possible relevant to a certain subject – allowing us to expand the 

design space (Beaudouin-Lafon & Mackay, 2002). According to 

Beaudouin-Lafon and Mackay the brainstorming session should 

contain two phases, one in which the group generate multiple 

ideas related to the given task and one for reflection and 

evaluation of the ideas (2002). After multiple brainstorming 

sessions our design team had boiled it down to three disjointed 

ideas to choose from and had to make a concrete design decision. 

 

1.      A way to make recycling and throwing trash away more fun 

and engaging – by creating a game in which students can throw 

trash and earn points. 

 

2.      An interactive system installed in DSV’s group rooms to aid 

students in their brainstorming sessions. The system with the help 

of sensors detect the amount of activity in a room and encourage 

regular brakes to ensure maximum efficiency. 

 

3.      An interactive system that encourages students to take 

breaks outside to get some fresh air and exercise. A tangible 

artifact in the form of a soft stuffed character is placed in a highly 

trafficked area of the school. The artifact indicates how well the 

students are doing based on the emotions of the character. 

Happiness is illustrating that a large amount of people have been 

taking brakes outside and sadness when the opposite is true. 

 

We chose the last idea and expanded on the concept idea by 

exploring the design space further by creating a role prototype in 

the form of a storyboard. A role prototype explores what purpose 

the artefact might serve the intended users, and how their lives 

would change by using the artifact in question (Houde & Hill, 

1997). Houde and Hill describe storyboards as effective design 

tools, enabling designers to discuss the role among themselves 

and other design teams as the storyboard helps to convey the idea 

in a concrete manner. As recommended by Beaudouin-Lafon and 

Mackay (2002) we began the process by clearly defining a 

scenario: 

A student is tired after several hours of studying without a break, 

the student walks into the cafeteria and discovers the character. 

The character looks sad, prompting the student to empathize and 

download the app out of curiosity. The character asks the student 

to lend a helping hand in finding its lost babies by going outside 

to search for them. The student goes for a walk and captures some 

babies with the aid of the built in AR view in the app. The student 

returns to the character and reunites it with its babies. The 

character gets happy and thanks the student, and the student gets a 

feeling of gratification and a sense of accomplishment. 

 

During one of the brainstorming sessions the character was given 

the name BoBo. It was chosen after every member of the group 

came up with a small number of alternative names and was 

decided to be the most fitting based on the role of the character. 

 

 

 

We developed the storyboard iteratively, beginning with rough 

sketches describing each action and eventually refining it with 

clear illustrations.   

 

During a scheduled seminar we got the opportunity to receive 

feedback in a peer review session. Teachers and fellow students 

discussed the role and gave valuable feedback on the role 

prototype. Confusion about what was happening between the first 

and second frame was brought up and we kept that in mind during 

the creation of the next iteration of the storyboard. 

3.2 Operative image 

The operative image was defined using several iterations of look 

and feel offline prototypes. Rapid prototyping is recommended by 

Beaudouin-Lafon and Mackay (2002) in the early stages of the 

design process. Based on this, all group members attended 

sessions in which several hand drawn sketches were created by 

each member in a set amount of time. After time limit was over, 

all members presented their sketches and explained their ideas to 

the group. During these sessions through multiple iterations, 

decisions were made concerning BoBo’s appearance, environment 

and interactions taking place between BoBo and the user. The 

established ideas during this period of the development laid the 

foundation for the development of the interactive prototype. 



 

 

 

Several ideas for BoBo's appearance and intractability were 

considered; a soft toy elephant, a statistical scoreboard and a 

stuffed animal with an integrated screen to name a few. We 

ultimately decided that BoBo should resemble the mascot of DSV, 

a little fluffy white ball with blue feet and large round eyes. 

Motivated by the need to tie the character to the place in which it 

is intended to be used, to have a design with a face that can clearly 

emote and fewer body parts meaning less work creating 

complicated animations. 

 

The group also decided on making BoBo come to life inside of a 

screen, instead of creating BoBo as a tangible object like a stuffed 

animal. Since Bobo's ability to emote feelings were critical to the 

success of the prototype and creating feelings that users can 

accurately interpret proved to be very difficult using tangible 

solutions such as servo motors to move eyes, mouth and eyebrows 

using Arduino. The group instead settled on BoBo having 

animated expressions and created a look and feel prototype with a 

set of frame-by-frame animated facial expressions for BoBo. 

Different alternatives of how the interaction between BoBo and 

the user would work when the user returns the babies were 

explored using rapid prototyping sketches. We decided on the user 

tapping his or her phone on an NFC reader placed on the side of 

BoBo's screen and the little babies flying in from that direction, 

bouncing a few times and lastly jumping into a wicker basket 

placed beside BoBo. We wanted to give the user the feeling of 

having the babies they had collected actually jumping from their 

smartphone screen into the large screen.  

Parallel to these activities, an implementation prototype was 

iteratively developed to make sure that the project was feasible on 

a technical level, making it possible to develop a functioning 

integration prototype.  

 

In this parallel implementation process the API was first out to be 

developed, since it would have an essential role in how the 

subsystems would communicate. In other words, the prototype 

would not be able to function as planned without it. The API was 

developed in a stepwise manner, where the last parts were to be 

implemented first during the final days of the design process. The 

API was constructed with the programming language PHP and 

housed on a so-called LAMP-stack server hosted by DSV at 

people.dsv.su.se.  

 

When the basic functionality of the API was in place we started 

working on the AR-application. The conceptual background of 

our work with the AR-application was guided by Hamari et al. 

(2019). This was developed in Unity with the help of Google's 

AR-core SDK and using a native android plugin, developed in-

house, enabling the AR-application to emulate an NFC-tag. 

Simultaneously we also developed a standalone native android 

application which would act as an NFC-reader for communication 

between the BoBo application, the API and the AR-application. 

Finally, the actual BoBo application was implemented using 

Unity. A basic application was actually developed earlier for 

testing purposes of the other subsystems, but it was first when 

these were in a final stage that we implemented the more intricate 

parts of the BoBo application. 

With the operative image now more defined, the storyboard went 

through an iteration of improvements to further define and clarify 

the role (see figure 3).  

 

Figure 3. Revised version of the storyboard. 

We presented the new and refined storyboard along with the look 

and feel prototype showing facial animations with different 

expressions for BoBo at a peer review seminar. At the seminar we 

got the opportunity to receive valuable design critique from our 

fellow class members and teachers, with the look and feel 

prototypes acting like artifacts aiding us designers in explaining 

our vision and helping others to evaluate our design decisions. 

3.3 Interactive prototype 

In order to put role, look and feel and implementation together 

into one artifact demonstrating the complete user experience, we 

started to work on an integration prototype. An integration 

prototype as described by Houde and Hill is created to be a 

representation of the user experience as a whole. Since an 

integration prototype is a portrayal of the final artifact, it is the 

most time-consuming type of prototype to develop (Houde & Hill, 

1997).  

 

For the integration prototype we created the necessary 3D assets 

and facial animations and integrated these elements into Unity. 

BoBo’s feet were animated to add additional movement and 

intensify BoBo’s emotions, like nervous tapping of the feet in 

combination with a sad looking face. A picture of a classroom 

wall was placed behind BoBo to further integrate the character 

into the environment at DSV.  

The graphical elements, buttons, map elements and the home 

screen of the integrated AR application were designed and 

implemented. Designing a user interface to be as simple and 

straightforward as possible for a user to understand was a 

challenge. We decided to keep the usability heuristics for user 

interface design by Jakob Nielsen (1994) in mind when faced with 

the challenge of creating the UI. Nielsen states that excessive 

information or irrelevant information should be avoided, more 

information on the screen competes for the user's attention and 



 

 

 

reduces the visibility of important information (Nielsen, 1994). As 

a result of this reasoning we chose to create a welcome screen 

with short and clear instructions. The user is given the objective: 

“find the babies”. Thereafter the user has the ability to toggle 

between the “map view” and the AR view with the “Quest map” 

button. Once the user has caught one or more babies, they press 

the “Finish” button and is faced with a screen containing clear 

instructions on how to return the babies to BoBo. A clean and 

simple UI with only three buttons makes it harder for a user to get 

lost in the application and reduces the risk of confusion. 

 

Finally, the actual BoBo application was implemented using 

Unity. A basic application was developed as an implementation 

prototype earlier for testing purposes of the other subsystems, but 

it was first when these were in a final stage that we implemented 

the more intricate parts of the BoBo application. 

4.  Plan for User Evaluation 

The benefit of having an integrated prototype is that we can plan a 

user test where participants are able to act with more autonomy. 

This allows participants to feel like they are in a real-world 

situation, which in turn means that we can collect more reliable 

data.  

 

We will be targeting students at DSV as participants to our user 

evaluation. The goal is to gather people from different programs 

and genders. This way we get a fair representation of the 

population.  

The user evaluation will be conducted as a formative evaluation 

through usability testing. A formative evaluation is appropriable 

when testing systems as a part of an iterative design process in 

order to learn about the parts of the design that are good and bad, 

and how it could be improved (Nielsen, 1993).  

 

The formative evaluation will be taking place in two contexts. 

These are in the cafeteria and a piece of woodland nearby the 

university premises. We identified these locations as suitable to 

incentivize as well as maintaining the habit of taking short 

outdoor breaks. The test itself will try to emulate our user journey 

with the goal of challenging our assumptions (see Figure 1). This 

means that the test will start by discovering BoBo and end with 

giving back the children. To support our data analysis, we will 

follow a checklist to clarify that a user independently can: 

• verbally express a correct interpretation of BoBo’s 

emotional states (BoBo’s habitat) 

• discover and understand the purpose of the map in order 

to get to the starting point (AR application) 

• collect at least one of BoBo’s children (AR application) 

• give back the children of BoBo through the NFC reader 

(BoBo’s habitat) 

 

We will conduct a follow-up interview that reconnects potential 

issues with an in-depth explanation. By conducting the interview 

after the usability test, we enable users to easily refer to actual 

experiences instead of hypothetical scenarios (Nielsen, 1993) We 

will also be able to collect nuances to unexpected behaviours and 

impressions. 

5.  Discussion 

5.1 Reflection of original goals 

The final prototype meets most of the goals that were portrayed 

and presented during the design process. It successfully meets the 

technical requirement of two physical interactions which were 

interacting and catching the babies using an AR mobile 

application and returning the babies using an NFC reader. It also 

meets our goal for BoBo to be an incentive for students to have a 

healthy element in their daily routine, which would be to take a 

break from the university premises and to go out for a break in a 

green environment to get fresh air and  rejuvenate their moods 

before they get back and continue with their daily routines. 

However, the sociological element is only embedded in the 

prototype to meet the design process but it’s practicality yet to be 

proven in application.  

5.2 Arduino failure 

In the list of our initial goals we had a few elements that were not 

crucial to make the prototype meet the required criteria for our 

design project. Due to the complications we had in achieving the 

goals, it partially deviated from our original goals. The only major 

goals that were not successfully achieved was to use an Arduino 

controlled motorized scoreboard, which was rendered 

unsuccessful due to its inability to connect to the API.  

 

The Arduino failed to establish a working connection to our web-

applications, running at the apache server people.dsv.su.se, which 

forced us to leave motorized scoring mechanism out from the list 

of actual implementations. Because of time constraints we never 

figured out exactly why we were unable to establish this particular 

connection, which to us seemed extra strange since all other 

subsystems in our prototype proved to be successful. Based on the 

research we initially performed trying to solve the issue with the 

best of our knowledge is that it could have something to do with 

the fact that the server used HTTPS-protocol while the methods 

and libraries we used for the Arduino were customized to 

communicate over HTTP-protocol.    

 

6. Re-design & Development 

61% of young children in Sweden are dissatisfied with what’s 

around them outdoors (Livingston 2002:4), which indicates that 

there’s a lack of incentive for them to go out. However, the kids 



 

 

 

generally prefer to be outdoors in the company of friends instead 

of staying home and spending time on screens. Although it is also 

discovered that a small percentage of kids do enjoy their screen 

time more than going outside. Hence, the further development of 

our prototype could cater largely to both demographics, playing a 

videogame and spending time outdoors. 

6.1 AR Watches 

The AR (Augmented Reality) Watches would run on native 

Android OS, it would consist of a mini touch screen for 

interaction, a camera to spot the babies, a microcomputer capable 

of WiFi connectivity over the school’s network and to register it 

to a student and an NFC chipset to interact with the physical 

product.  

 

The prototype can be further developed into a physical product for 

real life applications to educate the children while entertaining 

them and having them play outdoors. The aim would be to use the 

system in primary school classrooms where the teachers would 

provide the “AR Watches” to the students and assign them various 

tasks to teach them by finding the babies that are marked with 

numbers, alphabets or answers to basic mathematical equations 

across the playground within a given amount of time hence 

gamifying the teaching process.  

 

This would encourage the children to learn through recognizing a 

certain alphabet or a number that they are supposed to catch while 

playing. The process can become a part of their curriculum to 

elicit the lessons they have initially been taught. In addition, they 

can perform their tasks in a team and learn to help one another as 

well. Upon completion of their tasks the students will go back to 

the classroom and return the babies while interacting with the 

physical product. 

6.2 Physical Product 

The physical product would be a doll-like toy or a bot that would 

be developed using 3D printing and would run on Arduino. The 

feedback would be visualized through motorized facial 

expressions like smiles or frowns on the lips, movement of 

eyebrows and lights integrated in eyes that would change color to 

react. The speaker in the system would give a vocal feedback that 

would give personalized encouragements like “Good Job John” to 

each registered student who have their names assigned to the 

watches. To interact, it would use WiFi connectivity for the 

teacher to control using their phones or the school computer for 

task assignment. An NFC reader to interact with the students. 

 

 

 

6.3 Possible technical re-design alternatives and 

future development 

Message Queue Telemetry Transport (MQTT) Protocol – is a 

protocol offering publish-subscribe communication. Its working 

on top of the Transport Control Protocol and is used to exchange 

data machine to machine (Dinculeană and Cheng 2019, 2). The 

HTTP protocol, which so far is the only protocol used in our 

prototype for communication over the Internet, comes with the 

drawback of an extensive overhead, which in the context of IoT 

has led to the discussion about more lightweight protocols. MQTT 

stands as a good alternative, after being compared with HTTP 

(Sasaki and Yokotani 2019, 21). 

 

For our project, it could make sense to further investigate this 

subject, if BoBo were to grow with additional functionality. It’s 

for example possible that sensors could be used in different ways 

to further immerse the users by giving more precision or 

additional feedback. In this case the use of a protocol such as 

MQTT would arguably be a more suitable solution than solely 

relying on the HTTP protocol. 

 

In terms of re-design this could also be a relevant alternative. The 

use of our HTTP-based API was not unfounded sense it fits its 

purpose and is efficient enough for our prototype. Furthermore, 

when Sasaki and Yokotani (2019, 22) argues for the use of 

lightweight protocols instead of HTTP in the context of IoT the 

specified reason is that IoT means that a “large number of small 

packets are generated because they handle traffic from the 

sensors” which is not the case with our prototype. With that said, 

as can be understood reading previously referred articles, MQTT 

holds great potential for this area of research and to be ready to 

scale the project up using a MQTT-based API could have been the 

better choice. 
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