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ABSTRACT 

In a technology-advanced world, it is known that children are growing up surrounded by electronic devices such as computers, 
mobile phones, and tablets, and eventually use them in their daily routines. Whereas the accessibility of these powerful tools 
is a long-standing issue, the majority of existing research and learning resources are focused on adult users. In this paper we 
explore a child-centred design approach through a serious game on sustainability. Participatory design, prototyping and 
evaluation are part of the process where we explore behaviour and feedback regarding the requested tasks. The preliminary 
results indicate that the children actively engaged with the prototypes, giving feedback and new ideas to make the serious 
game more engaging and easier for other children. 
 

CCS CONCEPTS • Human-centred computing • Interaction design • Interaction design process and methods • 
Participatory design 

Additional Keywords and Phrases: Children, Design-thinking 

1 INTRODUCTION 

Since the late twentieth and early twenty-first centuries, there have been numerous social, economic, and 
technological changes around the world, resulting in changes in children’s childhoods. Nowadays, children are 
surrounded by technology. As a result of this rapid technology development, children find themselves in a world 
where they are completely immersed and use this technology in their daily lives [1], [2], [3]. From a young age, 
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most children in developed countries live in a “digitally fluent” [4] setting in their own homes [5]. Children as 
young as one year old are exposed to screens, as they have access to laptops, smartphones, consoles, and 
other internet-connected gadgets [6], using them at an increasingly younger age [7]. As shown in a survey of 
2014 conducted in 656 homes with children aged 3 to 8 years old in Portugal, 63 percent of children have a 
personal tablet and 18 percent have a smartphone [8]. With this growth in technological devices, there is an 
immediate increase in the number of applications. These applications replace activities that used to occupy 
more time and make society increasingly glazed in a virtual environment by the ease of access, entertainment, 
and the need to belong to a technological society. All these applications are always developed for a single 
target: the user. It is the user who makes the decision to install certain software, who tests and evaluates each 
action performed by the clicks given on the screen and who decides if that software will bring benefits in any 
way. The concern with what is presented to the user and how the interaction will be carried out arose with the 
concept of user experience (UX) and user interface (UI). According to Norman, “Poorly designed objects can 
be difficult and frustrating to use. They provide no clues or sometimes false clues. They trap the user and thwart 
the normal process of interpretation and understanding” [9]. 

The concept of UX is gaining more and more relevance in the world of interaction design. As stated by ISO 
9241-210 [10], before and throughout the usage of a product or service, users' thoughts, values, desires, 
attitudes, bodily and psychological reactions, actions, and accomplishments are all part of the UX. 

Although UX stands for user experience, it is the framework for designing a user-friendly user experience. 
On the other hand, UI works on how users communicate with the platforms. How many of us would claim that 
it is easy to use all the technology we experience and easy to learn? Do you find it more difficult to use certain 
sets of software than others? Have you ever seen anyone struggling to program the clock or their video 
recorder? A badly designed architecture is the cause of most of these problems. Weak UIs result in every day, 
in higher error rates, higher cost of instruction, and decreased output. Which in turn, increases costs for 
organizations and creates stress for the users who communicate with the UIs [11]. The Child-Computer 
Interaction community affirms that children are not only digital consumers but can also actively participate in the 
design process [12].  Moreover, Giannakos et al. [13] state that it is crucial to deepen the understanding of the 
respective methodological design process and to center the child in the process and empower them during such 
process. Giannakos et al. also state that children are growing together with digital devices and, hence, they 
urge the need to account for a responsible and ethical research when involving them during the creation 
process. We propose to further study these issues with the development of a serious game. Researchers 
advocate that STEAM education prepares today’s children to develop the right skills to work in 21st century 
[14]. Applying a STEAM approach to education aims at helping students to develop critical thinking, creative 
problem-solving, collaboration, among other skills [15]. To elicit such skills, we propose that the serious game 
to be developed for studying user experience should portray a STEAM theme: sustainability. 

2 THE GAME 

2.1 Theme 

Governments have adopted the concept of sustainable development, defined as "meeting the needs of the 
present without compromising future generations' ability to meet their needs," as a result of a growing global 
recognition of the importance of maintaining an ecologically balanced environment while still using natural 
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resources to meet the demands of a growing population [16]. One method to bring ecology to the forefront of 
our world is through social movements and innovative initiatives, but we also have an even better instrument at 
our disposal: teaching children how to live sustainably. It is critical to educate the next generation to become 
environmentally conscious, self-sufficient global citizens who recognize the urgency of environmental duty. 
According to a study [17], conducted into the potential of digital games as learning environments for 
sustainability, games can provide critical circumstances and opportunities for encouraging sustainability 
learning. Various authors have highlighted a variety of reasons why games can be considered learning tools, 
including the experiential learning that occurs while playing [18]; the presence of pedagogical principles in game 
design [19]. 

2.2 The Process 
Serious Games (SG) can play an important role in raising awareness and promoting attitudinal and 

behavioural changes on sustainable issues by allowing players to experience unknown circumstances that are 
not possible in real life, such as the ability to change a city to be more sustainable by balancing pollution, energy 
productivity, and the happiness of the population. Usually, these games divide the challenge into numerous 
"missions" of increasing difficulty. Games can provide children with a glimpse of the challenges they will face in 
the future, mainly by putting them in the positions of characters who must be able to think strategically, plan, 
and make long-term decisions, thanks to its immersive storyline and interaction [20].  

For the development of this SG we used the d.School process, Stanford Institute of Design, which is 
composed of five phases: Create empathy or understanding; Define; Ideate; Prototype and Test. This method 
is a quick and effective way to clearly define an important business challenge as well as a prototype that has 
been tested. Below outline the details that were included in each phase. 

 
Empathise or understanding: It is essential to consider the users' demands, what they are looking for, 

what they require, and what they enjoy. This phase was important for learning about the importance and 
necessity of having a prototype of this SG to raise environmental consciousness in children. 

Define: At this point we define the problem as well as what needs to be solved and created based on the 
children's needs and skill development. 

Ideate: It was a vital phase because it was during this time that the thinking concepts were brought together, 
and the prototype was designed. During a brainstorming, a review of games that could serve as inspiration for 
the design of this prototype was made. For instance, the number of levels and degrees of difficulty were inspired 

Figure 1 - Design Thinking Application. Adapted from Hasso Plattner Institute of Design at Stanford University 
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by the game Duolingo1. The proposed SG is focused on Piaget’s concrete operational stage (from 7 to 12 years 
old) [21], because in this stage children have already started to develop their literacy skills. 

Prototype: During this phase the low-fidelity prototype was developed for the first test phase and then a 
high-fidelity prototype for the second test phase. 

Test: This phase is relevant to detect problems or misunderstandings by observation of users’ interactions 
which may lead to prototype design changes. In a first phase, we evaluated the first prototype (low-fidelity), 
collected the data from the observations and usability tests and included them in a second phase in which we 
design the high-fidelity prototype. 

2.2.1 Phase 1: Low-fidelity prototype 

Design. It is crucial to playtest games as early and as often as possible during the creation process to ensure 
that they are successful. This is required to obtain input in order to enhance usability and address concerns 
with game balancing and motivation [18]. The user experience may not be effective, and the game's objectives 
may not be met if feedback doesn't exist. User experience is usually assessed after a working prototype has 
been implemented and is ready for testing [19]. Prototypes can be in the form of game sketches in the early 
phases of development, and hence a fully working prototype may not be required for some testing. Paper 
prototyping is a usability testing technique in which representative users engage with a paper version of the 
interface that is managed by a person "playing computer," who does not explain how the interface is supposed 
to work. Paper prototyping is beneficial to anybody involved in the design, implementation, or support of UIs 
because it encourages the development of products that are more helpful, intuitive, efficient, and pleasing [22]. 

For the development of the SG, it was necessary to take into account the age range of the children as well 
as the physical and motor skills for each age. Here are below some aspects that we consider to be important 
for the design of the SG: 

1. Reading: a seven-year-old child has fewer reading skills than a twelve-year-old. It is important to adapt 
the written content to the vocabulary of these children and to take into consideration that many of them 
are still in an early learning phase; 

2. Colours: It is important to consider the colours to be applied to the game, because unlike adults who 
need subdued colours to not distract from the main tasks, children need bright colours to catch the 
attention and carry out the tasks; 

3. Actions: Since children do not have fully developed motor coordination, it is important to include actions 
that are intuitive and easy to use, such as: clicking, scrolling and dragging; 

4. Size: The size of the content becomes an important factor due to accessibility limitations by children; 
5. Navigation: The game should have a simple and accessible flow in order to understand the context and 

the necessary tasks. 

Protocol. The protocol was divided into three parts: (1). Providing an Informed Consent Form to the parents, 
preparing the materials, and identifying the objective of the test, describing the tasks to the user, providing an 
initial questionnaire about the user's views of this SG were all part of the first part. In the second part, we 
conducted a test in which the user interacted with the SG, talking about all the actions she/he took, while the 

 
1 https://pt.duolingo.com/ 
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researcher registered all of the important discoveries made during the test, including the user's reactions, 
behaviours, and conversations. In the third part, it was conducted a questionnaire similar to the one conducted 
in the first phase to see if the user's expectations had changed significantly after interacting with the SG and, 
this being the Fun toolkit questionnaire technique. The Fun toolkit is a collection of tools that quantify the three 
characteristics of fun: expectations, engagement, and endurance [23] In the following figure (Figure 2) the 
several screens of the app are presented. 

 

 
Figure 2 -Low-fidelity prototype 

Experience. According to Nielsen, it is enough to test three to five users with qualitative user testing [24] Five 
children (three girls, and two boys) who were 7-12 years old participated in the paper prototype test. Due to the 
COVID-19 pandemic, there were some constraints throughout the process. It was necessary to use a 
convenience sample and to limit the testing sessions to 40 minutes. At the parents' request it was necessary to 
drive to each parent's home as they felt safer. Four out of five children asked their parents to be present but 
without interfering with the test. In Error! Reference source not found. and Error! Reference source not 
found. show the paper prototype and children interacting with it. 

 Figure 3 – Material and Paper prototype 
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Figure 4 - Children interacting with the paper prototype 

There are a range of evaluation methods for measuring user experiences; nevertheless, it is critical that the 
methods have been validated with children. Thus, we chose to use the Fun Toolkit. The Fun Toolkit is a 
collection of tools that quantify the three characteristics of fun: expectations, engagement, and endurance [25]. 
The Smilyeometer is a visual analogue scale with coding based on a 5-point Likert Scale, with 1 corresponding 
to 'Awful' and 5 corresponding to 'Excellent'. This scale is typically applied before and after the youngsters 
interact with the technology. The justification for utilizing it previously is that it can be used to estimate their 
expectations, however when used after, it is assumed that the child is reporting having fun. Because it is simple 
to use and needs no writing on the part of the youngsters, the Smilyeometer has been widely adopted and used 
in research studies to assess satisfaction [26] and fun [27]. The second tool from the Fun Toolkit - Fun Sorter - 
asks children to evaluate technology, or in this case, a SG, based on a variety of characteristics (Figure 5). The 
children would rank the SG according to the various structures, deciding which was the best and which was the 
worst. The last tool is the Again-Again Table (Figure 5). This table asks children to choose between "yes", 
"maybe" or "no" for each activity they have experienced. 

 

 

 

 

 

Figure 5 - : Fun Sorter from Fun Toolkit to rank the tasks based on the Fun aspect; 

Results. By analysing the questionnaires pre and post tests the responses were almost the same. In terms of 
preferred games, the tendency was that animated games are more engaging than the static quizzes. This result 
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can be associate to the fact that there is a greater difficulty in quickly interpreting the questions/words. One of 
the children found this SG easy to understand and would like to play more levels to see if he could earn lots of 
coins. Another child, aged seven, was curious when explained about the aim of the game and the tasks to be 
performed. She quickly wanted to interact with the prototype even though it took twice as long as the other 
users, as some words were difficult to interpret but she questioned their meaning. However, she showed an 
enormous facility in understanding the actions to perform "because she usually plays other games with the 
same buttons".  

2.2.2 Phase 2: High-fidelity prototype 

The purpose of the high-fidelity prototyping was to provide 
children a more engaging experience and to utilise the prototype 
as a tool for evaluating the design changes. This prototype was 
designed with Figma2, taking into account the feedback 
received by the children during and after the test with the paper 
prototype. 
Design. This game was thought and developed in the 
Portuguese language because it is our mother tongue. The 
name of the SG is “Terramiga”, a concatenation of the 
Portuguese words “Terra” (Earth) and “Amiga” (Friend).  
Regarding the graphic language, we designed a smiling planet 
Earth logo and, because this is a SG for children, we included 
two children embracing the planet with bright colours to make it 
more attractive. Sea green was the colour chosen for this SG, 
as it reminds us of the nature of the ocean. The Poppins font was chosen, since it is open source and widely 
used in website development. Figure 6 displays a few visual elements used in the prototype, including the SG’s 
logo. 
Protocol. Two children were invited for this test, one of them (S1) had already participated in the first iteration 
and the other one (S2) had not yet participated and saw the game for the first time, giving us a new perspective 
on the SG. As with the first iteration, these tests were also conducted during the week and after school. These 
tests had to be performed online, due to further restrictions imposed by the COVID-19 pandemic. During this 
testing phase with the child who had already interacted with the prototype in iteration 1 (S1), it was not necessary 
to deliver the Interview Protocol, because she already knew the rules and the game interaction. Afterwards, it 
was possible to validate that the improvements made in the SG met her expectations and her feedback given 
in the first iteration. With the second child (S2), it was necessary to present the Interview Protocol and answer 
additional questions. At the end, we asked both children some open-ended questions about their experience 
with the prototype (e.g., would you change any aspect of this game?; would you like to receive physical rewards, 
e.g., a recyclable bottle to take to school or rewards where you gain more time/lives to play the game?; would 
you mention this game to your friends?). 

 
2 Htpps://www.figma.com  

Figure 6 - Mood board 
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Experience. S1 managed to complete all the tasks successfully and seemed excited as she realised the 
differences between this prototype and the paper prototype. S1 mentioned “I liked the part where I got to the 
end of the level and was able to press the coins to realise how much I had already earned. Now I’m curious to 
know what the prizes are ad the next levels.” S2 said aloud everything he was thinking while interacting with 
the SG. As it was his first time interacting with the SG, it made him explore all the buttons and what each one 
included, which took more session time than the first child. S2 final comment was “It is a very cool game and 
also easy to play. I think I would want to play it with my friends.” Regarding the open-ended questions, the 
general feedback was positive. When asked "Would you like to receive physical rewards (e.g., recyclable bottle 
to take to school) or rewards where you gain more time/lives to play a certain level?", S1 immediately responded 
that she preferred physical rewards because, although she was used to playing everyday games where she 
gains lives/time, she would rather play something new that gave her physical rewards. However, S2 responded 
that he preferred to gain more time/lives to play certain levels. S2 justified his answer to the fact that he is used 
to playing other games with rewards in game (lives/time) and not so much with real props.  

3. CONCLUSIONS 

In this paper, we presented a child-centred approach to designing and evaluating a SG about sustainability. 
We began our research by developing a low-fidelity paper prototype through brainstorming and informing our 
design decisions through extensive literature research. Almost all the children were enthusiastic to participate 
in this study, but even in a situation where one of the younger children was more apprehensive and nervous 
before the evaluation, as the interaction progressed, she became more comfortable, finishing the game excited 
and wanted to know more about the SG. This work-in-progress participatory design and evaluation with children 
of the high-fidelity prototype of the SG shows promising results. We believe that this kind of participatory design 
process can be applied to the development of new products with the direct intervention of children at all stages 
(and not only for the testing and validation phases). In the testing phases, the children showed interest in the 
tasks and challenges that the SG could bring, even though only presented with one level. Future work entails 
the design of all the game levels (with an increasing difficulty) and rewards. It would be interesting to explore 
the interaction of more children of the specified age range with a complete version of the game to validate any 
changes and usability errors that may arise.  

Figure 7 - High-fidelity prototype (a few screens) 
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