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ABSTRACT

Game programming projects are concrete and motivational for

students, especially when used to teach more abstract concepts

such as algebra. These projects must have open-ended elements

to allow for creativity, but too much freedom makes it hard to

reach specific learning outcomes. How many degrees of freedom do

students need tomake a game feel like one they genuinely designed?

What kinds of personalization do they undertake of their games?

And how do these factors correlate with their prior game-playing

experience or with their identified gender?

This paper studies these questions in the concrete setting of the

Bootstrap:Algebra curriculum. In this curriculum, students are only

given four parameters they can customize and only a few minutes

in which to do so. Our study shows that despite this very limited

personalization, students still feel a strong sense of ownership, orig-

inality, and pride in their creations. We also find that females find

videogame creation just as satisfying as males, which contradicts

some prior research but may also reflect the nature of games created

in this curriculum and the opportunities it offers for self-expression.
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1 INTRODUCTION

Many authors [3, 7, 11] emphasize the creative benefits of com-

puting. A game or physics simulation author can design novel

characters or means of input, experiment (or do away) with gravity,

and so on. Many are attracted to computing precisely because of

this creative power, and constructionism [8] embraces this kind of

power as a central part of its pedagogy.

When discussing K-12 CS curricula, łcreativityž is often used col-

loquially (as opposed to formally, as in psychology [15]), referring

to a combination of student engagement, motivation, or flexibility
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for students to choose their learning tasks. In a traditional curricu-

lar setting, too much flexibility can be problematic. If a course has

concrete topics to coverÐespecially in the context of an externally

administered examÐthen teachers may not have the flexibility to

engage in free-form exploration. Here, we do not go into the ques-

tion of whether this is a reasonable attitude or not. We take it as

a given and important constraint of many teachers and schools,

and note that curriculum designers that want to succeed in a large

number of schoolsÐthereby bringing computing to allÐmust take

into account such constraints.

Three factors amplify these costs:

• Some attempts at bringing computing to all take it to non-

computing subjects. Their instructors may be ill-equipped

to aid students in unstructured explorations.

• These problems as exacerbated when computing is embed-

ded into topics like algebra, which are subjected to high-

stakes testing. These tests often push teachers to stick to a

regimen likely to meet their testing goals, and create anxiety

about too much deviation. Thus, a curriculum that wishes

to embed itself into such a topic must minimize variance.

• Finally, not all students themselves necessarily appreciate a

lack of fetters. As research has shown [6], too much choice

can negatively impact motivation and engagement.

In this paper, we examine these issues in the context of a specific

curriculum, Bootstrap:Algebra1 (henceforth BS:A). In BS:A, stu-

dents build a videogame that is purportedly łof their own designž,

but in actuality is highly constrained. The benefit of this curriculum

for math transfer has been studied before [14], but does it come at

a cost of hurting computing satisfaction? Indeed, many CS teach-

ers balk at how little łcreative controlž students are given over

their games, especially in relationship to free-form curricula that

build on tools like Scratch [12]. In response to those teachers, we

investigate the impact of the small amount of customization BS:A

provides. Is this enough for students to feel a sense of satisfaction

or ownership over their product? Do they view this as an authentic

game-building experience? Along the way, we also consider the

impact of identified gender, providing new data on how female

students relate to game design.

2 CREATIVE EXPRESSION IN

BOOTSTRAP:ALGEBRA

BS:A is a 20ś25 hour module embedded into math classes in US

grades 7ś10, and is designed to teach students the essence of func-

tions. To motivate learning, students approach this topic by creating

1Bootstrap is the umbrella name for a family of four curricula. The Algebra curriculum
is the oldest of these, and referred to simply as łBootstrapž in older publications.
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show true significance (t = 2.223) is that identifying male leads to a

feeling the videogame is not real. No other factors are significant.

The Impact of Gender

The following table summarizes the responses by gender for the 198

students who self-identified as one of male or female (section 3).

Measure Males Females p < · · · Significant?

PlayFrequency 3.56 2.41 0.001 yes

PreConfidence 2.87 2.56 0.011 somewhat

PostPride 3.16 3.26 0.2248 no

PostExcitement 3.23 3.19 0.39 no

PostAuthentic 2.72 2.89 0.11 no

PostUnique 3.09 3.18 0.4033 no

OutsiderSee 2.75 2.65 0.4049 no

GotIdeasFromOthers 2.5 2.54 0.7322 no

The data show that there is a difference between the extent to

which males and females play games, but these do not translate into

other measurable differences. Females seem to get every bit as much

excitement, pride, and sense of authenticity out of this educational

experience. These results are consistent with prior research on

gender and games that distinguish game play from game design.

Lucas and Sherry [10] found that male adolescents were more

likely to play games, to play them for longer, and to enjoy different

qualities of gameplay, but Kafai [9] reports on multiple studies

(some from other researchers) showing that gender differences

are much smaller when looking at game design. In Kafai’s design

studies, gender differences manifest in the nature of games (i.e.,

themes and characters) that students choose. Examining whether

similar differences arise in Bootstrap games would be an interesting

question for future work.

7 DISCUSSION AND CONCLUSION

Our study offers several important lessons. First, it questions how

much creativity is really needed for students to feel proud and have a

sense of ownership of their work, showing that very small amounts

can have large impact, even when the subsequent programming

is largely identical. Second, it fails to find any significant outcome

differences between male and female students, indicating that a

videogame programming curriculum can be just as effective with

female students. Finally, it demonstrates that BS:A students feel a

sense of accomplishment over their computing artifact, which is

independent of any math learning outcomes achieved.

A few details are worth noting. Once students have designed

their scenario, they are allowed to get images from the Web. This

means they have access to the łentire worldž of images. It is possible

that students’ sense of realism comes from this array of choices,

in contrast to the curated selection found in tools from Code.org,

Scratch, and Alice.

Is more room for creative expression better? Perhaps not! A pre-

vious version of BS:A had one more opportunity for customization:

a projectile. When this was given to students, most games ended up

looking like łshooterž or łshoot ’em upž games. Concerned about

the negative connotations of a projectile, the BS:A team removed

this option from the standard curriculum in 2009. Yet this effectively

liberated students, as a result of which the games now produced are

much harder to classify. We believe this shows that there is a great

deal more study needed to understand what constitutes creativity

and freedom in computing.

How lasting is the impact of our findings? Will students’ sense

of pride dissipate quickly? Would they feel less pride if they were

to see a friend’s game written in a more free-form setting? These

issues may not be relevant for the original purposeÐof invigorating

their math learningÐbut would matter in a broader CS setting.

Finally, we note that some of the games have very strong social

and personal components. Their student designers are essentially

using games for self-expression. To what extent does this happen

in other game-based programming curricula, and what are the

curricular design factors that enable or inhibit it? And how can we

draw on these experiences to create a more socially meaningful

form of computing?
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