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Abstract 
In todays' society, one encounters different visualizations of data on an everyday basis and the 
ability to understand data has become one of the most sought-after skills on the job market. It is, 
therefore, no surprise that OECD (The Organisation for Economic Co-operation and 
Development) has included data literacy in their 2030 Learning compass. Data literacy is defined 
by the OECD as the ability to analyze, explore, read and argue with data. Since this is such an 
important skill and becoming more important as society embraces data in various ways, children 
must learn this in school, so that they are not left behind in the future data-driven society. There 
have been attempts on how to implement and teach the skill of data literacy for children aged 10 
and onward. However, data literacy is still a new field of research and most earlier studies have 
been on adults and university students. One report written by Bengtsson et al. (2021) proposes an 
educational game, “The Rescue of Dataville”, which aims at teaching data literacy to children aged 
10-12. This thesis will build upon and adapt their work to better suit a younger age group, children 
aged 8-10. Earlier research indicates that younger children do have the ability to understand some 
visualizations of data. To do this, the current research regarding abilities required to acquire data 
literacy as well as research in educational psychology, UX design, cognitive science, and the 
Swedish curriculum was obtained. In-depth semi-structured interviews with children aged 8 -10 
and teacher students were conducted to get an understanding of what data literacy capabilities the 
children have. These interviews were transcribed and analyzed via the thematic analysis approach. 
Four themes emerged: Definition of difficult terms, Need for a data mini-game, Need for a new 
character, and Easier exercises. Based on these themes design changes were proposed. The design 
proposals were then validated via a survey sent out to teachers. The answers from the survey show 
promising results and indicate that the design proposals are appropriate for the intended target 
group. However, the current covid-19 pandemic resulted in a very small sample size, hence a 
bigger more thorough study should be conducted to further validate the results found in this report.  
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1.Introduction 
Data is no longer something that only concerns data scientists but is widespread throughout 
society. Simply walking into a store and buying a television requires some ability to analyze 
and understand all the data related to different televisions to come to a well-informed decision 
and a good choice. Furthermore, in today's society with the increase of data overall, it is 
important to understand how data can result in misinformation.  
 
OECD (The Organisation for Economic Co-operation and Development) released a report in 
2019 defining literacy as the ability to comprehend, interpret, use and create textual and visual 
information in various formats, contexts, and for diverse purposes. Going under the term 
literacy are several subcategories including; visual literacy, digital literacy, and data literacy 
which all have some aspects in common and share similarities.  
 
Data literacy entails the ability to read data, i.e., graphs and other forms of visualization of data 
as well as simple numbers such as probabilities and percentages. It also encompasses drawing 
correct conclusions given the data and critically analyze what the data actually states and what 
conclusions that can be deduced and can not be deduced. In todays' society, digital media has 
made data more available to the public which further increases the importance of interpreting 
data and understanding it correctly and analyzing how incorrectly presented data can lead to 
misinformation.  
 
Furthermore, visual literacy plays a part in data literacy since understanding data is a visual 
aspect. Visual literacy does include other aspects as well, but since understanding graphs and 
data requires a visual component, visual literacy is partly applicable to data literacy. In 2016 an 
article was published by Börner et al. which concluded that many adults and children struggle 
to name and interpret data visualizations that are beyond very basic. This is an important 
discovery since it indicates that most adults (and children) are unable to understand 
visualizations common on the web, in newspapers, and in society. Moreover, a study published 
by Chevalier et al. (2018) stated that even though teachers felt their students were unprepared 
for more advanced statistical analysis, they still argued that, in general, visual data presentations 
were “intuitive” and that the time spent on understanding visual data representation was not 
considered important. Furthermore, the authors of the study concluded that not enough time and 
activities were spent/focused on correcting and critically analyzing incorrect graphs. It is 
important, they argue, that students learn how to understand graphs that may be misleading and 
what conclusions can be drawn from them.  
 
The Royal Society released a report in 2019 which demonstrates the need for data literacy in 
society. The report states that organizations are in need of receiving valuable insights from data 
which essentially means that the skill of data literacy is highly valuable on the job market. 
Additionally, according to the royal society, methodologies that involve data (often large scale 
data) analyses become increasingly prevalent which evidently leads to an increase in a variety 
of roles available for data scientists. In the released report they recommend that data knowledge 
and skills are built from school level continuing to degree level. One way to achieve this could 
be to develop training, resources, and support for teachers and appropriate educational resources 
for schools. Such resources could come, for instance, in the form of digital games.  
  
A group of students at Lund University (Bengtsson et al., 2021) is creating a Data Literacy 
game aimed at children aged 10-12. The present report will have a similar approach and 
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continue working on their material but instead focusing on adapting the game so that it is 
suitable for a younger age group, children aged 8-10. This work is important since studies 
(English, 2012; Wolff et al., 2016 etc.) have indicated that abilities required to obtain data 
literacy can be taught at earlier grades.  
 
The work presented in this report will result in design proposals for an educational game that 
helps 8-10 year old children acquire the required skills to develop data literacy. The game aims 
at increasing the childrens’ ability for problem-solving, mathematics, and statistical reasoning 
which will give them a good foundation for data literacy.  
 
The overarching aim of this thesis is to make use of previous research and qualitative interviews 
surrounding the material of the Rescue of Dataville game developed by Bengtsson et al. at Lund 
University in order to come up with design changes and proposals that can make the Rescue of 
Dataville suitable for children 8-10 years old and situate these proposals in the literature and 
empirical work. 
 

1.1 Research questions 
How to adapt a data literacy game aimed at 10-12 year olds to better suit 8-10 year olds? 
What important components can make the game more suitable for 8-10 year olds?  
How can the important components be designed?   
 

2. Background 

2.1 Primary school-children and Data Literacy  
A study by Wolff et al. (2016) explored how data literacy may be implemented in a primary 
school to promote learning. Their initial hypothesis was that young children can work with more 
complex data sets given the right amount of support and provided it relates to their real-life 
context. The teacher feedback collected from the study showed that using real data helped the 
children to answer the common question; “why do I need to know this”? Given that feedback, 
it would be suitable to use real data, or data that closely relates to real life, when designing the 
data literacy questions. However, their study also showed some negative teacher feedback; the 
teachers generally felt less confident using the big data sets when the researcher was out of the 
room since they lacked expertise in the data literacy area. This is an indication that support 
should not only be given to students but that also teachers may need support in order to become 
more confident in teaching data literacy.  
 

2.2 Statistical literacy and data literacy amongst children 
Friel et al. (2001) coined in their study the concept of graph sense which is supposed to 
characterize the nature of graph comprehension that should be developed during school years. 
According to them, graph sense gradually develops as one uses and creates more graphs in a 
variety of contexts. The authors go on to recognize six different abilities dealing with graph 
sense:  

1. Understanding the components making a graph, how these components relate to one 
another, and how these components affect how the information is presented and 
perceived. 
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2. Understanding the language related to specific graphs and different information in 
various graphical forms.  

3. Understanding how tables, graphs, and the data which is analyzed all interplay 
4. Interpreting and extrapolating correct information provided by graphs  
5. Recognizing how different graphs may be suitable depending on which data is used  
6. Understanding the context of the graph, how graphs may be misleading, and avoiding 

personalization of the data. 
 
The authors (Friel et. al., 2001) have suggestions on which data representations that are best 
suitable for the different grades and ages. For children aged 5-8: object-graphs, picture graphs, 
line plots, bar graphs, and for children aged 8-10: bar graphs, stem plots & pie graphs (primarily 
reading and analyzing, not constructing).  
 
English (2010, 2012) and Makar (2014) have done studies in order to investigate what young 
children are able to understand with regards to mathematical and statistical ability related to 
data literacy. In 2010, English did a study which explored data modelling as an approach to 
increase data and statistical literacy amongst 6-7-year-olds. Data modelling, according to the 
author, helps students to investigate relevant and meaningful phenomena by collecting data, 
deciding which attributes are worthy of attention, how these attributes (or data) should be 
organized and visualized to accurately communicate and represent their findings. The results 
indicate that young children can take out relevant attributes, present them in simple formats 
(such as table graphs) and talk loosely about their findings. In 2012, English did an additional 
study similar to the one he did in 2010. He investigated data modelling with regards to children 
6 years of age. The children were to select attributes, structure, analyze and represent collected 
data. Amongst other findings, the author found that the children made effective and correct use 
of columns and rows. The study also coined a new term; pre-aggregate lens, meaning that the 
children viewed the data through a specific lens; they considered all of the displayed values, 
identified trends, and were able to compare frequencies. Similarly to English, Makar (2014) 
also looked at the ability of young children to understand and use concepts relating to data 
literacy. Makar studied 7-8-year-olds' ability to reason with terms such as normative, average 
and representative, by an experiment situated in the classroom. The students were to investigate 
the height of the children in their class. The students argued that, after measuring each other, 
the height of children in grade 3 ranged from 130-139 cm. The children thus proved an 
understanding of concepts such as average without explicitly using the difficult concept names. 
They also discussed concepts relating to outliers, some heights they argued were out of range 
and some in the range.  
 

2.3 Design, engagement and Data Literacy 
Design and engagement are two important aspects to take into consideration when designing an 
educational game which intends not only to educate but also be a fun and engaging game for 
young children. A study (Paparistodemou & Meletiou-Mavrotheris, 2010) on 9 year olds 
concluded that personal interest and experience increases the motivation within children to 
reason about informal inference which is an important aspect of data literacy. Moreover, the 
authors Malaspina and Malaspina (2020) did experiments on primary school teachers and 
children between 6 and 10 years of age. The results from the study indicated that the children 
and teachers found it more motivating and fun when playing a game of their invention. Given 
this result, it makes sense to let the children partly decide over the data used in the game. The 
child should not only be able to in some part construct the data but also in some part control 
and recognize the game from daily life. In a study by Kervin (2016), the author concluded that 
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learning opportunities are empowered and improved by digital play with specifically selected 
apps. The study said that through a range of activities and scenarios a child's versatility in 
literacy experiences may be supported. It argues that digital play, when it included authentic 
contexts and characteristics of play, could enrich literacy learning. Specifically, Kervin stated 
that it is important that the child can control the app and that it enables real-life connections. 
With that in mind, it would be suitable if the design in this report provides some freedom for 
the child to play in the game and include examples of data literacy that they encounter in daily 
life. Additionally, the words used in the game should also be recognizable to the child. A study 
by Kazak and Leavy (2018) on children 7-8 years old concluded that the children used words 
such as “sort of chance” and “bad/terrible chance” when describing low probability situations, 
the word “might” when likelihood was increased and when comparing between two likelihoods, 
they used sentences such as “more of a chance”. Furthermore, the results indicated that the 
children knew the difference between impossible and “there is a really small chance”/rare. The 
results of this establish a ground as to what words can be used in the game to promote the 
learning of the child. 
 

2.4 Statistical literacy and data literacy amongst teachers 
Leavy (2009) did experiments on 26 primary school teachers to investigate their ability to teach 
statistics and data visualization to children in primary school. Results showed a lack in the 
knowledge of the teachers themselves and they failed to make the children talk statistically. 
Furthermore, the teachers found it difficult to come up with and pose questions to develop 
childrens informal inference ability. Creating a digital application would thus not only be a 
support to children, but also help the teachers.  
 

2.5 Visual Literacy 
The definition of visualization literacy should according to Chevalier et al. (2018) be broadened 
and include the important aspect of creating visualizations, not only interpreting already 
existing data visualizations. According to the authors: “We propose that visualization literacy 
should be considered more generally as the ability to reason with graphics: it is knowing when 
and how to create a visual representation of data to facilitate the extraction of information, 
and, in turn, knowing how to interpret visual representations to read directly from the data.” 
To promote visual literacy the author presents the following three points. First by developing 
an application that is exploratory in nature rather than game-based and excluding presenting an 
immediate task as soon as the last one was completed, curiosity amongst children is fostered. 
Furthermore, the risk that the child simply completes the games in order to “win” without really 
understanding the underlying concepts and principles decreases. Secondly, the students in the 
study performed the exercises on the tablet individually but were put in groups which seemed - 
not to decrease social interaction as feared by teachers - but to increase spontaneous social 
interaction by example asking for help while playing and exploring the open-ended, non-
competitive game. This cooperation amongst the children would probably increase their 
learning and hence introducing a technical device does not necessarily decrease social or verbal 
ability but fosters social interactions. Thirdly, the teachers seemed worried that basic motor 
skills (such as grasping a pen, writing a straight line, etc.) would be postponed/ put on hold 
while children used the technical device. However, the authors argue that using technology 
provided the support of scaffolding, i.e., the students could focus on learning the basic 
visualization skills and principles such as creating a bar the correct height without being 
bothered by having to ex. draw a straight line.  
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2.6 The Swedish curriculum for children ages 8 through 10  
Capabilities similar to that of data literacy are referred to in the Swedish curriculum 
(skolverket.se), in the subject social sciences, as the ability to gather information about society 
and nature through simple interviews and observations and presenting the gathered information 
so that it is easily understandable. In natural sciences, the Swedish curriculum states that the 
student should be able to read and create simple tables and diagrams to visualize and structure 
results that are based on research made in familiar situations to them. In natural sciences, it is 
also stated that students should be able to compare their results to other students' results and be 
able to discuss and document their research findings.  
 
Data literacy could be incorporated into natural science, for example by students practicing the 
ability to formulate correct research questions related to natural sciences. This would make data 
literacy more applicable in subjects and help students understand the meaning of data in real 
life, not simply data as in numbers in a mathematics course unrelated to real life. Research 
(Leavy, 2009; Wolf et al., 2016) has shown that students and teachers sometimes struggle to 
formulate correct research questions, incorporating research question formulation as a 
requirement in a natural science course would help students and teachers. By trying to 
implement statistical concepts and literacy seamlessly into other subjects rather than just 
mathematics, the pressure on the mathematics course is lowered and the idea that statistical 
literacy will be regarded as less important and therefore not prioritized will be diminished. 
Finally, incorporating data & statistical literacy into other subjects in the curriculum would 
presumably help the students to get an understanding of how data literacy is required in other 
contexts instead of only in mathematical problems.  
 

2.7 Design guidelines for younger children 
As Chiasson and Gutwin state in their report Design Principles for Children’s Technology 
(2005) the design guidelines provided for adults differ in some important aspects from 
guidelines suitable for children. They start by proposing three important developmental stages 
which must be taken into account when designing for children: social, cognitive, and physical 
development. On-screen-icons and similar animations should be intuitive and be recognizable 
by children. The authors also state that children oftentimes forget which paths and where they 
have been in a virtual environment, they suggest that a tracking bar or display showing progress 
should be available.  
 
Even though usability guidelines might differ between children and adults, an interface 
designed effectively and easy for adults might very well work for children (Sherwin & Nielsen, 
2019). Hence, some of the usability guidelines which grounded the design was common in both 
adult and children design interfaces. For example, following user interface (UI) basic guidelines 
(such as employing a consistent design) and having user control was found important for both 
adults and children. Differences between children and adults included a want for instant 
gratification amongst children while the adults were impatient, yet did not require such an 
instant gratification. Furthermore, young children preferred font size 14 pt over 12 pt, avoided 
scrolling and liked large and simple actions with regard to standard gestures on touchscreens 
(such as drag, tap etc.). The largest differences between adults and children however were the 
exploratory behavior found amongst children while adults tended to follow one main path, the 
fact that children enjoyed animation and sound while adults disliked it and finally that children 
had worse mouse control in comparison to adults.  Another article (Nam, 2010) comes up with 
design conventions when designing for children; one of the guidelines being the possibility for 
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the user to skip voice-over instruction. The design should include an animated guide since a 
study (Robertsson et al., 2004) suggested that children prefer animations over no-animations 
and that this might be due to the emotions they may attach to animations in comparison to only 
text. A literature review by Valenza et al. (2019) produces further guidelines which are 
applicable when designing games for children. One of the guidelines regards the child’s lack of 
accuracy which implied that the elements in the interface should be larger and bigger spacing 
between the elements. Furthermore, the authors present guideline number 4 which suggests that 
spoken instructions should be implemented when literacy is required. In a study from 2001 
(Druin et al.) children were included throughout the design process of an interface intended for 
searching purposes. The prototype had amongst other things, less text in order to decrease the 
cognitive load, according to the authors. 
 

2.8 The Rescue of Dataville  
The educational game The Rescue of Dataville was developed by Bengtsson et al. (2021) with 
the aim for it to be suitable for children aged 10-12. Similar to the aim of the game developed 
in this report, the Rescue of Dataville is supposed to increase data literacy. The game consists 
of different minigames built into a storyline. The storyline is supposed to not only enhance 
learning but also be entertaining according to the authors of the game. To summarize the plot 
of the game; the child receives the information that a data illiteracy virus has spread in the 
fictional city Dataville and that the population in the city needs help with certain tasks related 
to data literacy. The goal is that the child manages to help all the citizens of Dataville and cure 
them of Data Illiteracy. In the final task, the child takes a test to see if her/he has the Data 
illiteracy virus. An owl guides the child throughout the game and helps the child. As a 
motivation, the child receives gold stars as a reward for completing the minigames. All of the 
figures presented in this section is part of the game and developed by Bengtsson et al. (2021).  
 

2.8.1 Minigame 1 

  
Figure 1: minigame 1 
 
In the first minigame, the player is to help Dr Data with sorting out data, since his computer is 
infected with the data illiteracy virus. To do this the child will drag the pasta icons to the pasta 
folder and the pizza icons to the pizza folder. As they drag the icons to their respective folders 
the circle diagram and staple diagram on the right will change to visualize how much pasta and 
how much pizza has been dragged to their correct folders. The result of this minigame will be 
the foundation of the subsequent minigame.  
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2.8.2 Minigame 2 

 
Figure 2: minigame 2 
 
In the minigame presented in figure 2, the player will use the data from the previous minigame 
to select a correct title based on the data shown. The non-player character (NPC) in the down-
right corner is a detective working on the Dataville Daily, which too has been infected with the 
virus. The idea is that since the children have collected the data themselves in minigame 1, this 
should be an appropriate task. 
 

2.8.3 Minigame 3 

 
Figure 3: Minigame 3, the townsquare  
 

 
Figure 4: Minigame 3, asking the frog 
 
In minigame 3 the player is supposed to, based on the data from minigame 1 and 2, discuss and 
loosely analyze the implications of the study and what the study states with three different 
characters (see figure 3). The three different characters have all misunderstood the article and 
its implications in various ways and it is the role of the child to correct their misconceptions. 
Figure 4 shows an example of what this could look like, the child is given three options to 
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respond to the statement from the frog. The structure of the minigame is the same with the 
different NPCs but the statements made, and the options differ in their content. 
 

2.8.4 Minigame 4 

 
Figure 5: Minigame 4, counting cows 
 

 
Figure 6: Minigame 4, data on the blue and green disease 
 

 
Figure 7: Minigame 4, vaccine decision 
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Figure 8: Minigame 4, discuss with a friend 
 
The fourth minigame introduces new data and new tasks in comparison to the previous 
minigame. A farmer needs some help on his farm. The cows on the farm have either a blue or 
green disease and the farmer has to choose between buying the green and the blue vaccine 
(Figure 7). To help him, the player will perform tasks related to; sorting and counting the cows 
(Figure 5), looking and analyzing different visualizations representing the data of the different 
diseases (Figure 6). The final step is for the child to discuss their results with a friend, as can be 
seen in Figure 8.  
 

2.8.5 Minigame 5 
 

 
Figure 9: Minigame 5, introduction to minigame 
 

 
Figure 10: Minigame 5, example test question 
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Figure 11: Minigame 5, test results 
 
In the fifth and final minigame, the player is to take a test to check if he/she has the data illiteracy 
virus, as introduced in Figure 9. The test is composed of 10 questions that are independent of 
one another, one such example question can be seen in Figure 10. After completing the test the 
player either receives the result that he/she is infected with the virus, or that he/she is not.  
 

3. Method 
The method used in this report was a literature search and a small empirical study based on 
interviews. The literature search was done throughout the entire process, while the interviews 
were conducted at the beginning of the process. Upon the interviews followed a small-scale 
design process based on the analysis of the interviews and the last step was a survey which was 
sent out in order to validate the suggested design changes.  
 

3.1 Literature search  
Since the field of data literacy amongst children is very scarce the literature search was more 
comprehensive in comparison to a regular background information search. The theoretical 
framework regarding Data Literacy and children came from a literature search primarily on the 
library at Linköping university on words: statistical ability + children. Furthermore, Google 
scholar was used with the words: data literacy + young children which provided good results.  
 

3.2 Participants 
The participants in the interview were two students studying to become teachers, two 8 year old 
children, one 9 years old and one 10 years old. The participants were recruited through snowball 
sampling. The aim was to at least have one child who was 8, 9 and 10 years old, this goal was 
reached. The initial recruitment strategy was to reach out to schools and do this prototype 
development in collaboration with a school and teacher, however, due to the covid-19 pandemic 
the schools contacted were unable to participate. The participants in the validation survey were 
five people that were either studying to become a teacher for children aged 8-10 or were teachers 
for children aged 8-10. They were also recruited through snowball sampling. The participants 
in the interview were not the same as the participants answering the survey.   
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3.3 Ethical aspects  
The teacher-students, the parents and the children were given an information sheet. Consent 
was given by the teacher-students, parents and children orally and was recorded. The testing 
was recorded in order to analyze the results later. When the results were analyzed, the recording 
was deleted. All information and participation were anonymous and no sensitive information 
was asked. The study followed the ethical guidelines for humanities and social sciences research 
provided by the Swedish Research Council (Vetenskapsrådet, 2017).  
 

3.4 Material 
The material used in the interview consisted of 15 exercises chosen from the prototype 
developed by Bengtsson et al. (2021). See appendix A for the exercises tested. The entire 
prototype developed by the just mentioned authors could not be tested due to a lack of time. 
The exercises chosen were considered possible for primary school children to solve according 
to research done by Friel et al. in 2001, by English in 2012 and the Swedish curriculum 
(skolverket.se). Moreover, the exercises were considered as important aspects of the game and 
a good indicator of the data literacy amongst children in ages 8 through 10. The chosen exercises 
were translated from English to Swedish freely by the researcher since the children were 
Swedish and did not yet have adequate understanding of the English language.  
 
The interview questions were semistructured (see appendix B), furthermore, the questions were 
mostly open-ended and had the intention of making the participants share their ideas and 
thoughts (Arvola, 2020). In order to make the children start talking again after they went quiet, 
questions were re-formulated and the answer of the children was repeated by the researcher in 
order to make the child further explain their decision without pushing them (Arvola, 2020). This 
was especially important since the video made the distance between the child and the researcher 
even greater.  According to Arvola (2020), the question “why” is central when trying to 
understand why people reason and think the way they do, during the interview sessions the 
children were encouraged to motivate their answer and try to explain why they chose the answer 
they did.  
 

3.5 Procedure  
Due to the pandemic all prototype testing was done digitally via Zoom. The participants were 
first informed about the study, gave consent and a recording of the interviews began in order to 
later transcribe and analyze the results more thoroughly. The child was shown the exercises on 
the screen and the researcher asked the child questions regarding the exercise shown, for 
example; do you understand the instruction and what to do? And; which answer do you think is 
the best and why? Quality was regarded as more important than quantity; hence the interviews 
were thorough. If a child answered correctly they were encouraged to explain why they chose 
that answer instead of the other answers. This provided insight into how the child perceived the 
exercise and how they reasoned and chose what they did. The teacher-student were shown the 
same exercises as the children and gave in-depth feedback on the difficulty of the exercises and 
suggestions on how they could be adapted to better suit the intended target group. 
 
Robson and McCartan (2016) suggests the following 5 steps for a successful interview:  
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1. An introduction where the interviewer presents him/herself and gives information to the 
participant/s about the study. This part is done identically for all of the interview 
sessions.  

2. A start-up phase in which easy questions are asked in order to make the participant more 
relaxed. In this study this was done by asking the age of the child and also which year 
in school the child studied. If the child seemed anxious, a couple of more questions were 
asked but they were irrelevant to the nature of the study and only asked in order for the 
child to become more comfortable with the interviewer.   

3. The main phase consists of the main questions and if the interview is semistructured, as 
this study is, the order in which the questions are asked may vary depending on the 
participant, how the conversation is going and what seems most natural.  

4. Following the main phase is a calming/soothing/reassuring phase in order to ease 
possible tension that arose during the interview. In this study the reassuring phase 
consisted of the interviewer reassuring the child that it went very well, and that the child 
did everything correctly. If the child or parent had any questions or simply wanted to 
talk for a little bit, this occurred in this phase.  

5. Finally, the ending phase in which the interviewer said thank you to the 
participant/participants and turned off the recording machine.  

 
The steps that Robson and McCartan suggested were implemented in this study, both for the 
teacher-student interview and the child interview.  
 

3.6 Thematic analysis 
A thematic analysis approach was used when analyzing the results of the interviews, as 
described by Braun and Clarke (2006). The approach was chosen since it potentially could result 
in patterns and themes to provide a base to forming an application that is suitable for children 
in the age range 8-10. Furthermore, the analysis method is very flexible which makes it suitable 
for the data collected since it is qualitative in nature and not suitable to analyze with methods 
that are dependent on strict and rigid rules. The design proposals will be grounded in the 
theoretical thematic analysis together with what previous research has found regarding data 
literacy in children ages 8-10. Also, what this previous research has found will have an influence 
on how the interview data is interpreted and consequently what the themes will be. The 
prevalence within the data set is of some importance but since research has found that there is 
a difference between age 8 and 10 regarding their data literacy ability, if something is of high 
prevalence in a lower grade, it might not automatically be based on a theme. The second grade, 
the child at age 9 will prove as a middle ground. The focus will be on latent themes rather than 
semantic ones since the research questions wish to understand more thoroughly how the brain 
of the child functions and not solely what words are uttered. Especially since children at this 
age might not fully have mastered the language and do not yet have the correct words, things 
such as “seeming confused”. With that said, some semantic themes may be of interest since 
what words the children use reflect how big of a vocabulary they have and the words they use 
may be implemented into the game to make it more suitable for the word vocabulary of the 
younger children. The analysis will not necessarily exclude the realist/essentialist or the 
constructionist paradigms since they are both of interest to the aim of the study. With the 
realist/essentialist paradigm the ability of the child to perform the exercises and acquire the skill 
data literacy will be evident. Still, what the children know and especially, how the application 
will be implemented is highly dependent on the school and society which falls within a 
constructionist paradigm. The constructionist paradigm in this study relies on what the course 
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plan states, what the children say they have learned from school and what the teacher-student 
will state during the interview.  
 
In phase 1, the interviews were transcribed by the researcher. In the second phase some initial 
codes were generated manually. Highlighting frequent and important words were done in 
relevance to the particular exercise shown, i.e., codes were formed for every exercise and not 
across the entire dataset all at once. By mind-mapping in phase 3 different themes were 
identified. In the mind-mapping similar themes arising from different exercises were combined 
to form one theme. In phase 4 the themes were reviewed again to better suit the data. The themes 
were then defined and named in phase 5. This approach is suggested by Braun and Clarke 
(2006).   
 

3.7 Validation of results 
In order to validate the results from this study a survey was created and filled out by 5 
participants, all teacher students or teachers for younger children. There were 10 questions, all 
of them related to specific exercises and for each of the questions the participants may answer 
on a scale 1-5. 1 represents that the child will perceive the exercise to be too difficult, and a 5 
represents that the child will think that the exercise is very easy (Preece et al., 2016). The 
exercises shown in the survey were the design adaptations that emerged from the thematic 
analysis. The exercises shown were: figure 13, 14, 15, 16, 17, 18, 20, 21, 22 and 23. Figure 12 
was not included in the validation of results since the design proposal regarded adding buttons 
and aspects which are unrelated to the data literacy ability of the child. Figure 19 was not 
included in the validation survey since it was based on context and earlier data presented for 
the child, which would be difficult to incorporate in a survey.  
 

4. Results and design proposals 

4.1 Themes and design proposals 
From the interviews, the following four themes emerged: Definitions of difficult terms, A need 
for data-minigames, the need for a new character, and the need for easier exercises. The themes 
are regarded as important components to implement into the game to make it suitable and 
adapted towards children aged 8-10. The themes in combination with a design proposal (in 
order to illustrate how these components can be implemented from a design point of view) are 
presented for each theme. The design proposal is based on the theme analysis, but also on the 
theoretical background and earlier research within the field of developmental psychology, 
pedagogy, and design research. Additionally, a study by Kazak and Leavy (2018) concluded 
the importance of understanding which words the children are using and what is within their 
vocabulary. When transcribing, the words which the children used were considered as an 
important aspect and all of the following design proposals are adapted according to the 
vocabulary of the child.  The text in all of the proposed design changes are at a relatively large 
font size, since research (Sherwin & Nielsen, 2019) states that young children prefer bigger 
text. Overall, the design proposals follow a similar design pattern, the buttons are oftentimes 
light grey and the font size and style is equal between the proposals. The streamline and similar 
design between the proposals were chosen since research on UI guidelines and design for 
children indicates that consistent design is an important aspect in making a design attractive 
(Sherwin & Nielsen, 2019). One basic guideline that is applicable both for children and adult 
design is designing for it to be difficult to do wrong (Sherwin & Nielsen, 2019). This is evident 
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in the following design proposals since the pop-ups have a greyed background, making it 
evident that this pop-up enables interaction with the main screen behind the pop-up.  
 

4.1.1 Definitions of difficult terms 
The theme definition of difficult terms emerged since none of the children participants showed 
adequate understanding of the words data, chart, diagram etc. When asked if they knew what 
some of the difficult terms meant, they simply responded with:” I don't know” or,” we have not 
learned that yet”. The following pictures are specific design suggestions that could be 
implemented in order to make the children less confused about difficult words. The most 
frequent terms that were regarded as difficult (amongst all child participants, and also indicated 
as possibly difficult from the two teacher-students) was: data, data knowledge/data literacy, 
headline and chart.  
 
                               

 
 
Figure 12 Translation: Hello, it is me! Hooty! Welcome, [Insert Name]! It is lucky that you are 
here. We really need YOUR help! My city has been infected with data unknowledge. Button to 
the left: What is data? Button to the right: What is data knowledge? 
 
In figure 12, a volume button was added since research (Valenza et al., 2019) indicates that 
younger children like the option to hear the words at the same time as reading them. 
Additionally, the buttons “What is data?” and “What is data knowledge?” was added.  
 

 
Figure 13 Translation: Data knowledge is the ability to understand and use data in different 
forms, for example in charts or in circle diagrams! Button: Okey, I understand!  
 
Figure 13 is a suggestion of how to define data knowledge. Pictures of graphs and tables were 
chosen to help the children remember through visual recognition what tables, graphs etc. are 
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and also the development of visual literacy. Visual literacy is one important aspect of data 
literacy (Chevalier et al., 2018). A pop-up was chosen since it does not disrupt the story or what 
the owl is saying. The definition of data literacy was retrieved from OECDs definition in their 
report from 2019.  
 

 
Figure 14 Translation: Data is information that you have collected and can be for example 
numbers or words! If you for example ask your classmates what their favorite candy is, their 
answer is your data. Button to the left: Okey, I understand! Button to the right: What is the 
difference between computer and data? 
 
Figure 14 illustrates a definition of data. An example of what data can be was given: asking 
your friends what is their favorite candy and their reply, is your data. This example was chosen 
since most children do have personal experiences asking their friends what their favorite 
“something” is. Candy specifically is usually something children like and thus promotes 
engagement and easier understanding. Personal experience and interest often increases 
engagement as stated by Paparistodemou and Meletiou-Mavrotheris (2010). The definition of 
data as information, numbers or words is supported and found within the report from OECD 
(2019).  
 

 
Figure 15 Translation: A headline is at the top in a text, usually the letters are bigger compared 
to the letters in the text. The headline is often short and describes very briefly what the text is 
about. Button: Okey, I understand! Rubrik! 
 
Figure 15 shows how an explanation of the term headline could look like. The headline example 
was used since the majority of children in this age are acquainted with the musical competition 
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and hence it is something that they understand and is a part of their worldview and personal 
experience (Paparistodemou & Meletiou-Mavrotheris, 2010). Furthermore, Friel et al. (2001) 
stated that it is important to understand the different components making up data literacy and 
specifically how different components can make information misleading. Understanding what 
a headline is, is crucial in understanding what the information (graphs and tables) under the 
headline means. Additionally, one of the biggest components within data literacy is 
understanding of data may be interpreted (OECD, 2019), thus getting a correct definition of 
what a headline is, is important in understanding how a headline may induce misinterpretation 
of data in an article or newspaper.  
 

 
Figure 16 Translation: A chart consists of data. With a chart you can understand the data better. 
For example: you want to know how many of your friends who have chocolate, strawberry or 
vanilla ice cream as their favorite ice cream! Button: I understand! The chart from top-down: 
Number of children. Chocolate. Strawberry. Vanilla. Arrows from top-down: Number of 
children that have chocolate ice cream as their favorite ice cream. Number of children that have 
strawberry ice cream as their favorite ice cream. Number of children that have vanilla ice cream 
as their favorite ice cream.  
 
Figure 16 shows a definition of the term chart, simplified with an example of the favorite ice 
cream flavors of the children which is frequently encountered in the daily life of many children. 
And as stated previously, since children are acquainted and presumably have personal 
experience with the term “favorite ice cream”, this would induce motivation (Paparistodemou 
& Meletiou-Mavrotheris, 2010). Table is another important aspect in data literacy (OECD, 
2019), thus it is important that the children understand the term correctly. Since the data in the 
table is missing, the children get to think for themselves and by visual literacy and the clues 
given from the arrows try to figure out how it works (Chevalier et al., 2018).  
 

4.1.2 Need for a data mini-game  
The second theme that emerged was the need for a data mini-game. This theme stems from the 
fact that the children seemed to need repetitiveness and repeated explanations and definitions 
in order to understand the difficult terms, such as data. When the children were asked if they 
had any previous knowledge of what data is, two of them (one 8 year old and one 9 year old) 
said that data is equivalent to a computer or laptop. Furthermore, one of the teacher-students 
raised a concern that the children may confuse data with the Swedish word for computer. When 
the researcher tried to explain to the children what the data was, the children said that they 
“thought” that they understood after the researchers’ explanation. Suggesting that the children, 
given a definition and repetition, may learn what the term data means and what the difference 
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between the Swedish word for computer and data is. The following figures 17-18 are 
suggestions on a design of a data mini-game.  
 

 
Figure 17 Translation: Computer or data? Button left: Data. Button right: Computer.  
 
This figure shows a suggestion on what a mini game intended to teach the child the difference 
between computer and data could look like. The transcriptions from the interviews indicated 
that all of the children had some trouble understanding the difference between the Swedish 
slang word for computer (data) and the term data as in data literacy. Figure 17 shows a picture 
of a computer and the child is supposed to press the key for the computer (dator). Yet again, the 
children have personal experience with a computer and thus are more inclined to find this 
motivating (Paparistodemou & Meletiou-Mavrotheris, 2010), the illustration of the computer is 
also supposed to be accurate to what the children see computers as in their daily life. The 
interaction in itself is easy (simply click on the right answer), this kind of simple interaction is 
something that even young children can handle (Sherwin & Nielsen, 2019). Moreover, the 
elements in the design (the picture of the computer and the answer buttons) are big, since young 
children prefer big and large elements for easy interaction (Valenza et al., 2019). Druin et al. 
(2001) also suggest that less text oftentimes is better, in this data-mini game, there is no need 
for a lot of text, hence the cognitive workload for the children is presumably low.  
 

 
Figure 18 Translation: Computer or data? Chart left column top-down: Name. Lisa. Jakob. 
Alice. Gustav. Chart right column top-down: Favorite animal. Owl. Bunny. Bunny. Horse. 
Button left: Data. Button right: Computer.  
 
Similarly, to Figure 17, this figure is one part of the mini-game: computer or data? Figure 18 
shows an example of when the correct answer is data. The data illustrated in the table is data 
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that is supposed to have some connections to the childrens real-life experiences, hence 
increasing motivation and personal engagement (Paparistodemou & Meletiou-Mavrotheris, 
2010). The names chosen are regarded as common names (by the researcher) in todays society 
and the animals chosen are animals that are commonly found in Sweden. The decision to 
visualize the data in a table was made since tables is an important aspect of data literacy (OECD, 
2019) but also since Friel et al. (2001) and English (2012) suggest that even younger children 
have the ability to correctly understand rows and columns. The color green was chosen since it 
is a similar color pattern to that used in the introduction to the game which results in a consistent 
design (Sherwin & Nielsen, 2019).  
 

4.1.3 The need for a new character  
A third theme that emerged was the need for a new character. When the children were shown 
the exercise with the old lady (see Appendix A), they seemed confused. Three of the four 
children got stuck and confused about the choice “this is not soviet Russia” and then also asked 
the interviewer several times who the old lady was and questions that seemed irrelevant and 
they struggled to understand the question. The interviews with the teacher-students supported 
this view and indicated that the children probably would not understand what soviet Russia was 
and that they might get confused with the character - since the other two characters in the mini 
game were animals - a goose and a frog. One of the teacher-students suggested a new character 
in the mini game to replace the old lady. Chiasson and Gutwin (2005) states that animations in 
games should be easily recognizable and intuitive for the children, this Russian lady was 
presumably not easily recognizable. All together the information proved to support a need for 
a new character.  
 

 
Figure 19 Translation: The button from left - right: What is a source? What is data? I need to 
see the data again! The choices top-down: Choose your answer: first answer: Social media is 
not a good source! You need to think about where you get your information from! Second 
answer: Ah, if social media says so it must be true! Third answer: social media is not fun. Talk 
bubble: I have been on social media and they say that pizza is the best and that your results are 
wrong!  
 
Figure 19 introduces a new character, a rabbit, intended to replace the old lady. The rabbit as a 
character was chosen since it is common in child stories that characters are rabbits, and in for 
example, Alice in wonderland. The rabbit is supposed to induce curiosity, engagement and 
exploration within the children (Paparistodemou & Meletiou-Mavrotheris, 2010). Furthermore, 
the rabbit is more easily recognizable and intuitive than the original character (Chiasson & 
Gutwin, 2005). The specific exercise question was chosen since it is similar to the one being 
replaced in that it still deals with source and what are actual facts. Social medias are of personal 
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interest to the children and in todays society most children have a understanding of what it is. 
Understanding and the ability to critically analyze sources is regarded as a major component in 
data literacy (OECD, 2019), as well as being an important part of the school curriculum 
(skolverket.se).  
 

4.1.4 Easier exercises  

An additional theme that was developed was the theme of easier exercises. In general, the 
children (as well as the two teacher-students) felt that the exercises were slightly too difficult, 
this however, varied a lot depending on the exercise. For the child aged 10 most of the exercises 
were fairly simple, while the younger children struggled a bit more to understand and when 
trying to motivate their answer they would oftentimes respond with “I don’t know”. Exercises 
that amongst all participants were proven slightly too difficult delt with percentage and graphs, 
as represented in minigame 4 (Figure 5 & 6 in background 2.9.4) which was about the farmer 
and his sick cows.  

 

  
Figure 20 Translation: The button: What is a chart? Left-right, top-down: Count the number of 
cows and fill the chart. Disease. Number of cows. In fractions. Blue disease. Green disease. 
Number of cows.  
 
As explained in the above paragraph, a theme amongst the children was that they were in need 
of easier exercises, and specifically, the underlying theme of removing or making percentages 
easier to understand. With that in mind, the exercise in Figure 20 was developed as an adaptation 
to the previous same exercise which included percentages. Percentages are removed and instead 
the child is encouraged to count cows with the respective diseases, fill in the total number of 
cows and then translate this to fractions. This decision was made since a subtheme of easier 
exercises was identified; the child aged 9 and child aged 10 did, when trying to convert the 
numbers to percentages, automatically make them into fractions. This was something that the 
teacher-student interviews also said. It is easier for children to convert into fractions rather than 
percentages and the conversion into percentage might in fact be unnecessary. Presenting too 
much information might confuse the children - especially with regards to the fact that they have 
not seen many charts before and may simply be confused by the chart itself.  
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Figure 21 Translation: The button: What is a linechart? The exercise question: Which of the 
charts best describes the blue disease and which describes best the green disease? The chart left-
right top-down: Number of cows year 2020. Blue disease. Green disease. On the linechart x-
axis: year 2016-2020. On the linechart y-axis: number of cows. Blue square: Blue disease. 
Green square: Green disease.   
 
A subtheme emerged as participants thought that this exercise originally had too much 
information, this was stated by both the teacher-students. The children did not say so 
specifically but indicated that there was too much information since they struggled to keep their 
eyes on only one chart and type of information. This is not surprising since research (Druin et 
al., 2001) concluded that less information and less text is important in lowering the cognitive 
load experienced by the child. The big chart that was originally were the small chart 
representing the number of cows in the year 2020 was removed to decrease the information and 
cognitive overload. The exercise presented in Figure 21 might need further adaptations since 
the interviews from the children indicate that they overall needed a lot of time to think and 
support. Furthermore, a button called “what is a linechart?” was added as a definition suggestion 
in order to help the children, where it would clearly state how to understand and read a line 
chart. Graph sense is one important aspect of data literacy (Friel et al., 2001) and this exercise 
is a good way to introduce this to younger children since it is based on visual components rather 
than creating the graphs themselves. Finally, the children themselves have throughout this game 
collected and worked with this data, this creates a deeper understanding of the data which will 
make exercises that would by themselves be too difficult, easier (Malaspina & Malaspina, 
2020). The children have by working with the data started to develop some personal experience 
and attachment (Paparistodemou & Meletiou-Mavrotheris, 2010).  
 

 
Figure 22 Translation: Why is it important to collect data and do research? Try to come up with 
3 examples as to how you can collect data at home.  
 
The original exercise turned out to be slightly too difficult, which was a subtheme found in both 
the children interviews as well as the teacher-student interviews. In order to simplify it, the 
original graph was removed - the children have not had that much exposure to graphs previously 
(skolverket.se), so in this case it may confuse rather than clarify. Instead of the graph in the 
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original design, the question: “why is it important to collect data and do research?”, was added 
together with the question: “try to come up with 3 examples as to how you can collect data at 
home”. Given that the intention of this exercise is that the child discusses the answer and 
question together with another classmate and later in the whole class, this exercise would be 
proven very good for the child. Moreover, in the course plan it states that children should be 
able to understand how data and information can be collected in everyday life situations, like at 
their home (skolverket.se). A study by Wolff et al. (2016) shows the importance of using data 
from real life when introducing data literacy and this exercise provides this real-life context. 
 

 
Figure 23 Translation: How many percentages bought chocolate ice cream year 2018?  
 
The child at age 10 did not struggle to answer this original exercise correctly, however, the 
younger children 8-9 years of age had some issues. This may be part of the subtheme identified 
as the children struggling with percentages overall. Both the teacher-students identified the 
issue regarding percentage with this exercise as well. In order to make it easier, the question 
was changed from “how many percent bought strawberry ice cream”, to “how many percent 
bought chocolate ice cream”. As the younger children understood that the chocolate ice cream 
was bought by 25%. A final decision was made to change the color of the chocolate from yellow 
to brown, since the child at age 9 got confused by the fact that chocolate rarely is yellow but in 
her world is brown instead. A similar comment regarding the color of the chocolate was given 
by one of the teacher-students, hence the color was changed as an easy way to make the chart 
easier for the children to read and make the colors more appealing. This change was also 
supported by research (Paparistodemou & Meletiou-Mavrotheris, 2010) which indicate that 
personal experience plays a major role in how data is interpreted. Younger children have more 
experience with chocolate being brown, in comparison to yellow. Overall, this exercise should 
be possible for children aged 8-10 since it deals with bar charts which Friel et al. (2001) argues 
should be possible at this age.  
 

4.2 Validation of design proposals  
To further investigate if the design proposals are suitable for the intended target group they 
were validated in a survey. The participants were 5 people, either studying to become a teacher 
for 8-10 year olds, or were already teachers for that age group. The participants are thus familiar 
with the abilities of young children and in this survey they were to use this familiarity as a tool 
to evaluate how well they thought the exercises suited children aged 8-10.  Design process is 
an iterative process and design proposals are usually revisited and re-evaluated several times. 
This validation survey may be seen as a way to re-evaluate the design proposals. In order to 
analyze the results from the validation survey the average score per exercise was calculated to 
get an average on how difficult the exercises were perceived to be for an 8-10 year old child. 
The important components (themes) themselves are not validated, but rather the design 
implementation of them.  
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Figure Question Average answer (on a scale 

1-5, 1 indicating too 
difficult, 5 very easy)   

14 Do you think the children will understand the 
definition of data?  

3.0 

13 Do you think the children will understand the 
definition of data?  

2.6 

15 Do you think the children will understand the 
definition of a heading?  

4.2 

16 Do you think the children will understand the 
definition of a chart?  

3.8 

17 Do you think the children will be able to tell the 
difference between computer (dator) and data?  

4.0 

18 Do you think the children will be able to tell the 
difference between computer (dator) and data?  

3.4 

20 Do you think the children will be able to solve this 
exercise?  

4.0 

21 Do you think the children will be able to solve this 
exercise?  

2.4 

22 Do you think that the children will be able to come up 
with different examples?  

3.0 

23 Do you think that the children will be able to solve 
this exercise?  

3.2 

Table 1: Validation results from survey  
 
Table 1 show the results from the survey which intended to validate and evaluate the design 
proposals in this study. The survey included 10 exercises chosen from the design proposals. 
The highest score possible for any exercise shown was 5 and the lowest 1. The highest average 
score amongst all the exercises in the survey was 4.2 on figure 15 (see p. 22), which illustrates 
a definition of the term headline.  The lowest score (2.6) in the survey was given figure 20 (see 
p. 26) in which the children were to count the number of cows and then convert it into fractions 
and fill in a table. The average score for all of the exercises added together was 3.36, which 
gives an indication on how well the design proposals overall suit children aged 8-10.  
 

5. Discussion 
This section will start off with a discussion about the results of this thesis and what implications 
this has and whether the findings are supported by earlier findings or not. A method discussion 
follows the result discussion and will discuss how the chosen method may impact the findings 
in this thesis and critique regarding other aspects surrounding method choices. The final section 
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will discuss further research and how the findings in this thesis can be validated and further 
understood. 
 

5.1 Result discussion 
The first finding of this thesis (that difficult terms need to be provided definitions for) is 
supported by the curriculum and earlier research which states that children this age have yet to 
learn terms such as “data” and “graph” (skolverket.se; English, 2010). The interviews indicate 
that after some explaining, the children understood the terms, hence removing the terms 
completely would be unnecessary. The children will understand the difficult terms better when 
they are introduced later in class if they have encountered and are familiar with them from 
before (Horst, 2013).  
 
The second finding of this thesis is to implement a mini-game focusing on the difference 
between the concepts data/computer. The analyzes from the interviews indicate that children 
aged 8-10 struggle with separating the swedish slang word for computer (data), with the term 
data (as it is defined in this thesis). There are additional arguments for introducing a data mini-
game. Children living in this modern age are accustomed to the word computer before the word 
data since most children are acquainted with a computer early on in life. It is important to make 
sure children separate the two since “computer” and “data” have entirely different meanings. In 
order for the children to acquire graph sense, which is one fundamental ability connected to 
data literacy, it is important that they understand the components within a graph and 
understanding the language and terms associated with them (Friel et al., 2001). Data is one 
major component in a graph and thus it is highly important to have a correct understanding of 
the term. The idea of a mini-game is supported by research indicating that repetition (in this 
example as a mini-game) promotes learning (Horst, 2013).  
 
The third finding in this thesis regards the need for a new character. This finding is specific to 
the exercises shown in this particular data literacy game; thus, no earlier research has been 
found to support this specific finding. However, the proposed design in the form of a rabbit, is 
supported since the rabbit is an animal that is often found in childrens' books and stories and 
something children are familiar with. Research by Paparistodemou and Meletiou-Mavrotheris 
(2010) indicate that the motivation of the child increases if they have some personal relation or 
experience associated with the game. Introducing a rabbit which they may have encountered in 
movies or children books, or even pets, may be more motivating than an unfamiliar old Russian 
lady. The reason why the children struggled (supported by comments from the teacher-students) 
with the old Russian lady character was most likely because the character did not seem to fit in 
with the other characters (Chiasson & Gutwin, 2005).   
 
The fourth finding regards the need for easier exercises for the target group. The proposal is 
supported both by curricula and previous research on the data literacy ability amongst children 
8-10 years old (skolverket.se; Friel et al., 2001; English, 2010, 2012; Makar, 2014). According 
to the curriculum (skolverket.se), some children aged 10 may know how to use percentage - 
especially if it is presented visually rather than them having to figure it out. The older children 
(9 and 10 years old) in this study, did show an understanding of percentage when it is presented 
visually. 
 
Finally, the results from the validation survey which intends to validate the design proposals in 
this thesis are promising. Figure 20 (see p. 26) had the lowest average score (2.4) and figure 15 
(see p. 22) had the highest average score (4.2). Figure 15 illustrated a definition of the term 
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heading and was a design proposal on how to implement the component definition of difficult 
terms. Figure 20 showed how the component easier exercises could be implemented and 
designed within the game. In that exercise the children were to count the number of cows and 
then convert it into fractions and fill out a table. Given the score of 2.4, the exercise could be 
further re-evaluated. However, the validation survey did not include any children amongst the 
participants, hence it is difficult to state what the children themselves think about the design 
proposals. Future research could definitely further investigate if the validation results are 
accurate for children by letting children aged 8-10 complete the survey. The design proposals 
in the validation survey would benefit from further changes and an iteration process would be 
suitable. With that in mind however, the exercises suggested in this report may be at a suitable 
level for children 8-10 years of age. The average score for all of the exercises (design proposals) 
was 3.36 which on a scale ranging 1 through 5 is still regarded as acceptable. Especially given 
that the game initially was designed to suit the abilities of both 8 and 10 years old, which is a 
difficult task since the cognitive abilities vary so much between the children at those ages. 
Furthermore, the score 1 would indicate that the exercises overall are too difficult, and the score 
5 would indicate that the exercises are too easy. A score in-between (such as 3.36) is an 
indication that the exercises, in general, are at a good level.  
  
Thus, in order for a data literacy game that was primarily intended for children aged 10-12 to 
better suit the abilities of children aged 8-10 it is important to take into consideration four 
components. The first important component is that difficult terms need to have definitions, 
specifically terms important to data literacy, such as data, graph and table. A second important 
component is to clarify the difference between data and the Swedish word for computer (dator). 
This adaption can be implemented by a mini-game that is repetitive and teaches the child to 
differentiate between the two terms. Thirdly, the need for a new character was an important 
component in adapting this data literacy game for a younger age group since these younger 
children got confused with the original character. Children at a younger age are more 
suspectable to changes and may get caught in minor issues or changes that older children may 
regard as irrelevant. Changing the character to better suit the world of the child and the other 
characters is thus a possible adaption to make in this game. Finally, the need for easier exercises, 
and specifically regarding percentage. Exercises within the original game which has an older 
intended target group are more difficult given that the children are older. This could be done by 
for example, as shown in the design proposal Figure 21 (p. 27), where percentage is replaced 
with fraction. Or, leave percentage in the exercise in Figure 23 (p. 28), but rather changing the 
colors so that it is easier for the child to comprehend. The design proposals are supposed to be 
suggestions on how these important components can be implemented in a game which initially 
was supposed to suit children aged 10-12.  
 
The results from this thesis will hopefully be a contribution towards building a more data literate 
society, for all children. Börner et al. published a worrisome article in 2016 which conclude that 
many adults and children have difficulties naming and interpreting many data visualizations. 
This was worrisome since it suggested that most adults and children consequently are unable to 
understand and comprehend data visualizations found allover society. In order to combat this, 
data literacy need to be a priority within the school environment in order to secure the data 
literacy ability of future adults. These adaptations which can be implemented as proposed by 
the design suggestions is one building block in ensuring younger children are introduced to this 
ability. A study published by Chevalier et al. (2018) stated that data literacy and visual literacy 
is not regarded as important within the school community and the teachers referred to it as 
intuitive and thus not something that should be prioritized. Further research (Wolff et al., 2016; 
Leavy, 2009) indicate that teachers themselves struggle with data literacy and might be in need 
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of a game as a support in teaching the children. This thesis will be a valuable resource for the 
school since it makes the introduction of data literacy to younger children easier. The results in 
this report will thus also be a good and needed addition to the school environment and hopefully 
be much appreciated by teachers.  
 

5.2 Method discussion 
This report was done by one single researcher. Arvola (2020) suggests that design research 
should be done in a team to further come up with a greater number of different ideas. Since only 
one researcher did this study, the design choices and suggestions might be narrow since they 
are only based on the choices and research from one person. Due to the pandemic, it was not 
possible to visit schools to investigate how the digital application would work in a real-life 
setting. There may be aspects of the digital application that needed to be taken into 
consideration, but which were only available and showed up in the analysis of the real school 
setting. A suggestion for future research is thus to examine the children through participant 
observation in their school environment to get a full understanding of the environment and its 
culture in which this prototype will be used (Howitt, 2016). A different method that could have 
been used, if contact with a school was established, is focus groups instead of individual 
interviews (Howitt, 2016). Since children this age often discuss problems and exercises together 
in school, it could have been suitable and resemble their real-life school setting if they were 
able to do so in this study. A focus group, with the intention of the children speaking to each 
other instead of only to an interviewer, could also be more natural and the child would most 
likely act more natural.  
 
Furthermore, how the interviews were transcribed impacts the data and the themes that 
emerged. They were transcribed more denaturalistically (meaning that idiosyncratic were left 
out), if they were transcribed more naturalistic further themes might emerge and give an 
understanding to what happens inside the brain of the child (that is evident when not only 
examining the words) (Howitt, 2016). In thematic analysis secretarial/playscript transcription 
is most common and often sufficient enough to perform the analysis. In this thesis, a 
secretarial/playscript transcription was regarded as enough for the analysis, but future research 
could do a more thorough Jefferson transcription to obtain more insight (Howitt, 2016). 
 
The validation results from the survey indicate that the exercises suggested in this report as an 
average may be at a good level for children 8-10 years of age. The method chosen for the 
validation of the design changes was more quantitative in nature. Due to the short time frame 
of this thesis report, only five people had the time to answer the validation survey. Since only 
five teachers were able to participate in the survey, a larger follow-up validation would have to 
be done to make sure that these validation results are appropriate given the small sample size. 
The survey was chosen as a method for validation since it was only intended to rate the difficulty 
of the design changes and not come up with new design changes. A number representing the 
perceived difficulty level of the exercises would hence be more suitable than in-depth 
interviews. If the time frame for this thesis would have been longer, it would have been more 
beneficial to do further in-depth interviews with the proposed material since that could result in 
further changes, and this iterative process would, as discussed in Arvola (2020), result in a better 
educational game prototype. Finally, some of the participants that were interviewed were 
teachers (or studying to become teachers), so they did not have the same experience that the 
children would have. It is one thing to have a good understanding of how the mind of children 
work, but something different to be the child and be able to talk about experiences from a first-
person perspective. Four of the participants in the interviews were children, if that number 
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would have been higher, or if children (instead of teachers) had answered the validation survey, 
maybe the results would have been different.  
 

5.3 Future research  
A question regarding the prototype of this data literacy application is when it should be offered 
to primary school children. This report and the results from the interviews, suggest that the first 
year in school, when the children are 7-8 years old, might be too early since the children have 
not shown enough understanding of the concepts which they will encounter later in school. 
Moreover, creating an application to suit children 8-10 years old is difficult since the ability of 
the children varies a lot between a child aged 8 years old and one 10 years of age. Thus, a further 
study could involve a larger number of children and further investigate if it is necessary, or 
possible, to introduce a data literacy game digital application at a younger age. Another possible 
solution to overcome the difference in data literacy ability between children 8 years of age and 
children 10 years of age could be to implement adaptability or difficulty levels within the game.  
 
The participants were only four children and two teacher students which may be too few and 
pose a threat to the validity of the study. It is not clear if these results will be able to be 
generalized to the general population of children aged 8-10 years old. The children were given 
the information that this interview would include questions and exercises dealing with math and 
data, hence children with difficulties in these areas may not want to participate and thus are not 
included in the results. However, this is rather a pre-study than a full study, therefore these 
results can be seen as interesting and promising results which may be shown when tested on a 
larger scale of children. Future research could test the usability of the design changes. The fact 
that the exercises might be at a suitable difficulty level for the children is different from how 
seamlessly they in fact would interact with the product and how user-friendly it is. This study 
was limited to focus on the difficulty level of the exercises, and not on the usability. 
 

6. Conclusion 
This thesis aimed to explore how to adapt a data literacy game which initially intended to teach 
data literacy to children aged 10-12 in order for it to better suit children aged 8-10. It 
investigated which specific components that are important when trying to make a data literacy 
digital application more suitable for a younger age group. And how these components may be 
designed in order to be suitable in a digital application for younger children aged 8-10. This 
was done through interviews which were analyzed through thematic analysis and four important 
components emerged; difficult terms need to be provided definitions for, implement a mini-
game differentiating between the concepts data and the Swedish word for computer, the need 
for a new character and a need for easier exercises. How these important components may be 
implemented with regards to design aspects are exemplified by different design proposals. 
These design proposals were further validated in a survey which suggested that the design 
proposals are suitable for the intended group. This is an important contribution to the research 
dealing with the data literacy knowledge amongst young children since there are very few 
previous studies which have investigated it. Data literacy is an important ability in todays 
society, however, this ability is not prioritized in school and teachers themselves struggle with 
data literacy. By implementing the suggested components by applying the design proposals as 
suggested in this thesis, younger children get introduced to data literacy in a pedagogical way 
which benefits the children as well as the teachers. Even though it is arguable whether young 
children actually can achieve data literacy, this is an important step in them being introduced 
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and acquainted with the abilities which eventually lead to data literacy. No child should be left 
behind in our data driven society, and by implementing these adaptions into a data literacy game 
which can be used in a school environment in combination with the current curriculum, all 
children receive the same opportunity. The themes identified which laid the foundation for the 
design proposals may be further evaluated in a larger study with more participants. Furthermore, 
a suggestion is to apply other methodologies (such as a more in-the-field approach) to gain 
further insight into the data literacy capabilities amongst children 8-10 years old. The field of 
research which this thesis focused on is yet to be explored and hopefully there will be many 
more studies within the area given the data-driven society we live in today. Hopefully, this 
thesis has gathered some important insights and information which may contribute to future 
research regarding data literacy and young children. 
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Appendix A  
Exercises tested 
Exercise 1       Exercise 2 

 
Translation:           
Talk bubble: Sort the pizza and pasta by               
dragging them to the correct folder! 
Right grey text: No data yet, start sorting 
some pizza and pasta! 
 
Exercise 3        Exercise 4 

 
 
 
Exercise 5             Exercise 6 

 
Translation: Choose the correct title:              Translation: Choose your answer. 
The whole world loves pasta!                          Huh, your friend sounds like a reliable source.  
New study: Pasta is the most popular food in   I believe you now. 
Dataville!                              But the data actually shows that pasta is the                                                         
m                                                                       most popular food. 
Pizza wins again: it is the best food!                      
             But your friend is only a frog… 
            Talk bubble: I don’t need to read your article, 
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my friend has told me that pizza is the most      popular and he/she has been to frog university.  
 
Exercise 7        Exercise 8 

 
Translation: Choose your answer:         Translation: Choose your answer: 
Hm, your data shows that pasta is the most     We do not live in soviet Russia! 
popular, but not that it is the best and tastiest        Yes, and the old restaurants can become hair 
salooons                                                            saloons.  
food that exists.                                Hum, there are still people that like pizza. 
Yes, pasta is the best! All other food is           Talk bubble: Pasta is the most popular food!  
disgusting.           We can close all the other restaurants 
It does not, you are wrong! 
Talk bubble: I have always loved pasta, this 
proves that pasta is the best, tastiest food  
that exists!   
 
Exercise 9        Exercise 10  

 
Translation: Count the number of cows            Translation: Which disease has decreased 
and fill in the table.      Between 2016-2019?  
Disease. Number of cows. Fraction.                 Green disease. Blue disease.  
Percent. Blue disease. Green disease.  
 
Exercise 11        Exercise 12 

  
Translation: Which of the graphs describes    Translation: Give at least three different  
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the blue disease the best and which                 reason why the green disease decreased from 2020
           2016 to 2020. 
describes the green one the best?                   Give at least three different reasons to why it is  
Blue disease. Green disease.                            important to measure this kind of data.  
           Green disease. 
 
Exercise 13   Exercise 14 

 
Translation: How many percent bought  Translation: How many cows were  
Strawberry icecream 2018?  Diagnosed with blue disease in 2017?  
Chocolate. Strawberry. Year.  
 
Exercise 15 

 
Translation: Click on the part of the diagram which 
Represents the most popular subject.  
Math. English. Natural science 
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Appendix B  
Interview Guide Children  
 

- Introduktionssamtal för att lätta upp stämningen och få barnet mer bekvämt. Exakta vad 
som sades varierade beroende på hur nervöst barnet verkade vara.  

 
- Hur gammal är du?  

 
- Förklarar meningen med intervjun återigen ifall barnet glömt bort  

 
- Ordning på övningarna (exercises) som visas: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 

15.  
 

- Medan varje övning visas görs följande:  
 

o Interjuvaren läser upp instruktionen och texten på övningen och frågar om barnet 
förstår instruktionen och vad den ska göra 

o Beroende på svar så frågar interjuvaren vad som verkar svårt med instruktionen 
o Interjuvaren frågar barnet vad den tror rätt svar är och varför 
o Oavsett vad barnet svarar frågar interjuvaren varför det svaret valdes och inte 

någon av dom andra (utan att avslöja om det var rätt eller fel svar)  
o Beroende på hur barnet svarar och hur samtalet fortsätter så ställs relevant frågor  

 
Avslutning och avrundning, interjuvaren förtydligar för barnet att det gick bra och säger 
tack för medverkan. Och förtydligar återigen studiens syfte och svarar på diverse frågor 
från barn eller förälder.  

 
Interview Guide Teachers  
 

- Introduktionssamtal för att lätta upp stämningen  
 

- För vilken årskurs studerar du till att bli lärare?  
 

- Förklarar syftet med intervjun återigen   
 

- Ordning på övningarna (exercises) som visas: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15.  
 

- Medan varje övning visas görs följande:  
 

o Interjuvaren frågar: tror du att barnen kommer förstå instruktionen och vad hen 
ska göra? Varför, varför inte?  

o Beroende på svar så frågar interjuvaren vad som kan göras bättre eller om läraren 
har några andra åsikter om uppgiften. 

 
- Avslutning och avrundning, interjuvaren tackar för medverkan och svarar på eventuella 

frågor.  
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