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Abstract— A key issue for the digital sector is how to attract more young people, particularly those from under-represented groups, to study computer science and digital technologies at higher education and beyond. The main aim of this study was to evaluate if a gaming environment can be used to generate interest and engagement among young people. Two further aims were to see if this approach could also be used to create a greater awareness of professional career roles in the sector and to explore diversity and stereotypes. Using an action research approach, a workshop was designed for use with young people where they were asked to design and develop a game. Embedded within this were activities to introduce career roles and challenge stereotypes, with a specific focus on gender and ethnicity. The results show that young people have a limited understanding of the roles involved in the game industry. Male children created male game characters while female children created both male and female characters for their games. Females aspired to jobs in the health sciences while males aspired to a wider range of Science, Technology, Engineering and Mathematics (STEM) careers. The workshop is currently being extended and developed to create a more in-depth intervention, building on the results from the research to date.
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I.  Introduction 
       There have been many reports across a number of countries conveying concerns about the shortage of Science, Technology, Engineering and Mathematics (STEM) professionals [1]. The shortage in the STEM workforce has also been evidenced by the numerous efforts and considerable investment in increasing the uptake of STEM disciplines by young people in the United Kingdom (UK) and elsewhere [2-5]. For example, in 2015, the Higher Education Funding Council for England (HEFCE) provided funding to over 70 UK Higher Education Institutions to support more young people studying higher education STEM programmes [1]. This type of investment along with other initiatives in the UK has led to a growth in the numbers of students studying STEM subjects at university over the last decade. Veterinary science has shown an increase of 43% between 2006-7 and 2015-16, with biological sciences at 36%, mathematics at 31% and engineering at 21% [6]. However, for some of these subject areas, the growth is mainly due to an increase in international students. For example, international students now account for 13% of all engineering students in the UK. This means that these subjects are vulnerable to changes in the international market including any increase in immigration restrictions. 

       Computer science is one of the STEM subjects that has not shown a growth in the numbers of people studying it at university. Between 2006-7 and 2015-16, the number of computer science students at university in the UK shows a decline of 7.3% [6]. 

       Furthermore, there is still a gender gap across the physical sciences, technology and engineering. In the United States (US), the percentage of female undergraduate students is 18% for engineering, computer and information sciences and 19% for physics. This contrasts to the health sciences where 58% of the undergraduate students for biological and biomedical sciences are female [7]. The figures on gender in the UK are similarly stark; females made up 18% of engineering, technology and computer science undergraduates in 2015-2016 [8] and less than 10% of professional engineers are female [9].  
II. Ease Barriers to uptake of computer science and digital technologies by young people 
Despite the increase in the use of digital technology by young people over recent years, there has been a decline in interest [10] and uptake of computer science and digital technologies [6] as a career path. One of the main barriers identified in the literature as a cause for this decline is the perception of these young people regarding the culture of this discipline. The perception of computer science and digital technologies is not flattering. The discipline has been stereotyped as tedious and abstract with little practical application [10-13]. Individuals that major in the discipline have been stereotyped as antisocial or socially awkward, very smart and/or excellent at mathematics [14]. Another barrier to uptake is an already low representation of females in the computer science and digital technologies field which reinforces the belief or perception among females that the careers within this field are not for ‘people like me’ and strengthens the view that the field is generally associated with masculine stereotypes [11, 15, 16]. One of the ways to mitigate against this decline is to bridge the disconnect between perceptions of the field and actual career engagement in order to achieve a greater diversity of uptake across the computer science and digital technologies disciplines [10].

III. Stereotypes in computer science
       Stereotypes have been described in the literature as blanket simplistic assumptions, attitude or opinions that assign certain characteristics hinged on little information or evidence regarding a particular group of people, place or thing [17]. Such generalizations are individually and collectively held. They are usually not positive and remain difficult to change [17]. Two of the most common stereotypes are gender stereotypes and culture stereotypes. Gender stereotypes are reinforced by having more of one gender dominating a discipline as observed in computer science and digital technologies [15, 16]. Culture stereotypes refer to the stereotypes surrounding a particular field or discipline [13] such as the stereotypes about the characteristics associated with people within that field, the type of work activities or work environment expected and the importance or value of such a discipline. Young children can be impacted by either type of stereotype. Research suggests that conscious or unconscious influences of stereotypes start to increase in children from as young as six (6) years of age. [18-20]. Young people are largely influenced by the culture they are embedded in. Because these young people might not have direct experience or prior knowledge of some of the fields, they depend on these cultural stereotypes to form their perceptions and part of their expectations based on what they see, hear or experience in their environment [13]. A stereotype view found in the literature and specific to the computer science and digital technologies discipline is that the university degree programs in higher education are concerned primarily with programming [21]. A number of studies have been conducted to examine the perceptions of young people through the stereotypes of scientists displayed in drawings [17]. 
       Evidence from previous research studies argues that in order to change the perception of the culture of a discipline, it is necessary to confront this perception and expand people’s mental images of that discipline and what it means to have a career in that discipline [13]. For young people this can be supported by providing practical applications that young people can relate to [13]. For computer science and digital technologies, challenging the perception of the discipline and the associated stereotypes should help open up the discipline and make it attractive to a wider diversity of people. This should help reduce the gender gap and ultimately lead to a greater uptake of the discipline by young people.

IV. Aim and Motivation 

       A key challenge for the digital sector is to ensure that there are enough people from a diverse range of backgrounds entering the sector in future years. Currently the majority of young people entering the sector are male. How can we encourage more young people, particularly females and other under-represented groups to consider studying computer science and digital technologies at university and beyond? 

       Under-represented groups are usually the ones that are targeted when looking to widen participation within a particular field or discipline. Such groups of individuals can come from a variety of backgrounds and are selected based on certain characteristics such as socio-economic status, ethnic minority, disability, gender and age [22-25]. Each of these groups and individuals within them have their own characteristics. Understanding these can help ensure that interventions targeted at them can be more effective. For example, research on encouraging more females into the physical sciences and technology has shown it is important for females to understand why they are using technology and what it can be used for in the wider world [26].   

       There has been increasing interest in the use of digital games for learning particularly now technology has become an essential aspect of young people’s lives and they are familiar with using it on a daily basis [26]. There is mounting evidence to suggest that games can be used to encourage young people to explore and engage with computer science and digital technologies [27]. In recent years, several studies have reported the positive effects on the learning experiences of young people from using online gaming in educational settings [26, 28–30].   
       This study was keen to build on these findings and also address the challenge of increasing the number and diversity of young people entering the digital sector. The aim of this study is to evaluate if a gaming environment can be used to generate interest and engagement among young people and in parallel be used to create a greater awareness of career options in the industry and explore diversity and stereotypes. This paper focuses on the methodology adopted for this intervention with young people and presents the results from this.

V.  Involvement of young people in games design

Three approaches have been adopted in the literature regarding the level of involvement of young people in a game development process. The first two are the more commonly used approaches in which either the young people are involved in testing a model of the game to evaluate its ease of use, functionality and requirements [27-29] or they are involved with informing or inspiring the game narrative [30, 31]. The third and less commonly used approach is when the young people are involved in designing or creating the game itself. Fewer studies have adopted this approach particularly with a younger age range [32].
A further requirement for this study is to ensure that the evaluation of the intervention is designed such that it is suitable for use with young people. This means that the evaluation process should be enjoyable, simple to use and age appropriate whilst also ensuring it is effective, useful and robust with respect to the collected data [5].
In terms of selecting a suitable environment for games design and development with young people, Overmars found that an object based programming platform provides an intuitive and easy to use system [33]. Games are created by clicking, dragging or dropping objects on to a screen without the need to focus on detailed coding. There are several such platforms available. Examples include Game Salad [34], Game Studio [35] and Gamefroot [36] an intuitive and easy to use system [33]. 

VI. Research methods and instruments
       This study uses an action research approach for the main research study and incorporates a pre and post quasi experimental design for the evaluation. Action research is often used in real situations where the focus is on solving a particular problem or set of issues. It is a reflective process of progressive problem solving that allows the researcher to immerse themselves in the situation and take action to help solve it.  It is cyclical in nature using repeated ‘Action Research Cycles’ with four phases: reflect, plan, act and observe. This research approach has proved to be particularly effective at bringing about change and promoting the active participation and skills development needed to tackle real life issues by its target audience [37-38].  The pre and post quasi experimental design is in line with the Office of Fair Access (OFFA) acceptable level two evidence on evaluation design for subject specific or one-off interventions [39]. 
       Reflect Stage: The research started by reflecting on the current situation. Drawing on the literature and the observations and experience of the research team, these reflections concluded that (1) there is a need to attract a wider diversity of young people into the digital sector (2) young people are not aware of the range of career options in the digital sector (3) interventions to encourage greater uptake need to be career informed (4) young people have a number of misconceptions around computer science and digital technologies including stereotypes such as ‘geeks’ and ‘nerds’ and thus do not consider it as for ‘people like me’ (5) young people enjoy playing digital games but do not link this to a career in the digital sector. 

       Plan Stage: The planning stage of the action research focused on determining what intervention should be created for use with young people. Young people enjoy playing digital games and there is increasing evidence to suggest games can be encourage engagement with technology. Thus, the team decided to focus their intervention around a digital game environment. It needed to be designed to engage young people and through this, engender a greater awareness of stereotypes and career paths in the digital games sector. The ultimate goal of such an intervention is to lead to a greater uptake of careers in digital games and the wider discipline of computer science and digital technologies by a more diverse set of young people.  

       A workshop was planned and developed for children where they could design and implement their own game, whilst also being introduced to the idea of career roles and stereotypes within the industry. The stereotypes were focused around gender and ethnicity. 

       In order to select an appropriate game engine [34-36], the main considerations were cost; computer compatibility; ease of use; and a classroom-friendly engine that offered an educational package that allowed the children to easily manipulate objects in an already designed game. Gamefroot was chosen because of its fit with three main requirements: drag and drop coding style; available online via  browser with no installation needed; and the functionality to manage a classroom group at no cost to educators. The platform also has built in tutorials which provided a good basis for the workshop material and help guides for the young people.

       Act and Observe Stages: The intervention consisted of a two-hour workshop delivered to two separate groups of young people at the university during the summer of 2017. The recipients were 40 young people between the ages of 8 and 12 years of age from over 20 different schools from across the North of England. The set of research instruments were designed to simultaneously engage the young people and also collect data to observe the effect of the intervention on them. The set of research instruments comprised: 

· Questionnaire (Pre and post workshop administered)

· Sorting activity (Terraria)

· Game Design Planning Sheets

· Game Implementation using the programming platform (Gamefroot)
A. Pre-evaluation Questionnaire

An evaluation questionnaire was distributed at the beginning of the workshop to obtain information about the young person’s demographics (school attended, gender and year group), their aspirations (what they would like to be when they grow up), their expectations (if they think they would actually do the jobs they aspire to) and their previous experience with computer games.

B.   Sorting Activity

      This activity involved using Terraria, a 2D action adventure game [40] to explore career options and stereotypes. Each young person was asked to decide from a set of individual characters (mix of genders and ethnicity) whom they would employ on the game development team and what role they would assign to each character they selected. The activity was divided into two parts. The first part of the activity involved the participant writing down job titles they know that might be involved in designing or building a game, and giving a brief description of what they think the job entails. Each participant then listed three characters from a list of profiles they think might be suitable for each job role. Each young person also decided which job role they would like to do if they were involved in making a game. The second part of the activity was completed after the young person had finished building their game and comprised the same questions plus a further question to see if they would choose a different role for themselves, now they have designed and built a computer game.

C.   Game Design Planning Sheets

In this part, young people were asked to design a game, following the steps normally involved in a commercial game design. Participants were asked to plan what their game would be about using story points and a visual drawing of what the game platform would look like using a game planning sheet. The participants used ‘story points’ to help them think about what they wanted the game to do (for example, who their main character was, what was the main aim of the game, what environment was the game set in) and ‘visual drawings’ that represented what they wanted the game platform to look like and how their character would move through the game as shown in Fig. 1.
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Fig. 1. Using the Template Game planning Sheet
The game planning sheets help the participants develop a game narrative. Use of narratives and story-telling from a constructivist lens as a means of learning is one of the strategies of games design according to the literature [41]. Constructivism as a lens for learning is a philosophical perspective regarding knowledge that suggests that process of learning is an active, subjective and socially constructed portrayal of an objective reality [42, 43]. The learner subjectively constructs meanings from interaction with his/her environment or community. Using narrative or story telling as a means of learning reinforces understanding [44] and supports opportunities for the participant to iteratively reflect, illustrate and evaluate their designs [45]. This is an active process which should help the participants engage with their design concept
D.  Game Implementation

       Support was provided to the young people during the game implementation. This included a short presentation introducing the game design platform ‘Gamefroot’ and a brief outline of how to go about designing a game. A print out of a comprehensive help guide was provided to each participant. The young people were grouped into sets of six (6) and a tutor was assigned to each group. Participants were asked to individually implement online in Gamefroot, the design they had previously drawn on their game design planning sheet. 

Initially, the young people created static versions of their game characters and the different game objects they wanted in their game frame. After this, they decided which of the game objects and characters they wanted to animate and which would remain as background items. Using the Gamefroot classic packs, each young person had a wide selection of game options that they could choose from. These included the type of background for their game, the character and their costumes, game objects, the key story points such as pop-up messages within the game, collectable items, check and end points, and methods of movement, such as jumping and transporting.  An example of a game being designed by a young person is shown in Fig. 2

       On completion of building the game, they were asked to test each other’s game by playing the published version online and they also had the ability to continue working on their game after the workshop.

VII. Data Analysis and findings
       Data from the questionnaire and the sorting activity were collated and exported into IBM SPSS Statistics 22 tool. An initial descriptive analysis was carried out to provide a descriptive summary of the demographics using percentages and frequencies. This was an appropriate approach to the analysis as the majority of the data were in categorical form. Chi-squared analysis was also carried out on a cross tabulation of the various variables to investigate associations particularly with respect to gender.

A. Survey Findings

Findings from the questionnaire data include the following:   

· Participants comprised slightly more females (55%) than males (45%). 

· Participants ranged from UK School Year 4 (ages 8 – 9 years) to Year 8 (ages 12 – 13 years) with the majority from Year 4 (32.5%; n=13) and Year 5 (30%; n=12)

· Only 5% (n=2) of the participants aspired to a career in a computer related field. Both were males, and both wanted to be a ‘games designer’

· Young people have a very limited understanding of the roles involved in the games industry 

· 65% (n=26) of participants aspired to a science related career of which 73.1% (n=19) were females and 26.9% (n=7) were males. This was a surprising result given the current literature on this subject, but further analysis revealed that the majority of the females included here aspired to a career in the health sciences. However, the data still showed that on average an equal mix of male and female participants aspired to careers in the physical sciences. This data suggested evidence of an association between Gender and Aspiring to a STEM career (Sig. at p=0.002). 
· All the aspirations towards careers in the health sciences from this dataset were all from females with suggested evidence of an association between Gender and Aspiring to a STEM career in the Health Sciences (Sig. at p=0.000). 
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Fig. 2.  Game being designed by one of the young people 

· The majority of the young people expected they would achieve the jobs they aspired to. Males had a wider range of jobs roles they aspired to while females aspired more to job roles in the health sciences. 

· The majority of participants indicated that they played games regularly, only one male and three females indicated that they did not play games regularly. 
B. Findings from the Sorting Activity

 The young people had a limited understanding of the roles involved in the games industry when initially asked to identify job titles they felt would be needed to build a game. Given the opportunity to identify four job roles, the roles with the highest frequency identified by young people were game designer, programmer, game artist and game tester respectively
       Even though games designer had the highest identified frequency in terms of job roles, when participants were asked which job they would like to do if they were in the games industry, game tester was the most popular (15%) with equal numbers of males and females expressing an interest in the role. This was followed by Programmer (10%), Game Designer (7.5%) and Game Artist (7.5%) respectively. Only females expressed an interest in the roles of Game Artist, Game Author and Illustrator. On the other hand, 75% more of the male participants chose the Programmer role compared to the female participants. 

       When participants were asked to assign job roles to specific characters, the characters that were assigned the highest number of job roles in the gaming industry were mostly males (the top two were male with a male and female in joint third) while the three characters assigned the least number of job roles were all female. The male participants tended to select their own gender for job roles first before selecting the female characters. The top three most popular characters given a role by males were all male and the three characters least popular in terms of being given a role by male participants were all female. On the other hand, the female participants chose a mix of male and female characters in their most and least popular characters that were given a role

C.  Findings from Game Design and Implementation 

       In the games designed and built by the young people, there were clear differences between the genders in terms of the characters that they created. All the males created male characters while the females created a mix of male and female characters. 

       The participants preferred to experiment and try their own way of doing things rather than going through the step by step guide booklet provided to them. They seemed to understand things much more quickly when these were being explained on presentation slides by the tutor rather than when reading through it on their own. 

       Almost none of the children included a creative story in their games; the majority simply had basic instructions or no guidance at all, although the instructions and guidance given to them asked that the game should be based around a story. 

VIII. Discussion

       Evidence from research [15] suggests that cultural stereotypes in a field (computer science and digital technologies) can be challenged and mitigated by changing the perception of the culture of the discipline through enlarging the mental image of what it means to have a career in that discipline and practical applications that young people can relate with [15]. One of the main aims of this study was to evaluate if a gaming environment can be used to generate interest and engagement in computer science and digital technologies and related careers among young people. This workshop provided such a practical application. The young people enjoyed the workshop and found it engaging and several of them continue to develop the game outside the workshop in their own time. The results also show that young people already have particular perceptions of the digital games sector and already are showing gendered preferences.

       Findings from this research show that only 5% of the participants aspired to a career in computer science and digital technologies. This supports the evidence from the literature that young people are not taking up or aspiring to careers in computer science and digital technologies [6, 12]. Also, the 5% that aspired to careers in computer science and digital technologies were all male and this is consistent with evidence of gender stereotypes in the digital sector and females’ perception of the discipline as not for ‘people like me’ [13,15].

       Findings that the majority of the participants regularly played with computer games are consistent with digital technologies being embedded in young people’s lives [26].

       One of the issues with the workshop was the low completion rate of the finished built game with only three males and five females completing the game in the time given. Only one out of four people who do not play games regularly completed their game. Consideration should be given to improving the rates of completion. When the young people were verbally asked prompt questions during the development of the game concepts on the planning sheet, the young people were quicker to develop their narratives. Examples of some of the prompt questions are: “Who is/are the main character(s)?”  “What is the main character trying to achieve?” “Who or what else is included in the game” and “What is the game about?”   Inclusion of such questions in the information sheet and verbal prompts could be useful for further workshops. The young people preferred to be given guidance by a tutor rather than using a printed help guide
IX. Conclusion and future work

The use of games for learning through individually designed games provides a useful means of engaging young people in the gaming environment and strengthening their understandings of the game design, implementation process and digital careers associated with gaming. The study also highlighted the  the limited knowledge of careers in the digital games industry among young people and their own unconscious bias when creating a digital game..The workshop is now being further developed as a more extensive intervention that allows deeper exploration of the career roles in the digital sector; and diversity and use of stereotypes to help raise awareness of conscious and unconscious bias among young people.
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