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. Based on this assumption, we attempted to enhance students' (aged between 8 to 13 years old) reasoning about probability by asking them to design a computer game for modeling probabilistic ideas. Students were introduced to the block-based programming language Scratch 2.0, and used it to create their own games. The findings show that the idea of chance had an important role in their games and that they expressed many probabilistic ideas while they were designing and playing their game.

Background of the study

Although probability is increasingly being integrated into the school mathematics curriculum, students face difficulties in understanding a variety of probabilistic concepts. Probability is difficult to teach because of the gap between intuition and conceptual development, even as regards elementary concepts (Batanero & Diaz, 2012). The current article contributes to the emerging literature on game-enhanced statistics learning by exploring the capabilities of a learning environment that uses programming logic in a game setting, as a tool for facilitating the emergence of young learners' informal reasoning about randomness and other key probabilistic concepts. Based on a case study of a group of students (aged 8-13) who developed their own games through use of the visual block-based programming language Scratch 2.0 (Massachusetts Institute of Technology, 2013), the following question was explored: How do students use elements of reasoning about probability when they design their own games?

The research literature suggests that digital educational games have many potential benefits for mathematics and statistics teaching and learning. One of their foremost qualities is the capacity to motivate, engage, and immerse players. It has been shown that educational games captivate students' attention, contributing to their increased motivation and engagement with mathematics and statistics [START_REF] Ke | Computer games application within alternative classroom goal structures: cognitive, metacognitive, and affective evaluation[END_REF]. Studies have also demonstrated that, in addition to providing an incentive for young people to engage in learning, games also have the potential to yield an increase in students' learning outcomes [START_REF] Kolovou | An intervention including an online game to improve Grade 6 students' performance in early algebra[END_REF]. Although much of the research on the effectiveness of gaming on learning is inconclusive at this point, there are strong indications in the literature that appropriately designed and constructively used games can support experimentation with mathematical and statistical ideas in authentic contexts, and can be used as the machinery for engaging students in problem solving activities, and for promoting the attainment of important competencies essential in modern society [START_REF] Lowrie | Digital games and mathematics learning: Potential, promises and pitfalls[END_REF].

While digital educational games can provide a range of potential benefits for statistics teaching and learning, high quality, developmentally meaningful, digital games for students are less common than hoped. There is a wide variability in content, scope, design, and appropriateness of pedagogical features, with many educational games including mediocre or even inappropriate content, being drill-and-practice, and focusing on basic academic skills rather than on high-level thinking. Nonetheless, some exceptional exemplars that can help create constructive, meaningful, and valuable learning experiences do exist. One promising type is coding gaming software, which teaches students the concepts behind programming in a playful context. With an increasing focus on programming and coding finding its way onto the curriculum in many different countries across the world, some innovative, educationally sound game-based learning environments that support the development of computer programming skills from a young age have begun to appear. Several educational applications are currently available for helping students with no coding background or expertise to grasp the basics of programming through the exploration and/or creation of interactive games (e.g. Scratch, ScratchJr, HopScotch, Bee-Bot). Often, coding game applications enable students to share their games with others, and to play or edit games programmed by others.

Having taken their inspiration from Logo [START_REF] Papert | Mindstorms: Children, computers and powerful ideas[END_REF], educational programming environments promote a constructionist approach to technology use, with the emphasis being on students using technological tools to become creators instead of consumers of computer games. In addition to the provision of a highly motivational and practical approach for introducing students to computer programming and developing their computational thinking, coding software provide rich opportunities for the reinforcement of problem-solving, critical thinking, and logical thinking skills (e.g. sequencing, estimation, prediction, metacognition) that can be applied across domains.

Methodology Participants and context

A total of four workshops were organized and each one lasted for 2 hours. Twenty-six students (N=26, 16 male, 10 female), aged between 8 and 13, participated in all four workshops during July 2016 (summer school vacations) on a volunteer basis. An invitation to parents was placed in social media and the students were selected from a priority list based on registration date. All participants had the right to pause or stop their participation entirely at any given moment. Additionally, all parents provided their written consent regarding the use and publication of their students' work for research purposes. In this paper, all names used are pseudonyms in order to preserve participants' anonymity.

To serve the role of the gaming platform, our research team chose Scratch, a visual programming language developed at the MIT Media Lab that consists of reusable pieces of code, which can easily be combined, shared, and adapted. Scratch can be used to program interactive stories, games, and animations, art and music and share all of these creations with others in an online community (http://scratch.mit.edu/). It was created to help students think more creatively, reason systematically, and work collaboratively, all of which are essential skills required for the 21st century [START_REF] Resnick | Sowing the seeds for a more creative society[END_REF]. The software was first released in 2007 while Scratch 2.0, which is its second current major version, came out in 2013. In this study, we deemed Scratch 2.0 as the most appropriate option to adopt, due to the fact that there is very little research on how coding learning environments could be used as a tool for developing concepts related to the stochastic.

For each workshop, a different set of extra-curricular activities were closely designed based on constructionism [START_REF] Papert | Mindstorms: Children, computers and powerful ideas[END_REF], and each meeting was structured in such a way as to promote an unhurried and creative process. The first workshop aimed to a general introduction to the software and in the second workshop students worked on activities based on the movement of a sprite around the screen. In the second workshop the x and y axis were discussed based on the position of a sprite. In the third workshop, students worked on variables and the idea of randomness through experimentation with a flipping coin game, and ways to pick random block. Finally, students were asked to create their own game based on what they had learned. In the last session, students continued their games from their previous meeting, changed them if they wished, and asked a friend to play their game so to identify any bugs and fix them.

Data collection

For the purposes of collecting our data, we used a variety of methods, including live video recording of the workshop and screen capturing of the participants' interactions with the software. Other sources of data also included field notes and classroom observations. In six cases, we also conducted individual mini-interviews of selected students (interviewed while engaging in game design) that expressed some exceptional ideas regarding the element of randomness, in an attempt to study further their contributions to this project. For the purpose of analysis, we did not use an analytical framework with predetermined categories. What we instead did was, through careful reading of the transcripts and field notes and examining of the various interactions for similarities and differences, to identify recurring themes or patterns in the data. To increase the reliability of the findings, the activities were analyzed and categorized by all three researchers and any inter-rater discrepancies were resolved through discussion.

Insights from students' reasoning about probability in their Scratch games

In the following paragraphs, we present two main categories of students' reasoning about probability in the context of creating their Scratch games. First of all, we describe how students used the idea of chance and randomness in their games and secondly how they used spatial representations for expressing probabilistic ideas. The students' games we present here were from the last workshop.

The role of randomness in designing games

In our sessions, students experimented with different mathematical and statistical ideas while designing their games. One of the ideas brought up during the class discussion was that of randomness. The 'pick random' block, which allows users to bring randomness into Scratch projects, was casually explained to students, in a similar way to how the rest of the blocks were introduced. It was interesting to find out that the students ended up using randomness in their games. Eric (a ten-year-old boy) and Nicole (a twelve-year-old girl) designed a game where the first letter of their name appears randomly when you click on the board. It is like a tic-tac-toe, but the player is not sure where the letter goes.

Eric: I like the fact that the letters appear in a random position. This makes our game more interesting.

Researcher: Why is that?

Nicole: You have to see the probability, where it might go [the letter], and then select the letter.

Eric: You don't know at the beginning…You need to make a guess. If you don't look at the results and just play, then you are more likely to lose…but nothing is for sure.

Eric and Maria used the random rule in their game in order to make it more interesting.

Randomness and uncertainty made their game to have action. Nicole referred to the concept of probability in order to make a correct guess based on the results of the game. So, students were playing the game and trying to guess where the next letter would appear based on the idea that the probability of each letter to appear somewhere is equal-according to their design.

Charis, a nine year old boy, also made a game by using randomness. The aim of Charis' game is to click on the dragon. When the dragon is clicked, it appears in a random position. The magician then follows the dragon to its new position.

Charis: You know, I made it just for fun! It is nice to see the dragon moving around without knowing…But I will develop it. I made the dragon to move all over the place.

Researcher: So, will it appear again in this position we see now?

Charis: Of course! I will make something to count where it goes, so we will see which position it takes…May be to touch something…Let me see what I can do… Charis realizes that randomness is something that you don't know in advance. It is interesting that he designed a dragon with a random move and then he tried to predict its movements by counting the dragon's position each time. He admits that this is how the game begins to have fun! The idea of using the x and y variables in a random way, and of trying to predict the next position prompted Charis to use the idea that the dragon will move on the pre-designed space and after a long time (law of large numbers) the dragon will pass from every point (based on x and y).

Spatial representations for expressing probability

Chris, a 13 year-old boy, was one of the students who really liked using randomness in his games.

Chris designed a game of a dog crossing the street. The aim of the game is to help the dog to cross safely (without touching any of the cars). We have also here the existence of randomness in games as a factor of making a game interesting. It is important how Chris refers to the dog's movement -the one that the player controls -and not to the car's movement. This also shows a realization that randomness in his game is something 'uncontrolled' and this was made on purpose for making the game interesting.

R: Why didn't you just make the car to move forward? C: This is boring…just seeing the cars and move around. Now you don't know…Of course it is easy with one car. …Chris is making different things on his game.

We found it interesting that Chris' game was a non-deterministic model of crossing a road. His idea of moving the cars in the road randomly is what makes his game appealing. Chris designed a car that moved in a random way. Although a random movement of the car might have sufficed for the aim of the game, he also used the road as a spatial sample space and tried to increase the difficulty of the game by increasing the number of cars. C: Actually, that way is not interesting…it's not fair. You know…I can make some change to the design. I will make the dog smaller. That will make it fair…Let's see. Chris uses the idea of fairness and the probability of 1/2 in his game while he is designing and redesigning his own game. It is interesting that although in the workshop we never referred to spatial probability, Chris in his game connects the concept of space with the concept of probability. We can see that he did not change the code in his game, although he could have done that in order to reduce the probability of the car crossing the road. What he did instead was to reduce the space in the road.

Discussion and conclusions

The aim of the paper was to explore how students use elements of reasoning about probability when they design their own games. The students in the study experienced statistics as an investigative, problem-solving process. Although we tried to separate the use of randomness from the spatial representation of probability, the reader might notice that this was difficult to do. Because of designing, students used simultaneously the idea of randomness in terms of the icons they had in their game. We were really surprised with how these ideas came out without even mentioning what sample space is, or how we calculate probability. The design, coding, revision, and debugging of computer commands, helps students develop higher order problem solving skills such as deductive reasoning, while at the same time improving their conceptual understanding of key mathematical and statistical ideas. Thus, it becomes crucial to incorporate computer programming into existing statistics curricula. Game coding learning environments provide an ideal opportunity for doing so in an engaging, non-threating, and child friendly manner [START_REF] Resnick | Sowing the seeds for a more creative society[END_REF]. Educators and others can ensure that coding gives opportunities for new expressions, even for reasoning about probability.

This increased popularity and proliferation of computer games has led to a widespread interest in their use as learning tools. Several statistics educators have, in recent years, been experimenting with digital games, investigating the ways in which this massively popular worldwide youth activity could be brought into the classroom in order to capture students' interest and facilitate their learning of statistical concepts (e.g. [START_REF] Pratt | Local and global thinking in statistical inference[END_REF][START_REF] Paparistodemou | The interplay between fairness and randomness[END_REF][START_REF] Meletiou-Mavrotheris | Integrating Game-Enhanced Mathematics Learning into the Pre-Service Training of Teachers[END_REF][START_REF] Erickson | Exploring informal inferential reasoning through data games[END_REF]. Our study shows evidence that randomness is an important factor in playing games and a software like Scratch can give opportunities to fill the gap between intuition and conceptual development of probabilistic ideas (Batanero & Diaz, 2012). When we reconsider prior work on randomness (for example, [START_REF] Pratt | Making sense of the total of two dice[END_REF], we find resonance in the use of symmetry between apparent fairness and the tendency for children to consider the appearance of the dice (or coin, or spinner…), something that we also found in Chris' case. The present study showed some insights from students' reasoning about probability while they were designing Scratch games. We intend to

Figure 1 :

 1 Figure 1: Eric's and Nicole's random game with letters
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 2 Figure 2: Charis' dragon random game
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 3 Figure 3: Chris' first version of random game Researcher (R): So, what is the game here? Chris (C): Try and see… R: Interesting… [While R is playing the game.] C: Yes, you don't know where the car goes. You should be careful! R: Why? The car will move and cross the road. C: Not only…It [the car] moves randomly on this road I design. That's the interesting part…So, you don't know where it goes. And when you touch it! You see! The dog touched the car. Do you like it?
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 4 Figure 4: Chris' second version of random game R: What have you done? C: I just put two cars, a counter, made a bigger road and I changed the dog. I changed the code of the cars. R: Why?C: It is better this way. I made the road bigger and I asked the cars to move randomly all over the road. This makes it more difficult for the dog to cross.[The researcher plays the game. The dog cannot cross the road. The counter keeps track of her failed attempts.] R: It is very difficult that way.C: Yes [he laughs]. This is something that reduces the probability of the dog safely crossing the road to less than fifty-fifty. Actually, it makes it go to zero.R: Would you like to play it?
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 5 Figure 5: Chris' final version of random game
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further analyse our collected data and to continue with further research on how students express probabilistic conceptions like the law of large numbers and how students use and elaborate their codes.