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ABSTRACT
Computer Programming Games and Gender Oriented Cultural Forms

Sarah Abdulmalik AlSulaiman

I present the design and evaluation of two games designed to help elementary and middle school
students learn computer programming concepts. The first game was designed to be “gender
neutral”, aligning with might be described as a consensus opinion on best practices for
computational learning environments. The second game, based on the cultural form of dress up
dolls was deliberately designed to appeal to females. I recruited 70 participants in an
international two-phase study to investigate the relationship between games, gender, attitudes
towards computer programming, and learning. My findings suggest that while the two games
were equally effective in terms of learning outcomes, I saw differences in motivation between
players of the two games. Specifically, participants who reported a preference for female-
oriented games were more motivated to learn about computer programming when they played a
game that they perceived as designed for females. In addition, I describe how the two games
seemed to encourage different types of social activity between players in a classroom setting.
Based on these results, I reflect on the strategy of exclusively designing games and activities as
“gender neutral”, and suggest that employing cultural forms, including gendered ones, may help

create a more productive experience for learners.
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Chapter 1 Introduction

Computers and technologies are playing an increasingly integral part of our daily life. There is a
growing demand for computer and technology professionals to design and develop technologies
to further enhance the quality of human lives. Despite this growing demand, only a few,
unrepresentative sample of the population choose to be involved in creating new technologies.
The National Center for Women and Information Technology (2013) reports that 57 percent of
2012 undergraduate degree recipients were female but only 18 percent of 2012 Computer and
Information Sciences undergraduate degree recipients were female. According to the Taulbee
report, only 14.2% of bachelor’s degrees, 21.2% of master’s degrees, and 17.2% of PhD degrees
were awarded to women. The gender gap in the technology industry is also evident, with women
comprising only 26% of the computing related occupations (NCWIT, 2013). The need to
broaden and diversify technology related occupations among gender and racial lines has become
a necessity rather than a trivia. Probably of the most important reasons for this need is to help
ensure that creating new technologies include the voices of all those who it is intended to serve.
In addition, the Bureau of Labor Statistics (2013) consistently lists computer science jobs as one
of the fastest growing professions, with over 40 million new positions expected to be available
by 2020, so it is critical to ensure that computer science attracts a wider segment of the
population. Attracting more women to computer science will increase the qualified labor pool,
open new opportunities for their financial welfare and can help in diversifying technologies to

meet the needs of a wider segment of the population.
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13
To address the lack of women in computing related fields, researchers suggest maximizing the
opportunities for women and girls to explore technology and challenge prior assumptions about
identities associated with IT expertise (Cheryan et al., 2015; 2013; Buecheley et al., 2010; 2008;
Gee and Hayes, 2010; Hayes, 2008; 2005; Cohoon and Aspray, 2006; Margolis and Fisher,

2002).

Research suggests that an individual’s sense of identity (or identities) strongly influences his or
her motivation and orientation towards learning (DiSalvo and Bruckman, 2010; Falk, 2006;
Harré and Moghaddam, 2003). The concept of ‘identity’ has been studied extensively in the
fields of psychology, sociology, and social psychology. Identity, as used in this dissertation,
generally follows Erving Goffman’s view, in which he discusses that identity is not issued to
individuals at birth, but is rather continually socially constructed. Thus, identity is “not a material
thing to be possessed and then displayed; it is a pattern of appropriate conduct, coherent,
embellished, and well articulated” (Goffman, 1959). In this view, an individual’s interactions
with social, cultural, and physical environment shapes his/her identity over time (Falk, 2006;
Gee, 2001). In the words of Rounds (2006), “Identity is both an enabler and a constrainer, and
sometimes we resent the constrains identity can enforce on our actions. We value the structure
and predictability provided by a clear sense of who we are and how we should lead our lives, but

we also value our independence of those structures.”

Gender is a complex, situated, and socially constructed facet of identity (Basow, 1992; Butler,
1990; West and Zimmerman 1987) with far-reaching implications on learning, particularly with
respect to computational literacy (Patitsas et al., 2014; Abbis, 2011; DiSalvo and Bruckman,

2010; Jenson and De Castell, 2010; Stepulevage, 2001; Wajcman, 1991). In addition, ample
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14
evidence in the literature indicates that computing is usually thought of as a masculine domain
(e.g [Abbis, 2011; Cohoon and Aspray, 2006; Margolis and Fisher, 2002; Schofield, 1995;
Cockburn, 1992; Wajcman, 1991]). Recent studies focusing on the issue of girls’
disidentification with computing provides evidence that social and cultural factors and norms
constrain girls’ participation in computing opportunities (Cheryan et al., 2015; 2012; 2010;
Patitsas et al., 2014; Frieze et al., 2013; Abbis, 2011; Jenson and de Castell, 2010; Misa, 2010;
Cohoon and Aspray, 2006; Margolis and Fisher, 2002; Schofield, 1995; Cockburn, 1992;
Wajcman, 1991). Some researchers argue that many girls resist participating in the computing
culture because it is associated with stereotypes that are inconsistent with the female gender role
(Cheryan, 2010; Jenson and de Castell, 2010; Misa, 2010; Cohoon and Aspray, 2006), which
could threaten their social identities as females (Schofield, 1995; Cockburn, 1992; Wajcman,

1991).

Researchers suggest that maximizing the opportunities for women and girls to explore
technology and challenge prior assumptions about identities associated with IT expertise could
be one possible way to address the lack of women in computing fields (Cheryan et al., 2015;
2013; Buecheley et al., 2010; 2008; Gee and Hayes, 2010; Hayes, 2008; 2005; Cohoon and
Aspray, 2006; Margolis and Fisher, 2002). Substantial recent effort has been dedicated to helping
girls identify with computing by exposing them to computer science and programming at a
young age. These efforts mostly come in the form of outreach programs such as Google’s Made
With Code initiative, she Plus Plus, Technovation Challenge, Girls Who Code, and Black Girls
Code, among many others. In June 2014, Google (with other partners) started Made With Code

initiative to engage girls with programming and sustain their interest by creating alliances and
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15
community around girls and coding. It also aims to inspire young girls by celebrating women and
girls who do computer programming. She Plus Plus is another initiative created at Stanford
University and was founded in 2012; it started as a conference on women and technology and
has now expanded into a full-fledged community that inspires women and builds a momentum
for female technologists. For example, they created the ‘#include fellowship program’ which
“provides resources and content to high school students who wish to cultivate their own technical
skills and facilitate conversations about computer science and the importance of diversity in
technology.” Furthermore, Girls Who Code is a national non-profit organization launched in
2012 targeted at high school girls to inspire, educate, and equip them with the skills and
resources to pursue opportunities in computing fields. Black Girls Code reaches young girls from
underrepresented communities and introduces them to coding lessons such as Scratch and Ruby
on Rails with the aim of growing the number of women of color working in technology. They

provide variety of events for girls in elementary through high school years.

The efforts to make computer science education more inclusive have corollaries in the broader
domains of science and engineering. For example, LEGO announced the release of a new set of
all-female scientist minifigures to expose children—and particularly girls—to female scientists
to help mitigate the negative stereotypes associated with science and women (Guzdial, 2014).
Similarly, GoldieBlox (Dockterman, 2014) is a building toy targeted toward girls designed to
develop early interest in engineering and confidence in problem solving to empower them to

embrace technology and engineering fields.

The emphasis on the importance of creating more inclusive computing culture has impacted the

design of online learning environments where many of these environments have been developed
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to engage girls in computation, but with a different strategy. In particular, these environments
make a conscious effort to be ‘gender neutral’ and appeal equally to boys as well as girls. For
example, code.org, the biggest educational website dedicated to computer programming actively
endorses gender neutral games over gender oriented ones. In their guidelines to developers who
want to create programming activities, they indicate that activities will be listed lower if they
have a gender-specific bent. However, in 2014, they announced that the Hour of Code event will
feature a theme of Disney’s popular Frozen characters Anna and Elsa in an effort to increase

participation by girls and women.

Given these two perspectives, I was interested in investigating whether utilizing gender-oriented
cultural forms in the design of learning environments would provide an advantage over more
gender neutral designs. In other words, will children’s learning and attitudes toward computer
programming be impacted differently using a gender-oriented design than when using a gender-

neutral design?

In this dissertation, I present findings from a study on the effect of two games that I developed to
help elementary and middle school children learn fundamental computer programming concepts.
The first game was designed to be “gender neutral”, aligning with what might be described as a
consensus opinion on best practices for computational learning environments. The second game,
based on the cultural form of dress up dolls was deliberately designed to appeal to girls. In this
dissertation I treat gender as a social and cultural construction that is distinct from biological sex.
Thus, when assessing the impact of my games, I construct measures of participants’ gender
identity in relation to the computer games they engage with. In addition, given that gender is

socially and culturally constructed, I replicated the study in two cultural regions with distinct
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cultural norms and expectations regarding gender roles in society: one in the Middle East, Saudi

Arabia and the other in the USA.

Intriguing work (Buechley et al., 2010; Buechley et al., 2008; Horn et al., 2009; Kelleher et al.,
2007) suggests that the nature of the programming environment and of the activities can
dramatically change girls’ interests, motivation, and engagement with computer programming.
Recent studies show that e-textiles (Kafai et al. 2014, Weibert et al., 2014, Buechley et al. 2010)
can promote female interests in electronics and computer science and “disrupt binary gender
roles” by leveraging girls’ cultural practices and traditions of play and incorporating them
creatively with advanced computing activities. For example, Horn’s work on programming
systems in museum setting’s showed that girls were significantly more likely to use a tangible
programming exhibit than a graphical programming exhibit. In addition, Buechley developed an
e-textile construction kit, called LilyPad Arduino, which enables novices to build soft interactive
clothing. This construction kit was especially appealing to an unusual community of developers;
it was successful in engaging a large number of women in designing and engineering technology.
Buechely and Hill compared LilyPad community to the traditional electronics community who
used Arduino and found a strong relationship between user’s gender and the type of board they
purchased and used. The difference between the proportion of females and males who bought
and used LilyPad and the proportion of females and males who bought and used the traditional
Arduino was highly statistically significant. In addition, Weibert et al. (2014) study on e-textiles
in computer clubs for children in mixed gender groups showed how children’s thematic choices
of projects were initially influenced by conventional binary gender roles. However, these choices

were changed and did not seem to matter later, in the practical context of the e-textile project
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work. Weibert et al. argue that e-textile can “disrupt normative binary gender allowing for the
development of feminine technical identities, masculine creative identities, and everything in
between. In addition, it alleviates girls from feeling gender inauthenticity when engaging in
technical skills, which has been argued to be key barrier to the inclusion of women in

computing”.

Kelleher’s et al. (2007) work ‘Storytelling Alice’ also shows how changes to the programming
environment itself can promote girls’ interest programming. In her study, Kelleher added a
support for story creation to the programming environment ‘Alice’ and compared groups of
middle school girls who used Alice and Storytelling Alice. Kelleher found that girls who used
Storytelling Alice were more motivated to program than girls who used Alice and they also
showed stronger evidence of engagement with programming. These studies paint more of a
picture of why we should be interested in the programming environment itself. It also shows how
we can support new cultures of computing and open new directions to broaden participation
instead of using “boys’ activities as the benchmark for girls’ computational opportunities, in
which the underlying assumption of such benchmarking is that it elevates one group’s activities
as the norm for others, which also reifies the notion of gender as a biological construct rather

than a social construct that is performed” (Kafai, 2014).

In addition, ethnographic research around computer game play (Stevens et al., 2008) has
revealed that social interactions while playing can affect the ways in which people learn in the
game context and how that learning becomes entangled with everyday life. To this end, I was

also interested in finding out how practices surrounding a gender-oriented programming game
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would differ from a gender neutral one. In other words, I was interested in what happens in the

room between participants during game play.

In the remainder of this chapter, I briefly discuss cultural forms as a foundation for interaction
design. Then I discuss the importance of technological fluency and introduce the current
movement in educational computer games and explain my approach in utilizing computer games
to develop technological fluency skills for young girls. I will then list the research questions for
this dissertation and provide an overview of the study that was carried out to examine the

research questions.

1.1 Cultural Forms

Cultural forms have received recent attention as a foundation for interaction design that
influences how people use and experience digital systems, particularly in collaborative settings
(Horn, 2013; Horn et al., 2013). When users perceive a cultural form in an interactive system, it
can shape their expectation about the activity and cue resources and patterns of social activity.
Cultural forms also interact with users' constructed identities, including their gender identity.
When an interactive system evokes a gender-specific cultural form, it can facilitate (or restrain)
users’ participation and interest in the system (Weibert et al., 2014). For example, a study on e-
textiles (Weibert et al., 2014) showed how children’s thematic choices of projects were initially
influenced by conventional binary gender roles. It also describes how one Turkish boy refused to
participate in the sewing part of the activity because he believed sewing was not appropriate for

men.
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In this study I intentionally attempted to evoke the cultural forms of dress-up dolls and doll
houses to understand how youth would react and how it would shape their collaborative
interaction when combined with programming activities. I chose to focus on gendered cultural
forms to further understand its role in enabling the development of “feminine technical

identities.” (Weibert et al., 2014)

1.2 Technological Fluency

The term technological fluency was coined by Seymour Papert (1980) to refer to not only the
ability to use technology tools, but also to the ability to construct things of significance with
those tools (Papert and Resnick, 1995). Papert and Resnick explain this idea through the analogy
with learning a foreign language “If a person is able to understand and speak a few sentences of
a foreign language, say French (for example, read a menu in a restaurant and ask for directions
on the street) would people consider him fluent in French? Certainly not. That type of phrase-
book knowledge is equivalent to the way most people use computers today. Is such knowledge
useful? Yes. But it’s not fluency. To be fluent in a language, a person must be able to articulate a
complex idea — that is, make things with language” (Papert and Resnick 1995). Similarly, a
technologically fluent person should be able to implement a technological project from a mere

1dea.

Technological fluency has been recognized as an important skill set that can open career
opportunities and empower meaningful participation in society (Kafai and Burke, 2014; Wing,
2008; Resnick, 2007; Papert, 1980; diSsesa, 2000). Technological fluency implies active

engagement to create, manipulate and control artifacts within the technology tool. Computer
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programming provides an unrestricted venue to manipulate and create artifacts such as
animations, stories and simulations. Papert argues that such activities are particularly important
in the lives of children as most of their best learning experiences occur while they are engaged in
creating things, particularly things that are meaningful to themselves or those around them

(Papert, 1993).

In the 1980s, Papert envisioned a world in which computers would become an integral part of
children lives, where children would program computers to control robots, design games, and
compose music along with many other creative activities (Papert, 1980; 1993). Papert worked
earlier to realize that dream by creating Logo in the 1969, the first educational computer
programming language to explore mathematical problem solving. Logo combines a physical (and
virtual in later editions) turtle as a new way to teach geometric concepts to children. Logo
initiated an early enthusiasm for teaching computer programming to children. Millions of
students from thousands of schools learned computer programming with Logo. However, this
enthusiasm has slowly declined over time. Although a number of educational programming
languages inspired by Logo were created, such as Boxer and StarLogo, they did not capture the
general public interest as did Logo (Kafai and Burke, 2014). Computers in schools became
merely machines for delivering and accessing information rather than machines to think and

create with.

In the past few years, many organizations and websites renewed the public interest in computer
programming once again, encouraging and supporting people, especially children, to learn

computer programming. While Kafai and Burke (2014) situate this renewal of public interest as
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part of the larger maker movement, Resnick thinks of it as a standalone coder movement. Kafai,
Burke and Resnick (2014) argue that this movement should expand beyond using computational
concepts for solving problems to include personal expression, creative design, and social

engagement.

One of the most influential organizations on this matter is code.org. It is a non-profit
organization, launched in January 2013, dedicated to expanding participation in computer
science by encouraging people, particularly school children to try coding. It aims to ensure that
every K-12 student has the opportunity to study computer science and get a hands-on experience
with computer programming. It also promotes including more computer science classes in
schools’ curriculum. The organization released a YouTube video titled “What Most Schools
Don’t Teach” that speaks of the shortage of computer science classes in schools and how critical
it is to address this problem in order to prepare the next generations for the jobs of our
increasingly computationally-oriented world. The video featured famous celebrities such as Bill
Gates, Mark Zucherberg, and many others talking about their first experiences with computer
programming. The video reached millions of viewers within only a few days. After six months of
its launch, code.org partnered with the Association of Computing Machinery and launched the
Hour of Code event during the annual national Computer Science Education Week (CSEdWeek).
Hour of code is a one hour introduction to computer programming designed to show that
anybody can learn the basics by trying a number of tutorials on the organization’s website. This
global movement allowed, in just five days, 15 million users from more than 180 countries to try
coding with tutorials available in more than 30 languages. The organization also partnered with

and had a tremendous support from major corporations including Apple, Google, Facebook,
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Amazon, Disney, Microsoft, Yahoo, Target and Electronic Arts, among many others. It seems
that code.org have tension in creating gender-oriented tutorials (or games). In one hand, they
seem to actively endorse gender neutral games over gender oriented ones as their guidelines to
developers who want to create programming activities to be listed on their website indicate that
activities will be listed lower if they have a gender-specific bent. However, in 2014, they
announced that the Hour of Code event will feature a theme of Disney’s popular Frozen

characters Anna and Elsa in an effort to increase participation by girls and women.

1.3 Computer Games as a Learning Medium

Many researchers have argued that computer games offer rich learning opportunities and can
work as a vehicle to spark children’s interest around topics they never would have considered
relevant or of interest before (Gee, 2007; Shaffer, 2006; Squire, 2006; Hayes, 2005). Gee (2007)
outlines ways in which the design of video games embody effective learning principles in highly
motivating contexts. He also discusses how computer games can challenge or reinforce prior

assumptions about a semiotic domain by allowing players to take on different identities.

Computer games are often seen as “children’s first and most compelling introduction to digital
technologies” (Hayes, 2005) and are often considered a gateway into computer science and
information technology careers (Tillberg and Cohoon, 2005; Margolis and Fisher, 2002; AAUW,
2000). Several studies have revealed gaps between college female and male students in their
computer and programming experience and that this experience is often acquired informally
through game playing, hacking, and unguided exploration (Margolis and Fisher, 2002; Kersteen

et al., 1998; Taylor and Mounfield, 1994).
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Hayes (2008) argues that young people’s attitude toward computers, as well as their aptitude and
interest in computer science are highly influenced by their informal experiences with computers
and that video game play for girls has potential as a way to develop identities associated with IT

expertise.

1.4 Design Summary

I designed and developed two computer programming games to help elementary and middle
school children learn fundamental computer programming concepts that serve as the foundation
for the studies reported here. The first game, called Rosie the Fashionista, was designed with an
intentional gender orientation (Figure 1). The second game called Build a House was intended to
be gender-neutral (Figure 2). The two games offer identical programming activities, but the first
game is built around the cultural form of dress-up dolls, while the second around building and
decorating houses. In these two games, players manipulate graphical elements, instead of text, to
write computer programs. The computer programming concepts introduced in the games include
sequential execution, conditionals, loops, and functions. Based on Horn (Horn et al., 2012) and
Wyeth (Wyeth, 2008) work on programming curriculum for early elementary school children,
we attempted to introduce children to a series of powerful ideas (Bers, 2008; Papert, 1980) from
computer programming through these two computer games. Following (Horn et al., 2012) I
selected programming activities to build on one another conceptually while remaining

developmentally appropriate for children in my target age range.
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Rosie wants to go for a walk. You don't know whether it's hot or cold outside but can you tell Rosie to
wear t-shirt when it's hot, and wear a jacket when it's cold?

+ Controls

Lot ans
+Tops s

Redhead

+ Bottoms

IF WEATHER |S: EEC1ED 7
+ Hair T-shirt
+ Shoes Bow flats

=
+ Coloring BEEE

Jacket

Boots

Figure 1. Rosie the Fashionista game screenshot
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A flashing house will keep turning the lights on and off over and over again. Can you build a flashing
house that will keep turning the lights on and off 6 times in a row using only seven blocks?

+ Repeat

+ Lights

you cannot use any mare

biocks, if you want to add a
block from the menu, drag
Iights on one of the current blocks to
the trash

REPEAT ) TIMES

lights off

Figure 2. Build a House game screenshot

Rosie the Fashionista game follows the story of a young girl named Rosie who needs help in
figuring out what to wear on several occasions. Each occasion prompts a programming activity
that the player needs to solve. The programs which the players create are, in and of themselves,

the outfit that Rosie will be wearing on that specific occasion.

The game emphasizes the sequences of actions by displaying the output of the program blocks
one at a time. For example, when the player places a “boots” block after “jeans” block, Rosie
will wear her boots on top of her jeans (Figure 3 left). On the other hand, if the player flips the

order of the jeans and the boots, Rosie will wear her jeans on top of her boots (Figure 3 right).
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Elorwte

V- nock shurd

Lo peiey

Figure 3. Sequential execution in Rosie the Fashionista game

The game also emphasizes logic by creating weather and location related conditionals. For
example, in level 4, the player is asked to dress Rosie according to unknown weather condition
(Figure 1). In this level, the player is expected to choose a conditional block along with weather
appropriate clothing, (e.g. jacket for cold weather condition and t-shirt for hot weather
condition). If the player does not choose appropriate clothing, Rosie will end up in clothing-

weather mismatch (Figure 4) and a feedback message will be shown to the player (Figure 5).
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Figure 4. Weather mismatch look in conditional level

Are you missing something?

Don't be silly!
choose appropriate outfits to each weather!

Figure 5. Feedback message to players in Rosie game

Build a House game allows players to build and decorate a house with different colors. Just as

Rosie game, each level prompts a programming activity that the player needs to solve in order to
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build a house. This game similarly emphasizes sequences of actions by displaying the output of
the program blocks one at a time. For example, when the player places a “wall” block after
“windows” block, the wall picture will be displayed on top of the window picture, making the
windows invisible. (Figure 6 top). On the other hand, if the player flips the order of the windows

and the wall, the windows will be displayed on top of the wall (Figure 6 bottom).
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Wall

Windows

Roof

Door

Windows

Roal

Wall

Door

Figure 6. Sequential execution example in House game
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In addition, the game emphasizes logic by creating time and location conditionals. For example,
in level 4, the user is expected to use a time conditional block along with ‘lights-on’ and ‘lights-
off” blocks depending on the time of the day. If the player places a ‘lights-on’ block during the

day (Figure 7), appropriate feedback will be given to the player (Figure 8).

IF TIME IS: B UIC R 7

higihts on

Figure 7. Time Conditional level in Build a House game
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Are you missing something?

When it's morning, Let's save energy and always turn the

lights off!

Figure 8. Feedback message to players in Build a House game

In chapter 3, Design and Implementation, I describe the design process and implementation of

the two games in detail.

1.5 Research Questions

In testing and evaluating the two games, I was interested in investigating three research

questions:

RQ1. How do computer games help young children learn computer programming, and are
there differences between a female-oriented and gender-neutral programming

environment?

As computer games became more popular among females recently, I am interested in
investigating the potential of using them as an informal learning environment to support the
comprehension of fundamental computer programming concepts. Given the fact that computer

programming is usually stereotyped as a masculine activity, I am also interested in investigating
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the impact of a female-oriented (counter-stereotypic) game theme versus a gender-neutral game
theme on children’s learning and attitudes. Previous study (Good et al., 2013) has shown that
counter-stereotypic textbook images in science textbooks can significantly affect girls’ learning
of science materials. To the best of my knowledge, no formal studies have compared the impact
of different game themes/designs on children’s comprehension of computer programming
concepts. Investigating this question can help us understand whether computer games can help in
supporting emerging computational skills and how the contents and metaphors of such games

can affect learning.

RQ2. How do computer games impact children’s attitudes and perceptions toward

computer programming, and are there differences between the two environments?

I am interested in the possibility of positively impacting children’s attitudes and perceptions
toward computer programming as a result of playing computer games. Hayes (2008) argues that
young people’s attitude toward computers, as well as their aptitude and interest in computer
science are highly influenced by their informal experiences with computers and that video game
play for girls has potential as a way to develop identities associated with IT expertise. To the
best of my knowledge, no formal studies have been conducted to compare the effects of different
game design themes on children’s attitudes toward computer programming. If computer games
prove to positively impact girls’ attitudes, then it would be plausible to invest more in developing
computer games in order to create a more inclusive computing culture. In addition,
understanding how different design themes impact girls’ attitudes and perceptions can help us

design better interventions to engage girls with computing.
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RQ3. How do patterns of social engagement differ between using a female-oriented

computer game and a gender-neutral computer game?

Ethnographic research around computer game play (Stevens et al., 2008) has revealed that social
interactions while playing can affect the ways in which people learn in the game context and how
that learning becomes entangled with everyday life. To this end, I was also interested in finding
out how practices surrounding a gender-oriented programming game would differ from a gender
neutral one. In other words, I was interested in what happens in the room between participants

during game play.

1.6 Design and Overview of the Study

I conducted my research study in two cultural regions with different cultural norms and
expectations regarding gender roles in society. The first phase of the study was conducted in a
private- all girls’ school in Riyadh, Saudi Arabia during the computer lab time and the second
phase was conducted in Chicago, United States in a public school’s summer camp. My study
used a quasi-experiment design in which I divided participants into two groups. One group
played Build a House and the other group played Rosie the Fashionista. Participants took part in
a total of four sessions over a two-week period (each session lasted approximately 40 minutes).
In the first session, participants completed a pre-assessment and a pre-survey about computer
programming and games. The second and third sessions were devoted to playing the game. In the
fourth (and last) session, participants completed a post-assessment and a post-survey. The survey
included fifteen statements about participants’ attitudes toward computer programming and

games, while the assessment included fourteen questions divided into code generation and code
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prediction sections. The purpose of the assessments and surveys was to detect possible shifts in

learning and attitudes after playing the game.

In order to investigate the first research questions, I analyzed the effectiveness of using my
computer games to support the comprehension of computer programming concepts by
comparing the pre and post tests. [ used a paired #-test on participants’ pre and post scores for
each game condition individually. Then, to investigate differences in learning gains between
players of the two games, I conducted an ANCOVA test on the post scores using game condition
as the independent variable, while controlling for the pre scores (and sex in the second phase) as

covariant.

To investigate the second research question, attitude surveys were collected from the participants
before and after introducing them to the game to detect shifts in perceptions and views of
computer programming. I compared the pre and post scores on the survey items for each game
condition individually. Then, I conducted an ANCOVA test on the post scores using game
condition as the independent variable, while covarying the pre scores and sex of the participant

to examine possible attitude differences between players of the two games.

I used field notes and observations along with video and audio recordings to investigate the third
research question and explore potential differences in patterns of social engagement between

players of Rosie the Fashionista and players of Build a House.
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Chapter 2 Literature Review

Chapter two will provide a theoretical background for this dissertation and then discuss related
work. First, I present an overview of the literature on the relationship between gender, sex and
the computing culture with emphasis on computer games. Then I present an overview of the
literature on computer games as a learning medium. Finally, I present related work that examines
the practical use of computer games in education along with the educational programming

languages developed.

2.1 Background

2.1.1 Gender and Computing

In reviewing the literature on gender and computing, it is first important to draw the distinction
between gender and biological sex. Sex is what is ascribed by biology, such as anatomy,
hormones and physiology, while gender refers to the socially constructed roles, behaviors,
activities, and attributes that a given society considers appropriate for men and women
(WHO.com). Gender is a concept of human production, just like culture, that depends on
everyone constantly doing gender (West and Zimmerman, 1987). Gender is not the result of an
individual’s sex. Therefore, it is not something an individual ‘is’ or ‘have’ but rather is
something that she/he ‘does’ or ‘performs’ (Butler, 1990). What it means to be male or female is

not genetically inherent or defined similarly across all social groups, but rather situational and
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culturally variable. In the words of Barker and Aspray “Gender identity varies within particular
contexts and forms, is reinforced within relationships and situations, and interacts with other
types identities in ways that influence beliefs about who takes on those identities” (Barker and
Aspray, 2006). In other words, gender is a set of social categories that shape implicit beliefs
about how an individual believes he/she should behave, as well as beliefs about the way others
treat individuals as gendered human beings. These categories also form expectations about the

kinds of activities an individual ‘will’ and ‘should’ participate in (Barker and Aspray, 2006).

While the distinction between sex and gender has become increasingly popular in the West. This
distinction is still blurred in the Middle East, and particularly in Saudi Arabia, where one of the
studies reported in this dissertation was conducted. Saudi Arabian society follows a very
traditional approach in gender construction. The cultural construction of gender is strongly based
on perceived sex differences, heritage and local interpretations of Islamic laws. Women and men
appearance, behavior and the acceptable range of their activities are defined by traditional binary
gender roles. For example, men are always considered the breadwinners and women should
always be the nurturers. In Saudi, men and women are commonly segregated in educational
settings and in the workforce and the educational system restricts women access to certain areas

of study such as engineering and journalism (El-sanabary, 1994; Baki, 2004).

Research on gender and computing often conflates gender with sex, with a substantial amount of
research over the past three decades devoted to the relationship between gender/sex and
computing. One strand of research focused on finding and documenting sex differences in

computer use, interests, experience, confidence, and self-efficacy (e.g [Bain and Rice, 2006;
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Barron, 2004; Beyer, 2004; Irani, 2004; Colley and Comber, 2003; Whitley, 1997; Busch, 1995;
Durndell et al., 1995; Dyke and Smither, 1994;]). For example, Durndell et al. (1995) study of
secondary school students showed that girls reported less experience using computers at school,
while boys reported using computers out of school contexts more frequently than did girls. In
addition, sex differences in positive orientation toward computers were found to be statistically
significant, favoring boys over girls. Similarly, Whitley (1997) showed that male students,
especially high school students, had higher computer self-efficacy, and more positive affect
about computers than did female students. However, the differences in computer uses among
male and female students were not statistically significant. Dyke and Smither (1994) reported
that, when controlling for prior experience, no significant sex differences were found in
computer anxiety or positive attitudes. Busch (1995) assigned simple and complex computer
tasks to 147 college students after a computer course and reported sex differences in perceived

self-efficacy regarding the completion of complex tasks.

Moreover, Colley and Comber (2003) conducted a study of sex differences among secondary
school students with respect to computer use and attitudes and compared their findings to earlier
studies in the 1990s. They suggest that while they saw an evidence of reduced sex gap in the use
of some computer applications (such as word-processing), the sex attitude differences have
largely remained. Boys were still more interested and more confident in using computers than
girls. In addition, boys used computers out of school contexts more frequently, particularly for
playing computer games. However, they found no significant sex differences in the frequency of
accessing the internet or the use of email. Barron (2004) found that boys were more likely to

participate in technological fluency building activities than did girls. These activities include
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multimedia programming, starting news group, building of robots, using CAD program to
design, among other activities. To investigate why this was the case, Barron examined the
history of classes taken in school and found that four times as many males as females took
programming and advanced computing classes. Another study by Bain and Rice (2006)
compared attitudes toward and uses of computers, among sixth graders and found that there were
no sex differences in students’ attitudes or uses of computers. But boys usually indicated they

were better than girls in using computers.

Studies of sex differences also examined college computer science major and non-major
students. For instance, Irani (2004) showed that female students at Stanford University taking
computer science class have lower self —efficacy than male students, even when they have a
similar level of achievement. This was due to social factors such as gendered self-presentation
rather than object measures of abilities. In addition, Beyer et al. (2003) found that female

computer science major students had less computer confidence than did male non-majors.

This approach of searching for sex differences and conflating sex with gender dominated the first
wave of research. However, recent research argues against this approach as it promotes
essentialist thinking. “Essentialism is the belief that people have properties that are essential to
their composition. In this sense, all members of a particular demographic group (e.g., gender,
race) share common and finite characteristics. Hence, at the core of essentialism is the belief that
since men and women are inherently different in their physical bodies, they are also different in

the ways in which they act, behave and think™ (Frieze et al., 2011).
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While some research endorse the notions of essentialism and attribute perceived differences
between men and women to biological differences (Baron-Cohen, 2003; Pinker, 2002; Benbow
and Stanley, 1983; 1980), other research has challenged this idea and provided evidence that
undermining contextual factors can impede our understanding of such phenomenon (e.g. Miller
and Halpern, 2013; Eliot, 2010; Barnett and Rivers, 2004; Eccles et al., 1990; Epstein, 1990;
Eccles, 1987; Caplan et al. 1985). Specifically, research shows that the human brain is affected
by the surrounding culture and experience (Eliot, 2010) and that different socialization practices
between girls and boys contribute to perceived sex differences (Eccles et al., 1990; Eccles,
1987). Early differences between boys and girls in their math abilities were attributed to biology
(Benbow and Stanley, 1983; 1980). However, Hyde et al. (2008; 1990) showed that there is no
longer any difference in standardized test scores between boys and girls. In fact, girls are now
receiving better grades than boys in their high school and college math courses (Stout et al.,
2011; Bridgeman and Wendler, 1991). Cheryan (2012) suggests that as academic achievement
became compatible with the female gender role, girls have caught up in their math performance.
In addition, Frieze et al. (2011) suggest that the math performance gap have been eliminated
after more positive attention was paid to girls and math, where efforts to encourage girls, and

give them more practice and experience were applied.

There are a number of studies that attempted to avoid the sex/gender conflation by using the
psychological gender theory. For instance, Huffman (2012) showed that gender roles,
specifically, masculinity, is a greater predictor of technology self-efficacy than the designation of

biological sex. Similarly, Brosnan (1998) found that femininity correlated with poorer attitude
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toward technology and Charlton (1999) found that greater masculinity correlated with greater

engagement with computers.

The attempt to understand how and why participation in computational activities is often
dramatically shaped by sex have reached a consensus that it has less to do with biological sex
differences and more to do with cultural, psychological, and societal factors that intertwined
together to shape the experience of gender in relation to technology (e.g. Cheryan et al., 2015;
Leslie et al., 2015; Fine et al., 2014; Patitsas et al., 2014; Stout and Camp, 2014; Abbate, 2012;
Cheryan, 2012; Abbis, 2011; Frieze et al., 2011; Jenson and de Castell, 2010; Misa, 2010; Blum
et al., 2007; Cohoon and Aspray, 2006; Blum and Frieze, 2005; Margolis and Fisher 2002;
Elkjaer, 1992). Some researchers argue that many girls resist participating in the computing
culture because it is associated with stereotypes that are inconsistent with the female gender role
(Cheryan et al., 2015; Cheryan, 2012; Jenson and de Castell, 2010; Misa, 2010; Cohoon and
Aspray, 2006), which could threaten their social identities as females (Schofield, 1995;
Cockburn, 1992; Wajcman, 1991). Jenson and de Castell argue that “women lack technological
competence to the extent that they seek to appropriately perform femininity; correlatively, men
are technologically competent by virtue of their performance of masculinity.”(Jenson and de

Castell, 2010).

In fact, examining the history of computing reveals that in the 19" and early 20" century,
computing was actually considered “women’s work” (Luker, 2008). Women were stereotyped as
better programmers than men (Gurer, 2002; Little, 1999), as “programming requires lots of

patience, persistence and a capacity detail and those are traits that many girls have" (cited in
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Gurer 2002). The Electronic Numerical Integrator and Computer (ENIAC) women are commonly
celebrated as the earliest computer programmers (Gurer 2002; Ensmenger, 2010). These women
were recruited to setup the ENIAC machine to perform “plans of computation”. The male
engineers usually planned algorithms and the women translated the algorithms into code. During
that time in the 1940s, coding was largely thought of as handicraft, mechanical and feminine
work that didn’t require the intellect of a man (Ensmenger, 2010). Coding was expected to be a
straightforward process of simply translating an algorithm into a form that a computer can
understand. However, in the late 1950s, when computers started being used for commercial
purposes, labor shortage have emerged and to the surprise of engineers and managers, coding
turned out to be much more difficult and time consuming than they had originally thought. This
discovery of inherent programming complexity that requires planning, testing and debugging
created a serious intellectual challenge. As a result of the labor shortage, and the emergence of
computer programming as an intellectual activity, programming gradually became masculinized

(Ensmenger, 2010; Todd et al., 2005).

Two other influential women have always been cited in the reviews of the history of women’s
participation in computing: Augusta Ada Lovelace and Grace Hopper (e.g. [Gurer 2002; Little,
1999; Ensmenger, 2010]). Augusta Ada Lovelace was the first conceptual programmer, she
developed the “loop” and “subroutine” concepts long before electronic computers appeared, and
collaborated with Charles Babbage on the Difference and Analytical engines which form the
theoretical foundations for modern computers (Gurer, 2002). Grace Hopper was the third

programmer on the world’s first large-scale digital computer. She contributed to tools and
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techniques for programming and compiling and supervised the work that produced the first

compiler (Gurer, 2002).

Patitsas et al. (2014) examined a historical sociology of female participation in computing and
identified four types of barriers that historically affect women’s participation in computing from
a social point of view. Four intentional/unintentional barriers were identified on institutional and
individual levels. The intentional barriers include 1) the De jure discrimination (an institutional
barrier, such as policies barring women from studying computing and engineering) and 2)
explicit sexism (an individual barrier, such as public sexual joking and negative stereotyping).
Two other unintentional barriers were identified on the institutional and individual levels as well.
The unintentional barriers include 1) the De facto discrimination (an institutional barrier, such as
policies created without considering its effects on women (e.g. programming experience as an
admission requirement to computer science schools) and 2) implicit sexism (an individual
barrier, such as unconscious bias against women). While De jure discrimination has largely
diminished (particularly in the US and western countries), efforts are still being made to combat
explicit sexism and De facto discrimination barriers. One remarkable example of eliminating de
facto barriers faced by women is Margolis and Fisher (2002) successful interventions to reach
gender parity in the computer science department at Carnegie Mellon University. In their ground
breaking research that diagnosed reasons for the gender gap in computer science classes, they
discussed that the prevailing cultural messages about computing and how it is often claimed as a
male territory were also found in the micro-culture of the computer science department. In the
micro-culture, curriculum and teachers’ expectations reflect males’ pathways into computing,

thus, they sought to develop curricula to exploit connections between computer science and other
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disciplines to ensure that computing is also considered in its social context. For example, adding
an undergraduate concentration in human computer interaction. Moreover, admission
requirements emphasized prior programming experience, favoring male students. However, they
found that prior programming experience was not correlated to student performance, so this
criteria was much lessened to admit students who show promise, even without prior experience
and provide them with appropriate curriculum which lead them to the same place as experienced
students. Other computer science departments implemented parallel policies and interventions to
help improve the recruitment and retention of female students (Murphy et al., 2011; Alvarado

and Dodds, 2010; Powell, 2008; Townsend et al., 2007).

While a majority of researchers argue that the sex composition of computing is a consequence of
the computing culture, Blum et al. (2007) and Blum and Frieze (2005) argue that the causality
goes in the opposite direction, that is, the culture of computing is a consequence of sex
composition. From their interviews with students from Carnegie Mellon University, they suggest
that as the sex composition of the department became more balanced, the culture has changed.
Blum and Frieze (2005) and Frieze et al. (2011) question the contextual approach in changing the
computer science curriculum to promote gender equity and argue that changes should be based
strictly on pedagogical purposes. They argue that “the experiences and perspectives of the
women in these other studies were in part shaped by their minority, and sometimes token, status
rather than by gender” (Blum et al., 2007). They conclude that there is no need for “female
friendly” curriculum in order to attract and retain female students into computer science
departments and that attempts to change the culture of computing might be unnecessary or even

counterproductive if these changes are based on presumed gender differences.
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Whether the underrepresentation of women in computing is a consequence or a cause of the
computing culture is an open question. I believe that evidence exists in both directions. On one
hand, research has shown that changing stereotypes of an academic field to be less masculine
increases women’s motivation to participate in that field (Cheryan et al., 2009; Ridgeway, 2011).
On the other hand, stereotypes associated with a field become more feminine as more women
enter that field (Misa, 2010; Phillips and Austin, 2009). In this regard, Cheryan (2012) suggest
that “the male-dominated domains could begin the process of welcoming women by altering
their masculine stereotypes, and the process would perpetuate itself as more women enter the

domain.”

Patitsas et al. (2014) and Fine et al. (2014) argue that implicit sexism and unconscious bias
against women has become the dominant barrier for women entering computer science (and
STEM fields in general). Empirical studies have shown how implicit sexism against women can
constrain their participation and success in STEM fields. In one study, Steinpreis et al. (1999)
showed that simply changing the name, from a female name to a male one, on the same CV for a
position as an assistant professor of psychology significantly affected the competence ratings and
the chances of being accepted, favoring male applicants. This finding is consistent with a more
recent study (Moss-Racusin et al., 2012) where science faculty from both public and private
research universities were asked to evaluate an application for a lab manager position from an
undergraduate student. The applications were randomly assigned to either a female or a male
name. When the name on the application was female, faculty rated the application as less
competent and they were less likely to hire the applicant than when the name on the application

was male. Moreover, Budden et al. (2007) found a significant increase in female authorship of
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research papers in the journal of Behavioral Ecology after the double-blind review policy was
enforced. The prevalence of the gendered assumptions and stereotypes about men and women in
society usually lead more people to evaluate women as less competent, especially in domains

typically associated with men (Eagly, 2002).

Moreover, research shows that students are significantly influenced by their teacher’s
expectations, and these expectations are internalized by students (Bamburg 1994; Raffini 1993).
Teachers’ beliefs about technology, along with their beliefs about appropriate roles and
behaviors for boys and girls can influence girls not to pursue computing. For example, research
shows that females in mixed gender classes report significantly less teacher support with
technology use than females in all-female classrooms (Crombie et al., 2002; Crombie and
Armstrong, 1999). These behaviors convey implicit messages to girls that their learning and
participation is less important than that of boys. More importantly, parent’s relationship with
their children communicates implicit and explicit beliefs about appropriate roles and behaviors
for girls and boys. It is common for parents to treat their children in gendered ways by the virtue
of their sex, which is evident in the ways parents often encourage boys and girls to take different
educational paths and prepare for different careers. Margolis and Fisher (2002) study revealed
that male students often reported that their fathers provided them with computers and spent time
tinkering on the machine with them. They also often reported their mothers as computer-phobic
or incompetent. The female students reported much less frequent bonding experience with the
computer with their parents. Similar findings were reported by Busch (1995), where boys
reported getting significantly more support and encouragement from their parents and peers than

did girls.
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In addition to social factors, research suggests that cultural factors produced by society can affect
women participation as well. The image, stereotypes, and culture of computing have been
studied as factors contributing to female underrepresentation in computing. Kiesler et al. (1985)
and Wajcman (1991) noted the strong overlap between the computing culture and the masculine
culture. For example, they indicate that the language of computing incorporate many violent
terms such as hacking, brute force, and blue screen of death. Similarly, early computer games
usually feature competition and destruction. This culture and image of computing contributes to
women underrepresentation as they may reject it as an unappealing activity and conform to the

stereotype that it is a male appropriate activity (Cohoon and Aspray, 2006).

In addition, the lack of perceived similarity between the female gender role and people in the
computing field was shown to be an important factor contributing to women’s lack of interest in
computer science (Cheryan et al., 2011; Cheryan et al., 2010; Cheryan et al., 2009; Margolis and
Fisher, 2002). For instance, researchers argue that stereotypical identities associated with
computer science professionals can have an enduring negative effect on girls’ interest and
anticipated success in computer science and that this negative effect is mediated by perceived
dissimilarity (Cheryan et al., 2011; Cheryan et al., 2010). In addition, a study by Cheryan et al.,
(2009) revealed that when a computer science classroom contains objects stereotypically
associated with computer science (e.g. Star Trek poster), female undergraduates expressed less
interest in computer science than their male counterparts. However, simply redesigning the
classroom to include objects not stereotypically associated with computer science (e.g. art, phone
books), significantly increased female interest in computer science. This study show how the

design of educational environments influences student’s sense of “ambient belonging.”
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Margolis and Fisher (2002) show that stereotypes about computer scientists as geeks who
narrowly focus on technical work can be more damaging for women than men. In their
interviews with students, they reported that one third of male students said they differ from the
stereotype while more than two thirds of female students felt different from this stereotype.
Additionally, 20 percent of women questioned whether they belong in computer science as they
felt they do not share the same interests as their male peers and do not “dream in code”. To
address this issue, they advocate broadening the perception of the field by promoting multiple
valid ways to be in computer science and explain how computer science is more multi-

dimensional than the standard “Boy hacker” symbol.

Cohoon et al. (2011) interestingly analyzed gender authorship for all conferences in the ACM
digital library from 1966 to 2009 and suggested that “alignment with gender stereotypes predicts
the extent of women’s authorship”, where a greater proportion of women authors was associated
with conferences such as Human Factors in Computing Systems, while a greater proportion of

men authors was associated with conferences on Algorithms.

A number of studies have examined the effects of stereotype threat on women'’s interest and
performance in STEM fields (Shapiro, 2012; Markus, 2011; Good et al., 2010; Koch et al. 2008;
Davies et al., 2002; Steele, 1997). Stereotype threat refers to “being at risk of confirming, as self-
characteristic, to a negative stereotype about one's group” (Steele & Aronson, 1995). The fear of
being treated or judged based on a negative stereotype about one’s group has been empirically

shown to impair one’s ability to perform their full potential (e.g.[Steele, 1997]) as well as to
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pressure disidentification from the domain where this group is negatively stereotyped (Steele,

1997).

Women’s and girls’ disidentification with computing can be attributed, in part, to their
susceptibility to stereotype threat (Patitsas et al., 2014; Koch et al., 2008; Peckham et al., 2007,
Cohoon and Aspray, 2006; Todd et al., 2005). Koch et al. (2008) investigated whether stereotype
threat can influence women'’s attributions of failure in a computer task. A number of college
female and male students were asked to work on a computer task and were divided into three
groups. The first group was told that men usually perform better than women do (negative threat
condition). The second group was told that women usually perform better than men (positive
condition) and the third group was not told anything (control group). The task was intentionally
designed so that completing it was actually impossible due to a faulty USB device given to
participants. Results of this study suggests that there was a stereotype threat effect on women’s
attribution of failure, where women in the negative threat condition attributed the failure to their
own lack of ability while men attributed the failure to the USB device. In the positive and control
conditions, there were no significant differences between women and men in their attribution of

failure.

In addition, studies have shown that the mere underrepresentation in a domain can activate
stereotype threat concerns (Murphy et al., 2007; Dasgupta and Asgari, 2004; Sekaquaptewa and
Thompson, 2003; Inzlicht and Ben-Zeev, 2000). Murphy et al. (2007) created two versions of a
video advertisement for MES (math, engineering and science) conference. One version had an

unbalanced gender representation and another had a balanced gender representation. They found
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that women who watched the unbalanced video reported lower sense of belonging, and were less
willing to participate in the conference compared to women who watched the gender balanced
video. While watching the unbalanced video, women also showed faster heart rates, greater skin

conductance and greater sympathetic activation of the cardiovascular system.

Another relevant study by Good et al. (2010) examined the effect of stereotype threat on
students’ comprehension of science lessons by using stereotypic and counter-stereotypic
textbook images. In this study, three student groups were assigned to read a section of chemistry
textbook illustrated with either images of only male scientists, only female scientists or with both
male and female scientists together. In a later exam on the section, girls scored higher than boys
in the female scientists only condition; boys scored higher in the male scientists’ only condition;
and in the mixed gender condition, the scores for both girls and boys fell between their scores in
the stereotypic and counter-stereotypic conditions. Interestingly, this study provides evidence
that “the mixed gender condition didn’t simply represent the absence of stereotype threat.
Instead, the condition seems to equalize the performance of girls and boys™ as there was no

significant difference in the scores between girls and boys.

In a similar fashion, I am interested in investigating whether a gender-neutral design might still
hold a degree of stereotype threat to girls who are interacting with a computer programming
game, in which case we would expect girls’ learning and attitude scores in this condition to be

significantly lower than the scores of girls in the girl-oriented design condition.

Intriguing work (Buechley et al., 2010; Buechley et al., 2008; Horn et al., 2009, Kelleher et al.,

2007) suggests that the nature of the programming environment and of the activities can
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dramatically change girls’ interests, motivation, and engagement with computer programming.
Recent studies show that e-textiles (Kafai and Burke, 2014; Weibert et al., 2014, Buechley et al.,
2008) can promote female interests in electronics and computer science and “disrupt binary
gender roles” by leveraging girls’ cultural practices and traditions of play and incorporating them
creatively with advanced computing activities. For example, Horn’s work on programming
systems in museum setting’s showed that girls were significantly more likely to use a tangible
programming exhibit than a graphical programming exhibit. In addition, Buechley developed an
e-textile construction kit, called LilyPad Arduino, which enables novices to build soft interactive
clothing. This construction kit was especially appealing to an unusual community of developers;
it was successful in engaging a large number of women in designing and engineering technology.
Buechely and Hill compared LilyPad community to the traditional electronics community who
used Arduino and found a strong relationship between user’s gender and the type of board they
purchased and used. The difference between the proportion of females and males who bought
and used LilyPad and the proportion of females and males who bought and used the traditional
Arduino was highly statistically significant. In addition, Weibert et al. (2014) study on e-textiles
in computer clubs for children in mixed gender groups showed how children’s thematic choices
were initially influenced by conventional binary gender roles. However, these choices were
changed and did not seem to matter later, in the practical context of the e-textile project work.
Weibert et al. argue that e-textile can “disrupt normative binary gender allowing for the
development of feminine technical identities, masculine creative identities, and everything in

between. In addition, it alleviates girls from feeling gender inauthenticity when engaging in
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technical skills, which has been argued to be key barrier to the inclusion of women in

computing”.

Kelleher’s et al. (2007) work on ‘Storytelling Alice’ also shows how changes to the
programming environment itself can promote girls’ interest programming. In her study, Kelleher
added a support for story creation to the programming environment ‘Alice’ and compared groups
of middle school girls who used Alice and Storytelling Alice. Kelleher found that girls who used
Storytelling Alice were more motivated to program than girls who used Alice and they also
showed stronger evidence of engagement with programming. These studies paint more of a
picture of why we should be interested in the programming environment itself. It also shows how

we can support new cultures of computing and open new directions to broaden participation.
2.1.1.1 Gender and Computer Games

Computer games are frequently seen as “children’s first and most compelling introduction to
digital technologies” (Hayes, 2005) and often considered a gateway into computer science and
information technology careers (Tillberg and Cohoon, 2005; Margolis and Fisher, 2002; AAUW,
2000). Several studies found gaps between college female and male students in their computer
and programming experience and that this experience is often acquired informally through game
playing, hacking, and unguided exploration (Murphy et al., 2006; Margolis and Fisher 2002;

Kersteen et al. 1998; Busch, 1995; Taylor and Mounfield 1994).

The Girls’ Game Movement in the 1990s was, in part, a political response to the national concern

about the gender gap in technological fields (among other goals well documented in Jenkins and
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Cassell, 2008). Developing games targeted specifically toward girls was thought of as the best
way to encourage girls to participate in the computer gaming culture. This movement’s reliance
on targeting stereotypical girl interests created a considerable concern (controversy) among
researchers and feminists as only another tool to reinforce existing gender stereotypes (Brunner,
2008; Lazzaro, 2008; Taylor, 2008; Yee, 2008; Flangan, 2005; Cassell, 2002). These so-called
‘pink’ games were often shallow, and did not allow for sophisticated features that enable the
acquisition of advanced computing skills (Hayes, 2008). Debates about contextual formulations
around computer game play and how they matter more than the game mechanics in
understanding the issue of gender and gaming have spurred, resulting in a call for more gender-
neutral games (Ray, 2004; Cassell, 2002). For instance, Taylor points out that how people know
about a game, get their hands on it, are taught how to play it, is deeply informed by their social
networks and quite often, women gamers inhabit a kind of closeted gamer identity. Likewise,
Lazzaro caution against designing games that appeal to a single sex because it ignores the fact

that both men and women could enjoy the same game.

A community of female gamers called ‘Grrl Gamers’ opposed this movement as well, arguing
that female gamers can have similar preferences and level of engagement in games as males, and

challenging cultural positions and definitions of femininity.

The huge success of some of the Girls” Game Movement products, such as Barbie Fashion
Designer, requires a deeper understanding of why many girls were drawn into playing these
games. In this regard, I find Yates and Littleton (2001) broad conceptualization of engagement

with computer games particularly useful. They argue from a sociological and psychological
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standpoint that both positions, the Girls’ Game Movement and Grrl Gamers, “can be
theoretically encompassed and understood if computer gaming is viewed as contextually situated
and socially constructed activity that draws heavily upon the cultural position of the gamers
themselves.” Specifically, they view computer games as a medium to be read, just like any other
media text, and that Girls’ Games Movement utilized girls’ cultural subject positions to create
new kinds of computer games. These games contained elements that can afford girl-oriented
preferred readings. On the other hand, “the Grrl Gamers who make criticism of such software are
able to negotiate the male-oriented preferred readings inherent in contemporary games. In doing
this, some Grrl Gamers have taken up subject positions which are critical to some of the
ideological positions that they perceive in the Girls’ Games Movement. These ideological
positions derive from the ways in which Girls’ Games draw upon and reflect society's current
dominant discourses and ideologies of femininity.” In other words, the cultural and subject
position of women and girls, who embrace their cultural definitions of female, prevented
consequent interaction with mainstream computer games, as these games had inherently male-
oriented affordances and preferred readings. At the same time, some women and girls had
subject positions that challenge their cultural definitions of female, which liberated them from
any anxiety or concern regarding possible interaction with these games. In making that
argument, Yates and Littleton draw on studies that emphasize the importance of content and
context in understanding children’s engagement with computer games. For instance Littleton et
al. (1998) conducted a series of studies to investigate the influence of different game designs on
boys and girls performance. They developed two versions of a problem solving adventure game

where one was called Kings and Crown and included male —oriented characters and metaphors
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such as pirates and captains. The other game was called Honeybears and had gender-neutral
representation and metaphors. They compared the performance, measured by successful moves,
of 11 and 12 year old boys and girls on the two versions and found that girls’ performed
significantly better in the gender-neutral version. On the other hand, boys’ performance was not
affected by the version of the game. This study highlight the importance of content on player’s
reading of the game. The images and metaphors used to represent the game were particularly
relevant to how girls’ oriented and interacted with it, despite the identical underlying structure of

the two versions.

Additionally, Littleton et al. (1999) conducted another study to examine the effects of different
contextualization of a computer based perceptual-motor skills task on children performance.
They developed software called “Electric Eel” which consisted of a double cursor framing an

irregular line (Figure 9), which moved from right to left across the screen at a regular speed.
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Figure 9. Electric Eel software

www.manaraa.com



56

The objective was to use the mouse in order to raise and lower the cursor so that the line would
pass smoothly through the gap, without hitting the edges of the cursor frame. They introduced
the software to children in two different contexts. In one context, children were told that the
software is a computer game. In the second context, the software was represented as a skills test.
In analyzing the performance of children in the two context conditions, they found that when the
software was represented as a skills test, there were no gender differences in children’s
performance. However, when the software was represented as a computer game, boys’
performance was significantly better than girls’ performance. Moreover, girls performed
significantly better in the skills test context condition than in the computer game context
condition. This study highlights the importance of social and cultural contexts on players’

reading of the game.

In discussing these two studies, Yates and Littleton argue that what makes games 'boring' or
'exciting' for children is not only the underlying structure of the game, but equally important the
content and metaphors of the game through which this is activated. These studies also undermine
essentialist thinking, as perceived differences in skills and preferences between boys and girls

were not innate, but rather the result of cultural forces.

Additionally, scholars and serious game designers Heeter and Winn suggest that educational
games used in the context of classroom learning will trigger player’s cultural expectation about
gender (Heeter and Winn, 2008). Together they created a game called Life Preservers to study

the effects of rewarding speedy play versus rewarding exploration on play style and learning and
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found that when speedy play was rewarded, girls played faster and made more mistakes while
when exploration was rewarded, boys slowed down and made fewer mistakes. Interestingly, the
sex of the player was a more significant predictor of play style than how often the player played
games. They conclude that taking a gender blind position in designing games might feel
appropriate but is, in fact, risky as it overlooks the power of cultural expectations and the

performance of gender.

To this end, I was interested in possible effects of different game designs on the ability to learn
computer programming, where one design takes a gender blind position and the other builds on a

more feminine cultural form of dress up dolls.

A recent report by the Entertainment Software Association (2013) shows that 45 percent of game
players are female. While the number of females who play computer games is continually
increasing, the type of computer games preferred and played can be usually predicted based on
player’s sex. Females consistently reported preferences for virtual worlds and puzzle-like games,
while males reported preferences for first person shooter, sports and action games (e.g. Homer et
al., 2012; Markus, 2012; joiner et al., 2011; Hartmann & Klimmt, 2006; Lucas and Sherry,
2004). The bestselling video game The sims, a life simulation game, has attracted a large number
of females (Gee and Hayes, 2010). Part of this success is attributed to the fact that the design
team of the game included women (Gee and Hayes, 2010). In fact, Heeter et. al. (2005) asked
two same sex-groups of girls and boys to design educational games for space exploration. They
later showed the two games to 145 middle school children without revealing information about

the design team and found same sex preferences to the games. Girls preferred the game designed
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by girls and boys preferred the game designed by boys. Consistent with Huff and Cooper (1987),
they reveal that designer’s gender and gender-based stereotypes can influence the design

outcome of the game.

Nowadays, women’s access to digital technologies and computers is no longer a concern. The
gap between males and females in online access has largely closed; in fact, women’s use of the
computer for certain practices (e.g. e-mail and blogging) has actually exceeded that of men
(Roberts et al., 2005). But women are s¢il/l underrepresented in computer science and technology
related fields. The National Center for Women and Information Technology (2013) reports that
57 percent of 2012 undergraduate degree recipients were female but only 18 percent of 2012
Computer and Information Sciences undergraduate degree recipients were female. They also
report a 79 percent decline in the numbers of first year undergraduate women interested in
majoring in Computer Science between 2000 and 2013. Hayes (2008) argues that young people’s
attitude toward computers, as well as their aptitude and interest in computer science are highly
influenced by their informal experiences with computers and that girls need to play games that
have the most potential for developing identities associated with IT expertise. In this regard, she
stresses that girls must be given the opportunity to discover their talents, never forced into
technology, but to make it possible for them to develop a stronger bond between computers and
their career choice. To this end, I am interested in how can we do a better job motivating girls to
explore activities related technology and computer science? And if ‘gender neutral’ is always the

best way?
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2.1.2 Computer Games in Education

Developmental psychologists have long argued for the importance of play in children’s
development and learning (Bruner, 1976; Vygotsky, 1976; Piaget, 1937). For example, Jean
Piaget discussed how the stages of child intellectual development are reflected by the forms of
playing. Bruner argued that playing in itself is a form of learning. According to Bruner,
combinations of actions can be carried out during play that would otherwise never be tried. The
experiences with these actions then can serve as the foundation for later learning. Lev Vygotsky
discussed how playing has a significant impact in children’s social and emotional development.
In his article Play and Its Role in the Mental Development of the Child, Vygotsky states: “The
play-development-relationship can be compared to the instruction-development relationship, but
play provides a background for changes in needs and in consciousness of a much wider nature.

Play is the source of development and creates the zone of proximal development.”

Computer and video games are relatively a new form of play that has emerged following the
emergence of personal computing. Computer games refer to games which are played on a PC
while video games refer to games which need a special console. In this dissertation, I will use the
term computer games to refer to the two types for short since I am interested in their shared
concept rather than how they operate. Computer games were first developed in the 1940s as a
form of entertainment, but their popularity exploded after arcade games, personal computers, and

gaming consoles were introduced to the general public in the 1970s and 1980s.

According to the Entertainment Software Association (2013), 58 percent of American

households play computer or video games, and 51 percent of U.S households own a dedicated
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games console. Females compromise 45 percent of the total number of gamers, while 55 percent
are males. 52 percent of parents believe games are a positive part of their children’s lives. A
recent study by NPD Group, a leading marketing research company, reports that around 91% of
children aged 2-17 play computer games. This suggests that computer games could be a

potentially valuable way to engage a large and diverse audience.

The “edutainment” movement for computer games that are design to both educate and entertain
at the same time followed shortly after observing game players exhibiting problem solving skills
and persistence which are key characteristics to a successful learner (Gee, 2007). The
edutainment market rose dramatically until the 1990s to the point that ‘The Learning Company’
was considered the world’s second largest software company after Microsoft (Shuler, 2012).
Best-selling video games like ‘Where in the world is Carmen Sandiego?’ which was developed
to get children interested in Geography, and ‘The Oregon Trail’ which teaches the realities of the
19th century pioneer life, are examples of games that can be simultaneously fun and educational.
However, the edutainment industry declined in the late 1990s due to economic factors including
the emergence of mass market retailers and the downward pricing pressure which left little to
invest in innovation and shifted to licensing new popular characters over the same content over
and over again. An equally important factor contributed to this downfall was the focus on mostly
drill and practice games (e.g. Math Blaster and Reader Rabbit), which were assumed to only
improve school performance. While drill and practice can have positive effects in learning
especially teaching lower order thinking skills, narrowly focusing on it leaves us with just a little
of what computer games has to offer (Hayes, 2008; Gee, 2007). Papert (1998) referred to

edutainment as Shavian reversal —offspring that keep the bad features of each parent and lose
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the good ones— where he explain that edutainment is mostly the combination of drill and

practice (one of the lowest forms of education) with less than entertaining game play.

Today, educational researchers and literacy scholars led by James Paul Gee, Kurt Squire and
David Williamson Shaffer among others are passionately advocating a new powerful movement
in educational games. They argue that games offer rich learning opportunities and can promote
understanding in highly motivating contexts (Gee, 2007; Shaffer, 2006; Squire, 2006). They
argue that games can work as a vehicle to spark children’s interest around topics they never
would have considered relevant or of interest before. And while games are usually not sufficient
as a course of study, they can help many students familiarize themselves with facts beyond
temporary memorization. Gee (2007) outlines ways in which he sees the design of video games
imbed effective learning principles in highly motivating context. For example, the ‘practice
principle’ in learning, where learners need a great deal of practice in a context where they are
engaged in the material, not bored with it, is embedded in most video game designs by creating a
challenging yet engaging context. In addition, the ‘incremental principle’ in learning, where
learners create connections in earlier, easier stages that aid them in later, more difficult stages, is
also embedded in most video game designs where games start off relatively easy to allow the

player the explore and gradually increase in complexity and challenge.

Shaffer’s and others views of using technology to change education for the better is consistent
with Papert’s discussion about children and computers in his book “The Children Machine.” In
this book, Papert invites readers to imagine a party of time travelers from an earlier century

consisting of a group of surgeons and a group of school teachers where each group is eager to see
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how much things have changed in their profession a hundred or more years into the future. If the
group of surgeons is put in the operating room of a modern hospital, they would most likely be
unable to figure out what the newer generation of surgeons is trying to achieve or what is the
purpose of the many strange devices used, it would be totally and absolutely unfamiliar situation
to them. On the contrary, the teachers group, when put in a classroom, might be confused about a
few strange objects, but they would fully understand what the teachers are trying to accomplish
and most importantly, could simply take over the class. Papert uses this example to clarify how
the progress of some areas of human activity has been uneven. He confirms that there has been a
change in the schooling system, but argues that it was not in significant ways or at a comparable

rate to other areas such as telecommunications and transportation among other areas.

Papert also interestingly demonstrates that we care too much about the role of the teacher to the
point that our language has a bias toward giving the teacher (rather than the student) control over
the learning process, to explain this interesting thought, he uses the sentence: The teacher teaches
object. Papert also explain that this bias is evident that the word pedagogy means the art of

teaching, while there is no parallel word for the art of learning in the dictionary.

Shaffer (2006), in his book ‘How Computer Games Help Children Learn’ advocates using the
power of computer games as part of the key to solve the current crisis in education by giving
children access to experiences that build interest around the subject matter which leads players to
explore further, outside the computer game context. He discusses how games can embody some
of the influential ideas about progressive education by the famous education reformer John

Dewey.
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Progressive education pedagogy suggests that people should be free to learn by exploring their
own interests. According to Dewey, the process of moving from interest to understanding is
learning by doing, or to be specific, learning by trying to do something, making mistakes, and
then figuring out how to fix them. This is typical of what a game player does while playing a

computer game.

In the world of computer games, quite contrary to conventional formal schooling, Gee points out
that challenges are welcome where easy is not so good and hard is actually not bad. Games can
provide players with embodied experiences that can help them in developing situated
understanding (Gee, 2007). Players immersed in personally meaningful experiences learn facts
more easily and use these facts to achieve desired ends within that situated domain (Shaffer et
al., 2004). In using dress-up dolls, presumably meaningful cultural form for many girls, as a
basis for designing one of my games, I was interested in finding whether that would potentially
provide an advantage in the comprehension of computer programming concepts over more

gender-neutral design.

Shaffer’s studies shows how students’, from diverse age range, engagement in epistemic games
(epistemic games are a type of computer games that help players learn to think like engineers,
urban planners, journalists, lawyers and other innovative professionals) help them better achieve
in school and motivate them to develop knowledge, skills and attitude that they need to succeed
in the digital age. He goes on to show how the epistemic games he used in his research highly
impacted the students’ perceptions about the subject matter. Shaffer envisions epistemic games

as a third place, or perhaps, as he noted: “more appropriately a third space” between formal
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schooling and traditional commercial games. My design shares some characteristics with

epistemic games in that it helps players learn to think like programmers.

Furthermore, Squire’s research with low-income African American students in high school and
in an after school program showed that students who were underachieving or uninterested in
history classes have “developed new vocabularies, better understandings of geography, and more
robust concepts of world history” after engaging them with Civilization III, a highly complex
history-based commercial game simulation (Squire, 2004). Squire reports that engagement in this
strategy game, inspired some students to ask questions like, “Why is it that Europeans colonized
the Americas, and why did Africans and Asians not colonize America or Europe?” (Squire,

2006.)

Literacy scholar, James Paul Gee (2007) reports findings from his research that “a number of
young people who have used the domain of video games as a fruitful precursor domain for
mastering other semiotic domains tied to computers and related technologies. Indeed, several of
these young people plan to go to college and major in computer science or related areas.” He
then continues to explain how computer games have the potential to encourage players to explore
themselves with new and different identities. When players take on different identities within a
semiotic world, their pre-supposed perceptions about the world might be either reinforced or

challenged (Gee, 2007).

Gee explains that a game player exhibits three identities while playing some kinds of computer
games (mostly role-playing games): virtual identity, real identity and projective identity. The

virtual identity is the “player’s identity as a virtual character”, where virtual character is
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italicized to indicate that the stress is on the virtual character acting in the virtual world of the
game. The real world identity is the player’s identity, a non-virtual player playing the computer
game. This identity is represented as “player as a virtual character,” where player is italicized to
indicate that, in this identity, the stress is on the real-world character playing the computer game.
The third identity is called the projective identity, playing on two senses of the word “project,”
meaning both “to project one’s values and desires onto the virtual character” and “seeing the
virtual character as one’s own project in the making, a creature whom the player fill with a
certain trajectory through time defined by his aspirations for what he want the character to be and
become, of course, within the limitation of the virtual character’s capacities.” The third identity
is the most important one for understanding the power and potential of computer games but the
hardest to describe. This identity is represented as “player as virtual character” where the word
“as” is italicized to indicate that, in this identity, the stress is on the interface between — the
interactions between— the real world person and the virtual character. Gee further discusses that
if learners in classrooms carry learning so far as to take on a projective identity, something magic
happens:

A magic that cannot take place in quite the same way when playing a video game.

The learner comes to know that he or she has the capacity, at some level, to take

on the virtual identity as a real world identity. (p. 66)

Gee goes on to explain that he is not making the argument that what people are learning when
they are playing video games is always good, but rather, what they are doing when they are

playing good computer games is often good learning.
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Gee’s discussion of how identities work in learning and using learning to play computer games
as a crucial example is also discussed by Squire and other researchers in this domain. For
example, Squire explain that computer game players can inhabit roles otherwise inaccessible to
them, which help them in developing new identities through not only game play but also through
the broader gaming communities (Squire, 2006). Epistemic games for the most part play on the
identities argument in that it invites players to take on the identities of experts and gives them
access to their ways of thinking with the goal of producing a deep fluency within a semiotic
domain (Shaffer et al., 2005). This inspiring discussion about identities provides a sound and

convincing argument to push this movement forward.

Research has shown that computer games can also have unintended outcomes. For example,
improving perceptual skills was one of the findings from Green and Baveliar study (cited in
Vorderer and Bryant, 2012) where they found that people who play video games show better
attention to cues across the visual field and attend to more visual cues overall than people who
do not play video games. Another study by Rosser et al. (2004, cited in Vorderer and Bryant,
2012) found that surgeons who have some experience playing video games perform laparoscopic
surgery faster and make fewer mistakes; laparoscopic surgery is a type of surgery in which a tiny
camera is inserted through an incision to the abdomen and other surgical instruments are inserted
through other small incisions and then the surgeon uses keypads and joystick to operate while

watching his performance on the monitor.

Accepting the fact that computer games teach something, whether intentional or not, leads us to

question if we can design better games to promote more effective education.
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While the type of puzzle games I developed differ from immersive, epistemic, and fast reflex-

based games, I believe they can all share some effective learning principles (Gee, 2007).

Finally, it is worth acknowledging that computer games may not be suitable for some academic
subjects or even some elements of a certain subject, so it is also worth investigating what is
fundamentally engaging about the subject and put players in touch with it and to shift the focus

from delivering content to designing meaningful experiences.
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2.2 Related Work

2.2.1 Educational Computer Games

2.2.1.1Computer programming games

Code.org lists a number of computer programming games/tutorials in their website. None of
these games leverages cultural traditions of girls’ play. However, they recently included a game

featuring Disney’s Frozen characters, Anna and Elsa, as part of their efforts to attract more girls

to try coding (Figure 10).

move TR by pixels

tum GG by EERA degrees
turn by EIED degrees

repeat [EEJ times

create a snowflake branch

Ll right v 12 degrees

create a snowflake branch

set color | [l

. Now let's repeat it 8 times to make a beautiful
./ snowflake!

set color random color

Figure 10. Frozen activity screenshot from code.org
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A number of older computer games were also developed to teach programming. For example,
Karl the Robot and Robocode are computer games where the player exercise programming by

writing code to control robots (see Figure 11).

(@06 CollectNewspaperKarel

Start Program

Load World

¢

Slow @& J«7»] Fast 1

Figure 11. Karel the Robot screenshot

Of a particular interest, RAPUNSEL (Flanagan et al., 2005) and Virtual Family (Duplantis et al.,
2002) are games that introduce programming within contexts that may be more motivating for
girls. For instance, RAPUNSEL (Flanagan et al., 2005) is a dance 3D - game designed for 10-12
year olds with the goal of empowering young people to learn about computer science. In

RAPUNSEL, the player program dance moves and can participate in dancing competitions to

win rewards (see Figure 12).
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Figure 12. RAPUNSEL game screenshot

Virtual Family (Duplantis et al., 2002) provides a completely functioning game that players can
extend by altering or adding to the game existing code, it is specific to Java programming and

targets high school students.

Neither RAPUNSEL nor Virtual Family employ a graphical programming language, instead the
player needs to program actions using text. Graphical programming languages can eliminate
syntax errors, a major source of frustration while learning to program. In the next section, I

highlight the Direct Manipulation paradigm as a motivator for visual programming.

While these two games targets middle and high school students, Rosie the Fashionista and Build

a House targets both elementary and middle school children.
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2.2.1.10ther Educational Games

Recently, there has been an emerging paradigm of game-based learning and training used in the

military, health care, business, public policy and education.

The military is one of the largest groups that have embraced the use of computer games for
training but other sectors are catching up quickly. Examples include McDonalds where they use
video games in employee training seminars (business), MayoClinic also uses video games like
Name That Congenital Abnormality to train residents (health care). Marcom Group teaches
employees how to handle hazardous waste and similar tasks uses “jeopardy” style games
(Buckley and Anderson, 2006). In education, quite a lot of computer games have been utilized
whether in a classroom context or as an informal learning tool. For example, Life Preserves
(Figure 13) is a computer game that teaches adaptation and evolution and was used in the

classroom settings (Heeter and Winn, 2008).
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Figure 13. Life Preserves screenshot
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Museums, zoos and botanical gardens have also shifted from being merely repositories for
display to more of informal learning environments, where visitors come to learn about things of
interest. Build-a-Tree (Horn et al., 2012) is a tabletop, multi-level puzzle game that also teaches
evolution and was used at the Harvard Museum of Natural History (Figure 14). In analyzing
visitor engagement with this game, Horn et al. argue that visitors brought to the museum their
existing social practices around game play, which contributed substantially to their collaboration
and engagement. In a similar fashion, I was interested in finding whether Rosie the Fashionista
game would cue existing patterns of social engagement around dress-up dolls as a way to create

a more productive learning experience for young girls.

Hammald

L 7

Figure 14. Build-a-Tree screenshot
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Computer games were also used to teach geometry and algebra (Corbett et al., 2001), physics
(Squire et al., 2004), Urban planning (Shaffer, 2006), Journalism (Shaffer, 2006), and
engineering design (Svarovsky and Shaffer, 2006). These games were successful in engaging
students in the subject matter and motivated them to learn more. In particular, Svarovsky and
Shaffer (2006) developed an engineering design game called Digital Zoo, where middle school
girl’s work as engineers by engaging in activities modeled after an undergraduate engineering
design course. They found that the Digital Zoo game helped girls in developing an engineering

identity.

Additionally, Joiner et al. (2011) developed Racing Academy, a racing car simulation/video
game that supports the learning of mechanical engineering concepts to undergraduate students

(Figure 15).

Figure 15. Racing Academy screenshot
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They found that the game helped students (both females and males) learn mechanical
engineering concepts and there were no gender differences in the beneficial effects of the game.
It was particularly interesting in this study to find that female students found the game more
motivating the male students, given that a car racing game theme might be described as male-
oriented. In discussing their findings, they suggest that “females will benefit as equally as males
regardless of the type and design of the digital game”. Additionally, DigiQuilt (Lamberty and
Kolodner, 2004) is an example of a digital learning environment for mathematical principles

such as symmetry and fractions.

Whyville (Figure 16) is a virtual world where players can explore topics in science, economics
and citizenship. Whyville have more than 1.2 million registered users and girls represent over
68% of all players (Kafai, 2010). In analyzing gender play patterns, Kafai et al. (2009) noted that
“social norms of what it means to be a girl were evident in this virtual world, with heavy
emphasis on avatar representation that indicate status and tenure”. Virtual worlds and casual
games were found to be especially popular among women and girls. Several studies found
significant differences between boys and girls in the types of games played and preferred. Girls
played virtual worlds and puzzle-like games more than boys, while boys played action and sports
game more than girls (e.g. Homer et al., 2012; Markus, 2012; joiner et al., 2011; Hartmann &

Klimmt, 2006; Lucas and Sherry, 2004).
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Figure 16. WhyVille screenshot

2.2.1 Educational Programming Languages

A variety of programming environments have been developed by researchers to introduce
computer programming to novices, especially children. Logo is one of the first educational
programming languages and was created by Papert in the 1970s. Logo is a powerful language for
exploring mathematical problem solving. Logo combines a physical (and virtual in later editions)
turtle as a new way to teach geometric concepts to children. Logo has influenced many other
educational programming languages including Boxer, EToys, NetLogo, StarLogo and Scratch, to

name a few.
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Fields of related research examine the creation and evaluation of visual (e.g. Kelleher et al.,
2007; Resnick et al., 2003; Pane et al., 2002) and tangible programming languages (e.g. Chawla

et al., 2013; Sipitakiat et al., 2012; Wyeth, 2008; Horn and Jacob, 2007).

Visual programming is a class of programming languages that offers a different interaction style
than traditional textual programming. Visual programming provides Direct Manipulation
(Schniderman, 1983) interaction style to users, where they can drag and drop visual blocks to
create programs rather than typing purely textual commands. Visual programming emphasizes
recognition over recall to minimize user’s memory load by making objects, actions and options
visible. Visual programming can also reduce syntax errors, a major source of frustration while

learning to program.

Novice and beginner programmers might find visual programming relatively easier to learn.
Previous studies (Stefik, 2013; Denny et al., 2011) have shown that syntax was found to be a
major barrier to students learning to program. In addition, studies (Dann et al., 2012;
Hundhausen et al., 2009) found that visual programming provided a positive transfer to textual
programming. Hundhausen et al. (2009) showed that a visual interface significantly supported
better initial programming outcomes than an equivalent textual interface. By constraining syntax
and providing concrete visual representations, visual programming can work as a way-in
(Hundhausen et al., 2009) to traditional textual programming. Informed by the philosophy and
capabilities of visual programming languages, I decided to employ a visual programming editor

within Rosie the Fashionista and Build a House games.
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One popular example of a visual programming language is Scratch. Scratch is intended to

promote computational ideas through playful experimenting, such as creating interactive

animations and games (Figure 17). Scratch is based on a building-block metaphor, in which

learners build scripts by snapping together graphical blocks much like pieces in a jigsaw puzzle.
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Figure 17. Scratch screenshot

ScratchJr (Louis et al., 2013) is a version of Scratch designed for children between the ages of 5

and 7 to address the lack of powerful technologies for computer programming in early childhood

education. Snap! is an adaptation of Scratch that introduces additional features such as lists and

www.manharaa.com



78
procedures in an effort to create a serious introduction to programming for high school and

college students.

Other visual environments include Alice and Storytelling Alice which support the creation of 3D
animations. Storytelling Alice (Figure 18) is an extension of Alice designed to engage middle
school girls in the creation of interactive narratives with 3D virtual characters. Kelleher et al.
(2007) compared girls’ experiences learning to program using Alice and Storytelling Alice and
found that girls who used Storytelling Alice and girls who used Alice were equally successful at
learning computer programming concepts. However, girls who used Storytelling Alice spent
42% more time programming, were more than 3 times as likely to sneak extra time to work on
their programs and expressed stronger interest in future use of the software than girls who used
Alice. It appears that adding storytelling support to the environment motivated girls to program

more, as it significantly affected the level of engagement with the programming environment.
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Figure 18. Storytelling Alice screenshot

There’s also a class of tangible programming languages that involve construction of computer
programs with physical objects (Figure 19). Examples include Tern (Horn et al., 2007),
Electronic Blocks (Wyeth, 2008), Dr. Wagon (Chawla et al., 2013) and Robo-blocks (Sipitakiat

etal., 2012).
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Figure 19. Tangible programming languages
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2.3 Summary

This chapter critically reviews the literature on the relationship between gender, sex and the
computing culture with emphasis on computer games. A large body of scientific research
supports the hypothesis that cultural and societal factors contribute dramatically to women’s
underrepresentation in computing. These factors include gendered expectations about the
abilities and interests of women and men from parents, teachers, peers and others (Cheryan et al.,
2015; Moss-Racusin et al., 2012; Cohoon and Aspray, 2006; Margolis and Fisher, 2002; Eccles
et al., 1990), the lack of perceived similarity with people in the field (Cheryan et al., 2013;
Margolis and Fisher, 2002), stereotypes that are inconsistent with qualities typically valued in
women, such as femininity and being people-oriented (Cheryan et al., 2015; Jenson and De
Castell, 2010; Schofield, 1995; Cocburn, 1992; Wajcman, 1991), stereotypes about the culture of
computing (Cheryan et al., 2015), and stereotype threat (Patitsas et al., 2014; Koch et al., 2008;

Peckham et al., 2007; Cohoon and Aspray, 2006; Todd et al., 2005).

Many societal barriers to female participation in computing opportunities have been identified
and efforts are underway to combat these barriers. However, cultural stereotypes about
computing still constrain females’ learning opportunities and career aspirations toward
technology and computing (see Figure 20). In particular, the stereotypes about the people, the
work, and the values in the computing culture can be more damaging for women than men as
these stereotypes are perceived as incongruent with the female gender role (Cheryan et al., 2015;
Margolis and Fisher, 2002). The need to broaden and diversify the stereotypes and the image of

computing is necessary so that individuals who might be interested in those fields do not get
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pushed back because they think they do not fit with the current stereotypes. It is important to
note, however, that the current stereotypes sometimes steer individuals (even some women) into
these fields; so instead of altering the current stereotypes all together, it would be more practical

to try to diversify these stereotypes to create a more inclusive culture (Cheryan et al., 2015).
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Chapter 3 Design and Implementation

In this chapter, I describe the design and implementation of the two games that I developed and
evaluated for this study. The first game called Rosie the Fashionista was designed with an
intentional gender orientation (Figure 20). The second game called Build a House was intended
to be gender-neutral (Figure 21). The two games offer identical programming activities, but the
first game is built around the cultural form of dress-up dolls, while the second around building
and decorating houses. Players of the two games manipulate graphical elements, instead of text,

to write computer programs.

Rosie the Fashionista

Rosie is going to a resturant with her friend, Jasmin. Help her decide what to wear.

Start by dragging a block from the
menu onto this white part of the screen

(-
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In general, a house consist of a wall, roof, door, windows and lights. Can you build a house using these

blocks
-+ Building Blocks

+ Coloring
3 Start by dragging a block from the

menu onto this white part of the screen

0

Figure 21. Build a House home screen

I employed Blockly library to build the visual programming editors for the two games. The
computer programming concepts introduced in the games include sequential execution,
conditionals, loops, and functions. Based on Horn (Horn et al., 2007) and Wyeth (Wyeth, 2008)
work on programming curriculum for early elementary school children, we attempted to
introduce children to a series of powerful ideas (Bers, 2008;Papert, 1980) from computer
programming through these two computer games. Following (Horn et al., 2012) we selected
programming activities to build on one another conceptually while remaining developmentally

appropriate for children in our target age range.
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3.1 Rosie the Fashionista Design

Rosie the Fashionista game follows the story of a young girl named Rosie who needs help in
figuring out what to wear on several occasions. Each occasion prompts a programming activity
that the player needs to solve as shown in Figure 20. The programs that the players create specify
the outfit that Rosie will be wearing on that specific occasion. Figure 22 shows a sample of the

programming blocks that players can use in this game.

IF WEATHER IS: (Z[E1ER 7

REPEAT § TIMES

= 5 Sandals

Figure 22. Sample of programming blocks in Rosie the Fashionista game
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Table 1 shows the programming activities for Rosie the Fashionista.

Activity

Sample Program

Activity 1: Sequence of actions

(prompt: Rosie is going to a restaurant with her
friend Jasmin. Help her decide what to wear)

= Children create a program consisting of a
Top, Bottom, Hair, and Shoes blocks of their
choice.

iaxi skirt
Blouse

Pany tail

Bow fiats ( 1

Activity 2: Manual repetition

(prompt: Jasmin is daring Rosie to wear a sequence
of [long jeans then change to a long skirt] 3 times in
a row. Can you help Rosie do this?)

= Children create a program consisting of a
sequence of six alternating long jeans blocks
and long skirt blocks

T-shirt
Long jeans
Maxi skirt
Long jeans
Manxi skirt
Long jeans

Maxi skirt
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Activity 3: Counting Loop

(prompt: Jasmin is daring Rosie to wear a sequence
of [long jeans then change to a long skirt] 6 times in

a row. Can you help Rosie do this using only six
blocks?)

= Children modify the program structure of
activity 2 to include only one (instead of
three) jeans block and only one skirt block
and use REPEAT block. This level limit the
number of draggable blocks in the work
space to only six blocks, which constrains
player’s ability to accomplish the goal
without using the REPEAT block.

Formal top
Pony tail

Sandals

REPEAT (i) TIMES

Long jeans

Maxi skirt

Activity 4: Conditional

(prompt: Rosie wants to go for a walk. You don't
know whether it's hot or cold outside but can you
tell Rosie to wear t-shirt when it's hot, and wear a
jacket when it's cold?)

= Children create a program consisting of a IF-
ELSE block along with a t-shirt block and
jacket block and specify the appropriate top
block based on the condition selected [hot
outside or cold outside]

IF WEATHER IS: 2158 ?
T-shirt

Glitter shoes
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Activity 5: Function

(prompt: Now, instead of choosing a new look for
Rosie in each level, you can create a shortcut to
some look and use it in later levels. Can you give
this look a name? You'll be able to use it later.)

= Children are presented with a function
definition for a pre defined wedding outfit
and are asked to name it in order to use it in
the next level.

Activity 6: Function and Conditional

(prompt: Rosie will go out soon. You don't know
whether she is going to a wedding or a gym but can
you tell Rosie to get the look
“prev_level func name” when she's going to a
wedding and wear gym clothes when going to a

gym?)

= Children create a program consisting of IF-
ELSE block along with gym appropriate
clothes blocks and a “CALL?” for the function
definition created in the previous activity.

Look shortcut:
Wawy slyle
Wedding dress

Glitter shoes

L.ook shortcut:

|=e'sl|eRfed WEDDING

shortcut to: Wedding

ELSE
Pony tail
Gym top
Gym bottom

Sneakers

?
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Activity 7: Open-ended prompt

(prompt: Play with the blocks as you like!)

= Children are invited to play with all available
blocks to construct the outfit they desire.

Table 1. Programming activities for Rosie the Fashionista game
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3.2 Build a House Design

The Build a House game is structurally equivalent to the Rosie game, which allows players to
build and decorate a house with different colors. Just as Rosie game, each level prompts a
programming activity that the player needs to solve in order to build a house. Figure 23 shows a

sample of the programming blocks that players can use in this game.

ElE EE |

REPEAT &) TIMES

shortcut to:  Chicago house

IF BUILDING IN: EEFENTES ?

IF TIME IS: [iEEEES ?

Figure 23. Sample of programming blocks for Build a House game
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Table 2 shows the programming activities for Build a House game.

Activity

Sample Program

Activity 1: Sequence of actions

(prompt: In general, a house consists of a wall,
roof, door, windows and lights. Can you build a
house using these blocks)

= Children create a program consisting of a
wall, roof, door, windows and lights blocks
of their coloring choice.

Roof
Door
Windows

lights on

Activity 2: Manual repetition

(prompt: Can you build a house with different
colors and turn the lights on and then off 3 times
in a row?)

= Children create a program consisting of a
sequence of six alternating ‘lights-on’ blocks
and ‘lights-off” blocks.

Wall

Roof

Door
Windows
lights on
lights off

lights on

lights off

lights on

lights off

Activity 3: Counting Loop

(prompt: A flashing house will keep turning the
lights on and off over and over again. Can you
build a flashing house that will keep turning the
lights on and off 6 times in a row using only seven
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blocks?)

= Children modify the program structure of
activity 2 to include only one (instead of
three) ‘lights-on’ block and only one ‘lights-
off’block and use REPEAT block. This level
limits the number of draggable blocks in the
space to only use seven blocks, which
constrain player’s ability to accomplish the
goal without using the REPEAT block.

REPEAT [ TIMES
lights on

lights off

Activity 4: Conditional

(prompt: You don't know whether it is daytime or
nighttime, but can you program a house so that
when it is daytime, the lights are switched off and
when it is night time, it will be switched on?)

= Children create a program consisting of a
IF-ELSE block along with a ‘lights-on’
block and ‘lights-off’ block and specify the
appropriate light block based on the
condition selected [morning or night]

Wall
Roof
Door
Windows
IFTIMEIS: [eiilEns ?
l .Iights off
ELSE

lights on

Activity 5: Function

(prompt: Now, instead of building a new house
each level, you can create a shortcut to a house
and use it in later levels. Change the colors of this
house and give it a name and you'll be able to use
it later)

= Children are presented with a function

House name:

Wall

Roof

Door

Windows
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definition for a pre defined house and are
asked to name it in order to use it in the
next level.

Activity 6: Function and Conditional

(prompt: you don't know whether the next house
will be built in Chicago or Boston, but can you
build the house "..." when the city is Chicago, and
build a different house when the city is Boston?)

= Children create a program consisting of IF-
ELSE block along with house appropriate
blocks and a “CALL?” for the function
definition created in the previous activity.

House name:

Wall

Roof
Door

Windows

IF BUILDING IN: ([SilEREED ?

shortcut to:

ELSE

Wall

Roof

Doar

Windows
—

dream house

Activity 7: Open-ended prompt
(prompt: Play with the blocks as you like!)

= Children are invited to play with all
available blocks to construct the house they
desire.

Table 2. Programming activities for Build a House game
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3.3 Implementation

In implementing the two games, I was interested in providing platform independent and
installation-free games; thus, I decided to build web-app based games using HTMLY5, Javascript,
jQuery, and Dart programming languages. I also employed Blockly library to build the visual
programming editor for the games to allow players to manipulate graphical blocks instead of text
to create programs. Dart code was later compiled to Javascript to allow the game to be run on
standard web browsers (e.g. Chrome, FireFox). The game is 100% client-side, and there is no
need for additional software installations or plug-ins other than a web browser. Rosie the
Fashionista and Build a House share about 75% of the codebase, while the remaining 25% is

tailored for each game individually.

3.3.1 Blockly Library

Blockly is relatively a new library created by Google to allow developers to build customized
visual programming editors for their applications. Blockly was a good fit to my design because
it is open source and allows extending to custom blocks, so I decided to utilize it to build my

visual programming editors.
3.3.1.1 Blockly core code modifications

I made some changes to the core Blockly code to adapt it to my needs in the game. Below are the

main modifications that I applied to Blockly core code:
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1- Trash can behavior:

pilot testing revealed usability issues in placing blocks inside the trash can. Blockly
behavior was set to dispose a block only when the cursor intersects with the trashcan.
Users expected the block to be disposed whenever one of its edges touched the trashcan.
The hand doesn’t have to be in the same radius as the trashcan to dispose something, it’s
sufficient for the disposable item to be in that radius. So instead, I computed the block X
and Y coordinates along with its height and width to determine if they intersect with the
trashcan coordinates at any given time. Figure 24 (left) shows Blockly standard behavior,
in which the trashcan lid won’t open until the cursor itself intersects with the trashcan,
regardless of the block location. Figure 24 (right) shows the modified behavior of the

trashcan, where the lid will open once the block intersects.

move forward
aly = aTp
o 4 i

Figure 24. Blockly standard behavior and modified behavior for the trashcan

2- Scrollbars issues:
Blockly forces the workspace to have scrollbars whenever the toolbox has categories.
This created a troubled experience for children as they would place blocks somewhere
and move the scrollbars and then forget about them. I decided to remove the scrollbars
and make all blocks visible at all times by bumping back any block that was dragged

beyond the visible workspace.
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Blockly uses a Hue-Saturation-Value (HSV) color model. Saturation and Value are
hardcoded into Blockly, while the Hue can be defined in each block. Hard coding the
Hue and Saturation to specific values severely limits the range of allowable colors for
blocks in the workspace, so I decided to write additional code to allow each block to
construct its own unique Hue, Saturation and Value color model, independently from

other blocks.

In Blockly, the blocks for the main code must be all connected to form a valid program;
however, the function block should not connect to the main code (only a call block can
connect to the main code). Thus, the function block can be placed on any random place
on the workspace. However, pilot testing revealed that this process was not intuitive and
that players felt the need to attach the ‘function block’ to the main code somehow rather
than leaving it on the side even though it doesn’t have an upper and lower notch. So I
added a colored virtual space in the workspace for functions to distinguish them from the
main code. I also restricted the movement of these ‘function blocks’ so that they can only
be dragged inside the blue virtual space. I also allowed previously defined functions to
appear automatically in the following levels. Figure 25 shows the virtual space to place

the ‘function blocks’ inside.

www.manaraa.com



97

+ Repeat

+ Add a Definition
+ Controls

+ Lights

+ Building Blocks

+ Coloring

IF BUILDING IN: ?
shortcut to:  dream house

ELSE

shortcut to:  colorful house

| SHOUS!

Definitions

House name:

Wall

Roof

Door

Windows

=

House name:

Wall

Roof

Door

Windows

_

Figure 25. Virtual blue space to place function blocks

5- When users add a function block to the workspace, Blockly creates a “call” block to this

function inside the toolbox, without any effect in the game to indicate that a new block

was added, and users must browse the toolbox again to find the call block. So I decided

to ‘listen’ for changes in the workspace, and whenever a change was determined as

adding a new function, I initiate a “call” to this user defined function directly in the
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workspace. Figure 26 (left) shows Blockly standard behavior, where users must go back
and browse the toolbox to find the call. Figure 26 (right) shows my modified behavior,

where a call is immediately instantiated and added to the workspace after the user creates

a function.
Turtle :
Coor Ml S0sonetig + it
Logic
Loops + Coloring
L k] dosomeing House name: [
Lists shortcutto: colorful house:
Variables Wal Red

R il

Door Purple

Windows “

Figure 26. Blockly standard behavior and modified behavior for functions

6- Blockly allows users to define a function without an actual name (equivalent to an
anonymous function in a language like JavaScript); this makes it counterintuitive to the
goal of this feature, so I changed it so that a default name “Name” would appear as the
function name whenever the user leaves it empty. In addition, to prevent duplicate

function names, [ added a variable counter to append a number to the function name if it

already exists.
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In order to build the visual programming editors for my two games, I needed to create new

custom blocks that players will play around with. So I created new “language” blocks and code

generators for these blocks. A language block code defines the properties for this block (e.g.

color, title, whether it has a top/bottom/left or right connection, constrains on block connections,

etc.) An example language block is shown in Figure 27.

L

Blockly.Language.roof

helpurl: '7,
init: function()
this.setColour (200, .93, .58):
.appendvValueInput ("color"

this
i i .setCheck([String, "var"l)
i .appendTitle (" Roof
this.

this.

¥
setPreviousStatement (true);
setNextStatement (true);

var thisBlock = this;
this.setTooltip( function() {

i wvar color = Blockly.JavaScript.valueToCode (thisBlock, 'color',

! if (color == '0")

| return 'roof-red';

i else {

i | color = color.replace(/"/g, "").replace(/\(/g, "").replace(/\
© | return ‘roof-'+ color;

by:

Blockly.JavaScript.ORDER NONE)

Willel
Or

nmy .
;

Figure 27. An example of Language block

In the above code snippet, I have defined properties for the “Roof” block. For example, I

assigned the color Teal to this block, indicated that it can have an upper and lower connections

along with a side connection. I have also restricted the allowable

blocks that can connect to the

right-side to only color blocks (so that the user can change the color of the roof image to any of
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the given color blocks). The upper and lower connections can connect to any other block. In
addition, I allowed the user to preview the output of this block on mouse hover using the
setTooltip function. This function checks, in real time, whether the current block is connected to
a color block or not. If the block is not connected, the roof that will be previewed will have a red
color, otherwise, the roof will have the color of the connected color block. Figure 28 shows the

behavior of this function.

Preview Preview

Figure 28. Previewing by hovering over blocks

A code generator for each language block must specify the code returned by this block. I wrote
the code generators for my games to return JSON data that are interpreted later. A sample

generator for the previous language block is shown in Figure 29.
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15 Blockly.JavaScript.roof = function() {

2 var color = Blockly.JavaScript.valueToCode (this, 'color', Blockly.JavaScript.ORDER NONE) || '0';
3 if (color = '0")

4 : return '[ "roof-", "red", ' + this.id + ']';

5 else

6 § return '[ "roof-",' + color + ', ' + this.id + " 1';

(et

Figure 29. Code generator for the roof block in Build a House game

Each block is assigned a unique ID once it is dragged to the workspace; I embedded this ID in
the code generator to allow me to identify which block is being executed at any given moment.
In addition, I used block’s ID to allow visual tracing while the program is running by
highlighting that block and placing a yellow arrow next to it. Table 3 shows how tracing is

preformed during the program execution to indicate the current block being executed.

REPEAT & TIMES
REFEAT 3 TIMES
lights on
lights on

lights off
lights off
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Windows

REPEAT 3 TIMES

lights on

lights off

REPEAT ) TIMES
lights on

Iights off

Wall
Roof
Door
Windows
REPEAT E& TIMES
lights on

lights off

ROUND 1 out of 5

REFPEAT & TIMES

lights off
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Wall

Roof

Door
Windows

REPEAT 3 TIMES " REPEAT @ TIMES ROUND 2 out of 5

lights on lights on

lights off

Table 3. Sample program execution tracing

Whenever the player press the “show” button, custom code generators for each block in the
workspace return the appropriate JSON code, which is then combined into a larger, single JSON
code that represent the whole program. Then, JSON code will be internally checked to see if
blocks are all connected. If blocks aren’t connected, or there were no blocks in the workspace,
appropriate feedback is displayed to the user. Figure 30 shows two message feedback for the
user, (top) the user press “show” button, without dragging blocks to the workspace, (bottom) the

user press “show” button while one block (or more) is not connected.
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+ Tops.

\ Start by dragging a block from the

menu onto this white part of the screen

+ Tops,

+ Hair

+ Shoes

T-shiri

Lang peans

Make sure all of your blocks are
connected, if you don't need a
block, just drag it to the trash

| SHOUSY

U

Figure 30. Feedback messages to players
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If the user drags blocks into the workspace and connects them all together, pressing the “show”
button will send the generated JSON code for processing and execution. An example of visual

code and generated JSON code snippet is shown in Figure 31.

Long jeans
Redhead The page at 127.0.0.1:3030 says:

IF WEATHER I5: ?

[ "bottoml-", "blue”, 1, "any", "casual” |

[ "hair3-", "blue”, 3, "any", "casual” J["if",
["weather”, "cold”, 51, [ [ "top4-", "grey”, 8,
"cold”, "casual” [ "shoes3-", "grey”, 16, "any",
“casual” 11,1 [ "topl-", "purple”, 11, "hot”,
"casual” ][ "shoesl-", "purple”, 21, "any",

“casual” [11

Figure 31. Visual code and its JSON generated code

The conditions built in the games are randomized for each run. For example, the weather (in
Rosie the Fashionista game) on a random run could be either cold or hot depending on the result
of the randomization function. Similarly, the time (in Build a House game) could be either

morning or night depending on the result of the randomization function.

After processing the JSON code, a list of commands is generated. A command usually ‘shows’
an image or displays a message on the screen. An image can be, for example, a ‘sandal’ image or
a background image (e.g. winter background), while a message can be a hint shown while tracing
the program, for example, round X out of Y in a loop. Images are shown and hidden during the

program using a javascript code to control the CSS ‘element visibility’ and ‘z-index’ properties.
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3.3.2 System Diagram

Display
1_}3
- o
=
Ik
X Z?
o f ' Valid ™\
Show Button . Code Generators F Input Post message to
Pressed i returnworkspace |l ~ ey Dart
v code data /L Validation /,
o e _ _ !
\/
Decode
- \," =
Goto - -~
' Valid ‘ Populate .

. Sc:lutior] A commands output g V
\ Display user |~ < \, Interpret

Program

program output

Display ’ /q‘ ) Validate user

| . : Invalid program solution
L( i, Solution

Figure 32. System diagram
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Chapter 4 Study Methodology

In this chapter, I provide a description of the study methodology, data collection and data

analysis.

4.1 Methodology

My study was conducted in two phases. The first phase was carried out in the Middle East, Saudi
Arabia and the second phase in North America, United States. In each phase I used a quasi-
experimental design in which I randomly divided participants into two groups. One group played
Build a House and the other group played Rosie the Fashionista. Participants took part in a total
of four sessions over a two-week period (each session lasted approximately 40 minutes). In the
first session, participants completed a pre-assessment and a pre-survey about computer
programming. The second and third sessions were devoted to playing the game. In the fourth
(and last) session, participants completed a post-assessment and a post-survey. Figure 33 shows a

diagram of my study design.
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Random Session 1 Session 2 Session 3 Session 4
Sampling
Play Play
Group A
>, Rosie the E:::> Rosie the
. Q‘\: F Fashionista Fashionista Q
Assessment Assessment
and Survey and Survey
é: § Q ;_,, Play Play éﬁ
Group B Build a IZ:> Build a
House House

Figure 33. Study flowchart

The survey included fifteen statements about participants’ game play preferences, attitudes
toward computer programming, and their assigned version of the game. I adopted most questions
from the computer science attitude survey (Weibe et al., 2003) with a focus on simplifying the
questions for my target age rage. The assessment included fourteen questions divided into code
generation and code prediction sections. The surveys and assessments used in this study are
included in the appendix. The purpose of the assessments and surveys was to detect possible
shifts in learning and attitudes after playing the game. The pre and post assessment/surveys were
identical except that the post survey had three additional scales for game play preferences, game

perception and enjoyment ratings (see Table 4).
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game more than boys

Scale Example Question gf;ﬁ:ac}l
Confidence I am pot the type to do

5 Likert it well in computer 0.67
(2 Likert items) programming
Programming
Enjoyability Programming can be fun 0.77
(2 Likert items)
Future interest I am interested in learning 0.81
(2 Likert items) more about programming ’
Relevance Programming is of no 0.83
(2 Likert items) relevance to my life :
Game Gender Games designed for girls
preference are my favorite 0.61
(3 Likert items) y

Game enjoyment I had fun while playing 0.62
(2 Likert items) this game :
Game perception I think girls will enjoy this 083

4.1.1 Measures formulation

4.1.1.1 Assessment Formulation

Table 4. Survey scales and example questions

109

In formulating the assessment questions, we were interested in measuring the ‘transfer of

learning’ from the specific game context to a similar, yet different context. In particular, we were
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interested in exploring whether students can ‘transfer out’ what they learned from the games to
common target transfer problems. Instead of creating test questions based on the same context as
the games, we developed a short written assessment with the same block methodology for
programs, but in a context of drawing different shapes and colors. The assessment context is

independent of the two games and was tested on players of both games.

The assessment includes fourteen questions divided into code generation and code prediction
questions. The format of the code generation section was multiple choice questions where
participants choose the correct code snippet that produces the shown output (there could be more
than one correct answer). Figure 34 shows an example of code generation question used in this

study. In this question, both A and B are correct answers.
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1.4 Which of the following programs draws the output on the right?
A
B REPEAT [} TIMES
Heart | : Orange
L 1t
REPEAT EJ TIMES
Heart PSOrange
c |
Heart [ Orange
:ieart |, Orange

Figure 34. Code generation question example from the assessment

The format of the code prediction questions was to show a sample code snippet, and participants

write (draw) the corresponding output to such code. Figure 35 shows an example of code

prediction question used in the study.
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2.6 What will this program draw?

REPEAT @ TIMES
Red

~REPEAT ) TIMES

Heart Purple
L=

Figure 35. Code prediction question example from the assessment

A copy of the full assessment can be found in the appendix. The questions were formulated to
cover the same fundamental concepts introduced in the games: sequential execution, loops,
conditionals and functions. Some questions tested the comprehension of one concept at a time,

while other questions combined two or three concepts together.
4.1.1.2 Survey Formulation

In formulating the survey items, we were interested in the general attitudes and perceptions of
computer programming. We adopted most questions from the computer science attitude survey
(Weibe et al., 2003) with a focus on simplifying the questions for our target age rage. The survey
consisted of five-point Likert- scale items (from strongly disagree to strongly agree). We created
six subscales for the pre-survey that included: confidence, programming enjoyability, future
interest, relevance, self-image and difficulty. However, we eliminating the last two subscales
(self-image and difficulty) as their concept validity (Cronbach’s Alpha) measures were below the

acceptable levels. In the post survey, we had three additional scales for game play preferences,
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game perception, and enjoyment ratings. Enjoyment ratings were included to see if players of
Build a House would enjoy the game just as much as players of Rosie the Fashionista (or vice
versa), it was also important for us to include this measure to determine if any observed
differences in the attitudes after playing the game could be attributed to how much players
actually enjoyed their assigned version of the game. The questions for each subscale is listed

below (Table 5), a copy of the pre/post survey can be found in the appendix.

Subscale Questions

1) Confidence * [ am not the type to do well in computer

programming

* I could get good grades in a programming class

2) Programming enjoyability e programming is boring

* programming can be fun

3) Future interest * I am interested in learning more about

programming

* I would love to take a programming class in school

4) Relevance e programming is of no relevance to my life

* Ican’t think of any way that I will use

programming in the future
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5) Game enjoyment * I had fun while playing this game

* I would love to play this game again in my free

time

6) Game gender preference * Games designed for girls are my favorite
* Games designed for boys are my favorite

* I think girls and boys like different kinds of games

7) Game perception * I think girls will enjoy this game more than boys

* [ think this game is designed for girls

Table 5. Questions for each survey scale

4.1.2 Study Phases

As I mentioned earlier, my research was conducted in two phases. The first phase was conducted

in the Middle East, Saudi Arabia and the second phase in North America, United States

4.1.2.1 Phase One

In phase one, I could only have access to a girls’ school (boys and girls are strictly segregated in
schools), and I was allowed to conduct the study in a school during computer lab time. Sessions
were conducted for each grade separately. Some sessions had one game condition only, while

some sessions had both conditions playing in the same room, but they were on separate sides of
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the room with conditions facing opposite sides of each other and they were instructed not to talk

to the other group, but they could talk to participants from the same condition.

4.1.2.1.1 Phase one participants

In phase one, fifty-four girls, aged 8-11 participated in the study (N= 54, M4ge= 9.5, SD 4g=1.2).
Twenty-nine girls were randomly assigned to Build a House (N=29, M4ge = 9.3, SD4ee = 1.1) and
twenty-five girls were randomly assigned to Rosie the Fashionista (N=25, M4g. = 9.6,

4.1.2.2 Phase Two

Phase two was conducted in the United States, in a Chicago public school summer camp. The
camp was a general activity summer camp and included science, sports, dance, and outdoor

activities. The camp was run by Youth Guidance (www.youth-guidance.org). We contacted

Youth Guidance and got their approval to include our study as part of the activities in the camp.

4.1.2.2.1 Phase two participants

In phase two, sixteen children, aged 6-11 participated in the study (N=16, Myge= 8.2, SD4g~1.7).
Seven children were randomly assigned to Build a House (N=7, M4ge = 8, SD44.~1.8) three of
them were girls and four were boys. Nine children were randomly assigned to Rosie the

Fashionista (N=9, Myee = 8.3, SD4ge =1.7) three of them were girls and six were boys.

www.manaraa.com



116

4.2 Data Collection

Data was collected in the form of pre-post surveys and pre-post assessments to measure the
impact of the computer games in changing attitudes and perceptions about computer
programming and also assess learning outcomes. I also used field notes and observations during
game playing sessions to investigate social activity around the two games. Due to privacy
concerns among parents of participants in the first phase, we only video recorded game playing
sessions in the second phase. In addition, I conducted audio and video interviews with randomly

chosen participants from both phases after completing the study.

4.3 Data Analysis

4.3.1 Assessment Analysis

Assessments were analyzed quantitatively by computing the mean pre-score and mean post-score
for players by game condition. Then, I conducted a paired #-test on the mean scores for each
game condition individually to see if players had any gains in their programming comprehension
as a result of playing any of the games. Then I conducted ANCOVA test on the post scores using
game condition as the independent variable while controlling for the pre-scores and sex of the
participant as covariates to see if there are any differences in the learning gains between the two

game conditions.
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4.3.2 Survey Analysis

As 1 did in the assessment analysis, to evaluate the impact of the two games on the attitudes and
perceptions toward computer programming, I compared the pre and post scores on the first four
scales in Table 1 using a paired #-test for each game condition individually. Then, I conducted an
ANCOVA test on the post scores while controlling for the pre scores and sex as covariants to see

if there were any differences in the attitudes between the two game conditions.

4.3.3 Game Play Sessions

In the first phase, we used field notes and observations to record patterns of social activity
among players of the two games. Due to privacy concerns among parents of participants in this
phase, we did not video record game playing sessions. However, we video recorded the game

playing sessions in the second phase.

4.3.4 Post Interviews

After completing the study, we conducted audio interviews with randomly chosen participants
from the first phase. In addition, we conducted video interviews with randomly chosen
participants from the second phase. The purpose of these interviews was to gain more insight
into how children perceived the games in relation to their gender identity. We also offered some

children the opportunity to play the game that was not assigned to them during the study.
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Chapter 5 Results

In this chapter, I present findings and results from the study reported in this dissertation. After
presenting results from phase 1 and phase 2, I will discuss these findings in the next chapter. As |
explained in the study methodology chapter (chapter 4), for each phase, I first compared the pre
and post data for each game condition individually to assess the impact of the individual game
condition on players’ learning gains and attitudes. Then I compared the post data for all players
using game condition as the independent variable while controlling for the pre data to check for

differences in outcomes between players of the two games.

5.1 Phase One Results

Recall that phase one was conducted with N=54 girls (ages 8-11) in an all-girls school in Saudi
Arabia. To determine the overall game gender preference for this sample, I used the game
gender preference scale from the post survey. 48 out of 54 (88%) reported preference for girls’
games, 3 reported preference for boys’ games, and 3 reported no specific preference
(x*(2)=75.67, p<.000). Of those who preferred girls’ games, 26 (90%) were Build a House
players (¥*(2) =39.11, p<.000) and 22 (88%) were Rosie the Fashionista players (¥*(2)=29.40,
p<.000). There are statistically significant differences in the preference of the type of games

participants like to play, with more participants preferring girls’ games.
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Figure 36. Significant preference for girl-oriented games among participants in phase one

5.1.1 Assessment Scores

I collected pre- and post- assessments from all participants in phase 1. These assessments were
collected on the first and the fourth sessions of the study. Comparing results, I found a significant
improvement in both game conditions on players’ assessment scores (see Figure 37 and Table 6)

However, learning gains did not differ between the two conditions (p=0.52).
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Figure 37.
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Post-assessment scores were significantly higher than pre-assessment scores for both game conditions (phase one)

Mean Std. Deviation Std. Error Sig.(2-tailed)
Means
Pair 1 | Pre-House 6.552 2.6671 4953 #28)=9.7,
p=0.000
Post-House 11.90 2.177 404
Pair 2 | Pre-Rosie 6.7200 3.31059 66212 1(24)=1.0,
p=0.000
Post-Rosie 11.5200 2.58392 51678

Table 6. Significance test values for assessment scores (phase one)
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A comparison between the pre-score and the post-score for each concept is included in the

following table (Table 7)

Concept Pre-score Post-score
Sequential execution 4.3 4.9
Loops 1.1 2.9
Conditionals 0.5 2.4
Functions 0.7 1.8

Table 7 Breakdown of assessment scores by concept (phase one)

5.1.2 Survey Results

5.1.2.1 Game Enjoyment

In the post-survey, I asked players to rate their enjoyment of the game, and I found that players

of Build a House and players of Rosie the Fashionista did not differ significantly in their ratings

of enjoyability (F(1,53)=0.1, p=0.477). A t-test showed that the mean enjoyment score for both

game conditions was significantly different from neutral, that is from 6, the mid-point of the

scale (p<0.0000).
N Mean Std. Std. Error Sig. (2-tailed) t-test for
Game Deviation Mean From neutral Equality of
(r=6) Means
House 29 9.03 1.052 195 #28)=15.54,
p<.000 F(1,53)=0.1,
#(24)=15.40, p=0477
Rosie 25 9.24 1.052 210 p<.000

Table 8. Mean enjoyment scores for both game conditions (phase one)
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Figure 38.Rosie players' ratings of enjoy-ability was slightly higher than House players (phase one)

5.1.2.2 Game Gender Perception

In order to validate our assumptions about the gender orientation of the two games, we used the
game perception scale that was administered as part of the post-questionnaire. 23 out of 29
(79%) players of Build a House did not think the game had a girl-specific bent (¥*(1)=9.97,
p=.002). While 23 out of 25 (96%) players of Rosie the Fashionista thought the game had a girl-
specific bent (x*(1)=17.64, p<.0001). The two groups also differed significantly from one
another in how they viewed the games in terms of their gender orientation (y*(1)=27.46, p<.000).
In doing so, we confirmed that players indeed perceived the two games differently: one as more

gender specific and the other as gender neutral.
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Figure 39. Players of Rosie perceived the game differently than did House players

5.1.2.3 Attitude Scores

5.1.2.3.1 Build a House Players Scores

Players of Build a House did not demonstrate a significant improvement in either the future
interest scale (p=0.17) or the relevance scale (p=0.097). However, players of Build a House did
show a significant improvement in both the confidence scale (p<0.000) and the enjoyability

scale (p=0.003). Figure 40 and Table 9 show the mean attitude scores and descriptive statistics

for Build a House players.
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12
10
8
6 M pre score
T post score
4
2
0
Future Interest Confidence Enjoyability Relevance
p=(0.17) p=(0.000) p=(0.003) p=(0.097)
Figure 40. Survey pre-post scores for House players (phase one)
Mean Std. Std. Error Sig (2-tailed)
Deviation Mean
Pair preFutureH 8.28 1.601 297 1(28) = 1.41, p=0.17
1
8.76 1.550 288
postFutureH
Pair 8.14 1.457 271 #(28) = 3.30, p=0.003
2 preEnjoyH
9.24 1.405 261
postEnjoyH
Pair 7.24 1.596 296 #(28) = 4.76, p=0.000
3 preConfH
8.93 1.486 276
postConfH
Pair 6.59 2.212 411 #(28) = 1.72, p=0.097
4 preRelevH
7.48 2.681 498
postRelevH

Table 9. Mean attitude scores and significance values for House players (phase one)
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5.1.2.3.2 Rosie the Fashionista Players Scores

Players of Rosie the Fashionista demonstrated a significant improvement in all attitude scales.
They demonstrated a significant improvement in the future interest scale (p=0.001), confidence
scale (p=0.002), enjoyability scale (p=0.002) and the relevance scale (p=0.048). Figure 41 and

Table 10 show the mean attitude scores and descriptive for Rosie the Fashionista players.

12

M pre score

T post score

Future Interest Confidence Enjoyability Relevance

Figure 41. Survey pre-post scores for Rosie players (phase one)
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Mean Std. Std. Error Sig(2-tailed)
Deviation Mean
Pair 1 FutureR 7.9200 1.65630 33126 #(24) =3.94, p=0.001
9.3600 70000 .14000
postFutureR
Pair 2 7.7600 2.04695 40939 #(24) =3.55, p=0.002
EnjoyR
9.2800 1.24231 24846
postEnjoyR
Pair 3 6.8400 2.09523 41905 #24)=3.51, p=0.002
ConfR
8.6000 1.47196 .29439
postConfR
Pair 4 7.4800 1.96044 .39209 #24) =2.09, p=0.048
RelevR
8.4800 1.96044 .39209
postRelevR

Table 10. Mean attitude scores and significance values for Rosie players (phase one)

5.1.2.3.3 House Players Versus Rosie Players

Players of Build a House and of Rosie the Fashionista did not differ significantly from one

another in the confidence scale (p=0.750) and the programming enjoyability scale (p=0.482).

However, the difference between the two conditions in the future interest scale approached

significance (p=0.056). Additionally, although players of Rosie the Fashionista showed a

significant improvement in perception of programming’s relevance to their lives (p=0.048),

www.manharaa.com



127
while players of Build a House did not have a significant improvement in this scale (p=0.097),
the difference between the two conditions was not significant after controlling for their pre-
scores (p=0.291). Figure 42 and Table 11 show the difference in scores between the two

conditions.

12

10

B Rosie Players

B House Players

Future Interest Confidence Enjoyability Relevance
(p=0.056) (p=0.48) (p=0.78) (p=0.29)

Figure 42. Difference between post-scores in the future interest scale approached significance
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Build a House Rosie the Fashionista Between groups
Scale (paired test) (paired test) (ANCOVA)
Future interest p=.170 p=.001 p=.056
#(28)=1.41 1(24)=3.94 F(1,51)=3.82
Confidence p=.000 p=.002 p=482
1(28)=4.76 1(24)=3.51 F(1,51)=0.502
Programming p=.003 p=.002 p=.784
Enjoy-ability 1(28) =3.30 1(24)=3.55 F(1,51)=0.08
Relevance p=.097 p=.048 p=.291
t(28)=1.72 1(24)=2.09 F(1,51)=1.14

Table 11. Significance test values after comparing the two game conditions (phase one)
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5.2 Phase Two Results

Just as I did on phasel, I used the game gender preference scale on this sample and I did not
find evidence that the sample had any preference in games. We found that 4 players out of 16
(25%) reported preference for girls’ games, 8 reported preference for boys’ games, and 4
reported no specific preference (x*(2)=2, p=0.37). Of those who reported girls preference, 2
players (29%) played Build a House game (3*(2) =1.84, p=.40), and 2 (22%) played Rosie the

Fashionista (x*(2)=0.67, p=.72).

60

M Girl oriented

B Boy oriented

© Neutral

All Players Rosie Players House Players

Figure 43. No significant differences in game play preferences between game conditions (phase two)
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5.2.1 Assessment Scores

As with phase 1, players of Build a House and of Rosie the Fashionista demonstrated a
significant improvement in computer programming comprehension (Table 12). However, there
were no significant between-group differences (F(1,13) = 1.27, p=.28). See Figure 44 and Table

12 for more details.

16

14

12

10

B pre Assessment

B post Assessment

Rosie Players House Players

Figure 44. Post-assessment scores were significantly higher than pre-assessment scores for both game conditions (phase
two)
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Mean Std. Std. Error Sig. (2-tailed)
Deviation Mean
Pair 1 preH 7.857 1.9518 1377 H6)=4.341,
p=10.005
12.286 3.0394 1.1488
postH
Pair 2 6.2222 2.38630 .79543 #8) =5.409,
preR p=0.001
9.4444 2.87711 .95904
postR

Table 12. Significance test values for assessment scores (phase two)

A comparison between the pre-score and the post-score for each concept is included in the

following table (Table 13)

Concept Pre-score Post-score
Sequential execution 4.4 4.7
Loops 1.2 2.4
Conditionals 0.5 2.1
Functions 0.8 1.5

Table 13 Breakdown of assessment scores by concept (phase two)
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5.2.2 Survey Result

5.2.2.1 Game Enjoyment

Players of Build a House and players of Rosie the Fashionista did not differ significantly from
each other in how enjoyable they perceived the games (F(1,14)=, p=0.749). A t-test showed that
the mean enjoyment score for both game conditions was significantly different from neutral, that

is from 6, the mid-point of the scale (p<0.0000).

89

8.85

8.8

8.75
B Rosie Players

8.7 B House Players

8.65 1

8.55 -
Enjoyment Score

Figure 45. House players' ratings of enjoy-ability was slightly higher than Rosie players (phase two)
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Game Mean Std. Std. Error Sig. (2-tailed) Sig. (2-tailed)
Deviation Mean from Neutral Equality of Means
(=6)
House 8.86 .900 .340 H7) =84, F(1,14) =, p=0.749
p<.000
Rosie 8.67 1.323 441 #7) =6.05,
p<.000

Table 14. Mean enjoyment scores for both game conditions (phase two)

5.2.2.2 Game Gender Perception

The same as we did on phase 1, we wanted to check if children saw a difference between the two

games in terms of their gender orientation. None of Build a House players thought that Build a

House would appeal to girls more than boys (¥*(1)=7.00, p=0.008). Seven players of Rosie the

Fashionista (78%) thought the game had a girl-specific bent (¥*(1)=2.78, p=.096). Fisher’s Exact

Test revealed that the two groups differed significantly in how they viewed the games in terms of

their gender orientation (p=.003).
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100 -

B Not girl oriented

60 -

H Girl oriented
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Rosie Players House Players

Figure 46. Rosie players perceived the game differently than did House players (phase two)

5.2.2.3 Attitude Scores

5.2.2.3.1 Build a House Players Scores

Players of Build a House did not demonstrate a significant improvement in all scales (future
interest scale (p=0.095), relevance scale (p=0.089), confidence scale (p=0.251) and the
enjoyability scale (p=0.569)). It is probably not surprising as the number of participants is low,
making statistical significance unlikely. But as we can see from Figure 47 and Table 15 the mean

attitude scores were consistently increasing in the post survey.
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Figure 47. Survey pre-post scores for House players (phase two)
Mean N Std. Std. Error Sig. (2-tailed)
Deviation Mean
Pair 1 | preFutureH 7.000 | 7 2.5166 9512 1(6) =198,
p=0.095
8.71 7 756 286
postFutureH
Pair 2 8.714 7 7559 2857 1(6) = .60,
preEnjoyH p=0.569
9.00 7 .816 .309
postEnjoyH
Pair 3 7.286 7 1.6036 .6061 1(6) =1.27,
preConfH p=0.251
8.29 7 1.254 474
postConfH
Pair 4 6.143 7 2.9681 1.1218 1(6) =2.03,
preRelevH p=0.089
8.29 7 488 .184
postRelevH

Table 15. Mean attitude scores and significance values for House players (phase two)
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5.2.2.3.2 Rosie the Fashionista Players Scores

Players of Rosie the Fashionista demonstrated a significant improvement in the confidence scale
(p=0.021). The players did not demonstrate a significant improvement in the remaining scales
(future interest (p=0.347), enjoyability (p=1.0) and the relevance (p=0.395)). It is probably
interesting in this condition to see the mean score for the relevance scale was decreased after
playing Rosie the Fashionista, while the mean scores for the other scales were increased.
However, it is also likely that this is just normal noise in survey data. Figure 48 and Table 16

show the mean attitude scores and descriptive for Rosie the Fashionista players.

M pre Rosie

T post Rosie

Future Interest Confidence Enjoyability Relevance

Figure 48. Survey pre-post scores for Rosie players (phase two)
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Mean Std. Std. Error Sig. (2-tailed)
Deviation Mean
Pair 1 preFutureR 7.0000 3.12250 1.04083 #8) =1.0,
p=10.347
7.7778 2.38630 .79543
postFutureR
Pair 2 8.2222 2.04803 .68268 #(8) =0.0,
preEnjoyR p=10
8.7778 2.22361 74120
postEnjoyR
Pair 3 5.6667 2.06155 .68718 #(8) =3.10,
preConfR p=0.021
7.7778 1.64148 54716
postConfR
Pair 4 6.0000 2.44949 .81650 #(8) =0.92,
preRelevR p=0.395
5.4444 2.60342 .86781
postRelevR

Table 16. Mean attitude scores and significance values for Rosie players (phase two)

5.2.2.3.3 House Players Versus Rosie Players

Players of Build a House and of Rosie the Fashionista did not differ significantly from one

another in the confidence scale (p=0.544). Likewise, we found no significant differences

between the two conditions in the programming enjoyability scale (p=0.933) or the future

interest scale (p=0.258). However, the difference between the two conditions in the relevance

scale was significant (p=0.014). Figure 49 and Table 17 show the difference in scores between

the two conditions.
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Figure 49. Difference between post-scores in the Relevance scale was significant (phase two)
Scale Build a House Rosie the Fashionista Between groups
(paired) (paired) (ANCOVA)
Confidence p=251 p=021 p=>544
1H6)=127 #8)=3.10 F(1,14)=0.39
Programming p=.569 p=1.0 p=.933
Enjoyability 1(6) = 0.60 1#(8) = 0.00 F(1,14)=0.007
Future interest p=.095 p=347 p=258
t(6) =198 t(8)=1.0 F(1,14)=1.41
Relevance p=.089 p=.395 p=.014
1(6)=12.03 t(8) =0.92 F(1,14)=8.26

Table 17. Significance values after comparing the two game conditions (phase two)
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5.2.2.3.4 Female Versus Male Attitude Scores

In the following two charts, I present a breakdown of the attitude scores for female versus male

players for Rosie the Fashionista game (Figure 50) and Build a House game (Figure 51).

Rosie Players

[
o

H Male pre-score

B Male post-score

H Female pre-score

B Female post-score

o B N W R U Oy N W

Future Interest Enjoyability Confidence Relevance

Figure 50 Breakdown of attitude scores by gender (Rosie game)
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House Players

10
9
g -
7 -
6 - H Male pre-score
5 - B Male post-score
4 - H Female pre-score
3 1 B Female post-score
2 -
1 -
0 -

Future Interest Enjoyability Confidence Relevance

Figure 51 Breakdown of attitude scores by gender (House game)
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5.3 Post Interviews

After completing the study, we conducted post interviews with some participants to gain more
insight into how they perceived the games in relation to their gender identity. We also offered
them the opportunity to play the game that was not assigned to them in the study. Most
participants were able to quickly use the programming concepts they learned previously when
playing the new game and expressed how similar the two games were. One child pointed out that
the game is exactly the same as the one he played previously except that “the wording is

different”. Another child said “well, it’s kind of the same game, but not the same.”

Rob (7 year old boy) played Rosie the Fashionista in the post interview. When he finished the

game, he commented:

Rob: I think you might wanna also make a boy’s one, cause if boys don 't like the
House one, or Rosie one, then, and they wanna do computer programming, they re
gonna go like ‘ooh!, I don’t wanna do computer programming anymore’ and then we

will lose people

Researcher: Aha. So you want us to build something for boys. Can you give us an idea

of what’s the best, like, choice or theme for a game for boys?

Rob: Well, I think it should be, umm, it should be kind of like this [pointing to Rosie’s

game on the screen]. Is there like a boy’s name in this?
Researcher: you mean a boy character in here?
Rob: yeah

Researcher: would that make it into a boy game?
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Rob: yeah.

Here, Rob proposes a simple change to the game to transform its gender orientation so that it
could appeal to boys. Even though Rob confirmed that some boys might like either one of the
two games, he seems to make a very important connection between players’ gender and game

gender orientation. When we asked Rob later about his plans for the future he said:

Rob: I think [ might be an army soldier
Researcher: why do you want to be an army soldier?

Rob: well, it would kind of be like, helping my mom’s cousins. My mom has three
cousins that are in the army, and my dad’s dad he was in the army. He was a tank

commander and he flew a jet
Researcher: Aha, and did you think about what you want to study in college?

Rob: I wanna go to college and study different wars, cause I'm really into wars, real
wars not like Star Wars or different show wars. And I think that could be the boy one
[referring to a possible design of our game to be themed in wars] cause a lot of boys
like army stuff and then also I have a girl in my class and she likes Star Wars and stuff
like that.

In this excerpt, Rob was talking about his future plans and career aspirations then he
spontaneously suggests an alternate design theme that represents his own interests. Rob did not
suggest wars theme in the first place when we asked him for boys’ game, it only came into his
mind when he was expressing his own interests. He then continued to associate these interests

with other boys in an act of conforming to stereotypes about boys’ preferences.
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We also interviewed Cynthia (10 year old girl) after the study and asked her which game she

liked better. She said she liked Build a House because:

“I'm not really the type of, like, girl who likes dresses and everything so I'm more like,

1 like video games, like action figures, boys show TV shows pretty much all that".

In this excerpt, Cynthia clearly distinguishes her biological gender from her constructed gender,
and the masculine domain of interests seems to closely represent her own interests. In Cynthia’s
conversation, just as Rob, the importance of the connection between players’ (constructed)

gender and game gender orientation seems evident.

In addition, we interviewed Elena (7 year old girl) and had the following conversation with her:

Researcher: Why did you sign up for these game activities?

Elena: because I like the games

Researcher: what games do you like?

Elena: girl games

Researcher: how did you know that we have girl games? did you see the flyer?
Elena: yes

Researcher: what did you notice about it? [hands in the flyer]

Elena: that it has these clothes [points to Rosie game photos] and then I thought [

should do it because I like dressing up games.

In the above excerpt, we tried to elicit Elena’s motivation for joining the study, and it seems that

photos of Rosie’s game had influenced her decision to participate.
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These interviews revealed the diversity in participants’ preferences in game play and how these

preferences relate to their constructed gender identity in one way or another.

5.3.1 Character Representation

In post interviews with children, we tried to elicit children’s reasons for classifying the gender
orientation of the games. We found that participants from the first phase (Middle East)
considered Rosie the Fashionista to be a girl-oriented game despite our suggestion to change the
character to a boy. In contrast, participants in the second phase felt that the sex of the main
character played a bigger role in deciding the gender orientation of the game than other aspects

of the game. We include some excerpts from interviews of the first (Middle East) phase below.

Researcher: Do you think boys will like this game?

Nora: No... no they wouldn't like it because it’s for girls
Researcher: why is it for girls?

Nora: because she is a girl

Researcher: what if we have a boy character; would that make it a boy game?
Nora: ummmm.. ma..maybe...

Researcher: Will boys enjoy playing the game then?
Nora: No, it’s not appropriate for them to play it
Researcher: why is that?

Nora: because it’s a dress-up!

Researcher: what kinds of games do you think they enjoy?

Nora: Cars.. and wrestling...
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In addition, Mona shared similar views about Rosie’s game.
Researcher: Do you think boys will like this game?
Mona: No
Researcher: why?

Mona: I don’t know, they wouldn't like it because it’s dress up, they don’t like dressing
up

Researcher: what do they like?

Mona: they like the games they really play [in real life]

Researcher: like what?

Mona: like soccer

Researcher: what if we change the character to a boy, would they like it then?
Mona: No, they wouldn't like it

Researcher: why?

Mona: because they don't like dressing up!

In the second phase, Matthew (a 7-year-old boy) was just starting to play Rosie the Fashionista
when he exclaimed!: “I want to design my own person, how do I make it into a boy?!” When we
interviewed him after the game, he suggested that changing the character sex would make this
game a ‘boy game’. In addition, Rob’s example in the previous section echoes the same view.

A third example from the second phase is Mia (9 year old girl), she played Rosie the Fashionista
in the post interview and when we asked her about her opinion she said:

Mia: I think it’s nice, it would be good for my little sister cause she likes to dress up, and
Build a House is like a game for everyone

Researcher: so dress up would be for little girls?
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Mia: yeah, well, maybe for boys if youre interested in fashion
Researcher: what if we have a boy character, would that make it a boy game?

Mia: yeah! I think it would be a boy game because boys sometimes like, if you're going
for a wedding you wanna dress nice, or if you're going to a fancy dance, you wanna look
nice, so like, it depends.

From our post interviews with children, it seems that interpretation and readings of Rosie’s game
were quite different between participants from the two phases. Nora and Mona, among many
others, from the first phase were reluctant in considering the game suitable for boys after
changing the character to a boy. However, Rob, Matthew and Mia were confident that boys

would enjoy it after changing the character to a boy.
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5.4 Social Activity Around the Games

One of my goals in this study was to investigate patterns of social activity surrounding a girl-
oriented versus a gender-neutral game. From a cultural forms standpoint, the two different
versions might invite different patterns of interaction on the part of students. In the first phase, |
did not video record the game playing sessions due to privacy concerns among the parents, but |
used field notes and observations during the sessions. In the second phase, I video recorded all
game playing sessions and transcribed them. I describe the patterns of social activity for each

phase below.

5.4.1 Phase One

In the first phase, I saw a clear distinction in the patterns of engagement between the two games.
Upon entering the computer lab, players of Rosie the Fashionista started out with one player per
computer, and then I told them that they could either play individually or as a group, whichever

they preferred. Most girls decided to play in groups of two, but in a short while I observed signs
of possession in groups in which one girl would take control over the mouse and not collaborate
with her partner, which often resulted in conflict. One pattern of conflict would proceed like this
(not an actual transcript):

G1: [drags a top block to the workspace] and now I want to match that with a jeans
G2: [attempts to grab the mouse]

G1: [maneuvers]

G2: but look, the skirt looks very beautiful!

G1: No! jeans is better [drags jeans block to the workspace]
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G2: no! It’s my turn, I want a skirt!

G1: No! this looks more beautiful

G2: [looks frustrated], now let’s change that color to red, I love red
G1: [ don’t want red, I want purple

G2: Teacher, she won't listen to me or give me a turn! [ want to go back to my computer!

In this condition, girls seem to want to take control of the mouse. They were reluctant to give
their partners a turn or to listen to their suggestions, despite their partner’s insistence. The girls’
exchanges suggest a struggle over creative ownership of the activity. But at the same time, girls
appreciated playing together in the same room. They would often glance at one another’s screen,
seek and offer help to solve the puzzles, call (and be called) to look at the outfit one player
created. This observation is consistent with earlier research studies (Inkpen et al., 1999) that
found that girls often wanted to work collaboratively on puzzle software, but that they frequently
had conflict over sharing the mouse. In Rosie the Fashionista game, girls contended over
clothing choices as well as over sharing the mouse, but they enjoyed solving the puzzles
together. In Build a House condition, just as Rosie condition, players started out with one player
per computer and then quickly joined their friends to play together rather than alone. Groups of
mostly two and some three were formed. However, unlike with the Rosie game, the context of
this game seemed more inviting for collaboration and turn-taking between players. In Build a
House, girls would switch over the mouse control between them and discuss which colors they
would prefer their house to have. Conversations between players in this game usually included
the phrase “our house” rather than “my house”. In the fifth activity, where players are asked to

name a house, younger girls created names like “dream house”, “beautiful house”, while older
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girls referred to their first names like “Sarah and Nora house”. The pattern of possession with
Rosie versus the pattern of turn-taking and collaboration with Build a House was observed over
multiple and different sessions. This reinforced to our interpretation that the context of the game
was the driving force behind this atmosphere rather than individual differences between the

players.

5.4.2 Phase Two

In phase two, the number of girls participating in each condition was too low for us to determine
whether or not similar patterns of engagement in phase one would emerge. However,
participants’ (both boys and girls) practices surrounding Rosie the Fashionista and Build a House
differed in this phase as well. In Rosie the Fashionista, I observed players engaging in the
context of the game, making either ‘beautiful’ or ‘funny’ looks for Rosie and calling friends to
see how she looked to laugh at or admire her together. While in Build a House condition, players
were more focused on achieving the goal of the game rather than spending time playing with the
colors and accessories of the house they were building. After successive watching of the games
sessions’ videos and analyzing researcher’s notes and transcriptions, I developed a coding
scheme using a grounded theory approach (Strauss and Corbin, 1980). I repeatedly watched the
videos to create and refine codes focused on how children reacted to and interpreted the different
games. In analyzing the content of the videos and field notes, I also focused on differences
between masculine and feminine interpretation and engagement around the same game. I coded

the game playing sessions using the scheme shown in Table 18.
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# Code Subcodes Description
Interact Ask Asking researcher/friend for help explicitly

”n u

[e.g. “I need help”- “can you help me?”]

=

Help Researcher/ friend providing help to players

[e.g. “pick that”, “put number 6”, explaining the purpose
of the activity]

Answer Answering a question from a researcher a friend/ replying
to a comment

2 | Engagement eng Engaging with game content by commenting on the
content or program execution

” u

[e.g. “I want [something]”, “show!”, “6times!”, “she needs
n u n u

to wear..”, “she’s supposed to go to the gym”, “oh my
god! [on execution]]

look Asking others to see one’s screen
[e.g. “look at my girl!”, “look at my house”]
Laugh Laugh together (two or more students laughing together)

feature Talking about game features
[e.g. “You can put on colors” , “you can change the
number”]

conflict Disagreement over block choices or over the mouse
control

[e.g. “No, | wanna pick that”, “No, | want wavy style!”,
refusing to hand in the mouse to a friend]

3 | Gender genderPreference | Expressing gender/sex preference

Va

[e.g. “l want a boy”, “how do | make it into a boy?”]

Genderize Genderize stuff
[e.g. “that’s for girls”, “lady color”]

genderComment General comments on gender
[e.g. “she’s ugly”, “she’s naked”]
[This code applies to comments on Rosie basic

appearance regardless of outfit choices]
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4 | Appearance | Appearance-admire | Admiring what’s on the screen

[e.g. “I like that”, “this looks good”]

[This code applies to sentences where players are
admiring something they’ve created/previewed]

Appearance-dislike | Disliking what’s on the screen

[e.g. “ewww”, “l don't like that”]

[This code applies to sentences where players are disliking
something they’ve created/previewed]

Appearance-fun Laughing at/making fun of what’s on the screen

[e.g. “that’s funny”, [laughing and pointing to the screen]]
[This code applies to sentences where players are making
fun of/ laughing at something they’ve created/previewed]

5 Name Name-sarcastic Being sarcastic with function names
[e.g. “fat head”, “floppy head”, and random typing]

Name- personal Naming functions after personally meaningful names
[e.g. first or last name, a friend’s name, “66 troopers”]

Name- general Naming functions general names

”n  u

[e.g. “prettiness”, “nice house”, “beautiful house”]

6 Read Reading off the screen

7 Reflect Reflecting on progress status
[e.g. “I don’t know how to do this”, “I’'m done”, “I'm
stuck”, “I did it!”]

8 Misc Any sentence that doesn’t fall into the above categories

Table 18. Video Coding Scheme
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Seven broad categories of social activity emerged from my data. Interact refers to instances of
interaction during the session and includes asking the researcher/ a friend for help on the puzzle,
help provided by the researcher/ a friend to players (such as reading game instructions,
explaining the purpose of the activity and giving information on how to solve the puzzle) and
answering questions from both friends and researchers. Engagement refers to instances of player
engagement with the game and involves commenting on/ laughing at game content, inviting
others to watch program creations, talking about game features and conflicts around the game.
Gender includes references to gender, sex, or masculine/feminine terms. Appearance refers to
sentences where players are reacting to the appearance of Rosie/house they’ve
created/previewed. Reacting includes either liking, disliking or laughing at/making fun. Name
refers to names chosen by players to define functions in the programming language. These
names can either be general names, personal names, or sarcastic names. Read refers to instances
in which players read instructions and block names directly from the screen. Reflect includes

sentences in which players reflect on their progress status during the game.

5.4.2.1 Video Coding Findings

Many of the social activities around Rosie the Fashionista seemed quite different from those
around Build a House, although they both shared general activities such as seeking and providing
help, content engagement, reflecting on progress status, and so on. Rosie the Fashionista seemed
to encourage a full range of gendered language and speech. For example, after only 30 seconds
of starting the session, one of the boys was able to quickly Genderize the game and indicate that

it was not of his interest. His remark, “This is not for me at all!”, suggests that the activity he
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perceived in the game allowed him, in such a short time, to make gender-based judgments on the

game and decide that it did not fit with his sense of gender (masculine) identity.

In addition, a number of boys expressed gender/sex preference while playing Rosie the
Fashionista by explicitly stating that they wanted to play with a boy character rather than with
Rosie; these gender preference comments include “How can you make it into a boy”, “Why do 1
have to get a girl?”, “Can you change it into a boy?”, “Why do we have to design a girl, not a
boy?”. By expressing these gender preference comments, the boys seem to strongly identify with

player characters of their gender.

Additionally, general gender related comments and gender mocking have arisen during the game.
For example, in level five, where players are asked to type in function names, some boys who
played Rosie the Fashionista game started teasing each other by typing their friends’ names for
Rosie. The following excerpt comes from three third grade boys playing Rosie the Fashionista.
The boys, Max, Dennis and Rick were setting next to each other and Max and Dennis decided to
write Rick’s name for Rosie. Dennis started typing Rick’s name and when he finished they both

laughed and called for Rick’s attention.

Max: Look! Rick, look! [laughing]

Dennis: [laughing and looking at Rick]

Rick: why did you put my name? [looking embarrassed]
Max: I did ask. I asked him to put it on [pointing to Dennis]

Rick: No! but that’s not.. that’s not a boy!
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In the above excerpt, Max and Dennis seem to deliberately mock Rick by typing his name for
Rosie. By saying “No! but that’s not.. that’s not a boy!”, Rick was consciously conveying that

his name was not consistent with Rosie’s sex/gender.

Moreover, since the boys genderized Rosie the Fashionista as a “girly” game, they intentionally
used the color pink in various clothing choices likely because they also genderize that color as a
“girly” color. For example, Max (8 year-old boy) was looking at the list of available colors when

he decided to use a pink block and commented, “Look! I'm gonna do lady color pink!”

On the other hand, none of the boys who played Build a House chose the color pink to decorate
their houses. This suggests that the cultural forms that players perceived in the game (the content
and metaphors in the game) can have a great impact on how players oriented themselves and

interacted with it.

Some instances of player’s conflicts around clothing choices and over mouse control were also
seen in Rosie the Fashionista game. An example is the following excerpt between Chris and
Dennis (8 year-old boys) who were playing on the same workstation and fighting over the

hairstyle they wanted Rosie to have.

Dennis: Now what color? Hair?
Chris: Wavy style!

Dennis: Wavy! [smiling]

Chris: No! at the top, at the top!
Dennis: No! I'll put it back!

Chris: Nooo! Wavy style! I said wavy style!
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In addition, the pair also had a conflict over the mouse control as demonstrated in the following

excerpt.

Chris: Let’s play with the blocks as you like [pulling the mouse from Dennis’s hand]
Dennis: Chris! [pulling the mouse cord from Chris] you're gonna rip the cord!
Chris: yeah! OK! You put one thing and then I put mine, OK?

Dennis: No! not the repeat block!

Chris: yeah, yeah, yeah [laughing]

Dennis: where.. where should we go?

Chris: Ummm. Add a definition [points to screen], the repeat block, and then put, you
know it says we can do.. press it, press right there.. and look.. one [starts typing on the
keyboard] zero, zero, zero, zero, zero...

Dennis: [taking Chris’s hand off the keyboard]

In the above excerpt, the pair have just completed the last activity and started the open ended
exploration level. Chris decided to experiment by adding many control blocks to the workspace,
and then by saying “you know it says we can do...” and typing 100,000 on the repeat block, he
was referring to the instruction of this activity “play with the blocks as you like”. Dennis, on the
other hand, wanted to have control over the mouse and was frequently pulling the mouse cord

back and forth from Chris.

Moreover, Jose (10 year-old boy) and Cathy (10 year-old girl) were each playing on their own
computers. Cathy was able to solve a puzzle that Jose was struggling on and then she

commented:

Cathy: 1 did it, I did it! [singing and dancing] after passing the level
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Jose: How? [asking Cathy]
Cathy: [reaching for Jose’s keyboard]
Jose: [preventing Cathy from typing and starting to type on his keyboard]

Cathy: [inaudible] wedding look... and that’s not how you spell wedding!

Another two similar instances were seen between Cathy and Alice in following scenarios.

Cathy: [helping Alice solve the puzzle by telling her what to do and pointing to the

screen/

Alice: [follows Cathy’s instructions]

Cathy: [trying to grab Alice’s mouse to solve the puzzle for her]
Alice: [refusing the hand in the mouse to Cathy]

Then, in a later level, the same scenario with the same girls have happened but by switching the

roles.
Alice: [trying to hold Cathy’s mouse to help her with the puzzle]
Cathy: [shaking her hand off while holding on to the mouse]

Finding these instances of conflict only in Rosie the Fashionista sessions supports the findings of
phase one, where girls who played Rosie the Fashionista frequently contended around clothing
choices and control of the mouse, while girls who played Build a House appeared to be more

likely to collaborate and take turns while playing.
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5.4.2.1.1 Masculine Versus Feminine

In analyzing the content of the videos, I was also interested in investigating whether there would
be differences between masculine and feminine reactions to and interpretations of the same
game. One of the things I noticed while coding the transcriptions is that boys who played Rosie
the Fashionista reacted to the outfits of Rosie in two ways, either admire her appearance or laugh
at her because they created a funny outfit. On the other hand, girls usually reacted to the
appearance of Rosie in three different ways; admire her appearance, laugh at her funny clothes,
and also dislike some outfits that were available for them. For instance, the following excerpt
comes from a third grade boy Ethan setting next his friend Jim, and next to them is Tania, a 6
year old girl all playing Rosie the Fashionista. The session has just started and Ethan appeared to

be amused by an outfit he was previewing.

Ethan: That just looks good! [after previewing an outfit]. What are you supposed to
do right here?

Jim: [ don’t know

Tania: I know how to do it!

Jim: [ don’t

Ethan: oh my gosh, no! [laughing while previewing another outfit]
Jim: gym bottom [reading off the screen]

Ethan: I want this one, this one looks pretty! [after previewing another outfit]

When Ethan started playing, he immediately began manipulating and previewing outfits without

much attention to the instructions. By saying “that just looks good” and “I want this one, this one
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looks pretty!”, Ethan was admiring the appearance of Rosie he was previewing and creating. In
the same excerpt, Ethan appears to also laugh at the appearance of Rosie after previewing a
different outfit. On the other hand, girls appear to look at the outfits of Rosie in one additional
dimension. By disliking a certain outfit, girls seem to express their personal taste of clothing
around the available outfits for Rosie. For example, Cathy, a 10-year-old girl playing Rosie was
just beginning the game and was browsing the list of available outfits. She was slowly hovering
her mouse over the blocks to preview the clothing and carefully inspecting them when she
commented “No, no, no, no, ewwww!” This kind of reaction was only expressed by female
players in this study. This finding also suggests that Rosie game seemed to encourage players to

express themselves slightly more than the House game did.

One additional difference that I noticed between masculine and feminine engagement around the
games was that, in level five, players are asked to type in function names for their own
subroutines. Boys’ chosen names were coded into three different categories: personal, general
and sarcastic names. Girls’ names, on the other hand, were coded into only two categories; either
personal or general names. The boys seemed to be more sarcastic during Rosie game, which
suggest that boys felt the need to be sarcastic to save face and legitimize their engagement in an
overtly feminine game. For instance, one 7-year-old boy who played Build a House was
passionate about the army and he had many relatives there. When he named his house, he chose
the name “66 troopers”, and while calling for his friend’s attention to check out the name, he
paused and said “maybe I should call it 67! Or 88!”. This boy, Rob, decided to give his house a

personally meaningful name. In addition, one third grade boy who played Rosie the Fashionista
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seemed to like his girlfriend, Abby, and he chose the name “Abby prettiness” for Rosie’s

wedding look.

Children also chose general names for their houses and for Rosie’s look. For example, Megan (a
third grade girl) was playing Build a House and chose the name “Nice” for her house. Similarly,
Cathy was playing Rosie the Fashionista and typed “wedding look™ for Rosie’s wedding look.
On the other hand, some boys seemed to take the opportunity of their ability to type their own
names to act funny and show off their funny side, especially those who played Rosie the
Fashionista game. Our interpretation of this is that posturing has a purpose for the boys. They
have to put on a show of not taking it too seriously or their friends might think they are into a
girly game. Again, this also suggests that the cultural forms that players perceived in the game
(the content and metaphors in the game) can have a great impact on how they oriented

themselves and interacted with it.

For example, the following excerpt comes from two third grade boys playing Rosie the

Fashionista.

Dennis: Mine is gonna be floppy head [laughing]

Chris: OK, mine is.. mine is [pausing for a while to come up with a name] mine is fat

head [smiling] fat head!

In addition, Michael and Aaron were playing Build a House each on their own computer and

talking about the game.
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Michael: [connecting blocks and pressing show button] we got a beige, oh! I didn’t

put a name! and what should I do next?
Aaron: [typing randomly on the keyboard] that’s my name! [smirking]

Aaron, in the above excerpt was trying to be sarcastic with his house name when he randomly

typed on the keyboard, after that, he called for his friends’ attention and said

“Look at my name.. my name is soo looooong! [ made it so long!.. Michael, check out

my name... check out my name!”

Michael was engaged with his game and did not turn his head toward Aaron. Aaron then raised
his voice saying “MICHAEL!! CHECK OUT MY NAME!!”” but Michael didn’t pay attention
either. However, Nick, from the other side, heard him responded to Aaron by looking at his
screen and smiling. Aaron seemed satisfied by getting a positive response to his name and

repeated “so long!” while smiling.

5.4.2.1.2 Collaboration Versus Alone

In analyzing the videos, | was also interested in investigating the patterns of collaboration versus
working alone between the two games. To achieve this, I coded participants’ interactions using

the following coding scheme (Table 19).
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# CODE DESCRIPTION

1 | ALONE Student is working alone on his computer

2 | ASK Student is asking a friend a question about the game

3 | INST Student is instructing a friend on how to achieve something

4 | REACT Student is reacting collaboratively on something seen on the screen
5 | TOGETHER Student is collaborating on solving a puzzle with a friend

6 [ NA Student was not available (e.g. went to the washroom)

Table 19. Coding Scheme

5.4.2.1.2.1 Method

For each one minute interval in the videos, I coded each and every participant status during a 15
second window of time (starting at the 30 second mark). A sample from this interval coding is

included below (Table 20).

TIME JADEN CALEB DENNIS MAX JADA
0-1 ALONE ALONE ALONE ALONE ALONE
1-2 ALONE ASK INST ALONE ALONE
2-3 ALONE REACT REACT REACT ALONE
3-4 REACT ALONE REACT REACT ALONE
4-5 ASK ALONE ALONE ALONE ALONE

Table 20. Sample from interval coding

www.manharaa.com




162

The above table summarizes the status of every participant during the 30-45th second of a

minute. For example, all students were working alone in the first interval. In the second minute,

Caleb was asking Dennis a question about the game and Dennis instructed him how to do it.

For each game, the camera was able to capture the status of ten participants. I compiled the status

of all participants for each game in Table 21.

VIDEO ALONE ASK INST REACT | TOGETHER | NA | TOTAL
ROSIE TOTALS 480 30 27 158 38 21 | 754
HOUSE TOTALS 582 16 17 59 5 37 | 716

Table 21. Players' status during both game conditions

I removed the NA instances from the total to get the adjusted total and compute the proportions.

The adjusted values are included in Table 22.

VIDEO ALONE ASK INST REACT | TOGETHER | ADJUSTED
TOTAL

ROSIE TOTALS 480 30 27 158 38 733

65.48% 4.09% 3.68% 21.56% | 5.18% 100%
HOUSE TOTALS 582 16 17 59 5 679

85.71% 2.36% 2.50% 8.69% 0.74% 100%
Significance 7=8.8 Z=1.8 Z=13 Z2=6.7 Z=4.9

p<0.000 p=0.067 | p=0.202 | p<0.000 | p<0.000

Table 22. Players' statuses with adjusted values
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Figure 52. Frequency of collaboration between players (phase two)

5.4.2.1.2.2 Significance Testing

I used the z-test for two sample proportions to compare the frequency of collaboration between
the two game conditions. The test revealed a significant difference in working alone between
participants of the two games. Players of Build a House spent significantly more time working
alone than players of Rosie the Fashionista. On the other hand, players of Rosie the Fashionista
spent significantly more time reacting collaboratively on game content and collaborating
together on solving the puzzles than players of Build a House. This result suggests that the two

game conditions might have differently impacted the way players interact with them. In
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particular, Rosie the Fashionista game seemed to encourage more collaborative response than
Build a House. Our interpretation of this outcome is that the cultural forms that players perceived
in the game (the content and metaphors in the game) can have a great impact on how players
orient themselves and interact with it. However, this result should be interpreted with caution, as
other factors can affect the way players interact with these games, such as the particular set of
kids in each group. Reflecting on our results from phase one, where we found that players of
Build a House collaborated on solving the puzzles more than players of Rosie the Fashionista
did, we can suggest that the different gender composition of these samples might have affected

the way players interacted with the game.
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Chapter 6 Discussion and Conclusion

6.1 Discussion

On a general level, the study reported in this dissertation explores the feasibility of designing
computer games to support the comprehension of fundamental computer programming concepts
for elementary and middle school students. Despite the limited game structure, I observed
significant pre-post learning gains and increases in positive attitudes toward computer

programming.

At a more specific level, the study explores the impact of designing games based on gender-
specific cultural forms. My findings suggest that children’s learning scores were not affected by
the type of game played; however, the cultural form of dress up dolls positively influenced
players’ interest in computer programming in one context and negatively influenced players’
attitudes in another context. Specifically, when participants reported preference for games
designed for girls, they were more motivated to learn about the topic after playing Rosie the
Fashionista game. One explanation of this result could be that the cultural form of dress-up dolls
evoked a stronger identification between players and their gender identity. On the other hand,
when participants did not prefer games designed for girls, they were not able to relate the topic to
their own lives after playing Rosie the Fashionista game. This result suggests that for those
participants, the game did not afford such identification as the cultural form of dress-up was not

associated with their gender identity.
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I also observed how social dynamics in the room can be affected by what is represented on the
screen. Social activity surrounding Rosie the Fashionista differed from that surrounding Build a
House. Particularly, Rosie game seemed to encourage a full range of gendered language and
speech. My interpretation of this outcome is that the cultural forms that players perceive in
games can have a substantial impact on the resulting activity between players in the same room.
There were also differences between masculine and feminine reactions to and interpretations of
the same game. Specifically, boys seemed more sarcastic while playing Rosie the Fashionista.
My interpretation of this outcome is that boys were “performing gender” as they were being
intentionally sarcastic to assert their own constructed masculine identities in front of their peers.
In this regard, I refer to the findings of (Yates and Littleton, 1999) where boys and girls oriented
themselves and interacted with the games differently, based on the content and metaphors they

perceived in the games.

In addition, post interviews with children revealed the diversity in participants’ play preferences
and how these preferences relate to their constructed gender identity in one way or another. The
post interviews also showed how changing the sex of the main character in the game changes
players’ readings of Rosie’s game in one context, but not the other. In particular, participants
from the first phase (Saudi Arabia) were reluctant in considering the game as suitable for boys
even if we changed the character to a boy. On the other hand, participants from the second phase
(United States) were confident that boys would pretty much enjoy the game if we changed the
character to a boy. I reflect on this result from the perspective that gender is socially and
culturally constructed and that for girls in the first phase, dress-up was not seen as appropriate

for boys might be due to the culture (i.e. separated schools and practices).
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Why does all of this matter? Why should designers consider the cultural forms that they draw on
to create games for learning, particularly in computer science education? A number of studies
have examined the effects of stereotype threat on women’s interest and performance in STEM
fields (Good et al. 2010; Shapiro, 2012; Koch et al., 2008; Markus, 2011; Davies, 2002; Steele,
1997). Stereotype threat refers to “being at risk of confirming, as self-characteristic, to a negative
stereotype about one's group” (Steele & Aronson, 1995). The fear of being treated or judged
based on a negative stereotype about one’s group has been empirically shown to impair one’s
ability to perform to full potential (e.g.[Steele & Anderson, 1995]) and to pressure
disidentification from the domain where this group is negatively stereotyped (Steele, 1997).
Women’s and girls’ disidentification with computing can be attributed, in part, to their
susceptibility to stereotype threat (Peckham, 2007; Koch et al., 2008; Patitsas et al., 2014, Todd
et al., 2005; Cohoon and Aspray, 2006). A relevant study (Good et al., 2010) examined the effect
of stereotype threat on students’ comprehension of science lessons by using stereotypic and
counter-stereotypic textbook images. In that study, three student groups were assigned to read a
section of chemistry textbook illustrated with either images of only male scientists, only female
scientists, or with both male and female scientists together. In a later exam on the section, girls
scored higher than boys in the female scientists only condition; boys scored higher in the male
scientists’ only condition; and in the mixed gender condition, the scores for both girls and boys
fell between their scores in the stereotypic and counter-stereotypic conditions. Interestingly, this
study provides evidence that “the mixed gender condition didn’t simply represent the absence of
stereotype threat. Instead, the condition seems to equalize the performance of girls and boys.” In

a similar fashion, focusing exclusively on gender-neutral designs for computational learning
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environments, especially in domains typically considered as masculine, might not represent the
absence of stereotype threat for some girls. Providing counter-stereotypic designs might be one
way to assemble new images of computing and dismantle the widespread stereotypes of

computing masculinity.

When I chose to focus on gendered cultural forms, I was aware that preferences among girls can
vary as much as it can vary between girls and boys. My goal was to create a culturally relevant
experience to one group of children rather than to reinforce existing stereotypes. Designing
exclusively gender-neutral environments can artificially narrow the design space and might
actually work against leveling the playing field. A more effective strategy might be to support
and encourage a full range of youth interests, including gendered ones. Diversifying the design
of learning environments can help in diversifying people who engage with them. As Cheryan et
al. (2015) argue, the current stereotypes steer women away from the field and constrain their
learning opportunities and career aspirations. Thus, it is particularly important to diversify the
stereotypes about the culture of computing, but not alter them all together, as the current
stereotypes actually steer some men (and women) into the field. The aim is that people should

not think they have to fit a specific stereotype to be successful in computing fields.

The findings of this study do not imply that utilizing female-oriented cultural forms in the design
of programming games will turn girls into programmers, nor does it mean that female-oriented
designs work better than neutral designs (or male-oriented designs). Rather, I propose that
employing female-oriented cultural forms can provide a group of children with an opportunity to

engage in personally meaningful learning experiences and might be a useful way to spark future
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interest and to influence career trajectories. Just as Hour of Code is not intended to make
everyone a programmer, female-oriented games might only serve as a positive early experience
for some children. In addition, providing counter-stereotypic designs for computer programming
learning environments, without compromising the content, can allow children to retain aspects of
their feminine identities while simultaneously challenging their prior assumptions about the
masculinity of the domain (Hayes, 2011). Such strategy can engage girls with games that have
the potential to develop IT expertise and would enable them to create new identities as feminine

technical youths.

This study raises two questions that I think worth asking 1) Are we fighting the right battle
(diversity in computing) with the wrong tools (limiting ourselves to gender-neutral designs)?
And 2) By restricting the design, are we unconsciously implying that femininity and computer

programming can’t be related? A fuller exploration of these questions will require future work.

6.2 Limitations and Future Work

The results of the study reported here should be interpreted with caution; the sex composition of
the samples aligned with gender stereotypes in terms of the kinds of games participants typically
engage with. The sample from the first phase (Saudi Arabia) was all girls, and the game gender
preference scale indicated that the sample preferred girl-oriented games. Similarly, the sex
composition of the second phase sample (United States) was mixed between girls and boys, and

we were not able to associate a specific gender identity to this sample in relation to the games
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they engage with. Thus, we were not able to perform cross-cultural comparison in terms of the

effect of the two games on participants’ attitude toward computer programming.

In addition, we were not able to recruit boys as participants in the first phase. It would be
interesting to measure the impact of the two different games on boys in that particular context
and compare that to boys in phase two. I expect most boys from Saudi would refuse to play
Rosie the Fashionista, especially the older ones. If the character was changed to a boy, I expect
that the degree of rejection to the game would be lessened, although not dramatically. The boys’
perception on the femininity of a dress-up game might be greatly impacted if the boy character
was a popular superhero or action figure. I would like to explore the impact of these various

design options in future work.

Another limitation of this study is the number of participants in the second phase; broader
participation in terms of the total number and gender representation is needed to gain a better
understanding. We would like address these two limitations in future work. Moreover, the
games offer only six activities to players, and while participants manifested a significant gain in
their programming comprehension after playing the games, the long term retention of such short

activity need to be measured.

Additionally, requiring children to fill out long surveys is a challenging procedure, thus, we tried
to minimize the number of items in each scale as possible, but a comprehensive survey with
more items per scale would be more reliable. Another limitation include sample self-selection
bias as evident from one of the girls in the second phase who explicitly stated that she

participated in the study after seeing the dress-up images in the flyer.
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Finally, we are also interested in changing the female character Rosie to a male one Pefer, and

see how this would impact the results of such study.
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Appendices

[1] pre-survey

Strongly Strongly
# Statement Disagree Neutral Agree
Disagree Agree

1 | laminterested in learning more
about programming

Programming can be fun

3 | I'm not the type to do well in
computer programming

4 | Programming is of no relevance to my
life

Programming is boring

6 | I would love it if the school offers a
programming class

7 | I could get good gradesin a
programming class

8 | I can't think of any way that | will use
programming in the future
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[2] post survey

Strongly Strongly
# Statement Disagree Neutral Agree
Disagree Agree

1 | laminterested in learning more
about programming

Programming can be fun

3 | I'm not the type to do well in
computer programming

4 | Programming is of no relevance to
my life

Programming is boring

6 | Iwould love it if the school offers a
programming class

7 | I could get good grades in a
programming class

8 | I can’t think of any way that | will use
programming in the future

I had fun while playing this game

1 | Ithink this game is designed for girls

1 | I'think girls will enjoy this game more
than boys

1 | I'would love to play this game again
in my free time

Games designed for boys are my
favorite
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1 | Games designed for girls are my
favorite

1 | I'think girls and boys like different
kinds of games

o AJLb
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[3] Assessment

EXAMPLE

The following program draws the output shown on the right:

Moon Red
Star |

Moon Silver

Moon Purple
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SECTION1: CODE GENERATION QUESTIONS

¢ Read the questions below and choose the correct answer (there could be more than one correct answer!)

1.1 Which of the following programs draws the output shown on the
right?

Moon Blue

Sun

Moon Silver

Sun

Star GOl

Heart Red
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1.2 Which of the following programs would you choose if the teacher
wants you to create a program that draws a moon, sun and a star
with only realistic colors?

Drawing Name: [EL VAG

Draw | " | <IDC>QI>

Draw real_colors

Star Silver
| S

Star | Silver
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1.3 Which of the following programs draws a sun, moon then star so that
when teacher asks to draw, it will put the real colors; otherwise, it
will draw the second line?

Moon | " Gold

Star Silver

Sun

IF ( Drawing for EE:EM

Sun

Sun
Moon

Star Silver
o,

When drawing for teacher:

vAg

When drawing a friend:

vAg
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1.4 Which of the following programs draws the output on the right?
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1.5 Which of the following programs draw the output shown on the
right?

REPEAT 3 TIMES
Moon Purple

REPEAT ) TIMES
Moon Purple

Moon

Moon
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1.6 Which of the following programs draws the output on the right?

[0 0  moming -

THEN sSun
—

ElseY Moon B

S,

Star Silver

= [0 1. moming -

THEN Sun
Star Silver
ELSE Moon l Gold

Star Silver

When in the morning;:

vA¢
> s

When in the evening:
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1.7 Which of the following programs draws the output on the right?

REPEAT TIMES

Star Blue

-

Star Blue

Star Blue

www.maharaa.com

0¢




Each of the following programs draws a different and interesting combination of shapes and colors. Can you guess what each program

would draw?

SECTIONZ2: CODE PREDICTION QUESTIONS

2.1.

e |

Moon :

Sun
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2.3

Drawing Name:

Draw

Moon

Star

| —

Purple
Red

IF [ Timeis

THEN  Heart Blue

.

ELSE" Draw all_icons

Drawing Name:
Draw | Heart W iﬂﬂk

Draw sky_icons
|, —
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REPEAT TIMES
Heart Purple

S

REPEAT ) TIMES
Red

REPEAT ) TIMES
Heart Purple

LS.

" REPEAT ) TIMES
Heart Red

Heart Purple

—
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