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ABSTRACT

STUDENT DESIGNED SCIENCE GAMES: A STUDY OF THE DESN PROCESS,
ARTIFACTS, AND ATTITUDES IN A CONSTRUCTIVIST AND
CONSTRUCTIONIST LEARNING ENVIRONMENT

Neda Khalili, Ph.D.

George Mason University, 2014

Dissertation Director: Dr. Kevin Clark

Video games as pedagogy is an interest to the 8dnahresearch community,
both in creating games for learning and for leagrihrough creating games. This
research study takes the latter approach, puttudgests in charge of creating their own
video games based on science topics with whichwesg previously unfamiliar. It
provided the opportunity for students to learn dakamd explore their understanding of
the topics while designing their games. Studentkaasbclosely with a scientist from the
Federation of American Scientists (FAS), who alad Bxperience in the design of
educational science games. The purpose of thiy stad to follow the design process
students undertook when placed in a constructandtconstructionist learning
environment with available tools and support to ptate their games.

This study furthermore examined student attitudestds science and

technology (specifically, making video games) aftarticipation in the game design



workshop. Science, Technology, Engineering, anchktagatics (STEM) skills are
predicted to be necessary for a technologicallgrdad future with an increasingly
competitive global market. Engaging students iEBTactivities can encourage them
towards these fields. Thus, programs such as tme giesign workshop in this study
grant the opportunity to stimulate student interest

A mixed methods approach was used in this studylyeqg both qualitative and
guantitative analysis on the data. Qualitativeifigd highlight student strategies during
the design process, including modeling their gaamegideo games with which they were
already familiar, gathering information through idegournals, web queries, and
discussions with a science expert, and workingabaoltatively. The study also found that
student understanding of the science topic beg&akoshape and evolve as their game
designs evolved, and that the game design proedsscstudents articulate this
understanding of the topic. Quantitative analgsisurveys did not show any statistical
significance on improvement of science attitudegh\Wegards to attitudes towards
making video games, students did show an improvéemign statistical significance

regarding their perceived ability at making videorges.



1. INTRODUCTION

Kids love playing video games. A study from the PE\é¢rnet and American
Life Project found that 97% of American teenagemssal2-17 play video games,
whether on the Internet, computers, portable deyi@egaming systems (Lenhart et al.,
2008). Furthermore, this love of playing video ganseshared amongst both boys and
girls, with 99% and 94% playing respectively, amang play practices do not vary across
racial and ethnicity groups or different socioeanimlevels. A survey of American
students in grades K-12 found that, on averagesadhe grades, students are playing
video games 8-10 hours a week (Project Tomorro@320rhe entertainment industry
can certainly back up this claim, as video gamessial the United States made over
$15.4 billion in 2013 (Entertainment Software Adation, 2014). This keen interest in
and commitment given to video games has causedrotses and educators to examine
how these games attract their audience and howednive applicable for learning.

Background

It is suggested that beyond the entertainment y&ideo games are becoming
more complex and challenging, placing the playsy rich learning environments where
they are asked to think, problem solve and, ofteed, collaborate (Gee, 2003; 2012;
Shaffer & Gee, 2012; Squire, 2011; Squire, Giovin&evane, & Durga, 2005). Game

players learn new game skills and strategies thausgries of levels that increasingly



become more difficult, asking the player to draanirknowledge gained from previous
levels in order to advance (Lim, 2008; Prensky,7J0The designers of these games
must find a way to get the players to want to ld¢ew to play and stay engaged
throughout the challenges, a problem similar té Wtach a school teacher faces
(Becker, 2007; Gee, 2003, 2007). In fact, Pren2k¥7) suggests that the designers of
educational curriculum would do well to learn froine designers of video games. This
kind of thinking about video games and educatidmaised on learninfjom these games
that are already engrained into lives of the sttglentside of school and finding ways to
meaningfully incorporate them inside their eduaadicsetting.
Video Games for Education

One of the ways that video games are being exanfiaretis purpose is through
the creation of educational games. Educational gareemerging as a popular area of
development, hoping the entertaining features efgdimes will motivate learning
(Danielsson & Wiberg, 2006). These types of ganae® iallen under the category of
“edutainment,” often associated with a negativenocdation due to the many drill-based
and poorly designed educational games on the mé@akes, 2007; Lim, 2008; Prensky,
2007). A summit on Educational Games, sponsoretiéyederation of American
Scientists (FAS), the Entertainment Software Asstomn, and the National Science
Foundation, issued a report stating that educdtgaraes had the potential to be useful
for high quality education, but that the games niestbuilt on the science of learning”
(FAS, 2006, p. 5). Some researchers argue that treralready commercial

entertainment games available that embody gooditegaprinciples, which is much of



the reason they are so engaging (Becker, 2007;206&). Yet Becker (2007) states that
designing games for learning is a big challengerfstructional designers. One of these
challenges is that the games designed for leasimgly turn out to be “boring,” a side
effect that Prensky (2007) says is a result oftadireating games without any input from
the intended audience, kids. Druin (2002) stataschildren’s input on designing
technology allows the thinking to be moved awayrfrivaditional methods and can
ultimately have an effect on the way the technolisgysed for teaching and learning.
Indeed, research studies have looked at incorparatildren of all ages during various
stages of technology design processes (Druin, ZBl@Bnery et al., 2013; Friedman &
Saponara, 2008) including giving them role of videme designers.
Defining Video Games

The term “video games” which will be used in thigdy refers to any type of
digital game, whether it is played on a gaming oteasuch as an Xbox or Nintendo
system, online through a web browser, on a portdélgce such as a cell phone, or on a
computer. The video game artifacts that are creayestudents throughout the literature
are mostly computer-based, created through progmagianguages, software packages
such as Adobe Flash, or special software toolggdesdi specifically to help in game
creation.
Children as Designers

Before students were given the opportunity to leectieators of video games, they
had to be given the opportunity to work with congrat In his 1980 bookindstorms

Seymour Papert, one of the creators of the progiamtanguage LOGO, writes of



children interacting with the computer and learmimgth through programming. This was
done by writing commands in LOGO to make a turtbgeot on the computer screen to
move, causing the turtle (cursor) to draw a lingsrtrail, thereby creating geometric
shapes on the computer screen. These childrentauggbt methods on how to work with
the turtle and the language, rather than giveni@kpistructions on how, for instance, to
draw a circle, so that they could explore the emiment on their own. Papert looked at
this as the “child as a builder,” taken from thedhes of Jean Piaget which include
“children as builders of their own intellectualsttures” (Papert, 1980, p. 7). This is the
underlying theory of constructivism, which is buifbon learners creating their own
knowledge through their experiences. Papert (18KBs this further with the idea of
constructionismwhich relies on building knowledge structuresel@ngaging in
creating, or constructing, some kind of entity,lsas a turtle moving in specific
directions to create a square. According to constmism, the children are creating a
square on the screen by typing in LOGO commandbsanultaneously building their
understanding of a square through its creation.

Kafai (1995), using Papert’s ideas of construcsonistudied fourth-grade
students creating video games about fractions uemg OGO programming language.
This study and the preceding work based on childagstructing instructional software
(Harel, 1990) brought attention to the concepttofients as designers of multimedia
products, specifically video games, and outlinegldbnstructivist learning environment

in which students were immersed. This will be fartbiscussed in Chapter 2.



The idea of children-as-designers with respect¢aoning and technology began
in the 1970s, but is even more relevant today.athancement of technology has made
electronics and software more readily affordable accessible, more sophisticated in
graphics and ease of usability, and the wealthfofimation available on the Internet
offers free tutorials and message support boartislfousers. Whereas Papert (1980) was
first introducing fifth-graders to text-based pragmming on a computer and trying to
persuade others that this was a good idea, togaysger generation has multiple digital
media manipulation and creation tools availabltheam that are aimed specifically for
their age groups. For example, some free gamermdesaograms include Game Maker,
Scratch, and Storytelling Alice, all of which talzasic programming concepts and make
them more understandable by incorporating iconsdaag-and-drop moves for users to
be able to create their own projects. Researchleoshave introduced these programs to
K-12 students have found that the students arevateti and engaged in creating their
projects, collaborate with others, and learn vaiglame design skills (Kafai & Peppler,
2012; Kelleher & Pausch, 2006; Robertson & Nicho|s2007; Sheridan, Clark, &
Peters, 2009).

Technology and the Future Economy

Encouraging kids to follow this excitement aboutkieg with and learning
about technology is becoming one of the nationggest concerns. The rep&ising
Above the Gathering Storfound that the United States is lagging behinslcience and
technology development and that this needs to eghangrder for the U.S. workforce to

remain competitive in the global economy (U.S. $emeport, 2006). Revisiting this



report five years later has found the outlook teehaorsened, while other countries are
making continued growth in these areas (Nationad&emy of Science, National
Academy of Engineering, & Institute of Medicine,12). Encouraging interest in
science, technology, engineering, and mathema®i€gl) fields has become a national
initiative in order to foster the education of @hildren and help develop future
innovators (National Science Foundation, 2009).ims&n, Hugo, Lundgren, Shapiro,
and Thomas (2007) claim that the economy is spadiyi becoming more based on
science and technology. Lawrenz, Huffman, and Tisof2@806) note, “It is important for
all students, including those who have not tradaity been able to participate in STEM
fields, to have opportunities to learn the knowkedgd skills they will need in a
technologically oriented future” (p. 105). The Matal Science and Technology Council
(2012) issued a report establishing a five-yean pteencourage and fund STEM
programs in order to prepare students with thésskéeded to be successful in th& 21
century economy. The term “Ztentury skills” is found throughout the literatuoe
describe what students today need to learn in aodgrepare for the global economy,
although there is no one set list of qualities. Paetnership for ZLCentury Skills issued
a report that includes such abilities as “thinkengically and making judgments,”
“solving complex, multidisciplinary, open-ended plems,” “communicating and
collaborating,” and “making innovative use of knedtje, information and
opportunities” (2008, p. 10).

Students themselves share in this assessmensulvey of students from grades

3-12, students rated “good tech skills” as the nemame skill they felt was necessary in



order to succeed in the 2¢entury, which includes 74% of high school studéRroject
Tomorrow, 2008). Yet, only 19% of these studenid 8ey would be interested in a job
in the STEM fields, with another one third of thedents saying they could be further
interested if they understood what jobs in the STigltis entailed (Project Tomorrow,
2008). This shows awareness in students of theriapce of technology in the future,
but an uncertainty of what is available in term$S@EM jobs.
Students and Technology

The survey of students in grades 3-12 showed hiegtdre using digital resources
outside of school for downloading and uploadingewas, podcasts, and photos; playing
online games; creating or modifying digital mediaing MashUp sites; blogging;
participating in 3D virtual worlds; sharing resoes¢ or contributing to wikis (Project
Tomorrow, 2008). This youth culture is engagingwdtgital technologies in their
everyday life (Hsi, 2007). Multiple attempts haweh made to label this new generation
of tech-savvy users and their experiences growmi the digital era. Prensky (2007)
calls these students “digital natives,” born durihg time of digital technology,
constantly surrounded by it, and growing up ustn@mother term to describe those who
are well-versed in technology is “digitally liteeat Digital literacy can be looked at as
“the skills, knowledge and understanding that eesbtitical, creative, discerning and
safe practices when engaging with digital techne® all areas of life” (Hague &
Payton, 2010, p. 19). These digital technologietinte, but are not limited to, mobile
phones, websites such as social networking ande@ghming, computers, email, music

players, and authoring tools (Hague & Payton, 2088) (2007) looks at the practice of



students interacting with digital technology asyitil fluency,” where students are
voluntarily involved with technology, expressingthselves, and designing their own
work while building skills and knowledge. Hsi (200%aintains that these digitally fluent
kids are working on complex problems, multitaskitadsing on multiple roles and
identities through their work, and are collaborgtimith others to construct a social
reality and establishing and following norms oftp@pation for these social realities.
These experiences may or may not lead to learriogtaspecific content matter, but the
goal is about the meaningful activity for the user.

However, there must be caution when discussingythushful generation’s
knowledge about technology. Vaidhyanathan (20CGggstthat there is a common
misconception that all youths are tech-savvy, givet there is a broad spectrum of what
people can do with technology. Oblinger (2008)sstes that students come into the
classroom with different levels of expertise anak tfior example, students using a web
browser does not equate to finding and learningnfquality sources. Bennett, Maton,
and Kervin (2008) found in their research that¢hera lack of evidence to support the
claim that there is “a homogenous generation vathnical expertise and a distinctive
learning style” that is based on this technicalMdealge (p. 780). In other words,
lumping all young people—whether called the Net &ation (Tapscott, 1998),
Millenials (Howe & Strauss, 2003), or the Digitag@eration—into one group of
technologically advanced users is too simplistidakct, Herring (2008) maintains that all
these labels are coined by adults, and the lensighrwhich adults see new and

advanced technology is simply normal to the youthytation. While the interest in and



use of technology may be prevalent among the ydldy, still need opportunities to
build real skill and knowledge.
Statement of the Problem

The youth culture has a natural affinity towardeo games and research has
shown that they have enthusiasm for taking patti@creation and design of video
games, a good way to encourage their interestchmtdogy. The United States needs to
continue to encourage the K-12 students to becateeeisted in technology and other
STEM-related fields in order to remain competitiveghe global economy which will be
based on science and technology (Atkinson et@07R Although it seems that the youth
culture is already tech-savvy and knowledgeablaeiatazhnology, there are various
levels of understanding on how to work with tecloggl. Additionally, there appears to
be confusion about how this knowledge of technologyld be related to future STEM
careers.

Programs designated in video game design havershmmising results in
encouragement, motivation, and interest in techmglas well as developing skills in
problem solving and working collaboratively, whiatil be outlined further in Chapter 2.
Games (2008) suggests that these types of skitesented in game design are similar to
those identified as necessary for th& 2éntury. Thus, given the interest children already
show for video games, the need to encourage themardoSTEM-related fields and the
push to encourage Ztentury thinking, video game design seems thd jlatform to
make these connections. In order to address théasigoplaced on the fields of

technology and science for the global economy,ghidy looked at how a game design



learning environment using science concepts mayaugpattitudes toward science and
technology. In order to address the push féf@ntury thinking, students were observed
in the roles of learners-as-designers as they esgbliheir science topics.

The problem of this study was to investigate thecpss by which students in this
learning environment are able to understand unfanstience topics and how they
portray this understanding of these topics thraibglr video games. This study also
aimed to discover if this experience improves stidigerest and confidence in their
abilities about science and game design.

Research Questions

The overarching questions driving this study are:

RQ1: How do students create video games on scmueepts about which they
are unfamiliar?

RQ2: How does designing educational science gaffiest student attitudes
toward science and video game design?

The following subquestions will be asked in thisdst

RQ1la: What strategies do students as designeis oseer to understand the
science concepts?

RQ1b: How do students exhibit their understandihtipe science concepts
through their video games, the design processtlaidexplanation of
these?

RQ2a: How does the game design experience atigbeist attitudes toward

science?

10



RQ2b: How does the game design experience affiedest attitudes toward
making video games?
Research Goals

The goals of this research study were twofold. flisé goal was to create a
learning environment where middle and high schaalents were presented with
unfamiliar science topics and provided the oppotyuor learning, problem-solving,
researching, collaborating, and creating an actifiaat embodies the science concepts in
the context of video game design, skills that apresentative of 21st century thinking.
There have been a few studies that have integsatedce content into video game
design (Baytak, 2009; Kafai & Ching, 2001; Yarrn&alKafai, 1996). These studies all
use science concepts that are integrated withcibace lessons that students are learning
in their classrooms. In my study, students workét science concepts which were not
part of a middle school or high school curriculund avere unfamiliar to them.
Presenting students with an unfamiliar topic becomehallenge that needs to be solved,
as they must first learn about the science in ciereate a game about it. This allows
for a novel opportunity for students to learn arglere high-level topics while creating
their games, effectively learning through desigmldo allows all the students in the
program to start from relatively the same starpogt, with respect to prior knowledge
about the topics. To scaffold them through thispses, students worked with a science
subject matter expert from the Federation of AnariScientists, and were provided with
a series of learner-supported tools. Through #asning environment, it was hoped that

students would be able to develop their own straseigr finding ways to solve the

11



problems of (a) understanding their science toptt (®) designing a game about this
science topic. It was anticipated that these twoammnents necessary for creating the
game would cooperatively reveal to the students Wiy still needed to understand and
work on. Their understanding of the science topias monitored through student
actions, discussions, reflections, and their fpralducts, the video games.

Through this game design experience, it was hopaikihe second goal of this
research project would be attained, to stimulatdesits’ interest in science and
technology. As students learned about their topicsder to teach them through their
games, it was hoped that their familarity with tbpic would make them more confident
in their abilities to learn about other sciencads@nd perhaps carry this with them when
considering classes and career paths. Additionad\students may have come into the
game workshop because they love video games, iheaed they would use the skills
and knowledge they learned about programming asjaieg games to further
encourage them toward STEM-related fields.

The two goals of the study are based on qualitangquantitative research
guestions, respectively. However, the quantitatgearch questions in this study did not
attempt to make generalizable statistical infersrioea larger popultion. Rather, this
study will serve to further inform on how the statkemay change their attitudes toward
science and technology through experiencing thisqo#ar game design environment.
This study was set up so that students were prdwidil learner support tools in order to
explore an unfamiliar topic while creating theingas, providing them with a platform to

learn through design as they created their videwega As such, there was not a focus on
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assessing a quantitative gain in scientific knogéetiom the students in this study.
Papert’s (1991) notion of constructionism, par@elyl with respect to the artifact as an
external representation of knowledge, played arkbythis decision. Papert emphasizes
that the artifact is the outcome of the procesdesits go through while interacting with
their environment and shaping their internal knalgke structures. Because of this, |
studied the design process while students creh&ddrtifacts (video games), as well as
examined their final products, instead of conceimgeon taking pre- and posttest
measures to examine student understanding oftty@as.
Significance of the Study

This study may be beneficial to educators in thatovides a framework for a
learning environment where students can be ingesngaged, and involved in
researching about new topics for the benefit oif tbn knowledge. This makes it
beneficial to the students working in this envir@mnas well, as they are given an
opportunity to be both learner and teacher whilekimg with technology. Lastly, this
learning envirionment shows how we can expose amuikte the interests of students in
science and technology in order to help them agphepare for their future careers in the
global economy.

Definition of Terms

The following terms are used in specific wayshis study.

Video Games- In this study, the term is used to refer to digytal game, whether on a

computer, platform, or device, such as an XboxoiPad. With reference to the

13



video games that students produce, the gameseatdrthrough game-design
software and played on a computer.

Design Process This is the process students go through fromkithg of an idea,
sketching out work on paper, programming the garokaborating with peers
and the scientist, and thinking about and intengcvith the game, until a final
product is achieved.

Game Maker This is the game-design software used by stedentreate their game. It
allows students to experience object-oriented @iogning through drag-and-
drop features, using menus to select commandsstaortl coding scripts.

Programming- In this study, referring to students as “prograny” refers to them using
the Game Maker software for their work.

S-SME- The Science Subject Matter Expert, a scientisking at the Federation of
American Scientists who meets with the studentsyeweek and guides them

through their understanding of their science tapics
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2. LITERATURE REVIEW

This chapter will delve into the relevant litensuhat supports this study’s
purpose to create a learning environment throudbosgame design to help students
construct their own knowledge about unfamiliar sceeconstructs. The idea of students
creating their own constructs of knowledge restshenepistemology of constructivism,
which will first be explored through the ideas obaitive/genetic psychologist Jean
Piaget, and social constructivist Lev Vygotsky.sill then lead to a discussion of
constructivist learning environments and constamsim, which places the constructivist
learner in the context of creating some kind ofact. The founder of constructionism is
Seymour Papert, who is also one of the pioneeengéging children in active design,
and the description of his work will introduce tldea of looking at children as designers,
and then more specifically, as game designersvigweof the research done on children
as game designers will be outlined, which will hight the importance of allowing this
population the opportunity for design. This willestcase the goals of this study and set
the stage for the methodology of the study in Céapt

Constructivism

Constructivism is an epistemology that emphasieaming as an active process

in which the learner takes responsibility for consting his or her own knowledge. To

understand constructivism, it is helpful to contitigith another epistemology,
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objectivism, which emphasizes that learning is ssp@ process for the learner, who is
judged to have acquired knowledge by giving theexiresponses to specific stimuli.
Looking at both viewpoints side by side capturesrthle of the learner; in objectivism,
the learnegetsknowledge, whereas in constructivism, the leacneatesknowledge.
Piaget’s Constructivism

Jean Piaget, whose ideas are associated with gomgist theory, began his own
research on how learners create knowledge by abgettiildren, specifically his own
three children (Wadsworth, 1996). In watching thaeticulously, Piaget became aware
of a connection between early childhood actionslatet cognitive development.
Wadsworth (1996) says this time helped Piaget higitheory of cognitive development,
which outlines the characteristics that childrequaee and exhibit during four stages of
their childhood based on their experiences. Agthiel progresses through each of these
stages, he or she encounters and interacts withriemmation, and is able to process
this information with a higher level of understamgl{Piaget, 1972). At each stage, the
child experiences three processes which are redgpemsr his or her cognitive
development and eventual transition to the nexfestassimilation, accommodation, and
equilibration. Assimilation is experienced when tdd meets new information and
must try to integrate it with his or her internalstures of knowledge that already exist,
or through the way he or she currently views theldvéAccommodation occurs as his or
her existing structures of knowledge are adapteddade the new information, which
may change the way he or she sees the world. Ragethe mind as a type of filing

cabinet, where each file represents schema, or kordef knowledge structure. The
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child uses the schemata to organize the worldisrsgen through his or her own
experiences and reactions, and can constantly adaptinge the schemata to fit the
world that is being viewed. However, there may bequs of conflicts, gaps, and
contradiction between the new information comingma what he or she already
believes, called “disequilibration.” The resolutiohthese conflicts brings the child back
to a stable equilibrium, which is a vital componehtognitive development, as it allows
for the child to move toward more sophisticatedkimg while constructing his or her
own knowledge (Piaget, 1972). Through this work, flundations of constructivist
theory are evident: The learner constructs knovdetigpugh experiences, using what is
already known to help make sense of what is unfamdometimes needing to make
room for something that does not fit.
Vygotsky’s Constructivism

Piaget’s views focuses on knowledge that is crefited the reflective interaction
of the individual and the individual’'s experiencksy Vygotsky’'s (1978) work on how
children learn extends this notion, which emphasgsial and cultural relationships as
influences on the individual’'s knowledge constractiStarting from the birth, the child
begins to interact with his or her social worldathngh the tool of language, which is
determined by the culture by which he or she isosurded. At first, the words he or she
learns are not connected to thoughts as the cailoaly communicates in his or her
environment, but as the child grows, he or shematéy reflects on meanings and is able
to form concepts and develop intellectually (Vygts1962). Vygotsky (1978) states

that the child’s cultural development happens dutimo different periods: first, between
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people, which he calls interpsychological, and tivghin the child, or
intrapsychological. It is in the intrapsychologiexiperience where the child, now in the
stage of adolescence, becomes reflective and @ussabout his or her own thinking as
he or she continues to interact with the envirorimen

The social interaction becomes more evident withgatgky's (1978) theory of
the zone of proximal development, or ZPD. The ZBRihe point to which a child can do
or learn something with assistance, through thdeglisupport of adults or with more
developed peers. The ZPD is situated between adfastual development, which is
what the child can do independently, and a zonendéveloped capabilities, which is
what the child cannot yet do (Driscoll, 2005). As thild is appropriately instructed and
guided while in the ZPD, the zone boundaries cdh®ver into the undeveloped
territory, highlighting an advance in developmenydgotsky, 1978). This supports the
notion of scaffolding, a term used to describe waeimnstructor (or other type of
advanced learner) supports the learner in the rangin of knowledge (Driscoll, 2005).
Scaffolding is used in many constructivist learneamyironments.

Piaget’s and Vygotsky's theories present, on omelhsimilar insights about the
way that a learner internally constructs knowledgsed on a type of experience in an
external world. Yet, on the other hand, Bruner {)38ighlights the differences between
their two theories in that Piaget presents a ldgigad that constructs and organizes
knowledge based on the individual’s interactionhwviite world, while Vygotsky presents

a mind that is able to interpret and make meanfrwghat is going on in the world that is
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based on social interaction. Bruner (1997) clainas these two theories are
incommensurable, but are not without their ownhisut
Constructivist Learning Environments (CLES)

Constructivism focuses on the learner, with thggatoor problem as the driving
force of knowledge construction, and the instruettting as a facilitator (Savery &
Duffy, 1996). The instructor as facilitator doed neean that the learner does not receive
instruction, but rather is guided with tools andiesnments that support active learning
(Jonassen, 1991). Jonassen (1999) highlights alrfardmnstructivist learning
environments (CLES):

1. Learner interprets a problem or completes gepto

2. Learner makes connections to related cases.

3. Learner is supported by information resources.

4. Learner uses cognitive tools to interpret amohipulate the problem/project.

5. Learner communicates with others through collation tools.

6. Learner is given social/contextual support.

The problem or project in a CLE is ill-defined brstructured to allow for the
fact that there is no “right” or “wrong” solutiobut instead leaves the door open to
consider how viable the leaner's knowledge or exgi@ns are in relation to other
alternatives (Duffy & Cunningham, 1996). ThomasQ@pfurther describes the role of
the project in CLE environments in that it mustiude the five criteria of centrality,
driving question, constructive investigations, agimy, and realism. The project is

central in that it is the entire point of the caulum; the project is the way the learner
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answers the driving question of the curriculum;phaect is an investigation in
constructing new knowledge; the project is leamh@ren and allows the learner to work
on parts of it independently; the project shoulddss schoollike and more authentic and
meaningful to the learner (Thomas, 2000). Thisinetbf a project in a CLE fits well

with Jonassen’s (1999) model and would fit welaitechnology-focused project.

To understand the problem or project, the leareeds a base of related
experiences from which to refer (Jonassen, 199%ypA of constructivist pedagogy
called cased-based reasoning maintains that lesbodd knowledge and experiences as
cases in their minds, retrieving similar situati@ssa foundation for what may have
worked or failed before, and allowing this new exgece to become encoded as a new
case (Kolodner, 1993; Kolodner et al., 2003). Bis® relates back to Piaget's (1972)
notion of trying to fit in knowledge from new exjg@Ences into an existing organizational
system in the mind, and if not, then restructutimgfiling system.

To investigate or explore the problem/project,ld@ner needs rich sources of
information to support learning, such as textspbies, videos, and websites (Jonassen,
1999). Of particular importance is the allowancer&sources to be available for the
learner to select for “just-in-time learning.” Ttalows for information to be ready just
when it needs to be explored or to help in compéetiome kind of process or activity.

In order for the learner to be able perform th&gaseeded to solve the problem
or complete the project, the tools available neesbpport the tasks, specifically in ways
to support knowledge construction. This may incltatds that allow for visual

manipulation of the problem concepts, systemsalaiv for dynamic modeling, or even
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powerful search engines that facilitate in the kiealge-gathering process (Jonassen,
1999).

Likewise, there should be tools that allow for dission and collaboration
between the learner and the instructor, peerspdre community members. Recent
technology advancements have moved from listsemsjl, and discussion boards to
blogs, wikis, virtual environments, and even miéuvideo games as tools for
collaboration (Guterman, 2008; Ketelhut, Clarkelddn, & Dukas, 2008; Spires, 2008).
This distinction between cognitive tools and cotliedsion tools for knowledge
construction may also be based in the distinctetmben Piaget’s constructivism and
Vygotsky's constructivism: In a CLE, there is tH@edance for both types of
experiences to come through.

Additionally, with respect to the social and cu#tiaspect of Vygotsky’s ideas,
the social context of the learning environment nngssupported so that learners are not
in some way offended or even disengaged from tbggrror problem they are
investigating (Jonassen, 1999). This includes giguapport to and training the teachers
of this learning environment, so that they candsettipport the learners.

Constructionism

Seymour Papert worked with Jean Piaget in thella®®s to early 1960s, who
influenced him in understanding the process ofnliear (Papert, 1980). According to
Papert (1980), when Piaget speaks of the developof¢ne child, it cannot be separated
from the development of knowledge. This led Pagenmathematician, to the design of a

tool that would aid children with developing thewn knowledge. The tool was LOGO,
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a programming language for children, which includeturtle object that children could
control through LOGO commands (Papert et al., 1988)rogramming instructions on
the computer, sixth graders were able to have Thette—which first began with a
physical robotic object on a piece of paper budrlaiirned into a cursor on the computer
screen—move by their specified directions to creatgle geometric shapes to more
complex figures. The children were taught the basromands of LOGO and how to
work in the programming environment, then were gix@gn to experiment and to define
their own tasks (Papert et al., 1978). The firsksawould involve the children coming up
with an object they wanted to create, such asveeflpwriting out the steps on paper on
how to create it, and then using the LOGO comméamdseate the flower through the
computer. Papert et al. (1978) stated that theli@lbegan to have a sense of control
and ownership over these designs. Some childretincea to make simple designs
while others wanted to move onto more complex ovieseven when the children
needed help from a teacher, rather than the tegohiag them the programming
instructions, they would discuss a heuristic mettwolkelp solve the problem. A child
asking how to program the Turtle cursor to dravirelewould receive a description of
how the child himself or herself might move in artle make a circle, and how to
translate this into LOGO commands (Papert, 1980is €&xample shows its roots of
constructivism: The role of the teacher is as fiatdr and the child is not given an
answer but rather given direction to build uponittternal knowledge structures that

already exist in order to create new ones.
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The work with LOGO laid the foundation for Pape&rfpropose constructionism, a
learning theory that takes the constructivist stathat learning is actively constructed
within the mind of the learner, situated in the teom of creation (Papert, 1991).

Constructimism—the N word as opposed to the V word—sharestngsts/ism’s

connotation of learning as “building knowledge strues” irrespective of the

circumstances of the learning. It then adds tha ttat this happens especially

felicitously in a context where the learner is anagsly engaged in constructing a

public entity, whether it's a sand castle on thadbeor a theory of the universe.

(Papert, 1991, p. 1)

Kafai and Resnick (1996) state that constructionsthe learning that develops
from two types of construction: constructing knogide while constructing some type of
meaningful artifact. They further advocate thatiheas become “intellectually engaged”
through constructionism by making connections it knowledge they are gaining,
through a learning environment that encouragesrmdifft styles of learning and different
representations of knowledge (Kafai & Resnick, )98t only are the learners making
these connections for themselves, but by produamartifact through the learning
experience, they have a physical object that caseba by others. According to Papert
(1991), it is the artifact that allows the learteeexternalize the internal knowledge
structures that are being shaped through interatiothe environment.

This Study
This study centered on a constructionist learnigrenment, with emphasis on

learners engaged in creating an artifact—in ths®caideo games—and interacting with
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their learning environment as they build theirfadis to shape their understanding of
science topics. It also drew upon Jonassen’s (19@@)el for constructivist learning
principles to support the learner throughout thecpss. Papert (1980) states that
constructionism takes the constructivist princigéearners constructing internal
knowledge structures one step further by placimg & context where learners construct
knowledge through building artifacts. In this casenstructionism is no longer
concerned with just the internal thoughts in tteder’'s mind, but on the knowledge that
is being created through the artifact and the coinore the learner makes to it. The video
game was thus a key piece in understanding studerdsrstanding of the science
concepts on which the games were based.
The Computer in Constructionism

In the constructionist learning environment, therter needs to be able to explore
and engage in the creation process, which has &y wonstructionist research designs
to utilize computers or computerlike technolog®s;h as instructional software (Harel,
1990), video games (Kafai, 1995), multimedia enrwinents (Neo, Neo, & Kwok, 2012),
programmable Legos and Legolike structures (Res@i@fd7) and robotics (Rusk,
Resnick, Berg, & Pezalla-Granlund, 2008). Technglisgan important vehicle for
constructionism, as it offers a powerful and flégitvorking environment for learners to
explore and learn on their own (Stager, 2001). Kkrd2004) states that computers are
ideal as a medium for constructivist learning beeathey allow students to be
expressive, take control of their own learning, paravide instant visual feedback of their

actions. Indeed, the origins of constructionismendgveloped from a computer
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programming language for children (Papert, 198@) FFalbel (1991) cautions about the
way computers are used for learning, which stilgs true almost two decades later. A
computer program that asks the user to answerfgpguestions is not allowing the user
to take control of a learning experience; howesarser who is using a programming
language has the freedom to instruct the compuistead of the other way around. Thus,
the way that the computer is used in the constnidi learning environment is very
important.
Learners as Designers

Harel's (1988) seminal work on children designingtructional software had
fourth graders using the computer to program in KD &pecifically designed with
Papert’s constructionist ideas in mind. Over aqeeadf four months, 17 fourth-grade
students were given lessons on software desiggrgmaming in LOGO, and fractions,
but left to their own devices to create their owftware that would teach fractions to
other children. The students were found to be mat¢ to learn about mathematics
through this process, to create real representatibmath and put them to use in creating
software, to make personal connections to theiepts, to think about how to teach
fractions through the software and thereby “te&cbugh design,” and to integrate
multiple aspects of curriculum, activity, imagiraat] and self-reflection into one project
(Harel, 1990). The students were found to incrélasie understanding and knowledge of
both fractions and the LOGO programming languageavyell as to develop problem-
finding, problem-solving, and reflection skills. i§rstudy exemplified constructionist

theory as it engaged the students in an open-goageLt that allowed them to build
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knowledge through their own software creations, @taved the researchers to observe
this process by following their activities aroumhe tdesign artifacts. Harel also credited
Perkins’ (1986) work irkKnowledge as Desigas an influence on the study, who argues
that an environment for learning based on the imeatf a design promotes the active use
of knowledge by the learner (Harel & Papert, 19%ideed, this study highlighted the
idea of “learners as designers.” It inspired thetiséudy in following child designers
through looking at learners as video game designers
Learners as Game Designers

Kafai's (1995) doctoral dissertation in 1993 reex@ed and extended Harel's
(1988) work and turned it into a video game degignect. The design setup was similar:
Sixteen fourth-grade students were given an illref task to design educational games
teaching fractions to other children through LOQ@is study observed students’ design
styles as they created their games over a peristkohonths and how their ideas
developed over time. Some created a plan in thenbieg and followed it through to the
end; others changed their designs as they canméet@ct with the programming
language and understand the concepts of fracfidresstudents were also immersed in a
learning culture where they shared a common taskjjoroached it in different ways,
yet were still able to discuss with one anothelp leach other design games, and play
each other’s games (Kafai, 1995). These obsensattso emphasized Kafai’'s (1995)
findings that designing games offers a powerful veagtimulate learning.

Kafai (1995) used the slightly different contextdafsigning video games in

acknowledgement of the enthusiasm children alré@itiyor the technology, moving
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from consumers to producers. This change was tetlen the way the students in each
study thought about and designed their games. BtsideHarel’s (1988) study brought
the concept of using fractions to the foregrounthefinstructional software that was
created whereas students in Kafai's (1995) studyhmuconcept of fractions in the
background. For example, most artifacts in theruasional software project focused on a
type of tutorial in instructing the user about trans, whereas most of the games focused
on a type of playful context where the user contdrdifferent situations and had to
solve a fraction in order to move on in the gamaf@ 1995). The representations of the
fractions in the software artifacts used more gdéng ideas, such as using a fractions
clock or representations with money. The gamekopafih using more generic
representations of fractions such as dividing gshato sections, relied on a narrative
and required more complex programming as the stani¢ghe game adapted to the
interactions of the users solving the fraction jpeots.

The issue of separating the content from the gamassaddressed in a later study
by Kafai, Franke, Ching, and Shih (1998). Duringcdissions with fifth-grade students
designing games about fractions, the authors gahaléenge to the students to create
games that do not ask questions, such as quiz gdimssneed was derived from past
experience with students designing games, as niadgrd ideas had centered around
quizzes and stopping game play to ask a questiafa(KL995; Kafai, Ching, &

Marshall, 1997). The authors found that this helpesthape the way students created
their games and they were able to evaluate the gjased on how much integration

there was between the fractions content and the ghasign, the types of fractions
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represented in the game, and the type of thinkiagwent into making the game. The
authors also applied the findings from this studesision, called the conceptual design
tools, to a session where teachers created garasfadctions (Kafai et al., 1998).

These studies by Harel (1990) and Kafai (e.g., 198%e exemplary with the
ideas of children making artifacts and learningtiyh design. They opened doors for
thinking about new ways to place children in designtered approaches for learning,
especially in video game design. For my study ini@aar, these works served as the
foundation of my game design learning environm&he basic premise of providing an
opportunity for students to create their own gaaras observing their process is very
powerful, and as Harel and Kafai have demonstratt@tlpws a glimpse into the inner
thinking of the students as they learn through @igame design.

Game Design Research

Hayes and Games (2008) claim there are four manwes of research in making
video games in educational settings: (a) helpindestts learn programming concepts, (b)
attracting students—especially females and othdeuapresented populations—toward
technical fields such as computer science, (c) meihg the understanding of an
academic domain, and (d) facilitating learning @king games or features of games.
The authors note that learning programming concaetprevalent in the other three
categories as well. Games (2009) offers furtheaitleh these categories in his doctoral
dissertation. While these categories highlightghgoses for which game design
environments have been created, they do not afferadiate insight into the resources,

tools, and guidance students were offered in sumdaheir game creation. | first present
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a review of the literature within the context ohdssen’s (1999) model of a constructivist
learning environment, with respect to the gamedryithe design process, the resources
and tools provided for individual learner supptirte opportunities for learners to make
connections and to collaborate, and the sociakantextual support. This further
informed my study of a learner-supported game desityironment while continuing to
respect the categories presented by Hayes and Ga6G&). Because of the
constructionist nature of the game design envirarisehis literature is ideal for
examining under the lens of a constructivist leagrenvironment.
Game Design CLEs

Learner completes a project (game)Students in a game-making environment
have a goal to create some kind of game or elenoérigame. This may include
creating a game with a programming language (H&8810; Kafai, 1995), using game-
making toolkits that utilize programming concepts kequire little knowledge of
programming code (Baytak, 2009; Click, 2014; K&dreppler, 2012; Werner, Campe,
& Denner, 2012), modifying existing games or gaike-environments (Bruckman,
1997; Hayes & King, 2009; Robertson & Good, 20@8)hy putting together multimedia
elements (Neo et al., 2012). Although many of thggsme creation tools also allow for
the creation of storytelling movies and narrativea similar fashion as creating games
(e.q., Kelleher & Pausch, 2006; Szafron et al. 520this study adhered to the definition
of games which designate an element of interacRaertson and Howells (2008) make
the point that a game that responds to user irguutires the game creator to include a

“specification of conditions, consequences and seges of behavior, which is not
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required in writing text, or producing still or miag images” (p. 563). Of particular note
were the studies of Harel (1990) and Kafai etk&hféi & Ching, 2001; Kafai et al.,
1997) that include children designing instructiosaftware, which also fits this
definition.

As a result of the different tools used to creategames, the artifacts that are
described in the research vary greatly. The gameguped from the studies that began
the game design research were based in the laBs 18&arly 1990s, and so the pixilated
images and poor animations are very dated witladvancements of technology (Harel,
1990; Kafai, 1995). Games that are modified fronstaxg game engines will still have
the “look” of the original game as users are ablatilize their characters and richly
designed environments (Hayes & King, 2009; Rober&@sood, 2005). Many tools
used for game design allow students to create tlv@irimages and scenery for their
games, and these games will differ in play as tsghers need to create the goals of the
game from start to finish. Some studies admitlbleisomes a daunting task and the
students are unable to finish, especially duente ttonstraints (Robertson & Howells,
2008). Interestingly, there is a lack of descriptio the literature of how long it takes to
play the finished games, from start to finish.

The topics of the games described in the liteeatlso vary. For those games
derived from design environments that concentrataroacademic domain, the games’
focuses include mathematics (Harel, 1990; Kafa®5)9science (Baytak, Land, & Smith,
2011; loannidou, Repenning, Lewis, Cherry, & Ra@é3; Kafai & Ching, 2001),

history (loannidou et al., 2003), literacy (Owstdvideman, Ronda, & Brown, 2009;
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Robertson & Howells, 2008; Robertson, 2012), engyimg (Blanchfield, 2009; Coller &
Scott, 2009) and design skills (Games, 2010; K&fBeppler, 2012). Studies also use
games that are created in environments aimed tmueage interest in computer science
but do not have a specific academic focus (Cli€kd,£2 Denner & Werner, 2007,
Flannagan, Howe, & Nissenbaum, 2005, Werner e2@l2).

Additionally, the games varied within each studyedl, which is to be expected
in open-ended design environments. In Baytak’s 92@@ssertation study of fifth-grade
students designing environmental science gamdgeinlassroom, the games included
topics of pollution, global warming, and overpogida. The representation of these
topics also varied; one student’s game centerezhanil spill, while another student’s
solution to overpopulation was to send his charadteMars. Baytak (2009) mentions
that the teacher of the classroom assessed thessdry looking at the information that
was portrayed on a case-by-case basis. Of thergtudi® created a game about the oil
spill, the teacher noted that the facts were ctyrgortrayed in that the oil would keep
spreading if not cleaned up and that this wouldseadditional effects, such as harming
sea life.

Game assessment of the artifacts produced in gtedes varies according to
context of the study. The open-ended nature oktkasironments allows students to use
various design strategies and produces a multbdfidéferent responses based on those
strategies (Robertson & Nicholson, 2007). Additibndhe emphasis on these artifacts is
not to produce a “right” or “wrong” answer, butdased more on an architectural design

of creating good solutions rather than bad one$ajkaChing, 2001). However, some
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design programs find the need to look at the ggmmaduced as part of the entire
representation of the experience. For game desiginoements that stress the
importance of learning programming concepts, somn@ies look at the technical aspects
included across all the games (Baytak, 2009) wdtiers look at the content of screens
created (Kafai et al., 1997). Robertson (2012)drgtemes created by students to tell
stories based on eight dimensions, including videalgn, dialogue, and imagination.
Kafai and Peppler (2012) considered the assessvhgatnes created by the same
authors over a period time based on the categofiesginality of idea, criticality, use of
medium, technique, and overall skill. The game thegreated by students in
Robertson’s (2012) and Kafai and Peppler’'s (2011&)iss were created based on their
own choosing, while the games in the study of Ba{2909) and Kafai et al. (1997)
were specifically created with an academic fochigstthe goals of assessing the games
are different for each study based on the params#terstudents are given to create them.

Assessing knowledge learned from creating the gasreso a method of
evaluation. Harel (1990) and Kafai (1995) found stadents increased their knowledge
about fractions and programming through their desigvironments; Kafai et al. (1997)
found that students increased their knowledge ahstwbnomy concepts and fractions;
Baytak (2009) found that students did not havesaggificant increase in their
knowledge about environmental science after maltieg games.

Regardless aivhattypes of games have been produced and their assessall

the game design environments put particular empluagiowthese games were
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produced. In describing this process, they revealtays students were supported in
their design process.

Learner makes connections to related case&iving students in a learning
environment different perspectives or examples luditvtype of project they are
considering allows them to enhance their understgné&specially relevant to child
designers is to give them a type of case to comjpareurrent project or problem to, with
the notion that they as a designer will constrbetrtown interpretations of it (Jonassen,
1999). Some studies do this by presenting exanieeg (Baytak, 2009) or by providing
sample scenarios to complete before tackling eeptan their own (Denner & Werner,
2005). Other studies do this through discussiorlated examples, such as thinking
about fractions and linking them to examples inrtred world (Harel, 1990; Kafai, 1995;
Kafai et al., 1998).

Kafai and Ching (2001) created a study for studentiesign instructional
science software based on neuroscience concepistdgoing to into the game design
environment, students were taken to a laboratodyeare able to dissect a sheep’s eye
and also listen to a surgeon talk about the diffees between a sheep’s brain and a
human brain. Although not expressly described enstudy, it can be inferred that these
activities were meant to be used as cases to whektudents could refer once they
began to design their artifacts.

Learner is supported by information resourcesAcross the literature of the
game design environments, the students are leasomg type of new skill in

programming and or introduced to a new piece dinsok to construct games. In
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learning how to use the tools alone, they will ieggsome guidance. Most of these game
and programming environments are commercially abél and have a rich user-
supported community online. Hayes and Games (26@8ment on the support system
for the game design software Game Maker, whichuohes$ wikis, blogs, and message
boards where the user community offers helpful @elt® designers working with this
software.The Game Maker’s Apprenticg® a companion text that provides insight on
design and thinking about rules, characters, aadrtchanics of the games created in
that environment (Habgood & Overmars, 2006). Sbraaother game design toolkit,
(n.d.) also provides tutorials, a forum for usensddvice and support, as well as a gallery
for sharing projects and a day set aside eachfgeasers to come together to discuss
and share their Scratch projects. Hayes and Ki@@9Rdiscuss the fan sites and the user
community surrounding versions of the gantee Simsnd its role in encouraging users
to use available tools to modify the game to crédade own game scenarios. As they
followed their study of women modifyinghe Sims 20 create their own game, they
found that their participants used the online tatsrto help them create the games and
used the fan sites for feedback and encouragemrayeg, King, & Lammers, 2008).

Game design environments with a specific focuamacademic domain would
have a different need of information resourcesddition to the students learning the
technical aspects of game design, there is aniadditfocus on content. Baytak’s (2009;
Baytak et al., 2011) studies focused on studeseistiog environmental issue games, and
the students had discussions with teachers abeutttipics. In Harel's (1990) and

Kafai's (1995) work on students creating artifamt®ut fractions, fourth-grade students
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discussed issues about fractions in Focus Sessi@mhance their understanding about
fractions. These studies did not provide any adidi information resources that students
could access on their own. Kafai and Ching’s (262dylents designed instructional
software based on neuroscience and were informeelogites with additional

information which they could explore on their ovas, well as class discussions and
laboratory experiments.

Learner uses cognitive toolsMany of the software tools used in the game design
environments were created to specifically providegrmance support to the users. As
briefly mentioned earlier, Game Maker and Scratehgame design software that allow
students to build games with little to no knowleddge@ programming language. Without
having to learn an entire programming language dieioproduce games, students can
immediately focus on the design aspects and saéged their work quickly. Game
Maker and Scratch both use drag-and-drop actionsetiie the commands that will be
used with the game, a process that emphasizesgragiamming concepts. For
example, in Game Maker, users assign a Sprite ligralpmage) to an Object (character)
in the game and then drag-and-drop icons that septean Event (e.g., a keystroke) to
trigger an Action (e.g., jump) that the Object w@ke (Habgood & Overmars, 2006). In
this sense, the user is modeling what the progragtanguage would do. Modeling
provides a way for taking formal representationkradwledge and representing them in
ways that make them more understandable to thede&ionassen, 1999). A significant

feature of Game Maker in particular is that users see the code that is generated from
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their drag-and-drop actions and can also switalirting their games in the
programming language code once they have masteeezbhcepts.

A particularly interesting way of modeling the @gsof games is done through
the software tool Gamestar Mechanic (Games, 20103.tool is actually a game
alongside game design software, which scaffoldsiiees into thinking about designing
games through performing small tasks which theylater apply to making their own
games. The user plays the tasks by editing a gaatéstmissing a key feature in order to
be playable, such as a maze that has no cleatgatgoal. The user becomes the
mechanic in this sense to fix the game, or in¢hise, clear the path for the game
character to reach the end of the maze. These kindsks introduce users to working
with the software to create their own games, baa glves them a sense of the mechanics
of games themselves and what makes them playadlmtanesting. The game
environment of Gamestar Mechanic also uses icodsleag-and-drop actions to create
the games, but unlike Game Maker, does not prayig@rtunities to program with code.

Another tool that is prevalent in the game designature is not so much a
physical tool as a way of representing the prooégame design. Some studies have
identified that establishing an iterative procelsgame design is helpful to guide students
through making games (Click, 2014; Resnick, 200dhd&tson & Nicholson, 2007). The
iterative process more or less includes stageeftaction, design, testing, and
discussion. Along with the discussion time, theingsperiod also includes other
members of the game design environment, whethguaters, peers, or even the entire

class.
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Reflection. The period of reflection is one where studentsade to think about
what they want to design. Robertson and Nichol20@T) call this time “idea
generation” while Resnick (2007) simplifies it tofagine.” From the studies of Harel
(1990) and Kafai (1995), students were given “DesigNotebooks” to prompt the
reflection process. Each day that was spent worbimtheir designs, students spent some
time at the beginning writing about what they wali@ do and spent some time at the
end writing about what had been done and any pmubteat were encountered. Kafai
(1995) noted that this helped students to docunment progress and reflect on their
thoughts and ideas and could be used as a riclsdatee. Additional studies in game
design have added this feature to their learnimy@mments (Baytak, 2009; Denner &
Werner, 2007; Robertson & Nicholson, 2007), and ithea is also used in design
environments that are not based on making gamdsdKer et al., 2003). Kolodner et al.
(2003) in particular used the notebooks for stuslemthink through science concepts,
which would make this kind of tool ideal for gamestyn environments with a focus on a
specific academic domain.

Design. This is the time period of construction of the ganiesnick (2007)
refers to this as the time to “create” while Robernt and Nicholson (2007) separate it
into “design” and “implementation,” marking a pattiar time between reflection and
construction to determine the specific design elgmef the game. This may include
periods of reflection as well, especially as stusieafer back to their Designer

Notebooks.
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Testing. This is a period of testing out the games to seethey work, akin to
“game testing” by Robertson and Nicholson (20070 ‘qtay” by Resnick (2007).
Robertson and Nicholson (2007) note that the dgségiod also includes periods of
testing and redesign as the students are tryintheutleas for themselves. This may
include the notion of “debugging,” which in compuseience relates to the notion of
finding errors in the code and fixing them. Thisynadso include the notion of
“tinkering,” which can involve testing out featurekthe software to see what it can do
(Hayes & King, 2009). Resnick and Rosenbaum (2@d&intain that tinkering is an
important step in exploring ideas and experimenty possibilities. Testing may occur
by the game designer, by another student, or imt fvbthe class as a presentation. This
kind of testing elicits feedback from others theg tlesigner will be able to use.

Discussion. This is the period where other people in the delkggming
environments offer opinions and advice on the sitslgames. The designer must then
consider how to utilize this feedback in the gaiftas aligns with what Robertson and
Nicholson (2007) describe as “evaluation” and limkth Resnick’s (2007) ideas of
“share” and “reflect.” In some learning environmgntounger students were brought in
to play the games that were created and to oféstlfack to the creators (Baytak, 2009;
Harel, 1988; Kafai, 1995). Others involved othemgadesigners from the class playing
the games and offering advice (Denner & Werner,72@ames, 2010). One study
involved posting games to a public forum for feedkb@ayes et al., 2008). The feedback
that the game designers receive from those whotpkly game can give them new

perspectives about what is missing from the game/hat should be taken away. The
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feedback from player to designer and the subsequgiatition of that feedback by the
designer into the game is what Games (2010) calialag between player and designer.
This kind of back-and-forth is also found during@f@ssional game design (Salen &
Zimmerman, 2006).

This kind of process is iterative, because atteeiving feedback, the game
designer may want to go back to the game and charnjas leads to another cycle of
the reflect-design-test-discuss process. The heéseen these stages blur and do not
necessarily need to be completed in order, as wEsgo back to the stages as needed as
their games progress (Robertson & Nicholson, 200#)er studies have adopted similar
types of iterative processes, more akin to thenso# design world and rapid prototyping
(Flannagan et al., 2005).

Learner communicates with others through collaboraton tools. Collaboration
is a key aspect of many game design learning emviemts. Some studies discuss having
game designers come together during group sesstiney can all share ideas (Baytak,
2009; Harel, 1990; Kafai, 1995; Kafai & Ching, 200This is in line with Brown’s
(1994) community of learners, where students cargether to share knowledge about a
common learning interest.

Denner and Werner (2007) setup their all-girls paogso that everyone worked
in pairs, sharing roles of driver and navigatore Tirls had to get used to working
together and sharing a computer, so the authortgpsstenarios where the navigator read
aloud instructions so the driver could perform thi@enner, Werner, Bean & Campe,

2005). This helped the girls understand how to wiodether and many of them came to
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enjoy having partners. The authors report thgbains, the girls were effective at
reminding each other to use resources and to ca@gpproblem to an instance that was
already working.

Sheridan et al.’s (2009) study of middle and higha®| students working in a
game design studio (of which | was a graduate rekesssistant) integrated a peer
mentoring model where experienced game design stsitielped newer students
entering the program to scaffold their learningexignce. Kafai and Ching (2001) also
incorporated a similar mentoring model. AdditiogaBheridan et al. (2009) found that
the new students in the program, sitting next tthezher in the computer lab, would
watch each other’s computers and comment on eaeln'®tvork, often asking the
guestion “How did you do that?” The students irs tthesign studio naturally collaborated
with each through helping each other with theijgets.

Learner is given social/contextual supportSocial, cultural, and contextual
factors of the game design learning environmenticgract the way that students work in
the environment. Social and cultural consideratmarsinclude creating all-female
environments (Denner & Werner, 2007; Flannagan. €2@05) and environments for
underrepresented populations (Sheridan et al.,)2@29tt, Clark, Sheridan, Hayes, and
Mruczek (2010) refer to these environments as CallifuRelevant Computing Programs,
where the implementations of these environments ¢aksideration for the needs of the
participants and the teachers who work closely #igm.

Flannagan et al. (2005) created a program for iesnarimarily from

disadvantaged homes, to encourage their inte@stad computer science. They used a
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program called RAPUNSEL which allowed the girlgptogram dancer figures and take
care of these dancers through a nurturing strustuch adNeoPetsThe authors found
that they had to restructure some of the valueékesf program. For instance, the
nurturing care structure they hoped would be imgletad turned into a more
competitive structure, so a new rewards systembwadsinto the program. Also, the
original focus was for the girls to strictly prograheir games to foster programming
skills, but the girls wanted more instant feedbattheir games, especially through
modifying existing games. Thus, the authors toak ithto consideration and incorporated
this aspect into the program, along with a featunere the girls could share their own
code with other participants. This switched th@ioal focus of the program from
learning how to program to learning “how to creat@ompelling environment in which
programming is a central element” (Flannagan ek@b5, p. 754). These authors took in
the considerations of their participants in orademiake the learning environment work
for them.

The contextual support in game design learningrenments is also quite
important. For example, teachers whose classrooensking part in these types of
learning environments may require some type ofgasibnal development, either in the
content that will be taught or even the game desimgnironments themselves (Baytak,
2009). The students also need some contextual supgeether it be learning how to
work with a partner through exercises (Denner & kéer2007) or time to explore the

game design software (Robertson & Howells, 2008).
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The Current Game Design Learning Environment

These elements of constructivist learning envirents are prevalent in the
literature with respect to game design, unsurpyisisi the environments all incorporate
open-ended learning where students are free t@sgpnemselves through the creation
of games. The literature reviewed describes gamiglenvironments through the
context of learning support that is offered to shedents in these environments, whether
the learning is centered on programming and dasiggames, either within or without
an academic domain. While the studies incorporateynof the learner-supported
elements of a constructivist learning environméns, not clear that any one study
include all of these elements. What is clear i$ tlome of these studies created their
design environments with the express purpose dfidintg these learner-supported
elements. This current study situated the gameydesivironment firmly within the
constructivist learning model as outlined by Joaag4999) in order to provide learner-
supported tools for game design. This works espeall for a game design model
based on Papert’s (1980) theory of constructionwshere learners create artifacts that
express their inner ideas. Thus, this study pralicenstructivist learning resources to
help learners construct their own meaning and aegdesign model for learners to create
artifacts expressing this knowledge. This allowsel $tudy to (a) observe how
participants construct their own meaning througlatting games in a learner-supported
environment, both through scaffolding and on tle&n, and (b) observe the games that

are created, as an external expression of the mgeatudents have constructed.
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Additionally, the game designers in the currentlgtsilearning environment were
focused on creating games based on science corfiomptenmunology. These concepts
were presented by a science subject matter expentthe Federation of American
Scientists who worked on the FAS-created educdtsriance video game Immune
Attack (FAS, 2007), which is a game that teachewumology concepts. The expert
worked closely with the students throughout théremgfame design learning
environment, an element not found among the cugamte design environment
literature. Bringing in a scientist who is connecte a video game adds an element of
authenticity to the game design environment forstiuelents’ learning experience.

The last aspect of this current game design enwiemt was to encourage
students toward science and technology. One rdastraving students work with
science concepts in the context of video game degas to encourage their interest in
the field. As such, this study looked to see ifistut attitudes toward science were
affected based on their experiences in the gamgrdesvironment. To date, this had not
been looked at by any current game design leagmvgonment.

Science and Game Design

Kafai and Ching (2001) conducted a study witthfgraders where they created
instructional software about science concepts sadimg neuroscience. The authors
make the point that their study brings in an aléke approach to students engaging in a
practice of science by giving them a learning-tigtoalesign experience where they are
creating architectural models of science, in cattta engineering models of science.

The difference is that an engineering model ofrsmeprovides immediate feedback
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about the design (e.g. Kolodner et al., 2003), wagian architectural model is not
concerned with a “right” or “wrong” answer, butlat considers a good or bad solution.
Kafai and Ching (2001) maintain that this “desiggp@ach to science inquiry promotes
students’ ability to express their ideas and irgesrevhile integrating them within a
science context” (p. 326). This study concentratedboking at the science discourse
that arose between the students as they collaldooatéheir instructional software
designs. The authors refer to this as “sciencé ikl monitor the group interactions as
they specifically refer to the science conceptsmiuthe design process. They found that
this kind of science discourse does occur withendbntext of design, specifically during
the planning stage and when discussing the acasadjiol screens. Kafai and Ching (2001)
found that including older peers who have alreaatyegthrough a science design
environment allowed for the conversations to bersi@in a more fruitful direction.
However, across seven teams, it was found tha tieams did not engage in scientific
discourse during the recorded group sessions,anu$éd more on design issues.

What Kafai and Ching (2001) have shown here issh&nce content can be
integrated into a design activity that is meanihgfithe students. Students in this type of
setting have issues of design to deal with as ageissues of understanding the science
concept, but the findings were positive in integigithem together in their games.
Science and Game Design in My Study

My study shared some similarities with Kafai andr@h(2001) in that it was a
learning-through-design environment where studemst® asked to integrate science

concepts into their design of an artifact. WheréaKand Ching focused on if science
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discourse was occurring in relation to making tamgs, | looked more specifically at the
science understanding students are able to repriesieir games. Simultaneously, |
examined how students utilized the information veses and tools provided for them as
they created their games. Lastly, | hoped to discdwthis experience of working with
science through video games affected student@sttoward science in an effort to
encourage their interest in the field.

Summary

Game design learning environments are emergi@gvesy to engage students in
meaningful activity while helping them learn abeatious disciplines or encourage their
interest in a specific domain. New advancementsghnology have offered many
software tools that can scaffold users into crgagiames without the explicit need to
write code, which allows them to get feedback fittweir work instantly and produce
games more quickly. As such, students are creaitdep games on their own, in pairs, or
with groups, either from the ground up, templated)y modifying existing games.

The literature described here shows that studesigders in these learning
environments are supported through a variety ohoas to enhance their design process
and use of academic content in their games. Thegeostive tools include using the
creation of games to drive the learning experiepoayiding information resources,
tools, and collaboration opportunities to aid desig in their knowledge construction;
and taking into consideration the social and cantxneeds of the participants.

Game design has been seen as an avenue to hatp stitdents toward computer

science fields. The encouragement of studentseifiekds of science, technology,
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engineering, and mathematics is becoming one afmadtinitiative. As of yet, it is not
clear whether game design with a concentratiorciehse content can be an avenue for
interest in science.

My study purposively selected these elementslefmer-supported game design
environment where students were focused on creatingational science games. They
were supported with constructivist learning researas they were emerged in a
constructionist environment to create meaningftifeats that express their ideas. This
study examined how students utilized these resewas¢hey began to understand the
science concepts upon which their games were kEasetiow the games reflected their
understanding. Students worked closely with a seiexxpert from the Federation of
American Scientists. It was hoped that this desijrerience would advance student

interest in STEM fields.
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3. METHODS

This chapter describes the methodology that id tseonduct a mixed methods
study. First, this chapter will present a ratiorfaleusing mixed methods in acquiring and
analyzing the data collected. Next, the resear@stipns of this study will be
reintroduced. This will be followed by a descriptiof the research setting, participants,
materials, data collection, data analysis, anditglissues.

Research Design

A mixed methods research design allows for botHitgti@e and quantitative data
collection procedures and analysis to be combinaane research study in order to
understand the research problem (Creswell, 2008.argument for a mixed methods
research design is that combining both quantitatne qualitative methods will provide a
more complete look at the research problem tharoaeysingle method, especially as
each method has its own limitations (Creswell, 2@B&ene, 2007). Reichardt and Cook
(1979) maintain that mixing methods allows for thest appropriate methods to be used
in the research design. Greene (2007) discusasqibt only mixing the processes, but
combining the various approaches of research diptaulevels, such as methodology,
philosophy, theory, and values, and acknowleddnad) there are multiple and diverse

forms of knowledge. According to Greene (2007),imgxmethods becomes a way of
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thinking which engages a dialogue between thisrdityein order to gain a better
understanding of the social inquiry at hand.

The mixed methods research design used in tinily $ollowed Maxwell and
Loomis’s (2003) outline for an integrated mixed huats research design. This approach
looks at the components of a research study, ingjuthe purpose, conceptual
framework, research questions, methods, and sieatéy checking validity, and
considers how they work together and influenceamaher. In each component of the
study, the quantitative and qualitative approacredelineated, yet examined under the
original umbrella of integration. There was an eagb of qualitative work in this study
on how students created science-based video gdmeeguantitative portion involved
assessing student attitudes toward science and gal®es. Yet the two sections are
related and were aligned to set up an opportunitglialogue between the two
approaches in each component of the study (Gr@€g).

Both qualitative and quantitative approaches wees in this study, to be further
outlined later in this chapter, in order to anster following research questions which
were the overarching questions driving this study:

RQ1: How do students create video games on scmueepts about which they

are unfamiliar?

RQ2: How does designing educational science gaffiest student attitudes

toward science and video game design?

The following subquestions will be asked in thisdy:
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RQla: What strategies do students as designeis oseer to understand the
science concepts?

RQ1b: How do students exhibit their understandihtipe science concepts
through their video games, the design processtlaidexplanation of
these?

RQ2a: How does the game design experience atigbeist attitudes toward
science?

RQ2b: How does the game design experience affiedest attitudes toward
making video games?

Research Setting

Overview of Design Workshop

Students participated in a 3.5-week-long game desaykshop that met every
weekday. The day lasted for approximately six howith an hour break for lunch and
socialization. They collaborated with the scienglject matter expert (S-SME) who
presented them with science concepts based on imlogyn Students were given Game
Design Journals at the start of the workshop, alkelto them if they wanted to take
notes or sketch out ideas. The concepts were fezban four categories and students
selected the category that interested them the, th@seby creating four groups based on
similar topic choices. Fourteen of the 16 studestected their own topics; two students
indicated they did not have a preference and eath placed in a category that only had
3 members. This created four groups with four mambach. Students were then asked

to design a video game to portray their understandf the science topic. The S-SME
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met with each group once a week to help them utatetgheir topics, as a resource for
information. Of the four meetings with the S-SMEg first consisted of an introductury
lecture to the entire group of students, followgdhHree more meetings with invididual
groups, lasting from 30 minutes to an hour. In fddito meetings on science topics,
video game instructors gave presentations on homot& with the game design software
throughout each week. Peer mentors were on hahnelpahe students on the technical
aspects of their video games. Thus, students waresrsed in a learning environment
which involved science learning and video gameniegr simultaneously. Although the
majority of students in this design workshop wdreay familiar with the software
being used, they were tasked with creating newcsé their game that fit in with their
specific science topic. At the end of the 3.5-wekkshop, students had a workable
artifact to be presented to the class and an aceliehparents, which involved explaining
both the science concept and the technical aspduotio video games.
Overview of CLE Design Principles

The students in this study were immersed in a cocistist learning environment
(CLE). As Jonassen (1999) outlines six elementsa fGLE, these elements were
incorporated into the game design workshop forsthdents.

1) Learner interprets the problem/ completes the mbjBtudents were

presented four science topics and asked to sateca® the focus of their
video game. They were given the opportunity torjpriet how to create the

game about their science topic on their own.

50



2) Learner makes connections to related caSé¢gdents were shown demos of

3)

4)

5)

the publicly available science video game, Immuttagk, where a nanobot
character goes inside the human body to exploaen|@nd carry out tasks.
Programming instructors also showed sample vidaweganot about science)
that were created using the same platform the stadwould use. In this way,
students were given an opportunity to see botld@ovgame about science as
well as a video game created from start to finishheir software platform, in
an effort to have them think about their own game-effect, a hybrid of
these two cases.

Learner is supported by information resourc8tudents were first given
access to the most important information resouf@l:athe science expert.
Meetings with the science expert provided an imtéra information resource,
with discussions guided by the students. In additiothis, references were
provided for the students to do research on their. Gtudents were also
surrounded by instructors and peer mentors, whe waluable sources of
information for programming issues and game defagdback.

Learner uses cognitive tools to interpret and matage the problem/project
A coghnitive tool is one that allows students tauailly see and manipulate the
problem. In this way, the game-making platform Gaviaker was an
excellent tool for students to create a visual gabwmut the science topic.
Learner communicates with others through collabaratools As a tool, a

website was created for students to discuss idehslaare images. In the
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learning environment, students were within closepnity to each other and
could easily collaborate as well. Students were gisuped according to the
science topic they chose and were provided oppibigarior discussion.

6) Learner is given social/contextual suppdstudents were provided with peer
mentors to help with the technical aspects of daesga game. These mentors
were close in age with the students and had ganeadh the program before,
allowing for a peer-to-peer relationship when agkor help, rather than
instructor-to-student.

Site

The research site used for this study was a breactpus at a large Mid-Atlantic
university, making use of a computer lab, a lectomn, and a private conference room.
There were 24 student personal computers (PChgitab, as well as one instructor PC
located at the head of the room. The instructosP@nitor was projected onto a board
facing all 24 student computers. The computer lab where students worked on their
games and listened to technical lectures by thegyaten instructors. The lecture room
was used for meetings with the S-SME. The privatderence room was used for
individual meetings between the students and theareher of this study. Students
arrived to the campus via public transportatiorirair own or were dropped off by a
parent or guardian.
Participants

Students.Sixteen students participated in this study, lyskand 2 girls, within

the age range 12 to 16 years, from both middleddnad high school. There were 15
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African American students and 1 Caucasian studdhindicated that they had
computers at home with Internet connection andgulagydeo games regularly. Only
three students had not used the game-making platBame Maker prior to this study.
Any names used to refer to the participants ingtusly have been changed to keep them
anonymous.

Many of the participants of this study had beesived in a previous research
study focusing on a video game design workshop evtiery learned aspects of game
design through a peer-mentoring system (Clark &igha, 2010; Sheridan et al., 2009).
The workshop was designed to increase motivatidneavareness of STEM fields and
careers, as well as increase skill and knowledg®emputer animation, programming,
and design through a peer-mentoring system. Tlggnatisessions took place at a
technology-based urban high school and were helsabardays for two hours in two 10-
week sessions throughout the school year. A comdieversion of this program was held
during the summer for a small amount of studentsdier to focus on mentor training
and leadership.

Recruitment for this summer session was baseeachimg out to the students
and parents of the students involved in the previdi+week spring session. Potential
participants were informed that they would be ableontinue learning about video game
design during the summer, but that there would bevafocus on creating educational
science games and collaborating with a sciencereitpen Federation of American
Scientists. Ten of the 16 students participatintpis study had previously participated in

the spring session of the program.
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Peer mentors.Eight male peer mentors helped students with ieahand
programming issues in the workshop, ages rangog ft5 to 20. Peer mentors were
students that had previously been involved in g design workshop or had
experience with the software used in the workshaphead a mastery of the concepts that
are being taught. The peer mentoring model wasdchtidthe original research study for
two main purposes: (a) to allow students to feehfootable in asking questions about
their work from students close to their own agel @) to allow students who fell behind
or wanted to advance their work to receive one-o@{astruction while the instructors of
the game workshop classes continued their lessdhew interruption (Clark &
Sheridan, 2010; Sheridan et al., 2009; Sheridah,e2013).

The peer mentors were not expected to—and wedeeirencouraged not to—
help the students with designing their science gamnexplaining the science concepts to
them. This is because (a) the peer mentors werexpaicted to have any knowledge of
these science concepts introduced to the partitspand (b) the focus of this study was
for the students to understand the science cont®oisgh their own means and design
the games based on their own understanding. Howtaeementors did help students by
playing games and providing feedback, which inctuseience-related questions.

Instructors. There were three college-aged instructors on kanidg the
workshop, two male and one female. All three ingtits were proficient in
programming with the Game Maker software and ledstindents through an
introductury/review lesson of the software, as waslkpecific lessons including adding

multiple levels to the game, creating a startingegpand ending credits, and building the
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documentation features of the game (i.e. “helphe@structor was also proficient in
Adobe lllustrator and led a lesson on creatingtepifirom scratch, as well as how to
incorporate premade images found online.

Science Subject Matter Expert (S-SME)The subject matter expert was a
scientist with a Ph.D. in biology, working with tkederation of American Scientists on
incorporating technology with science learning. 8hd been the science coordinator for
the educational science game Immune Attack (httpiilneattack.org), a game that
allows students to explore immunology. Her expexeas the subject matter expert for
Immune Attackallowed her to lend her expertise with incorporgtigience into the
students’ own video games. The S-SME also tookipdhe preliminary trial study of
students creating their own science games, whislhrésearch study is based on (Khalili,
Sheridan, Williams, Clark, & Stegman, 2011).

ResearcherAs the researcher of the project, my role requireith my
interaction and silent observation. My interactiomduded setting up the classroom
every day; talking with the S-SME, instructors, gregr mentors about the day’s
structure and lessons throughout the day; andcalsweersing with the students. Although
| tried to limit my conversations with the studeassthey were actively working on their
projects, they all knew me and were comfortablalioto me about topics relating
outside of the classroom, as well as their projeutsstly at the start and end of the day.
Once the day’s lessons and sessions working onghsies started in the computer lab,
however, | took the role of silent observation agchas could be allowed, walking

around the room and taking down my observatiorte®tlass with field notes and video
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and audiorecording of conversations. At the endach week, | did make a point to stop
by every student’s workstation and ask them digeeistions about their game and their
progress in a type of informal interview, wheréén recorded their responses to me with
an audiorecorder as they explained their gaméndnecture room meetings, |
videorecorded the interactions between the S-SMEs&udents and stood beside the
camera, SO my presence was almost always unobsevithdhe attention of the students
focused solely on the S-SME. During one-on-one seaatured interviews with the
students, we would be seated in a private conferesmm, where | would ask questions
and listen to the students while audiorecordingctireversation and taking down notes.
Technology Tools

Game design softwareThe game design software used in this study waseGa
Maker (http://www.yoyogames.com/gamemaker/), whschvailable as a free download.
This software allows for the students to learn dasncepts of object-oriented
programming without the need to write explicit code@ computer programming
language. Object-oriented programming focuses eatitrg “objects” that perform
certain actions. An object in real life is somethiike a dog, a chair, a car. Likewise, in a
video game, an object could be a character in déineeg In Game Maker, an object is
associated with a sprite, which is the graphicpltesentation of the character on the
screen. An action that a character might perforia game could be “moving across the
screen.” In Game Maker, actions are triggered ®nts: An event could be something
like pressing a key on the computer. Game Makaksrdown the creation of a game

into these categories of Objects, Sprites, Evamd,Actions so that the user can, for
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example, think about what kind of character is eeled the game (Object), find an
image to assign to that object (Sprite), decidé phassing the “up arrow” on the screen
will cause the character to jump (Event), and hleeaction associated with pressing the
“up arrow” make the sprite on the game screen nupveards (Action). Assigning
Sprites, Events, and Actions to an Object areailedthrough icons in a drag-and-drop
fashion so that very little needs to be writteerms of code, although users have the
option to see the code that is generated by tleeistbns. Game Maker allows users to
create video games more quickly than the time iild/¢ake to learn a programming
language and then create a game using that lantibgeaisers are still being exposed to
basic programming concepts and are required t& didout the relationships between
Objects, Sprites, Events, and Actions in a videngebut with faster results.

Image editing. Students were also given two minilessons on Adbbstiator by
one of the instructors who was proficient with teaftware. Students were shown how to
import, edit, create, and export images that tleydlater incorporate into their video
games. Students were also found using the softlR@ire in order to create or edit images
on their own.

Website.An online forum was created specifically for theside workshop
where students could message each other, uploastgg@nd links, and access websites
and videos that the S-SME had uploaded for stugemtDue to the close proximity of
students in the computer lab, the messaging systsfor the most part neglected, with
students instead opting to ask questions in peaadrgather around each other’s

computers to learn from each other. This was &lsaisual way to show each other
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images and links that they had found useful ore@stng. The website was mainly used
for the list of links that the S-SME had providddapproved science websites, as well as
for the video of the lecture that the S-SME hacdegiwhen introducing the four science
concepts, which had been recorded and uploadddltbeing day. This was especially
useful for the two students who had missed thédiays of the program.
Data Collection

Data collection took place over the 3.5 weeks efdhsign workshop. This
included the students’ Game Design Journals, obens, student pre- and post-
surveys, student interviews, final student pregents, as well as the final games that
were created.

Table 1 shows how each of these data collecticthads relates to the research
guestions being asked.
Game Design Journals

Each student participant was given a folder witkett available for notetaking
and storyboarding, designated as a Game Designaldorbe used throughout the course
of the workshop. This was a feature in Harel's @%d Kafai's (1995) work with
students creating video games with LOGO, which feaad to be helpful to the students
in terms of thinking through their ideas, and distpful to the researcher in collecting
student data and observing the progression of ithe@s. Journals were handed out at the
start of each day and collected at the end of #ye 8tudents were not required to take
notes, nor were they given any specific promptsrite about in their journals; rather,

the journals were available for students to useeasled. It was observed that the journals
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were primarily used for both notetaking and stogyioling, with the majority of the notes
taken during the introductory class lecture givgrnhe S-SME. All students used the
storyboarding sheets to attempt to draw eithedea of the game they wanted to make,
or to draw representations of the images they vétaténclude in their games.

Surveys

Pre-survey.The students were given a pre-survey (see AppeXdat the start of
the game design workshop. There were four pattsiscsurvey. The first part asked
general background information, as well as questabout technology proficiency and
interest in school subjects and potential careeicels. The second part included
guestions about attitudes about science. The plairtincluded questions about attitudes
about making video games. The fourth part incluiileziquestions that asked students to
look at science diagrams. Students were askedkeégpiarts | and 1l on the first day of the
workshop and parts Il and IV and the second dayefvorkshop.

The science attitudes instrument a modified varsiothe TOSRA: Test of
Science-Related Attitudes (Fraser, 1981). The waigi0-item instrument was created to
measure science-related attitudes among secontfaglsstudents through seven
subscales, three of which are used in this studgpfion of Scientific Attitudes (10
items), Enjoyment of Science Lessons (10 itemg),@areer Interest in Science (10
items). This instrument has been used in sepatadees using all of the subscales as well
as selected subscales (Fraser, 1979; Fisher &i-68&0). The author of instrument has
shown the internal reliability of the scale usingp@bach’s alpha to be .75, .78 and .84

for the respective subscales used in this studys@fr 1981). The author further notes
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that this scale could be used for pre- and posteysrto observe changes in science
attitudes, which was the intent of the current gtud

The video game design instrument is based omtii@dic Motivational Inquiry
instrument (Deci, Eghrari, Patrick, & Leone, 1994 was created to be used in assessing
participants’ experience related to a targetedsigtin this case designing video games.
The original version is a 45-item instrument widven subscales; in this study, three
scales were used. The subscales used in this seerdyinterest/enjoyment (five items),
perceived competence (four items), and value/use$sl (three items). The authors of the
IMI have stated that past research suggests tbanthusion or exclusions of the
subscales do not have an impact on each othemp@ate group of researchers did a
study on the IMI and found strong support for igidity (McAuley, Duncan, &

Tammen, 1989).

The five multiple-choice questions of the survesrevcreated by the S-SME and
asked students to look at a given science diagrahaaswer the question “I would be
able to understand this diagram if | read it araught about it” by answering on a 5-
point scale from 1 “I disagree definitely” to 3&m neutral” to 5 “I agree definitely.”
These questions had been selected by the S-SMEheommwn instrument used when
polling students after playing the game Immune éta

Post-surveys Students were given a post-survey during thewask of the game
design workshop. There were four parts to thiseyr¥he first part asked information
about completing the video game, the resourcesatbed used to learn about the science

topic, and what they enjoyed and disliked aboutintakheir game. Parts I, I, and IV
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were identical to the pre-survey, asking the sauestpns about attitudes in science,
attitudes in making games, and the five questidasibscience diagrams provided by the
S-SME. This was done in order to detect any chaimgatitudes toward science and
video games based on the students’ experiencehéattdesign workshop. The first two
parts were given on the second to last day ofasevieek, while the last two parts were
given on the last day.
Interviews

Informal interviews. Informal interviews took place throughout the s®uof the
workshop at the end of each week, between thendsmaand a student. They occurred
one-on-one at the end of every week, at the stigdewn computer workstation. The
researcher would make a point to stop by at evergastation and ask a question such as
“Tell me about your game” to allow the student$iance to discuss, in their own words,
their progress. These types of interviews wereruasired and often led by the students,
depending on what they wanted to point out in tgame. These interviews were also
recorded by an audiorecorder so the researched concentrate on looking at the
students’ screens as they were often playing gamne while explaining it. These short
interviews took anywhere from one to three minudepending on how much the student
wanted to discuss. They provided insight on thgmes of the games throughout each
week.

Semistructured interviews. Ten students were selected for longer semistredtur
interviews (see Appendix B). Initially, two studsritom each group were selected for

the interviews, to get a representation from allds. Group-4 was racing at the last
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minute to finish their game for the final preseiaat so only one member from that team
was able to be pulled away for an interview. Asetialowed and games were finished up
before the presentation, three additional studeste added to the inverview schedule.
Interviews lasted from 7 to 15 minutes, dependinghe length of the students’
responses.
Observations

Classroom observationIn the computer lab, | would walk around the lall a
watch the students working on their games, takmtg@s1on each group of students that
would come together and discuss their games, dibigether or with a peer mentor or
instructor. Sometimes | would be able to listen amie notes on a notepad, other times |
would be able to stand closer to the group andosedord their conversations. At the end
of the day, once the students had gone home, ldimeibble to translate my handwritten
notes to a computer file. The audio recordings vadse transcribed by me to the
computer, although these transcriptions would takger to transcribe than the end of
the day.

It was important to be able write down my owneefions of the day before the
next day’s session started, in order to retainnf@mation (Glesne, 2005). | kept a
separate notebook where | would jot down thougitisyvations, and general ideas of the
workshop at the end of the day.

S-SME group observation.Students met with the S-SME once a week. These

sessions were recorded with video camera, as ngeatiare held in a private conference
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room and no more than four students at a time we®ent at a session, making it easy to
capture a conversation. Sessions were later triéesicby me to a computer file.
Video Games

Game.The artifacts the students created were not ondpeesentation of what
they had been able to learn and create, but alseasource. The progress of games were
noted through observation notes, videorecordedrgiens of the games to the S-SME,
and audiorecorded miniinterviews at the end of eeebk of students describing their
games to the researcher. Thus, by the end of the gasign workshop, the evolution of
the game could be followed from the first ideatsoiterations of change to the final
product.

Presentation of the gameOn the final day of the workshop, parents weretedi
along with the students to watch the final predgra of the games. Students played
their games on a projected screen to the audierpéaining the science concept used in
the game while doing so. Some additional questieere asked by the audience members
as well. The presentations by the students anddhsivers to the questions were

videorecorded (and later transcribed by the rebeayin order to use as a data source.
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Table 1

Connection of Research Questions to Data Collediiethods

Research Question Methods Data Type
RQ1a: What methods do  Observations Qualitative
students use in order to Game Design Journals Quantitative
understand the science Interviews
concepts? Video Games

Surveys
RQ1b: How do students  Observations Qualitative
portray their understanding Game Design Journals
of the science concepts Interviews
through their video games? Video Games
RQ2a: How does the video Surveys Quantitative
game design experience Interviews Qualitative
affect student attitudes
toward science?
RQ2b: How does the video Surveys Quantitative
game design experience Interviews Qualitative

affect student attitudes
toward designing video
games?

Data Analysis

Qualitative

Miles and Huberman (1994) write that in qualitatanalysis, the researcher will

“review a set of fieldnotes [sic], transcribed gnthesized, and...dissect them

meaningfully while keeping the relations betweea plarts intact” (p. 56). The data to be

reviewed in this study came in the form of fielde®) transcripts of weekly student

check-ins, transcripts of meetings between the &%kt the groups, transcripts of

student interviews, and transcripts of the finateint presentations. (The Game Design
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Journals, video games, and transcripts of the halent presentations would also be
analyzed with the S-SME, described in the next@eqgtl uploaded these files to be
coded with the qualitative analysis software todlivw, but | also created a binder of all
the files, divided into two sections. The first sec contained field notes and all the
transcripts in chronological order for each weéls ts the section | used for this part of
the analysis.

| began the analysis, as Corbin and Strauss (Zi@f)est, with a first read: going
through all the data, line by line, without takingtes. Then, going back through, reading
line by line and assigning codes through open gpdifound it easier to read the files in
the first section of my binder while having the quuterized file on the screen and
assigning the codes (or nodes) through the softioate

As | coded, | also took memos (Corbin & Straus©&Maxwell, 2005; Miles &
Huberman, 1994). Writing memos allowed me to reflggon the data | was analyzing
and provided me the opportunity to ask questiortse gwt down connections | was
beginning to see forming. In this way, | was ablevtite down all my thoughts about
particular codes, find connections, and understamat needed further exploration.

Asking questions from the data is a part of howesoldecome revealed. My
research question éfow do students create video games on science gtanabout
which they are unfamiliartvas broken down as | asked questions of my data &si
How are students making their games? What strasegjie being usedrow do students
understand their topic? How are they talking abstience? How are students putting

science in the gameérhese are some of the questions that guided me @sdes were
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developed. However, preestablished categories marased during reading; codes were
identified based on what came out of the data.

Coding involved multiple reviews of the data andhmeevisions of the code.
Redundant codes would be eliminated and as thiglaas, themes would emerge. |
would constantly go back to the data, using thenkbgeas the headings to collect my data
together with NVivo. From there, | would then contrate on finding patterns and
making connections by going back through the naiés more focused coding. Creswell
(2008) refers to this as discriminant sampling ppsely looking for evidence and events
to support the questions and categories (themasgtherge. Maxwell (2005) points out
a distinction between coding (as a categorizingtastyy) and connecting strategies. He
states that “connecting analysis attempts to utalelshe data...in context, using
varying methods to identify the relationships amtrgydifferent elements of the text” (p.
98).

Here is where memos helped tremendously, in oadénd the connections. For
instance, one code that started out as “Sciend€ Teaer broke away into another code
of “Science Discussion,” where longer and morersmefocused conversations were
taking place. This was always happening with tHfe\#=, which later proved to show
had an impact on student games changing. In codmiake these connections, the
student games were also studied as well to stuelghthnges made. Then, another round
of reading through the data revealed that the dsouas with the S-SME started with the
students, from questions they brought in, to qoastthey did not know they had until

they started talking about their games. Thus, memesed formulate my thoughts, ask
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the questions, and guide me through this chaividieace within my data, in order to
make theoretical connections.

Video game analysisThe artifacts were analyzed as to how well thdestits
were able to convey their understanding of sci¢hamigh their games. This was based
on a ranking system that was developed after exagall the games and the final
presentations, with the aid of the S-SME. All tleenges were first examined side-by-side
to establish the range of understanding of thenseieoncepts portrayed in the games.
Yarnall and Kafai (1996), in their study of studemaking games on oceanography, also
looked across all the completed games to develggoges of rich, moderate, and
minimal with regards to the science content incaepon in the games.

Three distinct classifications of games emergedwdah the researcher and the
S-SME evaluated games separately: High, MediumLamd Games were rated based
on (a) accuracy of the science content as expldgdbe students, and (b) the portrayal
of the science topic in the game in itself. Fonaacy of the science topic, we looked to
see if the students used correct vocabulary and alade to explain their topic well. For
the portrayal of the game concept, we looked tcheeethe students showed their
understanding of the concept as a video gamezstyin their own interpretation. For
example, it did not matter that a skull image wsesduto represent a virus in the game,
what mattered is if it made sense for a virus tptasent in the game. Kafai and Ching
(2001) note this as the artistic process of ganseggderather than architectural. Students
were placed in the High group if they could cleat&fine and explain their concept while

playing their game, and if the game correctly ipteted the science concept. Students
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were placed in the Medium group if they showed thag a good grasp of understanding
their topic but had made minor mistakes in themgand/or explanation (for example,
using the wrong name even though they had the cigitept). Students were placed in
the Low group if they had key problems in explaghthe concept and the game, for
example interchanging viruses and bacteria andimaérstanding the difference. Baytak
(2009) similarly created an outline for teachergrade environmental science games for
the students, assessing science content with éeetd for scientific value and richness.
As with Yarnall and Kafai (1997), these rankinggevestablished through the clear
distinctions of level of among the games.

Quantitative

The pre- and post-survey were analyzed using p&itest statistical analysis to
determine the mean differences between the scatitiedes pre- to posttest, as well as
the mean differences between video game attitusded@posttest. This was done using
SPSS.

For science attitudes, there were two sectiongtarnalyzed on the surveys. One
section consisted of the modified TOSRA: Test aéBce-Related Attitudes (Fraser,
1981) questions. The other section consisted efdnience diagrams created by the
Science Subject Matter Expert.

For video game attitudes, there were also two@egtio be analyzed on the
surveys. One section consisted of the modifiednisitt Motivational Inquiry instrument

(Deci et al., 1994). The other section consisted séries of questions which asked if
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students enjoyed making games about various ssbjactuding Science, Mathematics,
English, and History.
Validity Issues

According to Maxwell (2005), validity refers toé correctness or credibility of a
description, conclusion, explanation, interpretatior other sort of account” (p. 106).
Validity concerns are with the inferences maderythe study, whether it is what is
written in the field notes or during the data asayThe researcher needs to identify
specific threats to the validity of the study atim@pt to develop methods to rule them
out (Maxwell, 2005).

With this in mind, before | began the study, lught about the strategies | could
use to help test the validity of my study and mgdaasions. It was important to give
thought to this before starting the study in ordelne aware of what | needed to do in my
data collection and analysis.

Third party coding. As my study is focused on observing the processligh
students develop strategies to understand sciemmpts for creating video games, one
of the biggest validity threats is that my intetpt®ons drawn from the data are not
accurate with regard to what the students are daonegting, and saying. To address this
threat, | enlisted the help of a third party coseexamine the data | had analyzed. This
third party coder received approximately 30% ofrtd& data along with my codebook in
order to code the data on her own. She coded thesdparately and had highlighted
many of the same student strategies as the reseagie did not find anything new in

the data that differed from the researcher.
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Science subject matter expertiséd big part of my study is to look at the
understanding of the science concepts by the stsidés my research background is not
in science, it was necessary to bring in anothesgeetive in reviewing the data to ensure
my interpretations of the science interactionsaa@irate. The Science Subject Matter
Expert (S-SME) assisted in reviewing the video gapr@duced by the students. She was
present throughout the completion of the video garaed thoroughly reviewed each
video game and the transcripts of the final pregents at the end of the study. The S-
SME was able to give feedback on the science coptesent within the games and how
well the students themselves were able to explearstience concepts they had studied.

Drawing upon the source of the science expertterpnet this data and develop
meaning from it is similar to what Fish (1980) msféo as using an interpretive
community, which is a group that shares strategmesinfluences the shape of what is
being read and interpreted instead of relying atbtwok-based definitions. With the help
of the S-SME, | was able to get scientific intetpti®ns from her, shaped by her own
scientific community that is rooted in an educatiorideo game environment.

Student responsesln order to gather data on student progress agiddivn
explanations of their video games, | interviewadisnts though weekly check-ins and,
for some, during slightly longer interviews. Withig task, | was especially interested in
the students’ own words about their progress. Aahto the validity of the student
responses would be if | asked a leading questiget@ desired result. However, because
| was working with middle school and high schoaldgints (and have done so in the

past), | realized the necessity of prompting thertalk about their work. With this in
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mind, | followed a specific protocol. The startezch check-in began with a prompt such
as “Tell me about your game.” The students wouldhilg tell me about their game, but

if I needed more detail or explanation, | woulddal up with questions such as “What
does this do?” or “Can you tell me more about thisZpecific points that were
highlighted in their game. Many students also pliatyeeir games during their
explanations, so it was an ideal opportunity toxgaore insight about what was going on
in the game.

Since students were playing their games as thiegdauring the weekly check-
ins, and because | wanted to concentrate on theieg while also getting down exactly
what they were saying, | used an audiorecorder vgtemding next to the students at their
computers. Maxwell (2005) points out that in ortiecollect detailed and rich data to test
the validity of your conclusions, verbatim trangtsiof interviews are required. Thus, all
interviews with students were audiorecorded and thenscribed verbatim; in addition,
all meetings with the S-SME where students disaifiseir games and the final
presentations were students discussed their gaereswdeorecorded and then
transcribed verbatim.

During the longer interviews, | used a templatguale my questions to the
students, but | also used the opportunity to checekith the students on points that | had
noticed from their work during the workshop. Fastemce, one of the strategies that |
noticed that was being used was that students eveating their games based on games
that they had already played, so | made sure tdheesk about their inspiration for the

games. In this way, | was able to get some feedback the students themselves on a
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conclusion that was being formulated, as responeadittation (Miles & Huberman,
1994). Maxwell (2005) points out that this is a viayadd more evidence to support the
validity of any conclusions that are made.

Triangulation. Maxwell (2005) states that triangulation is a sggtfor validity
testing. Triangulation is the collection of infortiwen from different data sources and
methods to gain a better perspective on the exyiersathat are being developed
(Fielding & Fielding, 1986). | used multiple datausces to gain an understanding of
student strategies as they developed their videgegaincluding my own observations in
the classroom and in group settings, interviewsyests, and the video games themselves.
For instance, to gain an understanding of how stisdagortray their understanding of
science concepts through their video games, | ld@kehe video games during different
points during the workshop and also at the conuatedif the project. Yet, | also wanted
to get the student perspective on what they belggeing on in their games, so | also
gained their perspective during weekly informaémtews. Additionally, | asked the S-
SME to lend her expert opinion on how she watchedstudents work through their
understanding of the science concepts. Studenaeapbns and the S-SME’s expert
opinion in conjunction with my own observationsoaled for multiple sources on how |
interpreted student understanding of the scienneequts developing throughout the
project.

Simply incorporating triangulation, however, do@s imcrease the validity of the
findings, especially since all of the sources dhdae examined by the same researcher. |

incorporated a triangulation of different data s@srin order to help me look at the same
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idea from different perspectives. Yet, because tl@rone asking questions from the
students and | am looking at all these data sodroesmy own perspective, there is still
a validity threat on the bias of my own reportsisiia why it was also necessary for me
to follow a protocol for asking interview questions solicit feedback from the students,
to bring in a third party coder, and to gain insifsbm the perspective of the science
expert, in order to help strengthen the validityha findings.

Researcher biasl designed this study because | am passionate azposing
students to science and technology fields in améuild their confidence and their
attitudes toward these fields. | have worked owiptes projects as a graduate research
assistant where | observed students creating élgirgames and have analyzed results
and made conclusions. Naturally this experiencenayptiope to encourage students in
STEM fields is ingrained within me. However, | dgsed the study to allow the students
to work in the learning environment without my udhce and as the prime researcher of
this study, | could not allow any bias to get ie tliay of collecting the data or analyzing
the data. Before | conducted this study, | tookmrffo be especially aware of how |
observed students: | could not only make notetabtibns where | noticed “learning”
and positive situations of progress. | did thisspegcifically making note of this in my
proposal: Having this awareness was the first istéqying to minimize the bias. Also,
from my work as a research assistant, | have gatterthe habit of looking over my
notes soon after the day has ended, transcribindwritten notes to the computer, and
adding things | may not have been able to add vdmihe-go. This was the time where |

would make sure that | was not only making notesasfinstance, the positive situations
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in the classroom and also including all parts eflgarning environment, even where
students were bored, stuck, confused, or uninteat@stthe project. Maxwell (2005)
refers to this as actively searching for discregamience and negative cases, and
considers this as a check for validity. And indesddng with the validity checks | made
sure to incorporate throughout the data collectiod analysis, these serve to help
minimize the bias.

There are also aspects of my bias which | beli@reetted my study. My work
as a graduate research assistant for three yelark @Sheridan, 2010; Sheridan et al.,
2009) has helped me with observations and takeid fiotes, and helped me to be able
to view the scenes before me with as objectivens &s possible for someone who is
involved in the work. My background in computeresaie allowed me to appreciate the
technical skills that the students developed andhtterstand the issues they faced when
designing their games. My interest in using vidamgs as a tool for learning motivated
this research study. These beliefs and expectati@tg carry with me influenced my
project, yet they also helped carry it forward. &re (2007) would say that these are

mental models that shape my perceptual lens aseaneher.
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4. FINDINGS

The purpose of this research study was to cregsamee design environment
where students would be able to design their owleravigames based on an unfamiliar
science topic, and provide them with the suppadttanls necessary to express their
understanding of the topic through their games. fbhewing research questions guided

this study:

RQ1. How do students create video games on scmepts about which they

are unfamiliar?

RQ2. How does designing science games affect stadigindes toward science
and video game design?

More specifically,
RQla. What strategies do students as designers osger to understand the
science concepts?
RQ1b. How do students exhibit their understandifitipe science concepts

through their video games, the design processtlaidexplanation of

these?

RQ2a. How does the game design experience atfedeist attitudes toward

science?
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RQ2b. How does the game design experience atigdest attitudes toward
making video games?
In this chapter, the findings of this study aresprged for each research question.
Findings
The findings that emerged from this study areezsbmto categories based on the
research questions. Thus, the following categ@iegpresented: (a) strategies students
used to create video games, (b) student undersigodlithe science topic, and (c)
Student attitudes toward science and making videoas.
Strategies Students Used to Create Video Games om @nfamiliar Science Topic
Finding 1: Students create science video games bdsm games they know.
Students were asked to create video games witima dgasign software with which they
were familiar (or if they were not, a refresher gguwas offered in the beginning of the
workshop). Many students had prototype games upwming by the second week of
the workshop. It became clear that even if studeet® still coming to terms with
understanding their science topic, they had nessoming up with ideas on how the
actual game would play out. When asked about thigial decisions on making their
games, students had this to say:
Noah: Well, | kinda looked through the old gantest i’'ve done. Like one of the
old Pac-Man games | did. | liked the way that wetsig. So | went off the

structure that it was, like the mazes and stuff.
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Joseph: Well, when [the scientist] was here, | &iadtomatically took an idea of
what | wanted to do, and also | related it to otjemes | played. And
how, yeah, it's like a search and find game, amdehare the games | like.

Wanda: Well, in class, [the instructor] did an exdenlike Space Invaders. So |
couldn’t really think of any other game that | cddo.

David: | know you haven't even played or seen tameg, but there’s this game
called Bioshock, Dead Space, and those types oégday elements I'm
going to use into my game. And there’s this ottetaon called Osmosis
Jones and Osmosis Jones has a friend named Diio) vgha pill that was
taken into the body, 'cause like the whole stong lis there are a bunch of
cells fighting a bunch of germs in this body, ahe body is supposed to
be portrayed like New York or whatever cause itlsgold city, and |
figured since this environment is going to takecplan the brain that it's
going to have a feel like it's a pill fighting dhese different things and
holding off and protecting the brain while it's ggithrough the process of
regulating genes.

Of the 12 final games that were presented, 11ahtivere based on these well-
known concepts of video games. The last game wsedban a YouTube video that
described DNA signal transduction, and the groap theated their game modeled it
after the video. The student, David, who originatiended to base his video game on

the TV show Osmosis Jones and games like Biosteaed up designing his final game
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after an online/app game called Bejeweled. TaldatBnes the type of games after

which their own games were modeled, and their sei¢ranslation.
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Table 2

Game Genres Used and Their Science Translation

Game Genre
Student/Group Topic (Specific Game) Science Translation
Anthony Gene Regulation Third-person Shooting enemy bacteria
shooter
David Gene Regulation/ Tile-based Matching up nucleotides
DNA (Bejeweled)
Noah Gene Regulation Maze (Pac-Man)  Traversingzenallecting
(turning on) colored genes
Wanda Gene Regulation/ Third-person Shooting diseases
STD shooter (Space
Invaders)
Cameron Myelin Sheath Platform, Trivia Traversingaze, collecting
proteins, answering a quiz
James Myelin Sheath Third-person Shooting enemy bacteria,
shooter collecting cells
Group-2 Myelin Sheath Platform game Characters jumping through

(Princess Peach levels to collect cells
and Dinosaurs)

Ethan Neurotransmitters  Ball-and-Paddle Preventing enemy drugs from
(Pong) getting through
Michael Neurotransmitters  First-person Clicking on enemies to make
shooter them disappear, to keep
neurotransmitter levels
balanced
Lawrence Neurotransmitters  Third-person  Shooting through barriers to
shooter release neurotransmitters
Scott Neurotransmitters  Ball-and-paddle Paddlireg th
neurotransmitters into the
receptors
Group-4 Signal the DNA Puzzle (YouTubeFinding the right protein
video) sequence
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Consistent with this finding, Yarnall and Kafai @3 found that their students
modeled their electronic games about the ocean@tamercial games and other media
sources, such as television. In Kafai et al.’s @)29udy about video game designs in
relation to gender, she also found that students waking games based on commercial
games. Robertson and Nicholson (2007) also fouaidstiudents used games and films as
a source of inspiration for their games. Studertded a familiar starting point for
creating their own games.

The video game genre used most often was Shooterg@mes), followed by
Maze (one), Ball-and-Paddle (two), Tiled-Based JpReizzle (one), and Platform (two).
One of the Maze games also had an element of thia enre as well. These video
game genres are well-known and have been clasbeifi@dWikipedia page on Video
game genres (Video Game Genres, 2012). Hamlen Y204d used the 2009 version of
this page when classifying video game genres fostugly on children’s game-playing
strategies, finding it valuable because the infaiomshad originated from gamers.

Three of the Shooter-styled games had charadtatshot at enemies. In all of
these games, the main character was a nanobotjiscaie robot that was a game feature
found in the science game Immune Attack (whichstiuelents were shown at the start of
the workshop) to explain how one could traverseugh the human body in a game.
These students—Anthony, James, and Wanda—alsovearthis feature and used the
nanobot to “shoot” antibiotics at “enemy” bactesradiseases.

Not all of the games were modeled in such an ols/ashion; Michael also

designed his game in the style of a first-persomo&r game (where the main character
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is not on the screen) but rather than “shootinggremies, the player clicks on icons
symbolizing adverse effects for neurotransmittersliminate them. Scott created a game
where his nanobot character came into contact watincing neurotransmitters in order
to push them toward the receptors. This is simda Ball-and-Paddle game, where the
paddle guides the ball where it needs to go.

The students modified the game design of gamegtbg were familiar with in
order to incorporate their science content. Thisoisunlike the concept of game
modding. Modding (where mod stands for modificafialiows game designers to take
the code of existing games and modify it to createw game; many game creators even
set up toolkits with their games so users can nigydt# games without having to do
much programming. The benefits of modding inclugeghorter time it takes to create a
game from scratch, a game that has already goaeghitesting, and a preestablished
community of followers with which to discuss thengamodifications; it also opens up a
new world for learning with games (Hayes & King 020 Kringiel, 2011). In their study
of students creating video games about nutriti@yt&k and Land (2010) found that one
student modified an existing race car game to t&athabout nutrition. Instead of the
racing car in the game, he substituted it with@kemand had it chase after a person; if
the cookie touched the person, the game was ofieg.s€enario is very similar to how
students created their video games, with one exxe@Btudents did not take any existing
code and modify it. They took an existing game giesilea and modified it. The games
were created on their own through the Game Makitwaee. It can be said that instead

of game modding, students weyame design moddin@y modding a game design,
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students were quickly able to have an initial piye for their science game, which
allowed them to enter discussions with the S-SMEengmiickly as well.

Finding 2: Students gather information about unfamliar science topics
through Game Design Journals, web searches, and dissions with a science expert.
Students were provided with multiple tools and wses to help them understand their
science topic, including Game Design Journals &etaking and drawing sketches and a
website where students could email each otherta&+{SME, videos, and a list of
resources provided by the S-SME on the websitejelisas access to the S-SME herself
through weekly meetings. Table 3 shows a list catngtudents said was most helpful in

designing their games in their post-surveys.

Table 3

What Students Said Was Most Helpful in Designirgriames in Their Post-Surveys

Provided Web  Talking to
Notes Diagrams Email Videos Links Searches Peers

Students 14 6 3 4 2 14 11
Percentage 87.5 37.5 18.8 25 12.5 87.5 68.8
Note N = 16.

During the first days of the workshop, studentseagiven Game Design Journals
to help them write down ideas and sketch out gagseyds, similar to Harel (1990) and
Kafai (1995). On the first day that the S-SME méhwhe students, she gave a
presentation on four distinct topics that couldrmuded in their game designs. Fourteen

of the 16 students in the program took notes iir fbarnals on that day, many of them
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referring and adding to these notes throughouwitr&shop. The two students who were
not there for the presentation that day were abiedtch a video of the presentation the
following day and also took notes in their journ®@e of the 12 students/groups drew
sketches and outlined their game design in themjals, prior to beginning work on their
games on the computer. The Game Design Journalglptba way for students to think
about their topics and their games before staginogramming and worrying about
technical issues. It allowed students to reflectrugrhat incorporating a science topic
into a video game would mean. Giving the studeémsGame Design Journals and time
to write down ideas and sketches was a way totafedg prompt their reflection process.
Davis (2003) notes that prompting for reflectiom ¢eelp students focus on their own
thinking (metacognition) or on the content (sensskimg).

As the game design workshop progressed, studedtdhaa journals with them
every day at their computer stations, where theydcaccess them if they wanted to
write down a new piece of information or a quest@md they carried the journals to
every meeting with the S-SME. From observationstoflent use and the indication from
Table 2, the notes in the Game Design Journaleteafudents when trying to formulate
ideas about their science topics for their gamggefdices C and D show a sample of
student notes and sketches from the Game Designalsu

On the student website, the S-SME provided a fistusted scientific websites,
such as PubMed Central (http://www.ncbi.nim.nih/goavc/), 3dChem
(http://www.3dchem.com/), and the Immune Attack sreb(http://immuneattack.org/).

These websites were to be resources for studeriteeatays when the S-SME was not
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available, as she visited once each week. Howé#wenyvebsites had articles that proved
to be too complicated to read for students whquasiestarting out learning about these
topics. Many students started out using the linkshe website, but did not refer to them
again when on their own in the computer lab.

At the beginning of the game design workshop SHeME led a discussion about
the use of Wikipedia (http://www.wikipedia.org/)sA first stop to gain information
about an unknown topic, Wikipedia would be accepBatause it could explain difficult
concepts in easier terms, the S-SME said it woald lgood place to pick up key words
and phrases. However, she cautioned that becaysaeanould edit the content of
Wikipedia’'s pages, it could not be used as the tmisted source. The next step would be
to gather the terms and information garnered byip¥iia and search for them in trusted
sites like PubMed Central. Kolodner et al. (2008erthat it is important for coaches or
teachers to have a discussion with students abheutsources that will be used for their
projects to make sure they can be used successfully

For the most part, students seemed to understand\tikipedia was not to be
used as their only trusted source.

James: I've heard some stuff about Wikipedia, iffehot always right.

Wanda: Not with Wikipedia, because | know thatgle@an edit it.

Anthony: Is Wikipedia a reliable source?

S-SME: No. For a reliable source, you need to kaavauthor and a publisher.

On Wikipedia, you don’t know the author. You cankdhrough and find

it, but you don’t know the author, really. And thiner thing, the publisher
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needs to be a respected source. So Wikipediairsdeok publisher, but
they tell you right away, we don’t censor it. Angocould put up
anything—there is no criteria.

However, there were some students who admitteditay Wikipedia and other
methods such as a Google search as their onlyrobssaurces.

Researcher: How did you come across your infoon&ti

Nick: Wikipedia.

Researcher: Was this the only site you used?

Nick: Yes.

Researcher: Did you think that the information yaere finding was accurate?

Nick: I didn’t see why anyone would just go to W&dia and put lies up.

As the interview continues, it was revealed thiekNalked to the S-SME about
all of his discoveries and the data on his workngibthat he did indeed speak with the
scientist during discussion meetings about whdbbed on Wikipedia. Looking through
further data revealed that even if students wergegltoward more reputable websites,
they became uncomfortable in the unfamiliar vocatyudnd higher level of language
when reading on their own. What emerged insteadtiaisstudents would check
websites like Wikipedia for the information theyn&dooking for and then bring their
gueries to the S-SME during their meetings. Therdgst would then help them search
through the articles on the trusted websites tageth

In one such incident, the S-SME met with Nick amglpartner Joseph, who

decided to work together to make a game about gedimsheath (referred to collectively
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as Group-2). At their first meeting together, tlasied about why the myelin is coming
off of the axon and pulled up the Wikipedia pageythsed during research. After reading
about multiple sclerosis as type of demyelizatimedse, the S-SME suggested they use
the keywords they pulled from Wikipedia and look &otrusted journal article about it.
Both students searched on their respective congatet Joseph called their attention to
one he found.
S-SME: Springer is the publisheiSpringer Seminars in Immunopatholagyhe
name of the journal, it says up here. It's the Y386, volume 18, number
51. And the author is Brocke. Yeah, so this isgmhg to be very easy to
read, but we can still try. “The Role of InfectionMultiple Sclerosis™—
hey, excellent, excellent article! [All three laugh
The S-SME and Nick walked over to read the sarme@on Joseph’s computer.
S-SME: Does it mention any pathogens?
Joseph: Talks about T-cells...
S-SME: T-cells...
Nick: Aren’t those the same things as white bloellis?
S-SME: Yes, they are. They're a certain kind oftelfilood cell. They're the
ones that tend to kill things. Maybe you could sttemwhole article for
the name o f a pathogen or bacteria.
At this point, they found that the article onlyosked a preview of the entire

article and they could no longer access the fulinal. The S-SME then suggested that
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they take information from what the article didesfthem—the author’s name, his lab
and the keywords they found—to go to the authoegsite and gain more information.

S-SME: There it is—current research interests. &y fie’s researching the

autoimmune part. Let’s stay on this page. Hmm...getstools for
stopping the white blood cells from getting thene &illing the myelin.

Nick: I was thinking we might want to go with thatoimmune disease thing.

S-SME: Yeah, even if you want to go with pathogensjll go back to

autoimmune. And | think these guys have a way otkihg the
antibodies. | think | can try to draw an image you.

After their article search and search of authoebsite, the S-SME discussed the
topic with the students in more detail, focusingaomoimmune disease and multiple
sclerosis. The students incorporated this concgpttheir final game. The game of
Group-2 consisted of a platform game where glidlsaeere captured to put onto the
myelin sheath, which was deteriorating due to rpldtsclerosis.

Students did not just use web searches for infoom&ut for looking at images
as well. The S-SME also cautioned to make surénthges were from trusted websites.
In one session with David and Anthony, a discussioout DNA led the S-SME to the
computer to pull up a picture of DNA from one o¢ftiists of websites that she provided
for the students, as David was interested in ugibhgckground image for his game.

S-SME: What's that?

David: The protein you just talked about, histones.
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S-SME: Histones, yes! .[Looking through the images.] This big rope heyets
wrapped around like this. And what do you thinknigking it stick in this
funny shape?
Anthony: The proteins.
S-SME: Proteins! Absolutely right.
This image launched Anthony into asking questasut the deformities within
DNA from the S-SME, a subject matter that neithedent was using in their games but
both got interested in discussing. Discussionsiwitine group meetings with the S-SME
branched to broader topics that may or may not baea picked up by students for their
games. Thus, the research the students did onaveidid not necessarily lead to
searching for more research articles or for mdtéraheir games, but also for
conversations. It was a time when students wolkdjasstions about what they had
discovered on their own, or else present their gaimé¢éhe S-SME as they had been
completed so far. This time not only helped stuslenth their own games, but the games
of the other students in the discussion groupsedls w

For example, in the discussion groups for the ftudents creating games on the
neurotransmitter topic (Michael, Lawrence, Scatt &than), they met with the S-SME
together. One student, Michael, said that he fanrids research online that the drug
methamphetamine destroys neurotransmitters. Instiea®&-SME explained that
methamphetamines actually mimic neurotransmittedstey to bind to neurotransmitter
receptor sites. The four students gathered arowadnguter where the S-SME was

guiding them through a research article on Lawrsnocemputer.
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S-SME: Okay, so if meth is acting like a neurotraitter, how can you put that
into your game? If you want to. Meth isn’t realljlikg a
neurotransmitter, is it?

Ethan: No.

S-SME: What'’s it doing then?

Ethan: It's imitating.

This information, which was initiated by Michaedused the role of
methamphetamines to be removed from his gamet baund a new place in Ethan’s
game. His final game focused on barring the mettmegmines from binding to the
neurotransmitter receptors.

In Kafai and Ching’s (2001) study of students malkscience games, they also
mentioned they had a subject matter expert thdests could email if they needed
further information, but it was not clear how oftemdents did this or if the content
discussed with the expert helped student undernstgnkhdeed, in this study, students
also had the opportunity to email the S-SME whemedlwas not a scheduled meeting,
but this was only done three times during the aofghe workshop. The face-to-face
interaction of the S-SME and students was the dppity students needed most,
undoubtedly because they could not only ask questiout show off their games. The
opportunity to meet with the S-SME each week gaeent validation for the information
they had found or the questions they still needexvared.

Indeed, the website available for the class alsbtha means for students to post

messages to each other, but this feature was atagilized. Given the close proximity
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of students to each other in the labs, if they ededd communicate with each other, it
was also done face-to-face.

Finding 3: Students create video games through calborative interactions.
Students in the workshop were seated in close engart the computer lab, able to talk
and socialize while they were creating their garvasch of their socialization centered
on their games: watching the creators playing tbein games, playing other students’
games, asking questions from students on how treyrgmmed certain aspects into their
games, and even discussing elements of the sdiepics that were being portrayed in
the games. The music coming from the computersevgtidents played their games was
a big attraction, not to mention the excitementhofe playing the games, and many
times there would be a group of at least two agehif not more, students gathered
around a single computer. Table 2 indicates that aéferring to notes and conducting
web searches, talking to their peers in the classtive next thing that helped students
make their games.

Three styles of collaboration were apparent ia the game design workshop:
collaborative interactions with students in thessfaom, within groups that came
together to make games, and with peer mentors.

Collaborative interactions with students. One student, James, was playing his
game at his own computer when a few students ge@iamentor gathered around him to
watch him play.

Wanda: That's actually pretty good.

Cameron: | know!
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James, playing: And then | go back...[Pop-up screggears.]

Wanda: That's actually pretty good, it’s just tyatr spelling is terrible!

James: All right, let’s see if | can pass the sddenel. It only has two levels
right now, but I'm working on a third level, and Weee.

Mentor: So, what are you shooting at?

James: White blood cells. The disease has takarntlozdody and the white
blood cells have mistaken you over the diseasthesgre attacking you.

Mentor: What are you?

James: I'm a nanobot.

Scott: Wait...you're destroying white blood cells?atimeans if you destroy the
white blood cells, you die.

Wanda: | know, right?

James: They think that it's a disease and they veaeliminate the diseases from
the body.

Scott: Why don’t you just avoid them?

Cameron: | know.

Mentor: Wait, I'm confused. The white blood celle &rying to destroy the
nanobot?

James nods his head.

Mentor: Because they think the nanobot is what?

James: A disease.

Scott: But if you destroy the white blood cellsg therson dies.
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James: For real?

Scott: Why don’t you just make it an avoidance game

James: Well, we're just trying to stop the disease.

Mentor: The nanobot is not really a disease, right?

James: No.

Scott says something softly, the mentor overhears.

Mentor: That’s a good point. Scott just gave yaeally good idea. Why don’t

you look it up and see what happens when you desthite blood cells.

James playing his game attracted many studefhis tmputer. He was
proficient in programming and the students werereaged with his graphics. Once he
started playing, however, the students realizeddmeept of his game did not make
sense to them, as the goal of the game was tkdttadody’s own white blood cells.
They brought this to James’ attention. After timteraction, James set out to look up
information on white blood cells and his next ifist@nt of the game featured white
blood cells helping the “good guys” to attack baetea direct result from peer feedback.

On another day in the lab, James was working sg&me when Lawrence, who
was seated behind James in the lab, was watctonghrs own computer. Then he
suddenly got up and walked over to James’ computer.

Lawrence: How did you make that? The last parhefwall disappeared?

James: Yeah.

Lawrence: How did you make that?

James, still playing his game: All right, I'll shoyou in a second.
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James, pulling up his code: All right, you have wedls.

Lawrence: | have all the walls, I'm just tryingfigure out how to take the last
part off. When it's all destroyed.

James: So just go to object, the wall, collisi@selr, and then you change the
instance, change it into a different one.

Lawrence: I'm talking about the very last one, afteu shoot this one, and you
have the last wall.

James: Like this? Like when | go from here, to thae?

Lawrence: To that one, yeah. From the second ttaii@ne.

James: | just shot it.

Lawrence: You just shoot it? | thought you hacitighen it pops up, it just
destroys it like you're shooting it.

James starts to play the game for him: Okay, yowtstihat, and then shoot this,
and then shoot this right here. [Pulls up the dooi® his game.]

Lawrence: Oh, okay.

Here, the students were specifically talking almptogramming feature, where

James was able to share the steps he took withelnaey in order for Lawrence to

incorporate that part into his own game. Sharindpagas a common occurrence in the

lab among the 10 students who created their gang@sdually. The interactions

between students did not only happen between disiddmo were sitting next to each

other or students who shared similar science tofitglents liked to walk around the

room to view what others were working on.
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For instance, during an instructor lesson on hmdetstroy an object (in this case,
an asteroid) inside a sample game, Dylan, who w#sei DNA transduction group,
finished his example and began walking around doen: Lawrence, in the
neurotransmitter group, was frustrated with hiskna Dylan sat down to the left of him
and verbally gave him the steps in order to dedtieyobject.

David: Go to mainl. Collide with smaller asterdiestroy instance, destroy

other.

Lawrence: Thanks.

Next to Lawrence, Noah, who was in the gene regulajroup, was seated to his
computer and watching the exchange. It was cledrit was having troubles as well and
wanted to get some hints. Dylan also noticed théwaalked over to his game to help
him. Lawrence ended up incorporating a destroyabjeechanism in his
neurotransmitter game on his own, a lesson he blag@understand with the help of his
classmate. Indeed, in the computer lab, studetgsicted most with each other to help
out with the technical aspects of their games.

Collaborative interactions within student groups. In this workshop, there were
also two groups that formed to create one gamet&dra of two, Group-2, decided to
work on a myelin sheath game, a topic that othedesits also chose to work on
individually. The team of four, Group-4, worked DINA signal transduction, creating
the only game on this topic. When asked why Grouledded to work together, Joseph
in the group stated that he and Nick had been si@iming together when they found

that they had chosen the same topic.
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Joseph: Well, we both kinda had the same idea.hfenkhew more about the
game [programming] part and | did most of the iitasons, and so we
started pulling our ideas together and worked togret

Joseph was one of the few students who had ncaimaeéxperience working with
the Game Maker programming before this workshopatHaitted that this one of the
reasons it made him eager to work with a partngrplg the end of the workshop, he was
also working in the Game Maker as much as his parfirhey did give themselves clear
roles in their team, as Joseph made original ritisins for their game which Nick
incorporated into the programming.

The fear of lagging behind in programming skillsaaspurred the partnerships of
Group-4, consisting of Dylan, Jayme, Mark, and Pilark was worried about his
programming skills, although he had started todkdetailed diagrams in his Designer
Journal from the beginning. Dylan noticed this #meltwo of them decided to work
together. Jayme, who was seated next to Mark atahDgaid that she was hoping to
work with a group of students on a game becausaabeinsure of her programming
skills, and decided to join the two of them. Pautip missed the first two days of the
workshop, chose to sit in the row next to this grofithree, and became absorbed into
their discussions. Soon, this group became estadiwith four members, each with
their roles: Dylan, programming; Mark, illustratgrdayme, research and illustrations;
Phillip, backgrounds and research.

These two groups that chose to work with their peertheir video games

differed in terms of efficient collaboration. Gro@p perhaps because of their smaller

95



size, worked well in discussing their ideas, assigthemselves tasks that both students
accomplished, communicating with the S-SME andnigikiack these discussions to add
to their game, and completing their game througtimeicourse of the workshop. Group-
4 spent a lot of time working separately, and bseaf this, the first idea of their game
did not come into fruition. They had a rough prgpat of a game to show the S-SME
during their first meeting, but after talking witier, they decided to go in a new direction
at the end of the third week. They were able tceel@iscussions with the S-SME about
their science topic and did present a final, coteplggame, but because they spent so
much time working separately in the beginning & workshop, they had less time to
make it. Thus, their final game did not have enocgtent to reflect an effort expected
from a collaboration of four students during a @&ek workshop, and the students could
not effectively explain the concept behind it.

Students were also placed into groups of simileanee topics, where they had an
initial group meeting on their own to talk abouwititopics, and then collectively met
with the S-SME. During meetings with the S-SME stilldents brought their own
guestions and games with them to openly discuiseigroup setting, allowing other
students in meetings to benefit from them as Wéié answers to questions that one
student asked in a meeting would find its way emother student’s game. This was one
way in which the students collaborated with eadteothrough the S-SME.

Collaborative interactions with peer mentors. In this game design workshop,
eight peer mentors were on hand in the classrodmlfpwhen students had issues

creating their games. Peer mentors were studerashadth already completed a game
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design workshop session with the same game makihgae, albeit without a focus of
the science topic (Clark & Sheridan, 2010; Sherietaal., 2009; Sheridan et al., 2013).
They were typically two to three years older thiaa $tudents participating in the
workshop. Thus, peer mentors were involved withghmme design workshop to help
with the technical issues of the games. Howevey there also encouraged to remind
students to make sure they had their game infoomgtages filled out correctly. When
mentors came around to look at the information patiieey usually ended up staying to
play the game and offer advice as well.

As the mentors were always in the classroom, tbeywere watching the
progression of student games and would gather droomputers when students would
play their games to test them out or show themWitien Scott was playing his
neurotransmitter game in the lab, it attracted sofribe students. His game featured
making sure the neurotransmitters got to the coremeptors before the
methamphetamines tried to get to the receptors.dbtiee mentors came over and asked
to play the game, while students and Scott watched.

Mentor: So those are methamphetamines...

Mark: Is that the axon? | mean not the axon, | mean

Scott: It's not the axon it's the synapse.

Mark: What are these red things?

Scott: The neurotransmitters. | have to get thetheaeceptors and then the key

level thing...
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Mentor: Ah, and you know what | like? Your thingsw@ally look like receptors.
So if the methamphetamines hit your nanoship, staet?

Scott: Yeah.

The students watched as the mentor continued yogpld discovered a technical

issue in the game.

Mentor, back to the game: Uh, you can’t escape! &amit run, you can’t run.

Mark: Isn’t that a glitch?

Researcher: Is it stuck?

Scott: Yeah.

Mark: GLTICH!

[Scott has to get out of the game but takes the embto show them the second
level.]

Mentor: Oh, level two has got more neurotransnstter

Mark: You know what, I'm really enjoying this.

Mentor: | am too, it’s terribly nice.

Mark: It's very clear.

Scott: And that's my game.

Dylan: Do the third level!

Mentor: We’'re not going to do the third level rigidw. I’'m going to need the
science. So | need to know what meth is. | nedahtav what
neurotransmitters are. What the synapse is. Whaethpinning circles in

my body are.
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Here, Scott had not yet made his game informatagepso the peer mentor, who
was playing the game, wanted him to make sure éwtifced all the images in his game
for his game info. The students were able to utdedsthat the neurotransmitters were
traveling to their receptors when Scott pointeolit, but as the mentor noted, it needed to
be explained in the game information page to diwemtext.

The peer mentors were quite helpful in this aspaten playing the game, they
would ask “What's this?” in reference to the images remind students that this needed
to be explained. Peer mentors were given evaluatieets to write notes to students if
they played their games, and the most common cornfoestudents in relation to the
science content was to makes sure they labeledithages (see Appendix E). One peer
mentor wrote for Cameron’s myelin sheath gamehbdheeds to make names for the
gems because it is not understandable when youlpdagame.” The gem images in
Cameron’s games were proteins, and after this carmyrne labeled the different gem
colors. Other comments from peer mentors to helgesits with the game involved using
different colors to make better game visibilitydady background images, and levels
being “not challenging enough” or “make it lesdidiflt, | died within a few seconds.”
Student Understanding

Finding 4: Student games changed as their understdimg of the science topic
evolved.Every student or group in the workshop completelao game on the science
topic of their choice. Students presented thealfindeo games during the last two days
of the workshop, to their fellow students and toepés. Each student or group stood at a

podium and played their game on a computer (refteon a large screen facing the
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audience) as they narrated what was happening. pfésentations, the S-SME and
researcher then analyzed the games.

Students were place into three classificationsaofigs: High, Medium, and Low.
The table below shows the breakdown of games:dgaraes were in the High group, four
games in the Medium group, and three games weleihow group. Refer to Table 4

for a list of students and their corresponding gsou

Table 4

Students and Their Corresponding Groups

Student/Group Topic Game Classification
Michael Neurotransmitters High
Noah Gene Regulation High
David Gene Regulation/DNA High
Group-2 Myelin Sheath High
Cameron Neurotransmitters High
Scott Neurotransmitters Medium
Wanda Gene Regulation/STDs Medium
Lawrence Neurotransmitters Medium
Ethan Neurotransmitters Medium
Group-4 DNA Signal Transduction Low
Anthony Gene Regulation Low
James Myelin Sheath Low

Students were placed in the High group if they vabearly able to explain their
science concept, both in the game and the pregergaMedium if they had a good grasp
of understanding but had made some minor mistaktseigame or explanation; Low if
they had key issues in explaining their topic angfrtraying it in the game. It can be

said that the students in the High and Medium greape able to understand their
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science concepts well enough to incorporate themarmwell-developed game, but that
students in the Low group were unsuccessful in ntakigame that could portray the
science topic. However, for students in all groupsir games went through changes that
were affected by how they understood their sci¢apes. This was observed by noting
changes to student games at three different pduriag the design workshop, as well as
looking at supporting information from interviewsgetings with the S-SME, and field
notes. Spitulnik, Zembal-Saul, and Krajcik (20083exrt that using technology-based
artifacts is an ideal way to save work and make wbtthanges in artifacts to see how
student understanding develops over time.
As students were asked to talk about how they wakatit making their game, it
was revealed that presenting accurate informatidheir game was a priority to them.
Joseph: We added more detail to it—the way it ghbel In the beginning, it was
going to be a fantasy game. But then we wante@ tmdre accurate.
Researcher: What were the first thoughts you had?
Anthony: Uh, about how to incorporate the sciedeeents into it. How to make
it legitimate.
Researcher: What are you working on?
Jayme: Really, I'm not just getting more informatitvecause I’'m confused on
the subject and | want to make sure the game nstese.
Having the “game make sense” in terms of the seidrecame a focus for the
students in the game design workshop, even whgnikee not completely comfortable

with the topic. Instead of simply making “just” arge, they had a purpose to incorporate
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a science topic into their game, and it gave stisd@isense of responsibility to give
accuracy to these topics. This was evident as sta@ljusted the features and content of
their games as they began to become more famiitartiaeir science topic.

As an example, when Michael was asked how he cgnvath his idea for his
neurotransmitter game, he remarked that he hadyelams first prototype because it did
not work with the science topic.

Michael: Yeah, one was, there’s one neurotransnatid you're trying to dodge
the meth and you have to shoot at it. But that'y Wthanged my mind,
because | didn’t want to have a shooting mecharB®unause that’'s not
really scientific, to shoot. What would you be stwog at? So | changed it.

Michael had realized that he was not portrayirggtbpic accurately in the first
game, which was revealed to him as began to leare about neurotransmitters. With
his first idea, Michael had wanted to include aerag in his game. He was stuck because
he realized he did not know what an enemy woultbl@neurotransmitter. He asked a
student sitting next to him in the lab, “What degf a neurotransmitter?” and they both
did a search on the Internet and came up withibar “meth.” Michael remembered
that the scientist had mentioned something abawggdin her first lecture about
neurotransmitters, so he walked into the first mgetvith the S-SME armed with
guestions. This led into a discussion about howhraetually mimics neurotransmitters,
so Michael dismissed the idea of meth “chasing’rogansmitters in his game. Instead

of worrying about enemies for neurotransmitterstifier purpose of making a video game,
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he moved to looking at how neurotransmitters caouieof balance and the different
factors that can affect their levels.

Creating a video game had caused Michael to ne®e &ind of obstacle in his
game, an enemy. Thinking about an enemy in ternmésadcience game made him
realize that he needed to frame it in the contéxiearotransmitters. This led him to look
for some answers on his own and have discussiahstie S-SME until he realized that
he should be following a different route with henge, and turned instead to researching
the levels of neurotransmitters. The first drafhisf game was an important step to
figuring out what he needed to know about his topi his game changed accordingly.

Wanda, although she decided to pick a game tdymategene regulation, began
sketching ideas for a game that focused on desigdiie sexually transmitted diseases
syphilis and AIDS. The S-SME encouraged her inteard Wanda, with an interest in
the game Space Invaders, decided on a shooting igaonéer to “get rid” of the
diseases. The discussions the S-SME and Wanddéaded Wanda to think about what
the body starts doing when it is infected with disease.

S-SME: So who are you in the game?

Wanda: Based off of this?

S-SME: Based off anything, who are you? ShootinD&band shooting syphilis?

Wanda: Yeah.

S-SME: Well, who shoots AIDS and syphilis in thelip@

Wanda: T-cells?

S-SME: Yeah, that’s right.
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Wanda: So you're the T-cell.

S-SME: Except for one crazy complication. HIV igacting you, so maybe you
got your T-cell fighting syphilis, and if AIDS getso close to you, it can
infect your ship...you can symbolize that in your gawith AIDS
sneaking around to infect you. Whereas syphilis,ngojust shooting it.
Syphilis, I don’t know what it infects, but | dorthink it infects T-cells.

After this discussion, Wanda realized the way digoand AIDS infect the body
and the way they are treated would be quite differ8he went back to the lab to do
more research about diseases in the body. It letblibe decision to remove the disease
AIDS out of her game and replace it with chlamydilis introduced questions about
how to destroy the new disease. Her subsequentssimns with the S-SME included the
methods by which chlamydia and syphilis are treatdtle body and how this can be
translated to being “destroyed” in her game. Wasdhboting mechanism then turned
into shooting antibiotics in order to get rid oétliseases. Her new understanding about
these diseases gave her game a specific and namatefocus.

For students, a key part of building upon theirenstanding of their science topic
happened during meetings with the S-SME. It vatidathat they knew about their
science topic and also caused them to reflect aamew information, adjust their
understanding of their topic, and thus adjust thame designs. Students benefitted
greatly from having these discussions in grouph wiher students working on similar
topics, as a question that one student broughtarpdastimulate new ideas for other

students. For instance, a discussion between 8ilS-and the two students in Group-2
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about the myelin sheath led to researching togétberdamages to the myelin sheath
can cause diseases like multiple sclerosis. Thiosrnmation was new to Cameron as well;
his current game was based on repairing the mgakath with glial cells. As he
researched more information on the multiple scisratien back in the computer lab, he
added features to his game design to include irdbom about multiple sclerosis in his
game information page and adding a trivia sectmlnis game about the disease.

The way discussions were handled by the S-SMEwsgsimportant. The
students were never told to do their game a cevtaiy) nor were they ever directly
“given” answers to their questions. Instead, ifaent had a question about a certain
concept, the S-SME would encourage the studerkdtieir way through their issues,
and if they were stuck, the S-SME would then wwduigh the problem with them, either
by drawing diagrams on the board or going to thepaters and researching the answer
together. As in similar learn-by-design environnsetite role of the S-SME here was to
moderate discussions and be one, but not the @dgurce of content for the students to
use (Holbrook & Kolodner, 2000). Thus, becauseSH&ME never told them what they
needed to put in their games, it was up to theestisoto take what was discussed in the
meeting and reflect upon what was important toohiser own game.

Games were studied at three different points tkenmte of changes in them as
the game design workshop progressed. Changessisttidy were noted from the games,
as well as from observations and interviews. Terobthe 12 games created had some
element of redesign in relation to the science ephm the game after the second week

of the workshop, as shown in Table 5. The two gatingisdid not show changes were
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made by David and Noah; David did not have a wakirototype to show until the end

of the workshop (although discussions with the SESMso show that his idea for the

game stayed the same from Week 2 and did notialtetation to the topic) and Noah

had the same game idea from Week 2 throughoutttheveéh no change to the science

concept incorporated in his game.

Table 5

Redesigns in Relation to the Science Concept

Game Changes at

Game Changes at

Game Changes at

Week 2 Week 3 Week 4
Anthony Yes Yes Yes
David No No No
Noah No No No
Wanda Yes Yes No
Cameron Yes Yes No
James Yes Yes Yes
Group-2 Yes No No
Ethan Yes Yes No
Michael Yes Yes No
Lawrence Yes No No
Scott Yes Yes Yes
Group-4 Yes Yes Yes
Total 10 8 4
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Not all students were able to fully grasp the sogeconcepts, even as their games
and their understanding of the science topic pssgé. James, who was placed in the
Low group, struggled with his game about the mysherath. He was very excited about
making a game and liked to look at what all theeo8tudents in the computer lab were
doing. The pieces he liked, he tried to incorpornate his game, but he did not make the
correct connections to his topic. During the firsteting with the S-SME, he showed and
explained his first prototype.

James: This is the glial cell right here that’s ingv And when it touches the

black lightning, it gets slower. And | was thinkiafout setting a time
limit where the glial cell runs out of energy andsd But the real lightning
would make it go faster... yeah. And if | were to raalther levels, |
would make DNA come up and try to block it off, or...

S-SME: DNA try to block it?

James: Yeah, like strands there, it's not reajiyng to, but it is.

S-SME: How did the DNA get out of its cell?

James: Oh. Oh yeah. | didn’t think of that.

James had been listening to David talk about &isegabout DNA and decided to
incorporate it into his game—along with the ligimgpithat he referred to as electrical
charges in the brain—without really thinking abbotv everything could relate together.
The S-SME talked with him about the myelin sheaith glial cells and James said he
would look into it more. In the next redesign of hame, he decided to take away the

DNA but add in white blood cells. It is not dirgctibvious why he chose to add these,
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but it was clear that James did not know about theth In the computer lab, he was
playing his game for his friends and they asked Wwimy the purpose of his game was to
destroy the white blood cells. This led James tsaoe research on his own and find out
that white blood cells can help the immune systachget rid of bacteria. In his final
redesign of the game, the purpose was for the ggidéd to get back to the axon, but
James incorrectly added that bacteria were blodkiagylial cells and the white blood
cells had to destroy the bacteria in order forgha cells to get back to the myelin
sheath. Even though James had progressed in hesstanding about glial cells breaking
away from the myelin sheath and even better unaledghe role of white blood cells and
its relationship to bacteria, he could not preslease concepts in a way that made sense.

As Kafai and Ching (2001) note, a science-basecdegdasign approach
“promotes students’ ability to express their idaad interests while integrating them
within a science context” (p. 326). As studentsderstanding of the science topic
changed and/or expanded, their ideas for the gasigralso altered. Although James’s
game, and the two other games in the Low categliaiynot portray the science topic
accurately, 9 out of the 12 games were able toesstally incorporate their topic into
their games.

Finding 5: The process of making a video game helgestudents articulate
their understanding of the science topicStudents were introduced to the four science
topics presented to them by the S-SME from therseday of the workshop. From that
moment, the topic of conversation within the conepléib, between the students, and

inside their game took on a very specific focus@énce. Student vocabulary was now
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infused with all the scientific information they meetaking in about the myelin sheath,
neurotransmitters, genes, and DNA. Evidence of grewth in understanding their topic
can be found simply by the way they talked aboeirtbcience topics over the course of
the workshop while they created their game; themnfidence about their subject grew
and they began to add more to the discussionsabltplace with the S-SME.

In the first days of the workshop during Weekferathey had listened to the
introductory lectures by the S-SME and selected tbpics in Week 1, the students were
still getting used to talking about their topicfir@e students in the myelin sheath group
were even having trouble pronouncing the term fgtalls. It became apparent that
during the initial discussions about their scietaggcs, students were trying to remember
what they had heard from the initial lecture by 838 ME, but clearly did not understand
them. During the first group meeting with just 8tadents who picked the same topics, a
peer mentor asked the students about the scieegevbuld incorporate into their games.

Nick: Well, I'm going to have...you have to fight paigens inside the body,
‘cause there are pathogens, you have to attack feemthe back. And if
they see you, they eat you.

James: Yeah, like different neurons have diffesetitings. Like, | know that
there’s a neuron that makes you move your hands—H0Oh! Sensory
neuron, uh, and | think it's an input neuron, aachsthing else.

Cameron: | made a game that is about, uh, you teasieoot the cells and if the

cells touch the body inside, um, it damages thedhyax die.

109



None of these students above used the conceptgutalescribed in their games.
They were just starting to think about their garaed found it hard to explain their
science topics, pulling in information that theptight might be relevant without
researching it. It is possible that some studeves éelieved they understood more of
their science topic than they actually did untéyttwere asked to explain it. Indeed,
students were continually asked questions aboutdghenes and were given many
opportunities to explain what was going on to thR8\BE, thereby requiring of them to
voice their understanding out loud.

One student, Michael, started his game on the wipneurotransmitters, but it
was clear he was still very unsure about the topic.

Researcher: So, you have a little figure [in thelew game prototype], what's that

supposed to represent?

Michael: This is the virus, and it can be the thihgt you want to avoid also.

Researcher: How does that relate to the neurotiéiesh

Michael: Well, this is the neurotransmitter [pongito screen], and you have to

try to avoid the viruses, and stuff like that. Aget to the cell body.

Researcher: Okay. Do you remember what the neunsrritter is?

Michael: No, not really.

Michael went through at least two more cycleshm teflect-design-play-discuss
process with his game and the topic before hessletih the one idea he carried through

to the end. His final game was one of the gameStB&E praised most highly. How did
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he get from his initial point of confusion to a pobwhere he could convey his thoughts
about neurotransmitters confidently and accurately?

Michael did research on his own before he met éhS-SME for their first
meeting. He had created a game prototype but weertam about a virus being
responsible for “chasing” the neurotransmitters fmohd another route:
methamphetamines, the drug he refers to as “meth.”

Michael: See, | found that meth destroys neurotrafters, so the object is to
destroy the meth before it destroys you. 'Causertath is going to follow
you, so you destroy the meth before it destroys you

This idea was then brought up before the S-SMinduhe first meeting, as
outlined previously, where the true role of methaetpmines was revealed. Michael
decided to remove meth from his game. He switchstkad to making a game about the
level of neurotransmitters. During Week 3, he agkedS-SME about the level of
neurotransmitters, a feature he had added to thevassion of his video game,
prompting a discussion between the two of them.

Michael: Like, what lowers the level of neurotranitens?

S-SME: What lowers the level of neurotransmittdds?you remember when |

told you they had to be brought back into the axon?

Michael: Yeah.

S-SME: That helps lower the level—if that procestaster, what do you think
happens?

Michael: What do you mean, what happens?
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S-SME: If they're brought back in to the axon &stvhat happens to the levels?

Michael: It's lower?

S-SME: Yeabh, it's lower.

Michael: But that’s not a good thing.

S-SME: It depends, it could be a good thing aoiild be a bad thing.

At this point, the S-SME starts to draw a diagamthe board of Michael with

the neuron and labeling the axon and the neurotridiess.

S-SME: How do they get there in the first place?ybu know where they are?

Michael: Channels?

S-SME: Uh-huh, we talked about channels, but tleegbing something else.

Michael: The receptors.

S-SME: Where are the receptors? This is the nednanis the body of the
neuron, and this is the axon. Where are the receptdhe
neurotransmitters?

Michael: On the body of the cell.

S-SME: Yeah, that’s right, there are the receptdeshow did the
neurotransmitters get into the synapse?

Michael: They're released from the axon.

S-SME: That's right, that’s right. So they're hamgjiout in these vesicles over
here.

Michael was able to hold a conversation with tHeNBE about neurotransmitters

while adding to the dialogue, a vast improvemerrdhie first days when he could not
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accurately give a definition of a neurotransmittedeed, he started the conversation with
the S-SME, identifying gaps in his own knowledgattheeded further explanation.

When he described his final video game that focusekleeping the level of
neurotransmitters in balance, the S-SME foundhkaised correct terminology and was
confident about his game.

Michael: A neurotransmitter is a brain chemicak tfends information throughout
your brain and body. They're responsible for affegtyour health...your
mood, your concentration, basically anything thateked up to your
nerves, whatever. And they have to be balanceg;aae’t be too high or
too low. Things that affect the diet are, like, pdeet, stress, lack of
exercise, lack of sleep, and drugs.

As someone watched him play his game, they asked lappens when the

adverse elements in his game hit the neurons.

Michael: It alters the levels—well in the gamemiakes your health go down,
which is basically the level of your neurotranserst In real life, it alters
it and that can result in, like, you acting diffietly, and not really
responding to your senses correctly.

Michael went from not understanding what a neargmitter was to being able
to articulate how these chemicals in the brainlmesome imbalanced how that may
affect one’s body. He was able to focus on questibat were relevant to his
understanding of the topic and engage in dialogtie the S-SME. Through his own

words alone, we can follow the progress of his ustdading of the science topic, a
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progression that came about as he worked throutgretit stages of his video game

(Figure 1).

Figure 1.Michaels’ game.

Scott also worked on the topic of neurotransnsttbut took the route where he
made a game about the neurotransmitters findingwhagy to the receptors. During the
first week when he met with the S-SME, he was no¢ ®f the correct terminology when

showing her the prototype of his game.
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Scott: You hit the neurotransmitters...you hit themd ghen they fall—no, they
fall into the basket things, and when you get ithem, you win the
game.

S-SME: Okay, that sounds reasonable. What are gmodstrating?

Scott: About the process of...how releasing the rteamemitters can help you.

S-SME: What does it do? What does releasing neanstnitters do?

Scott: It...what does it do...l had it here...[Looks & hotebook.]

S-SME: Well, the neurotransmitter is going from @eéd to another, right?

Scott: Yeah. Through the axon, right?

S-SME: It leaves the axon, goes into the synapxktlen reaches the other cell.
So why do you want something to go from one celiiother? Like, why
do we care? What is the neuron trying to do?

Scott: Send a message.

S-SME: Yes! Send a message. It’s trying to conwéyrimation, sends a message
to the next cell. That's right.

The S-SME then asks Scott what the buckets areosepo represent.

Scott: Glial cells?

S-SME: No, not the glial cells.

Scott: Receptors?

S-SME: Yes, receptors. What do receptors do?

Scott: They send the message.

S-SME: They receive.
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Scott: Oh, they receive the message.
Scott was still learning about the neurotransmstés he created his game. Once
he and the S-SME had their discussions, he stantiéidg in his Game Design Journal. A
few days later, when asked about his game, Scattweae confident about his topic.
Scott: You're learning about how messages are ksngfrom one part of your
body to the next.
Researcher: And how is that happening in your game?
Scott: The neurotransmitters are the messagesaritbkes are the receptors. So
once you get them all in your box, the messagens s
As Scott progressed with his game, he listenetlémther students discussing
their own games in discussions with the S-SME. mykVeek 3, he asked whether he
needed to have some kind of “obstacle” in his gaaméis current game consisted of
neurotransmitters getting into the receptors, with@aving an obstacle like
methamphetamines in his game.
S-SME: | think it's an interesting game design dioes My programmer and |
got into an argument about it—he thinks if nothisigrying to kill you,
then the game’s not fun. And | think if it's coalzzle, then the game is
fun. You don’t have to have something trying td kdu all the time. So |
think it's fine. But what's the mechanic in yourrge, why is it hard to get
the neurotransmitters to the receptors?
Scott: Because they bounce all around the screen.

S-SME: Oh, they bounce around, | see. And you khedge to herd them.
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Scott: Yeah.

S-SME: That's cool. So did you look at how real emlles move around?

Scott: Yeah. It was kind of like the bouncing ardujust not as much.

S-SME: So you’re imitating the way molecules bouacmund. And you're right;
the synapse has to be designed so that randomhcimgumolecules run
into the receptor.

After the discussion about methamphetamines triorget to neurotransmitter
receptors, Scott decided to put these into his gasneell. His nanobot guided the
neurotransmitters to the receptors. If the methatgrhines hit his nanobot instead, they
went to the receptors and the game is over. Satissed this with a mentor the day
before his presentation, how only the neurotrartensitvere to get to the receptors.
However, on the day of his presentation, Scott gadrthe name of the obstacle in his
game.

Scott: It's about neurotransmitters and how thdp biee brain send a message to
the parts of the body. Neurotransmitters are chalisitbat transport
signals from a specific neuron to a target acrossynapse. When
neurotransmitters are in a cluster they are patckedsynaptic vesicles.
Okay, I'll just play... To move use the arrow keys, to shoot use theespac
bar. This game is about a nanobot who tries to daéamaged
neurotransmitters from the bacteria. To complegetdisk, you must put
the neurotransmitters in the receptors by hitthrent in the appropriate

direction.
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In his presentation, Scott used the term “bactenstead of the
methamphetamines that had been discussed in gaoapsith the mentor the day before.
It is possible this was done because studentsmiirgeggames previous to him had
bacteria obstacles in their game. It is also ptssitat Scott believed the term “bacteria”
to be applicable to methamphetamines as well. TBME& found his game to be quite
good, as the game clearly showed neurotransmgteng) into the receptors. She also
liked the random movements of the neurotransmitiecsthat the game world was taking
place in the synapse, as it does in the body ds Betpite the hiccup in the explanation
of the game, Scott’s progress in understandingeafatransmitters and his comfort in
discussing the concept had grown from the firssioer of his video game to the final

product (Figure 2).
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Figure 2.Scott's game.

Not only were students able to articulate theirarsthnding of their science
concept when explaining their games, but also vasmng questions. Michael went from
asking “What kills a neurotransmitter?” in Weeko2nanting instead to discuss “What
affects the levels of neurotransmitters?” duringeWa. Before the meeting in the Week
2, needing to know what killed a neurotransmitiad ktopped him in the designing of his
game because that was the player’s goal. Aftemigiwith the S-SME and doing

research, his next question was framed within trgext of how neurotransmitters are
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actually affected in the body. Indeed, this becothegattern throughout the questions;
they become more specific as the weeks progre€aezkstions about bacteria become
guestions aboutaphylococcus AureuQuestions about glial cells breaking off the axon
become more specific, How are the glial cells bhadmack to the axon? This is natural as
students have gone through more discussions arelfdaher research, adding more
details to their games and to their understandirtbear concepts.

Most students in the workshop progressed from beirsgire of their topic to
being able to speak confidently and for the most, pacurately, about their topic. The
“for the most part” clause relates to if studebtsthe end of their final games, were able
to accurately use terminology and describe the eqpisoof their science topic with no
more than two minor mistakes, such as an incotegst. The creators of 9 out 12 games
were able to successfully discuss their topicshleyeind of the workshop.

The creators of two games, Anthony and James, stainals having more
difficulty in being able to discuss their topic eMay the end of the course. Their games
are discussed in the next section. One final gémeepne completed by Group-4
consisting of Dylan, Jayme, Mark, and Paul, shodiéctulty on focusing on one
particular concept on which to base their gameglimte immerse in scientific dialogue.
This group, the only one to select the topic of DNnal Transduction, showed
moments where they engaged in dialogue with thé/&-8uring one week, but the
following week could not work that into an idea their game.

When it came time for the first meeting with th&BIE, Group-4 had a shell of a

prototype, which did not have any images or a ateacept, but had the workings of
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“tractor beam” code which was to be incorporatdd their game. However, Mark had
drawn a picture of what he believed their game wdd about.

Mark: So, this was as best as | could do from hasvthg. It's basically, | guess,
the way it signals through the axon and the whate, submitters, and this
is the dopamine, stuff like this. This was suppadsee the dopamine.

S-SME: Okay, so this is the terminal, this befdre signal comes, and this is the
terminal after the signal comes?

Dylan: Uh-huh.

S-SME: And what are the colored dots?

Dylan: Those are the signal packets that havefilsad to the wall and released
into the synapse.

S-SME: Yeah. These are synaptic vesicles.

Dylan: Yeah, that.

S-SME: They're also bound by the membranes. Theesaembrane | drew over
there? So we call them membrane-bound vesicletheSo
neurotransmitters can’t get out because of thedpftbic barrier.

Dylan: This is them, inside of their cloud...

S-SME: They're in a cloud?

Dylan: Like, after they’'ve been released, it's feicig more than they are moving
across the synapse.This right here, there’s supposed to be a agitri

here. Um, there’s receptors in the cell, and yautgdike, click and drag
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each of these to the right receptor, and if youoget wrong, the entire
game restarts.

It appeared that Group-4 had a concept to work anith even though they could
not correctly identify all the terminology yet, thevere trying to formulate the ideas by
talking with the S-SME. However, they did not cowie with this idea after the meeting
and still could not produce a working game. Thetniexe they met with the S-SME,
they had a completely different idea, and it becapy@arent they were not confident
about the new topic as well. They wanted to foausignals, but mixed up electrical
signals with chemical signals. The S-SME was ewriused as to what this group was
trying to do.

S-SME: | want you to tell me more about the mecsranof your game. What am

| supposed to learn when | am playing your game?

Dylan: How to signal DNA.

S-SME: Okay. So...you're talking about electricalngity and the receptor on the
next neuron, but you haven't talked about DNA &t al

Dylan: | don't really know.

S-SME: Yes, this whole scenario that I've beenrtgliyou about is really just to
put the signal on the next cell. Seconds. So igaakto the DNA doesn’t
go that fast. So what do you think you're learnireglly?

Mark: I think I know what you're saying. | think weally did forget about the
whole DNA thing. The object of the game would betpally having a

level with DNA spread out, or whatever, where yatually take it to the
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DNA. Maybe there’s a shape like this that actuatlyin, if that makes
sense. | know we drew this, but | don’t really knawy. [Shows it to the
S-SME.] I think basically, all we had, getting difént—the nanobot was
putting different things in the components, butskeuld have the nanobot
go through a level of stages where he finally asiat the DNA. So then
he combines with the DNA, so it gets...

S-SME: If you do want to signal to the DNA, yougeing to have to figure out a
way to get from the receptors down to the DNA. 8o gould make the
game all in the synapse and finding receptors arcguld make a game
about getting in the DNA. And if you do go in th&lB...your question
is, how do proteins bond in the DNA?

The Group-4 was still unsure how to progress withrtwork. However, one of
the group members, Mark, had drawn images in hrm&Resign Journal from a video
he had watched about signal transduction, whiclSH$ME noticed.

S-SME: You have a picture there. What's that? Teenbrane, or the DNA?

Mark: | think DNA. It was from a 3D YouTube videAnd basically, these little
things were being taken from here, and it opensdaogs through this
thing, and this thing travels and gives it to thwhich gives it to this, and
so on, and it actually goes inside this humungbungt

The group decided to model their video game aftisrYouTube video. It became
the basis for their game, showing how proteins tmecactivated and passed their

activation on. However, as the presented their gamthe final day, it was clear by their
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explanations that did not completely understandotioeess and were not comfortable

talking about it (Figure 3).

e

Figure 3.Group-4’s game.

Student Attitudes
Finding 6: Student attitudes toward science and makg video games.
Students were given pre- and post-surveys to daterattitudes toward science as based

on the modified version of the TOSRA: Test of SceiiRelated Attitudes (Fraser, 1981).
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The scales used for this study were Adoption oé&dic Attitudes (ASA), Enjoyment of
Science Lessons (ESL), and Career Interest in &ei@lS). Refer to the Appendix A
for the questions given. The results are outlime@able 6.

The survey used a 5-point Likert-type scale rand@iam 5 (Strongly Agree) to 1
(Strongly Disagree). As each scale had 10 questtbegninimum score of the means
would be 10, the maximum 50. Although each scatevshrsome improvement over the
means from pre- to post-survey, with the most inapnoent belonging to Career Interest
in Science, there is no statistical significancedience attitudes far< 0.5. Individually,

no question showed statistical significance either.

Table 6

Student Attitudes Toward Science, Modified TeScance-Related Attitudes (TOSRA)

Pre-survey Pre-survey Post-survey Post-survey

Scale Mean SD Mean SD p
Adoption of 36.38 4.63 36.5 4.95 .92
Scientific Attitudes

Enjoyment of Science 32.5 8.83 32.63 6.44 .92
Lessons

Career Interest in 27.94 5.65 29.94 5.47 13
Science

Students were also given five diagrams as subntiyatie S-SME (see Appendix
A) to determine whether “I would be able to undanst this diagram if | read it and

thought about it” based on a 5-point scale. Thaltesire outlined in Table 7. There is no
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statistical significance in the results. Howevesults do indicate that student answers to

each of the five questions improved from pre- tetgurvey.

Table 7

“I Would Be Able to Understand This Diagram if l&klt and Thought About It.”

Pre-survey Post-survey

Mean Mean A p
Diagram 1 3.06 3.5 44 A7
Diagram 2  3.25 4 75 10
Diagram 3 3 3.06 .06 .84
Diagram 4  3.19 3.31 13 .76
Diagram 5 3.31 3.81 5 .07

For video games, students were given a modifiesime of the Intrinsic
Motivational Inquiry instrument (Deci et al., 1994 he results are displayed in Table 8.
Two questions here showed statistical significanoéger the Perceived Competence

subscale.
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Table 8

Video Game Attitudes With Reverse Coding

Pre- Post-

survey survey
Question Mean Mean A
| enjoy making video games very  5.44 5.44 0 1
much.
| think I do pretty well at making 4.81 5.13 32 31
video games, compared to other
students.
| believe making video games could 6 5.88 -.13 .61
be of some value to me.
Making video games does not hold 6.06 6.38 .32 24
my attention at all. (R)
| am pretty skilled at making video 4.63 5.25 .62 .04
games.
| think making video games is 6.06 5.63 -.44 .09
important to do because it can help
me get a job.
| think making video games is a 5.88 6.31 A4 13
boring activity. (R)
| think | am pretty good at making  4.88 5.25 37 .01
video games.
| think making video gamesisan  5.06 5.19 13 .54
important activity.
| would describe making video game5.88 5.69 -.19 .38
as very interesting.
Making video games is an activity 5.63 5.8 .18 46
that | can’t do very well. (R)
Making video games is fun to do. 6 5.94 -.06 .67

Note.(R) = reverse coding.
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Students were also asked in their surveys if tikegd making games about
certain subjects. The results are outlined in TablEhe results with the most statistical
significance were Science and Sports. Interestjragithe pre-survey, every single
student gave the same weight to their answerdlfeuljects, indicating no preference
for one subject over the other. On the post-surmeygne did this and ranked the subjects
according to what they preferred. Most subjectsimtiprove overall, with Science, Art,

and Sports having the most improvement.

Table 9

Making Games About Academic Subjects

Pre- Post-

survey survey
| like making games about:Mean Mean SD p
History 2.94 3.25 1.78 49
Math 2.94 3.13 1.97 71
English 2.94 2.81 2.70 .86
Science 2.94 4.06 1.67 .02
Art 2.94 4.06 2.45 .09
Languages 2.94 2.94 2.42 1
Sports 2.94 4.94 2.81 .01

Students were also asked about how they felt aheujame design program to
gauge what they thought about making games andngaémes about science. Ten
students were interviewed and all of them said #ggyed working on their science
games. Seven of them said that they would wantakengames about science again; of

the three who did not immediately say they wantedd it again, two of them said
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science would not be their first choice as a gaspectand the third one said it was more
interesting learning the science from the scietiigh from making a game.

Researcher: Did you like making the science gavfmfcan be honest.

Noah: It wouldn’'t be my first choice, in terms ofjame to make, but it was an
interesting challenge. Having an actual topic. iHgup build a game
around a specific topic.

Researcher: What other topics would you want toexgeknes about?

James: | think we should just stick to science,rbaybe a different science that
no one knows about. | don't know. Something cool.

Jayme: Well, talking with the scientist was goodlking with someone who is
actually in that career choice, | think that's adahing to do. Because
then you get that first hand-to-hand, like talkinghem, interacting with
an actual scientist.

Researcher: Would you change anything about thgram?

Michael: Probably, another year, different subject?

Researcher: What subject—

Michael: No, the same subject, but other parts.

Researcher: So you would want to still do sciebo¢ a different topic?

Michael: Yeah.

Researcher: Do you have any suggestions?

Michael: The brain. | don’t know. Since sciencaasbroad, it would be perfect.
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Summary

This study immersed students in a constructideahing environment with
learner-supported tools to design video games amé&miliar science topic. It found
that students used a number of strategies whegrdegitheir games: Students based
their games on games they had already played;cihvegucted research on their topic by
use of tools such as their journals, web sear@resused the S-SME as a point of
validation for their ideas; they collaborated wiitieir peers while making the games. In
addition, it was found that student game contentved as they began to understand
their science topic more and that the process &ingahe video games allowed students
to articulate their understanding of the sciengactor hese findings are further discussed

in the following chapter.
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5. DISCUSSION

This research study provided a constructivist gdesgn environment for
students to design their own video games based amfamiliar science topic. It was led
by mixed methods research; qualitative and qudivigaata were collected through field
notes, student interviews, recordings of the mgstwith the S-SME, pre- and post-
surveys, student Game Design Journals, studentvitheo games, and final
presentations. Analysis was guided by the concépraework of the study and
grounded theory methodologies. The study was guigettie following research
guestions:

RQ1: How do students create video games on scmueepts about which they

are unfamiliar?

RQ2: How does designing educational science gaffiest student attitudes

toward science and video game design?
The research questions were broken into the folgwubquestions:

RQ1la: What strategies do students as designeis oseer to understand the

science concepts?

RQ1b: How do students exhibit their understandihtipe science concepts

through their video games, the design processtlaidexplanation of

these?

131



RQ2a: How does the game design experience afigbest attitudes toward

science?

RQ2b: How does the game design experience atiedest attitudes toward

making video games?
Student Strategies
RQ1la: What Strategies Do Students as Designers UgseOrder to Understand the
Science Concepts?

This question looked at finding what strategiesients in a game design
environment used in order to create a video garsedan a science concept with which
they were unfamiliar. What this required from ttedent was to (a) understand the
science concept and (b) design a video game bastdsoconcept. Simply designing a
video game required that the students be activaiking about multiple issues. Clark
and Sheridan (2010) point out that when designamgesp “students are challenged to
become metacognitive about how games function: granves use audio, visuals and text
to communicate ideas, what helps users understgacha, what makes a game fun” (p.
127). Students must consider such ideas in addibidine technical aspects of the game,
positioning them to use critical thinking and pmolsolving skills (Brennan & Resnick,
2012; Denner & Werner, 2007; Kafai, 1995; Robert&drdowells, 2008; Sheridan et al.,
2009). Now, in addition to designing a game, stisl@rere given a topic on which to
base a game, a topic with which they were unfaméiral needed to understand better for
their game. Prior research on game design intedjgith educational content (Baytak et

al., 2011; Ching, 2000; Harel, 1990; Kafai, 1998% shown that it is necessary for
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students to take time to with the topics first rder to be able to understand how the
topic can be integrated into the game.

Students create video games based on games theyatty played.As detailed
in Finding 1 (Chapter 4), students in this studdated video games based on games they
already played. Prior research has also foundsthidents have modeled game design on
commercial games and films (Baytak, 2009; KafaB& ®Robertson & Nicholson, 2007;
Yarnall & Kafai, 1996). Kafai (1998) mentions thate reason for this could be the
influence of popular media, which she found esplggmevalent in boys. Boys were
prevalent in this game design workshop (14 boysaanhygl 2 girls), so this could be the
case. However, all students in this game desighkstap indicated that they played
video games, and 11 of 16 students stated thatpllaged every day. Therefore, all
students were already entering the game designsivogkwith experience and influence
from professional games.

The desire to base a game from a professionallgldpgd game proved to be
daunting at times for the students. In the popoidine game Bejeweled, different-
colored jewels fall down, and it is the player’sabto match up the correct jewels to
make a chain that will disappear, lest too manyejewill the board and you lose the
game (similar to Tetris). In one student’s gameyiB&ad the nucleotides (A, C, T, G)
fall down, with the player’s goal to match themaggrectly as they match up in the DNA
helix. However, David found the programming chaljes well beyond his skill and
worked with peer mentors and instructors throughloetentire program to complete it.

Kafai (1995) acknowledges that students designarges will have difficulty even
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expressing their initial ideas and “it would be eatrstic to think that they could take into
consideration all the aspects that would be invibineplanning and designing a game”
(p. 81).

By choosing to base their own games on games théwhleady played, students
alleviated the some of the problem of planning designing a game from scratch. Using
familiar games also introduced well-known game naeats into the student-created
games, from replacing shooting bad guys to shodalisgases with antibiotics, to
traversing a maze like Pac-Man in order to turnegemn and off. For these games, the
students are not giving an accurate or literalespntation of the science topics. Prior
studies do acknowledge that students create gaasesl lon educational content without
complete visual accuracy; Kafai and Ching’s (20§tiply that focused on students
creating games on neuroscience found topics mtst cbnsisted of animated
representations. Especially for more complex edaocal topics like science, the level of
accuracy expected would be out of the scope of winang students would be able to
present. Instead, in this study, students are giaistylized interpretation of their
understanding, and basing a game around it. Tipioaph to game design is referred to
as an artistic or architectural design, as opptseth engineering design (Kafai, 1995;
Kafai & Ching, 2001).

However, there are still some issues to take intmant when students create
games about science using familiar games and gankanisms. Dickey (2005) states
that the primary goal of video games is entertamnengaging the player through

strategies such as role play, narrative, and aingdle. For students creating games, the
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need to provide an entertaining game as intereasrige one they are basing their game
on could become more important than the sciende topghe game. This was the
experience of James, who wanted an exciting gartteleis of challenges, and thereby
continually added elements to his game that comtiedithe science content. In this case,
creating a game to explore a science topic impéduedbility to actually gain
understanding. Additionally, because students anerfamiliar with the structure of
games rather than the unfamiliar science topicgvassimilating new information about
their science topics, there is the possibility gtatlents accommodate the information
only within the context of games. For example, Waodckated a game about eliminating
disease from the body, based on the game Spacaersvé&she modeled shooting enemies
with bullets by shooting the disease with antilaigtiEven as she began to learn more
about the diseases and the types of antibioticccthdd cure them, she continued to
incorporate this information by eradicating theedise through antibiotic “bullets.” It

begs the question of what else Wanda would have &@ele to explore if she was

thinking beyond the context of the method of thengahe had chosen to model.

These examples serve to demonstrate how studeatsipceived notions of
games and game structure may have in fact limitedtope of science exploration
students could achieve, and in the case of Jamaésitdly did. However, this does not
apply to all the games made. To counterbalance sJarperience, there is Michael’s
experience, who initially started out making areetatining game to prevent enemies
from destroying neurotransmitters, but realized thd not make sense and changed the

game to better accommodate the topic.
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It is a natural outcome of asking students to ereagame that they would want to
make it fun and entertaining. In Kafai's (1995)dstwn children creating educational
video games about teaching fractions, she compatediarel’s (1990) of children
making instructional software on the same topiosg, faund that there was more playful
and more fantasy-based content in the game dedigisskind of creative freedom in
creating video games is one of the reasons fomigastudents make games for learning
academic content, or design skills, or computesrsxe (Baytak et al., 2011; Click, 2014;
Kafai & Peppler, 2012). Yet it must also be consedethat this creative freedom in
games of novice game makers, such as the oness igaime design program, may
require a sacrifice in other areas.

Students gather information about unfamiliar sciene topics through Game
Design Journals, web searches, and discussions wélscience expertStudents in the
game design workshop were given access to infoomaind collaboration tools to help
them understand the unfamiliar science topics pteseto them. The topics were
presented as unfamiliar so that all students cstald from relatively the same starting
ground of exploring their science topic.

Students only met with the S-SME once a week, sadht of the time, they were
left to use the resources given to them so thelda@search their topic and work on
their games. Some resources were used often, suble &ame Design Journals. These
journals allowed students to take notes and drévalidesigns of their projects, giving

them an opportunity to reflect on the ideas thatevetarting to form or to expand on
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current ideas. Allowing for reflection allows stude to monitor their own thinking and
make sense of the content (Davis, 2003).

One resource that was underutilized was the wefmsitgtudents to post questions
and share files. This is not surprising, as stuslarided to ask questions within the lab
face-to-face, and instead of sharing files, stuslar@uld once again share tips and help
with games at each other’s workstations. On thesiteba list of trusted websites and
journal articles was highlighted for the studentseve students could look for
information about their science topic. Checking sres like Wikipedia would be fine
for the first round, but because anyone could piairmation on that site, it was
suggested not to use the site as the only sourstedd, students were urged to take the
information gained from Wikipedia and look throughsted sites and journals for
further, validating information. However, this pem/to be difficult for the students. The
information found on professional websites andnais was confusing to read on their
own.

What occurred instead was that students would ptélse information they found
from websites like Wikipedia for the S-SME to valid. Many times, this would include
the S-SME looking through journal articles alongstlde students, explaining what the
journal was talking about, and drawing diagramstem. Students knew they should not
solely rely on Wikipedia or searches on Google,thay needed help with deciphering
other websites and even some of the information tthend on Wikipedia, so they

brought it to the source they trusted most: thergist.
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These 12- to 16-year-old students are not alofi@dmg websites such as
Wikipedia to be the most useful in conduction prnéhiary research on topics. A study on
first-, second-, and third-year medical studentstbthat they used Wikipedia and
Google for biomedical related searches far morenafhan university libraries or online
medical libraries, even though they themselvestrase websites the least reliable (Judd
& Kennedy, 2010). It appears that the easy acaéigsilif finding answers on these
websites outweighs the knowledge that it is notoibst route to take; thankfully, the
students in this study were able to discuss tlesults with the S-SME.

Students not only prepared for meetings with thendists by having questions
ready, they also incorporated the information arthcience topic into their games and
brought prototypes to the meetings as well. Thestjoies by the students led the group
discussions in the meetings; the games gave thdSi8sight to where the individual
students were heading and what issues they hadheithtopics. This allowed her to
scaffold her advice on the specific informationaatigular student needed in order to
continue on his or her game. These meetings wesd fdr the S-SME to support the
learning of the students, and then allow the sttglenonce again take the initiative in
creating their own games. For a constructivistrgg environment, this constant support
is crucial (Jonassen, 1990).

Students create video games through collaborativateractions. Playing video
games is a social experience for teenagers (Leehalt, 2008). This study found that
making video games is social experience as wethil&i to the study by Robertson and

Howells (2008), students were given different opyaities to engage in social
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interaction. They worked in the same computer latind the workshop, often times
wandering to each other’s computers to watch witare were doing and to play each
other’s games. Students working on games at tbenpaters would often become
excited or frustrated and verbally expressed thiwing a crowd to their work station.
The video games also incorporated music and soffiectg which again drew students
to watching others’ games. It was observed thatestts interacted most often when
asking about certain types of game features ta@tlie game, thus talking more about
the game design in the software program rathertirascience concepts in the games.
Likewise, Yarnall and Kafai (1996) also found tiratheir study of children making
ocean-related science games, the students didoodie together but focused more on
the programming aspects in their conversations thescience content. This finding
differs from Kafai and Ching’s (2001) study on stats making neuroscience
instructional software, where they found that stugelid engage in science discourse
when discussing content screens. However, unlikie these studies, students in this
study were given the option to work on games atwria teams, and the majority of
students in this study worked on games by themsgimeaddition to one group of two
members and one group of four. Thus, when studeerts engaged in game design and
thinking about their science topics, most studemse working alone.

This study refers to the interactions between sttsdehere they worked together
and influenced each other’s games as collaboratteeactions. The traditional methods
of collaboration consider a group of members ingdlin a social engagement and

negotiation to share knowledge and ideas while imgrtogether toward one project. In
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the case of game making in this study, howevedesits are working on projects with
similar topics and the same goals, but workinguitllially. In this type of setting, this
can make it tricky when speaking of collaboratietween students on their individual
projects. Some studies identify collaboration agmvktudents share ideas and offer
suggestions for games together even working ornraepprojects (Baytak, 2009;
Robertson & Howells, 2008). Baytak (2009) furthkxssified his observations of student
collaboration as times of help-seeking, getting peedback, and distributing expertise.
Yet because these sessions between students @maahfind rely more on helpful
suggestions rather than working together to progidelution, it deems it necessary to
distinguish these episodes from traditional colfabion. Kafai and Harel (1991) describe
the setting of the open computer lab where fowattd fifth-grade students created
instructional software with LOGO as a place wheuglents could work together for
periods of time, if they wished, or work alonettis environment, students engaged in
social interaction, code was available to be viead shared, and ideas and knowledge
“floated” between the computers. They referrechis &s “collaboration through the air,”
a term used only in this study to refer to sucpexcHic flavor of collaborative process,
but it serves as a great description for the collative efforts in a game-making
environment and it provides an example as a walstinguish the social and helpful
interactions of students amongst each other. Stadiethis game design workshop
participated in collaborative interactions similatthe one described by Kafai and Harel
(1991); most prevalently, through sharing codeyipigeach other’s games, and giving

helpful advice about the technical aspects of Heag. Collaborative interactions also
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occurred during meetings with the S-SME, whereviddial students with similar topics
met at the same time to discuss their work, anddvend up providing information for
each other’s games as well.

However, there were two examples of collaboratiothe more traditional sense
in this study as well. Two groups were formed @fittown accord to work together on a
shared game, one that worked well together, andr@ateould not come together
successfully. Group-2 consisted of two memberstheyg were able to come up with an
idea together, work on separate parts of the gardererge them successfully, and
discuss new ideas with the S-SME and incorporasetideas into updated versions of
their game. Group-4 consisted of four members,theg could not agree on a solid idea
for their game from the beginning, which led to thidure of being able to identify
separate parts for the members to work on whichdvoontribute to the game. This may
very well be attributed to the number of memberthateam and the necessity for them
to have been able to communicate together befobadamg on a shared project. These
issues between Group-4 highlight the distinctiotneen a collaboration between
members trying to work together to make one gamepart from individual projects
having been influenced by comments and shared pafoende from fellow students in
the lab. A collaboration within a group requiresmirers to engage in discussion in order
for each member to take responsibility for conttidmos in a game, while in a more
informal collaborative interaction, as observedhis study, students do not need to take
or give credit for ideas or suggestions that aezesh Instead, they are given freely and

taken as needed, and still may create a meanimgpact on the game.
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Collaborative interactions occurred not only betw#ee students in the game
design workshop, but also from peer mentors toesttgdas well. The peer mentors
helped greatly with the technical issues of thaimgs because they had been through the
program before. Previously documented studies guorthat the existence of older
students with experience in game design can atitetdevelopment and richness of
student games (Ching, 2000; Clark & Sheridan, 26Hai & Ching, 2001; Marshall,
2000; Sheridan et al., 2009).

Student Understanding
RQ1b: How Do Students Exhibit Their Understanding & the Science Concepts
Through Their Video Games, the Design Process, afitheir Explanation of These?

This question sought to examine how students waeeta portray their
understanding of the science topic as they expegithe game design process and
completed their video games. The first part of Resde Question 1 concentrated on the
strategies the students took in creating their gaa@ut science; this part is interested in
the way the students were able to portray theiewstdnding of the science topic in their
completed games.

This research study did not set out to teach stgd®bout science and then test
them about what they learned. Rather, it introdwstadents to science topics they had
not yet been exposed to in their schooling and ilmagthem in a learning environment
where they could explore the topics through vidame design. By using topics that
were unfamiliar to the students, all students staftom relatively the same place in their

approach with the content, and it provided the ofymity to observe how they engaged

142



with new topics. With the aid of the S-SME, thedsint video games and final
presentations—where students played and discussgdjames to the class—were
analyzed for science content and explanation. Lapkirough the chronological order of
the individual or group’s dialogue and design fromation to completion of the game
helped establish what kind of understanding stugderte able to grasp of their science
topic, and how they were able to represent itisib @rovided for an opportunity to
observe the design process the students went tinroug

Student games changed as their understanding of tlseience topic evolved.
Kafai (2005) remarks that in learning-by-designrapphes “learning happens best when
learners are engaged in creating artifacts reptiegetheir ideas” (p. 29). It is the driving
theory of constructionism, that the learner is dint) external knowledge structures
through creating an artifact (Papert, 1991). Thugxamining the artifacts that students
have made, one can see the representations ofdbag and the meaning they have
created. If the student then makes a change tartifiact, then one can see how the
original ideas may have also changed.

In order to see the evolution of student understapane can follow the trail left
by the different versions of the games. As the gawere not literal translations of the
science topics, it was necessary to use the gamesgersations with the S-SME where
students explained their games, observations désts talking about their games, and
interviews to help decipher what was happeningnéngame and what students were

capable of explaining at the three different pooftanalysis, done at Week 2, 3, and 4.
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In examining these games at these three pointsndeed in looking at student
work throughout the game design workshop, it waarchat students were involved in
the iterative process of design. This cycle inctutilme to for reflecting on the game to
be created, designing the game, testing the gamehaving a period of discussion about
the game, and indeed previous research confirmstidents use some version of this
process for design (Baytak, 2009; Flannagan e2@05; Kolodner et al., 2003; Resnick,
2007; Robertson & Nicholson, 2007; Salen, 2004 dé&nts in this study showed
moments where they took time to think about thaings in their Game Design Journals,
designed the game through sketches or the GamerMakeare, tested it out for
technical issues or for others to see what theynmadle, and discussed their games with
peers, mentors, or the S-SME. Then they would tlalsanformation and apply it to
another stage of the cycle, whether to think alacutw idea or to jump right in and
program another feature in the game. RobertsorNattblson (2007) state that students
do not necessarily visit the stages of the iteeatigsign cycle in order.

This design process that was observed occurreftoratany kind of instruction
that asked students to cycle through specific stadeen creating their artifacts, but
rather from the organic procession that came aum fgame making. Students needed to
give thought toward their games before creatingithtis was initially observed in
Game Design Journals through notes and sketchespbtinued to be observed through
the new ideas and features that were added tcetineg Creating the game and testing it
for feedback and errors, or debugging, was neaualedgure that a game is working

properly. In learning the software Game Maker ievovus workshops, and again as a
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reminder in refresher lessons during this gamegdesorkshop, students had always
been advised to check through work periodicallynyning their games to make sure
their code was functioning according to their speaiions. It is not enough, however, to
simply have the opinion of the game creators thérasdor how a game works and
functions; in game design, feedback is also neé&dad a client or from users to let the
designer know what works well. This is where cabliative interactions with the peer
mentors helped with the functioning of the gamentoes would help students when
stuck on properly working code or help them witlggestions on how sounds, graphics,
or elements of game play (e.g., use a mouse insteatteyboard) could better be
incorporated into the game. The interactions wpomtaneous and occurred as needed,
but students did enterdasscusgphase with the mentors as it was occurring. Tme i

with the mentors, and at times even with studentke class, was vital as a jump-start
into another reflect or create stage in design,mngelled the momentum of the
completion of the game.

It is interesting that the students’ understandihthe science topic also went
through a similar iterative cycle. In considerihg technical aspects of the game, the
discussstage of the design process was driven by peetamsemstructors, and fellow
students. However, in terms of thinking about thetent of the topics and its
incorporation into the game, this phase ofdlseussstage was driven by the weekly
meetings with the S-SME. Here, the data showsstiualents were asking questions about
their topic and leaving the meeting with some nef@rmation to enter theeflectstage,

which would then show up in their game. Althougé theetings with the S-SME were
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scheduled once a week to provide an opportunitgtisaents to ask questions, the
meetings were student-led and introduced ideasitbis emerging from student work,
allowing for students to take in the discussion gaith new information. The continued
iterations of the design cycle that were fueledigyS-SME meetings were observed to
have happened through student-led initiative; ihattudents were not instructed to
change their games after the meetings, nor diGBME tell them to change their
games, but rather offered them suggestions aneduitem toward the answers they
were looking for. This kind of scaffolding helpetidents reflect upon the new
information and drove the elements of change irgtrae content, as well as elements of
change for understanding the science topic itself.

The iterative cycle of design for both the game @iedgame content, although
distinguished here separately for discussion p@gasccurred simultaneously, as
students could not separate their thinking of defigm the content (Kafai & Ching,
2001). Thus, when students were reflecting upoin fane design, they were not only
thinking about how to design a game but how togfeaigame about their topic; likewise
in design, testing, and further discussion stadiéiseodesign cycle, the science topic
could not be separated from the game. RobertsoiNarmblson (2007) note that “it is
common for designers to return to previous stagdhleir ideas evolve” (p. 3). As
students learned something new about their topweould add to their understanding of
their topic and cause them to return to anotheyestd the design cycle and, as the

artifacts show, the games would change.

146



Spitulnik et al. (2007) also found that studentgagred in creating multimedia
artifacts on science were able to construct meéuikgowledge from the design process
and that the development of their understandinddcoe followed from the progress of
work from their artifacts. As learners in a constionist environment build knowledge
through creating an artifact, students in this gtagproved on their understanding of
science topics by creating video games, and theldement of this understanding could
be followed through the changes in the games. Asl#ta shows, as student
understanding changed about the topic, so didahegyal of the topic in the game.

Kafai and Welsh (2007) note that iterative develept helps students review and
redesign their artifacts, which is then particyldrélpful in assessing the content of
artifacts by students themselves, peers, and tesaChiee iterative cycle allows for clear
points that can be observed where games changeoimerstage of development to the
next, and from this, the progression of studenteustdnding can be observed as well.
Following the progress of student artifacts in gtisdy made it possible to place the
games into categories of High, Medium, and Lowglklasn the accuracy of the content
portrayed in the games. It can be said that thaesiis who made games in the High and
Medium categories were able to best grasp the @gieoncepts, but that the students in
the Low category missed key concepts that allowedtto develop a more meaningful
understanding of their topic. The students of tire¢ games in the Low category still
showed growth in understanding during the threatsaf assessment, but their

understanding did not fully develop. Perhaps ithstudents had been given more
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iterations of the design cycle to ask questionstandteract with the science topic and
the game, there would have been more time to luitcbre meaningful understanding.

The process of making a video game helped studeragiculate their
understanding of the science topicAccording to Kafai (1995), designing games “puts
students in charge and engages them in a contirdialagjue with their own ideas” (p.
15). These inner dialogues became vocal when stsid@eracted with peers in the
classroom, asked questions in group meetings WilstSME, explained their games
during the final presentation, and they are evenessed in the very game itself.
Through this, it has been shown how student ideagressed over time as they discussed
their work. Students were constantly interactinthwineir game, testing their own ideas
and concepts as they worked them into their desiginis was all going on inside the
students’ minds, then it was during the weekly nmgstwith the S-SME where students
were finally able to vocalize their work. Studewsre given a platform to describe their
game every week, and as a result, they were disguir science topic each time as
well. When they asked questions about their topghowed off their game, it was an
opportunity for students to explain what they knangl it gave the S-SME a chance to
identify what the students understood about thensa in their game and how she could
guide them toward filling in the gaps. Similarlyalias (1995) said that student
understanding of the science concepts were revéiaedgh her elementary classroom
science talks.

Having students articulate their understandindneftopics is beneficial not only

for teachers (in this case, the S-SME) to beconmsmawf what the students know and are
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thinking about, but it is also beneficial for statieas well. Sawyer (2005) maintains that
articulating goes hand-in-hand with learning arat it times “learners don’t actually
learn something until they start to articulate(@g” 12). It was important for students in
this study to explain their games to the S-SME eeebk, as it allowed them to think out
loud and discuss the topic with an expert. At timakling about their topic made
students realize that they needed to know moreVghedents arrived at the meetings
with questions in hand, it was because they hahdir recognized there was a gap in
their own knowledge, and they needed to discusstthi@c with the expert. This is a
consistent finding with a precluding research st(i¢lyalili et al., 2011). However, is not
enough for students to simply articulate what tkiegw, their explanations need to be
scaffolded if they are going to be effective towkarning (Sawyer, 2005). Indeed, prior
research studies show that students who are coneating and reflecting upon science
topics need guidance and scaffolding to build éebeinderstanding of the topic (Bell &
Linn, 2000; Davis, 2003). This is the role the SEMok on in this study, to help
scaffold students’ understanding of the sciencectap they approached her with
guestions and explanations so they could buildericoncepts of the topics and articulate
what they knew. In fact, during tliiscussstage of the reflect-design-test-discuss,
students used this time specifically to discuss f®jects with the scientist every week,
allowing them the opportunity for articulation.

As students articulated their understanding ofsttience topics from week to
week, it revealed the conceptual changes that a@rerring with respect to their topics.

Conceptual change refers to how students build kmawledge based in new ideas while
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situated in the context of the old ideas (diSe26885). While there are many different
conceptual change learning approaches, this stk lto the works of conceptual
change based on assimilation and accommodationePdtrike, Hewson, and Gertzog
(1982) assert that there are four conditions ferdbcommodation of conceptual change:
dissatisfaction, intelligibility, plausibility, anfituitfulness. In dissatisfaction, the learner
must find that there is something wrong with thereat way of thinking that does not fit
to help to solve the current problem. Intelligityilrefers to the learner being able to make
sense of the new concept, and perhaps this is oledeto the learner through example
and analogies. Plausibility must show to the leatingt the new concept is able to solve
the current problem better than the old concepiitfiness refers to the new concept
opening up new avenues of inquiry for the learfbese four conditions can be found
throughout the iterative processes of designingegaamd thinking about the science
content. Students would enter the meetings witlSHEME with questions that had
brought them to a state of dissatisfaction withrtberrent understanding of the concept,
such as when Michael came into the meeting wantifigave an enemy for his
neurotransmitter game, but realized that this didhmake sense for neurotransmitters.
The state of dissatisfaction was revealed wheresiisdealized the gaps in their own
knowledge, that what they currently knew aboutdtience topic was not adequate—
gaps that were sometimes revealed when they wiaditulate their understanding, and
found they could not. The condition of intelligity came about during and after S-SME
meetings, through discussions provided by the S-@ktEthe period after when students

had to make sense of the new information into t@nking and their games. Plausibility
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occurred when students decided to use the newnnafioon for the current understanding
of the topic, that they could understand the conbetier and as a result, it would be
incorporated into their games. Fruitfulness canmuaifvhen students began to use their
new foundations of the science topic to continuthiiok in new avenues, such as the
students in Group-2 who worked on the myelin shé&gtic and then decided to discover
what causes the deterioration of the myelin.

These conceptual changes that students experipnoeided insight into the
progression of their understanding of the scienpecs during the game design
workshop. The conceptual changes could not haverat without the opportunity for
students to articulate and explain their projestsch helped both the students and the S-
SME identify their issues or their next pursuitee$e changes also could not have been
identified if not for being able to follow the stwts own words about their
understanding.

Although the students of 9 out of 12 games weravshio have been able to
successfully articulate their understanding ofrtseience topic by the end of the game
design workshop, not all students in this studyenadsle to do this well. The students
who created the three games in the Low group hadbst trouble with understanding—
and communicating this understanding of—their tepdames, who created a game about
the myelin sheath, was driven more by making antiegogame than staying true to the
topic, and although he showed an improved undeistgrof the myelin sheath over the
first weeks of the program, his need to add obssaid his game ultimately added

additional features to his game that did not mahess in relation to his topic. Anthony
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created a game about gene regulation, but he wessinterested in bacteria and
ultimately incorrectly made connections betweenrthe of bacteria and viruses with
respect to his topic. For these two students, maimty ideas they had could not be
reconciled with their topic to make a cohesive gante four students who created the
last game in the Low group had a different dilemifrteeir topic was about signal
integration and it was arguably a harder concefitltow than the other three topics
(although this one group was the only one to phektopic, so there is no other
comparison to another game). The group also haésssollaborating together in order to
create the game, which led to missed opporturtitiengage with their science topic.
After multiple discussions with the S-SME, theyrsee to start to have an idea to work
with in the very final week of design, but it wa®tlate to make a coherent game and
they could not clearly articulate what was happgmmtheir game in relation to their
topic.

Student Attitudes
RQ2a: How Does the Game Design Experience Affectugtent Attitudes Toward
Science?

In creating a learning environment for studentddésign games about science,
one of the goals was to increase interest in #ld bf science and technology. Thus, |
wanted to see if working with a science topic bywémaking games could improve
attitudes and generate interest in science. Feitdéisk, the TOSRA (Fraser, 1981)
attitudes test was used, as it had it been usedbebefore, had the subscales relating to

attitudes and interest in science, and was ap@i@pior the age of the students in the
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game design workshop. Students were given the gsiatethe beginning and end of the
workshop, within a 3.5-week period of time. Resdits not show any statistical
significance on the questions pertaining to Adaptd Scientific Attitudes, Enjoyment of
Science Lessons, or Career Interest in Science eld@wthe means of each scale indicate
there was improvement in responses from pre- togasey in each category, with the
most significant improvement belonging to Care¢erest in Science.

Although the TOSRA questionnaire has been shovireteeliable for science
research studies, it may have been out of plaasinyg it with science learning in a game
design environment. My hope was to use the scalbsdge the science in classrooms
with science as it was being discussed and dewveliopineir games, but | do not believe
this happened. For example, some items on theiqoaatre include “Science lessons
bore me” or “School should have more science lessach week” but these connections
to classroom science lessons and school may netlieen even thought about during the
game design workshop, as it was not in a classsamol setting. As such, it would be a
service for future research to design a questioanaihave students think about their
attitudes toward science that are not directlyteel@o school, laboratories, or
classrooms.

A more interesting survey about thinking abouésce was created by the S-SME
and distributed to students at the same time a§@&RA. Students were given five
diagrams to examine and respond to “l would be &blenderstand this diagram if | read
it and thought about it” in according with to a 6t scale from “I agree definitely” to “I

disagree definitely” (See Appendix A). These diaggancluded images of processes that
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would not have yet been taught to the studentspatdone of them had vocabulary that
was mentioned during the game design workshop.€livas no statistical significance to
the results from pre- to post-survey, but all shideshowed marked improvement in
responding to the question.

Verbal feedback from students indicated that dr@e design workshop was an
enjoyable experience for them and that they enjoyaking their games about science.
This is promising for creating positive experienta@sstudents with science-related
projects.

RQ2b: How Does the Game Design Experience Affectiuigtent Attitudes Toward
Making Video Games?

In addition to surveys on science attitudes, sttgl@ere given a questionnaire
about attitudes toward making video games, basedroadified version of the Intrinsic
Motivational Inquiry instrument (Deci et al., 1994f the 12 questions, 2 showed to
have statistical significance with respecpte 0.5, “I am pretty skilled at making video
games” M1 = 4.63 M2 = 5.25) and “I think | am pretty good at makirigao games”
(M1 = 4.88M2 =5.25). These indicators were both under thke sifePerceived
Competence. It is encouraging to see that studelhtisetter about the ability to make
games after their experience in the game desigkskiop. This echoes students’
sentiments in their interviews that they enjoyedkimg their science games.

Another change from pre- to post-survey was thatents indicated that they
enjoyed making video games about Science and Spertaost. These results were

statistically significant (Science,= .017, Sportsy = .012). An interesting aspect here is

154



that in the pre-survey every single student putmdtve same number for every subject
that was listed on the survey: They did not eagk the same number for each item, but
students picked one score from 7 (“Very True”) tNot True At All”) and used that
across the board. One might expect a few studers this if they wanted to quickly get
through a section, but all 16 students did thigterpre-survey, each with a different
weight. This may indicate that at the beginninghef game design workshop, before any
topics were introduced, students did not much ocaeven think about any subjects that
they could make a game about. However, after tise avey, none of the students did
the same procedure of giving one score for allesttbj they actually took the time to
rank them. As Science was picked as one of theestsbhighlighted by students that they
would enjoy making games about, it gives furthedence that they were interested in
and enjoyed making games about their science topic.
Limitations of the Study

In this study of student-designed video gamexfahe students created their
games with the software Game Maker. It was a covgniool that aided them because it
took away the need to learn every component of gaesdion, including programming
and graphical design, and allowed them to prodee work with relative speed.
However, by confining students to this platforrmiay have also limited the way
students thought about their ideas and createdfthal projects. As has been shown in
this study, students created their games basedmegthey had already played. Yet,
using Game Maker may have narrowed this categetlgduby pushing it into games

they had played which they believed could be crkatethis platform. There is evidence
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of at least one student, David, who came up witindial idea for a game in a 3D
environment, which he later abandoned when hezeghlihat the platform only supported
2D environments.

Another limitation of this study is that its relaly small sample size of 16
students does not lend itself well toward analyzhmgquantitative data collected through
the surveys. However, as this was a mixed methindly,she data was used to give more
insight into the students of this specific gamegtesvorkshop rather than to make a
broad statement about attitudes toward scienceemhology as a whole.

Additionally, I believe a further limitation of i study is the unevenness of
having one group of four students form to makeragahen most of the other students
created single games, or in the other case, foargrdup of two. Based on a successful
pilot study where students formed into groups of fio create science games (Khalili et
al., 2011), | believed that the students who askgdin together would be able to do this
as well. However, because there was only one lgngep, time was not spent to make
sure the group was able to communicate and orgdmereselves before starting into
their game design. Despite their enthusiasm foptbgect, the group was often
disorganized and could not communicate their igdf@stively. All the students were
bright and interested in the project and | belithay would have all fared better working
on single games.

Implications of the Findings
The research study reported on student strategrasgathe design process,

student understanding while learning about theerse topics, and student attitudes
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toward science and making video games. The imphieatfor the strategies that students
were found to have used in the game design workslibpe highlighted under Students
Making Games. The implications of the findings ab&tudent understanding will be
discussed under Designing Games With Science. 8hdts of the student attitude
surveys will be further explored under STEM Leagain
Students Making Games

This study created an open-ended constructivashieg environment (CLE) for
students to explore the constructionist activiieédesigning video games about science
topics. With tools and support made available fodents in a CLE (Jonassen, 1999), the
strategies used to create the games were obs@uedf the strategies students used to
make their games was to base them on games thegiready played. They needed
something familiar (a known game) to help themmethe unfamiliar (science topic).
Kafai (1995) sees this as a form of problem-solvargl indeed, this strategy may have
made it easier for students who not only had tdaggheir science topics, but also had
to figure out a way to convey the topic throughaang. Baytak (2009) points out that if
this is the case, then students should be exposdifferent games and platforms, to
allow for them to have more of a foundation to cs®&om. However, as the focus in
this study was to make a game based on a sciepicg tovould be beneficial for
students to also experience educational games,asuitte science game Immune Attack,
which traverses inside the human body and provielasstic information. Playing a
game like Immune Attack before embarking on thegtesf their own games may have

given students another related case to pull fromnnd¢onsidering their own designs,
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especially as it combines a method of game playaandrate information. It would be
important to expose them to more than just one &duwal game, however, to prevent
students from trying to imitate just one game. Aiddially, as students may be influenced
by their existing knowledge structures of what nsalgp entertaining games, it would be
helpful to have other activities besides just vidames to stimulate student ideas. This
could include other educational media outlets, agtelevision programs, or hands-on
classroom activities.

With respect to the resources students used fgement their knowledge when
the scientist was not available, students gath@fednation on their topic by using notes
they had collected in their Game Design Journatstgnconducting web searches. The
activity surrounding the web searches is intergdtinnote, because it is a similar
problem as gathering information for a researchtepap the information on the web
suitable and reliable? This is a problem in classm®that is separate from video game
design (Schofield, 2005). Students were given gpeaval to use websites like
Wikipedia as a starting point for research, butenancouraged to use trusted websites
that were provided to verify the information. Asstbroved difficult to do on their own,
students brought their findings to the S-SME tadadk, or else they could verify them
together. This highlights the need for proper supfor students gathering information
on the Internet in any setting, whether for malgagnes or for writing reports. Having
the S-SME for student support was very important.

This need for information also highlights how imiaott it is to make resources

available for students that they are able use tafidy, otherwise they will resort to
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relying solely on websites such as Wikipedia. Thiuis, equally important to check in
with students and monitor how they are using trespurces and if the resources are
appropriate.

Another component of the design process that hedpetents with their games
was the collaborative processes they experiencdteigame design workshop. Although
most students in this study chose to create a gasnadually, they were still interacting
with their peers in the computer lab. This was itugart to the proximity of the
computers in the lab—students were able to wallraddreely to one another’s
computers and interact; they were also able torsey screens and other students’ work
from their own workstations. This is also due te tiature of the artifacts they were
working on; making games requires that their crsgptay the games to test them out,
inviting others to watch and ask to play the gathemselves. Thus, to encourage and
foster these types of collaborative interactiohe,detup of the work environment is vital,
to keep students close to each other and ableltoasaund and interact. To continue the
spirit of collaboration among students, it woulddemeficial to encourage student testing
of each other’s games, and to allow for time fadsnts to present and share their games
to their peers at regular intervals during the gaesgn workshop, or class. In this
workshop, students presented their work only aetiek which was a great way to share
knowledge and receive feedback from the crowd, sloimg students would have
undoubtedly benefited from if it had happened nfoequently.

However, in this study, one group could not colla® successfully to produce a

cohesive final product. Group-4 did not take timeetito plan together before they broke
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off into individual pieces of the project, whichddnot allow for their separate pieces to fit
together, especially as they were unaware of wieabther members were working on. In
this scenario, more support should have been dffier&elp the group work together.
Indeed, what was made clear in this study is thastpport offered for individuals
making games is different than for a large groufingaa game. When an individual
creates a game, he or she is the only one constatdgfacting with the problem and
design, and can try to identify issues and probldgrasneed to be worked on. With a
group, because there are multiple students workiggther for one common goal, it is
vital that they understand how to communicate aggbtiate the problem together,
distribute tasks and responsibility, and help eztbler problem-solve. A better approach
would have been to help them organize themselvagtunt where they first agreed on a
game design before taking on separate roles ingheiip, where they could then work
together for a common goal. This reveals that bollation between group members
requires more support in order for each membeeteefit from and contribute to making
a game.
Designing Games About Science

The game design workshop allowed students to egphair understanding of
science topics through making games, thereby agatitifacts that expressed their
understanding of their topics. In observing thalstis’ design process and artifacts, this
allows for some insights about game design abaehse topics.

The iterative cycle of design allows for studewtsdflect upon their topics, create

and test their games, and discuss the game aneintamtorder to gain more information
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to continue the cycle again. THescussstage with the S-SME is a driving force to propel
students into this cycle of thinking about theiesce topics. When students entered this
stage, they may have already come to a point shtisfaction or confusion with the
topic, which they would discuss with the S-SME l@ac up, or they came in with
prototypes of their games to explain. This oppatyuior explanation of their confusion
or their work allows for a chance for studentsrtecalate their understanding of the
science up to that point, a way for them to thinkloud (Sawyer, 2005). This provides
insight to both the student and the S-SME about waps in the knowledge exist, and
the S-SME guides the student into a discussionavheror she is able to take new
information away from this meeting to reflect up@his information may help change
the ideas and concepts in the student’s mind, wihieh finds its way into the game.

However, making games may also limit the scopeoatent exploration. As seen
with the students in this study, they chose totergames based on games they already
know, using the mechanisms inherent in the gameh (as destroying enemies and
surpassing obstacles) to help them make sense gtibnce topics. For the purposes of
this study, this was a valid and interesting fithdt almost all students used this strategy
in order to help them understand the science tdiphas been demonstrated in the
literature about learning science that studentoigseleas to make sense of new ideas
(diSessa, 2005; diSessa & Sherin, 1998; Posnér, @882). diSessa and Sherin (1998)
in particular discuss how concepts, or a coordohatasses of concepts, are established
by integrating the relevant information needed franrent observations and making

sure that multiple observations continue to makesedor that context. They also discuss
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the casual net, which is the “general class of kedge and reasoning strategies that
determines when and how some observations aredelathe information at issue” (p.
1176). However, if students are using their exgstintions of game schema to guide
them toward understanding science, the familiareggateas may have blocked
opportunities for more authentic learning. Whaeel®uld students be capable of
thinking about in terms of their topics, if theydiot feel the need to create challenges
and win-states in their video games? The veryegras students used in order to relate to
the science could have held them back from deapd#rstanding.

Thus, there are advantages and disadvantagesatingrgideo games about
science. It is a way to engage students in a dgsigess that helps them shape their
understanding of the topic. It is a way to expdseents to the fields of science and
technology and hopefully create a positive learmrgerience that will encourage them
toward these subjects. Yet, the very creation efgiame may limit the scope to which
students set out to explore their topics.

STEM Learning

This study wanted to see if participating in thengadesign workshop affected
student attitudes toward science and technology,der to see if they could be
encouraged toward these fields. Students were gikenand post-surveys of a modified
version of the TOSRA (Fraser, 1981) to determiti¢uae changes about science
attitudes, enjoyment of science, and career intedihough results were not statistically
significant, student means did slightly increaserdime, with the highest improvement

in career interest. Additionally, although not stiatally significant, students improved
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on their perceived ability to look at and interpieigrams on scientific processes, as
provided by the S-SME.

Students were also given a pre- and post-surveyrandified version of the IMI
instrument (Deci et al., 1994) to determine ateésitbward making video games. Student
attitudes toward their ability to make video gard&sincrease, with statistical
significance, as well as their enjoyment of makirdgo games about science. The game
design workshop seems to have had a positive affestudents’ perceived ability and
confidence in making video games.

Confidence in science and technology is step towegdaring students for
careers in science, technology, engineering, arttd (88 EM). DeJarnette (2012)
proposes that in order to have students interestddnotivated in STEM careers, they
need early exposure to STEM activities such asarkghops and camps, much like the
game design workshop in this study. The increastsildast in STEM comes from a
national objective to make sure the United Statesdhot lag behind in fields of science
and technology (Atkinson et al., 2007; National deay of Science et al., 2010). This
focus for preparing kids for STEM careers shoukhtbe to prepare them for “thinking
critically and making judgments,” “solving complexultidisciplinary, open-ended
problems,” “communicating and collaborating,” amddking innovative use of
knowledge, information and opportunities” (Parthéssor 21 Century Skills, 2008).
These are the very skills students are engagimgnile making their science games in a
game design workshop. Kafai and Peppler (2012¢ $itait participating in game design

programs gives students experiences very simildrabof game design professionals,
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giving them exposure to field that relies on thesey STEM skills. In fact, Resnick and
Rosenbaum (2013) say that the “tinkering” that cames about with design, especially
design to make games, can fit well into STEM gaald in fact encourage students
toward these subjects who may normally be “turn@doy math and science. In this
study, it has been shown that students making \g&@oes on science topics not only
gain technology skills through the game designveai and are exposed to science in a
new way, but they also develop strategies for iegfrcommunicating, and
understanding new information. It is the hope o gtudy that this exposure continues to
fuel their interests and not only propels them talscience and technology fields, but
encourages new ways of building knowledge in thddvo
Future Work

Students making games is a concept that was inteatdny Seymour Papert
(1980) and his idea that children could build tleeun knowledge by programming in
LOGO. Since then, technology has advanced andrsizides now capable of making
more complex and professional-looking games wiéhaid of game making software
such as Game Maker and Scratch. This has no deebtdbenefit to game making
research studies, giving learners an easier intteztuto programming and game design.
Yet, even with the advances in and availabilityemhnology, Resnick (2012) claims
there has still not been a shift that takes childnéo the heart of designing and creating
with computers.

Thus, the future of students making video garae&gde open with potential. A

natural extension of this study would be to desigitience lesson or research unit with
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game design to see how it measures against adierece classroom’s lessons. Although
students making games have been studied in readceclassrooms (Ching, 2000; Kafai
& Welsh, 2007; Marshall, 2000), evaluation of almyntent has happened independently
and within the context of the study. It would b&enesting to create a study along the
lines of Kolodner et al.’s (2003) project-basedaag, but in the context of student
game design. The study by Kolodner et al. (2008)$ed on students not only creating
an engineering design model based on science kedsohalso included classroom
activities, mini-investigations, collaboration wiginoups, and sharing projects across
groups. This type of study can see how the aawitither than video games would be
able to lend a pool of rich and valuable resoutoegimulate student ideas for their own
games. It would be valuable for the field of ganesign research to see if students could
use game design in science classrooms as a viahedfor learning content.
Conclusions

The game design environment used in this studybaasd on a constructivist
model (Jonassen, 1999) to provide learner suppostfidents immersed in the
constructionist activities of creating video gam&s.supported by Papert’s (1980) notion
that learners can build knowledge through artitaeation, students were able to
construct and build upon their understanding of imology science topics through game
design. This study showed that students were al{®) problem-solve by establishing
strategies for creating games about science ttpatsvere unfamiliar to them, (b) use
tools for reflection and design, (c) engage inatodirative interactions, (d) research and

engage in discussions with a science expert, (&)Mmdved in changing their
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understanding of the topics, including identifyibat they needed to know and
understanding that they did not know enough, titalate their understanding, and (g)
create an artifact representing their knowledge.

This iterative cycle of game design provided opmaities for students to engage
with the science content by thinking and reflectgut the topic, designing the content
into the game, articulating their understandintheir own words, and through
discussions with the S-SME when they were gainigyg mformation to take back to
reflect upon, ready to start the cycle again. ls #imy, the students are thinking about the
science in an iterative cycle alongside designinegphysical game, and their
understanding of the topic is being shaped thrdbghterations.

Therefore, students are not just concerned witheblenical aspects of the game,
but with the creative aspect of incorporating thatent into the game, and in terms of
educational content, providing accuracy for theteohas well. Thus, as students enter
one or more stages of the cycle, they are recoigdhese elements at the same time,
especially if one or more elements (e.g. new cdantéarmation) needs to be
accommodated. It is a form of problem-solving antical thinking, and requires that
students are always aware of how to make all teggi of their project come together.
These skills can be valuable to students in tefnpseparing them for STEM-oriented
fields.

Indeed, it is hoped that students participating game design environment may
be further encouraged toward the fields of sciematechnology. Whether designing

these games about science can help students furtderstand the topics, particularly in
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relation to learning science in a classroom, isa#ten to be looked into for future work.
Based on the experiences of the students in tinity stlesigning science games is an
enjoyable experience, exposes them to scienceyelpd them think about and articulate

what they are learning. This is encouraging foreasing STEM interest and knowledge.
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APPENDIX A. SURVEYS

Strongly Not Strongly]

Statement Agree | Agree | Sure Disagre¢Disagree
| enjoy reading about things which
disagree with my previous ideas. 5 4 3 2 1
Science lessons are fun. 5 4 3 5 1
I would dislike being a scientist after |
leave school. 5 4 3 2 1
| dislike repeating experiments to che
that | get the same results. 5 4 3 2 1
| dislike science lessons. 5 4 3 5 1
When | leave school, | would like to
yvork.wnh people who make discoveri 5 4 3 5 1
in science.
| am curious about the world in which
we live. 5 4 3 2 1
School should have more science les
each week. 5 4 3 2 1
| would dislike a job in a science
laboratory after | leave school. 5 4 3 2 1
Finding out about new things is
unimportant. 5 4 3 2 1
Science lessons bore me. 5 4 3 5 1
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Strongly] Not Strongly]
Statement Agree | Agree | Sure Disagre¢Disagree

Working in a science laboratory woulg

. i o 5 4 3 2 1
be an interesting way to earn a living.
I like to listen to people whose opinior
are different from mine. 5 4 3 2 1
Science is one of the most interesting
school subjects. 5 4 3 2 1
A career in science would be dull and
boring. 5 4 3 2 1
| find it boring to hear about new idea 5 4 3 5 1
Science lessons are a waste of time. 5 4 3 5 1
I would like to teach science when |
leave school. 5 4 3 2 1
In science experiments, | like to use n
methods which | have not used befor¢ 5 4 3 2 1
| really enjoy going to science lessons 5 4 3 5 1
A job as a scientist would be boring. 5 4 3 5 1
I am unwilling to change my ideas wh
evidence shows that the ideas are po| 5 4 3 2 1
The material covered in science lessq
IS uninteresting. 5 4 3 2 1
A job as a scientist would be interesti 5 4 3 5 1
In science experiments, | report
unexpected results as well as expecte 5 4 3 5 1
ones.
I look forward to science lessons. 5 4 3 5 1
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Strongly] Not Strongly]
Statement Agree | Agree | Sure |Disagre¢Disagree
| would dislike becoming a scientist
because it needs too much education| 5 4 3 2 1
| dislike listening to other people’s
opinions. 5 4 3 2 1
| would enjoy school more if there we
no science lessons. 5 4 3 2 1
I would like to be a scientist when |
leave school. 5 4 3 2 1
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Please look at the following diagram and then answéhe question below.

VLA4 VAV, VAVZ, VAV ICAMI ESAM PECAMI?
%pture Paracellular and transcellular
transmigration
Slow Adhesion . "
_ Rolling rolling :pih?a%t]inr;nlng. Irrtr:imascuf.ar

Endothelial cells ':Basmwent membrane

| would be able to understand this diagram if dréaand think about it.
| disagree definitely.

| disagree somewhat.

| am neutral.

| agree somewhat.

| agree definitely.

agrodPE
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Please look at the following diagram and then answéhe question below.

{a) Multipolar {b) Motar {cl Sensory
interneurons neuron neuran
Dendrit-&‘_“‘x Dendrite

. ' » |
[ T % Recaptor
| - - cell
&7 )
Peripheral
Axan Call branch
hillck body

Axan l — Axon
Mode of E )
Ranvier

Cell
l body
— Axon — Axon
- Myelin I
shaath Central
' branch

- MNeuran-muscle

\ synapse |
/ | :-FPF - ‘:{-;\- : i |1
VAR TR
Aocon Axon
terminals Muscle terminals

| would be able to understand this diagram if ldréaand thought about it.
| disagree definitely.

| disagree somewhat.

| am neutral.

| agree somewhat.

| agree definitely.

agrodPE
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Please look at the following diagram and then answéhe question below.

(a)

| would be able to understand this diagram if ldréaand thought about it.

agrwdpPE

| disagree definitely.

| disagree somewhat.
| am neutral.

| agree somewhat.

| agree definitely.

(b] Cytoplasmic filament
/ Central plug

Cytoplasmic ring

Spoke

Outer nuclear

H__,,.a-"'”mcmbranc

s Muclear
envelope
\\\ ‘h‘\‘\\ Inner nuclear
Muclear membrane
ring
— Basket > Nuclear basket
filament
— Terminal

ring A

| would be able to understand this diagram if dréaand thought about it.

oo PE

| disagree definitely.

| disagree somewhat.
| am neutral.

| agree somewhat.

| agree definitely.
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Please look at the following diagram and then answéhe question below.

Opsonization:
Enhancement of

agocytosis
w cua‘hﬂté with C3b

Inflammation:
Increase of blood
vessel parmeability
and chemotactic
attraction of
phagocytes
(see also
Figure 16.12)

Cytolysis:

Loss of cellular
contents through
transmembrane
channel formed

by membrane attack
complex C5-Ca

see also

igure 16.11)

Copyright & 2004 Paarscn Education, Inc., publishing as Benjamin Summings.

| would be able to understand this diagram if ldréaand thought about it.
| disagree definitely.

| disagree somewhat.

| am neutral.

| agree somewhat.

| agree definitely.

agrodPE
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Please look at the following diagram and then answéhe question below.

Resting Toelew &u only a
moderate-affi receptor
(IL-2RB and y chains only)

Activated T cells express a higl
IL-2 receptor (IL-2Rct, B and y chains]
and secrele IL-2

Binding of IL-2 to its receplor
signals the T cell to enter the cell cycle

IL-2 induces T-cell proliferation

IL-2
-
IL-2Fee

Teal

moderate-affinity
7 1L-2 recepior

@ o
-\ o

| would be able to understand this diagram if ldréaand thought about it.

6.
7.
8.
9.

| disagree definitely.

| disagree somewhat.
| am neutral.

| agree somewhat.

10. | agree definitely.
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We want to know how you feel about making video gaes Please circle the number
that shows how you feel about each statement. Theage no right or wrong answers.

Not At
Very Somewha All
Statement True True True

| enjoy making video gam
very much. 7 6 5 4 3 2 1
| think | do pretty well at
making video games,
compared to other studen ! 6 S 4 3 2 1
| believe making video
games could be of some - 6 5 4 3 5 1
value to me.
Making video games doesg
not hold my attention atal 7 6 5 4 3 2 1
| am pretty skilled at
making video games. 7 6 5 4 3 2 1
| think making video game
is important to do t_)ecause 7 6 5 4 3 5 1
can help me get a job.
| think making video game
is a boring activity. 7 6 5 4 3 2 1
| think | am pretty good at
making video games. 7 6 5 4 3 2 1
I think making video game
IS an important activity. 7 6 5 4 3 2 1
| would describe making
yldeo games as very 2 6 5 4 3 5 1
interesting.
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Not At

Very Somewha All
Statement True True True
Making video games is an
activity that | can’t do very 7 4 1
well.
Making video games is ful
to do. 7 4 1
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| enjoy making video games about...

Not At
Very Somewha All
Statement True True True

History/Social Studies 7 6 5 4 3 2 1
Math 7 6 5 4 3 2 1
English/Language Arts 7 6 5 4 3 2 1
Science 7 6 5 4 3 2 1
Art 7 6 5 4 3 2 1
Foreign Languages 7 6 5 4 3 2 1
Sports 7 6 5 4 3 2 1
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8.

9.

APPENDIX B. SEMISTRUCTURED INTERVIEW QUESTIONS

What did you think about the program?

. What was your video game about?

Did you like working on your game?

How do you think your game turned out?

How did you feel about your science topic?

What did you do to learn more about your scienpétso you could make your

game?

. How did you like working with the science expert?

Did you work with any other students on your game?

Did you help any other students on their game?

10.Do you think you will show your video game to otiperople?

11.Would you be interested in designing video gamesitbther science topics?
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APPENDIX C. SAMPLE STUDENT NOTES FROM GAME DESIGN JOURNALS
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Figure C1 Sample from Joseph’s Game Design Journal.
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Figure C2 Sample from Dylan’s Game Design Journal.
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Figure C3 Sample from Lawrence’s Game Design Journal.
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APPENDIX D. SKETCHES FROM GAME DESIGN JOURNALS
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Figure D1 David’s first sketch.
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Figure D3 James's first sketch.
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Figure D4 Scott’s first sketch.
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Figure D5 Lawrence’s first sketch.
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Figure D6 Dylan’s first sketch.
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APPENDIX E. PEER MENTOR EVALUATIONS

2. Discuss the parts of the game:

What’s working well?

Ideas for improvement?

Player role/characters

'_ﬂ:\e gﬁltv ;‘g—H\& )
w‘&t\c\sé'\' 3 NL«'\::L wﬁvyl\c

Milen

A

X iaue‘u\e,g?,c‘e,\ Leam
l*l"l% ms:" ’Corw:v J‘a M:h

2 Gi;‘a{fﬂ' IJS"ﬂV, Uy

Game goals/rules

Is it clear what you are
supposed to do?

What ways could the
goals/rules work better?

ie\/{:/! 25\r>~s ‘)’67['6;,1 LX)
5"""’9(5 DV\A Yo LWQL"

Scolingis'

oy D

I

Challenges 4 ‘ sty Mo |
(What’s too easy/boring, !‘ﬂ\e Jms;fbfl Qldﬁnl']‘ ?ite?"’:“l :jﬁ mw‘\e Mﬁm S
What’s too hard? “M p R o, For The Gers Heep, Guse »
What’s just right?) 1 j@m& N ‘»’IW*P‘? |8 ot wn ddrshe ndadie "%g“ ;;_‘;

the re })’Go( [/’8/3 lodous e sgon word 4o 4 én::g\g .
Science ?em& . ~ , ) : j s
Do you understand the d /€§ &F}i”— - émfé /431 f}’% {'} ¢ AZ%A" -
science ideas? Do you have |-The SP;’G‘)V c‘llb 4‘5“#)5 SEp T " +o add 8oand
questions about whether ')M; %, A (] ‘ii en ab ks dou @ @ueshon also
they are accurate? 3 e Ie\ r‘L‘f‘ ’:/L’B' o%ej‘i‘a}@c%o? thesonae
Style ‘{"Vj :(\j qL@ 7L, AVE ontFhe cu re ;
What images/color choices H«*‘» 5 M,,{{ 4.
work well? What parts i J %—ia
stick out? BO‘L grosn o; (e ]D T AU 71” }1

inss dle .o‘;:- 2 hwyvionr R Sduj Wi*n'ﬁﬁ TS Nons mMUsCls

7
Figure E1 Cameron evaluation.
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2. Discuss the parts of the game:

)

What’s working well?

Ideas for improvement?

Player role/characters

.
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l R

Game goals/rules

Is it clear what you are
supposed to do?

What ways could the
goals/rules work better?

Veg,

C pen A
/’\ ) o
INVONE

Challenges....— .

AWhat’s too easy/borir;g},
What’s too hard?

The hvemAQ

Do you understand the

questions about whether
they are accurate?

science ideas? Do you have

: dfj(‘h“r }\(\Cﬁ/\. TR ~(H
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Science Ve, S MYELRShea

Style

work well? What parts
stick out?
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] P 3
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celiLg foe
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Figure E2 Group-2 evaluation.
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2. Discuss the parts of the game:

What’s working well?

Ideas for improvement?

Player role/characters
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goals/rules work better?
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Science
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Figure E3 Wanda evaluation.
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2. Discuss the parts of the game:

What’s working well?

Ideas for improvement?

Player role/characters
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Figure E4 Scott evaluation.
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APPENDIX F. IRB APPROVED CONSENT FORMS

Summer Scientists: Designing Educational Video Games

PARENTAL INFORMED CONSENT

RESEARCH PROCEDURES

This research is being conducted to study how people learn outside a school environment, as well as how gaming technology can be
used to teach science and mathematics content. If you agree to your child’s participation, he/she will be observed using gaming
technology to accomplish learning and teaching tasks. Students will also be observed to see how they interact with one another, the
teachers and a science expert during the design of educational games as well as how the complexity of their designs change over time.
In addition to observation, he/she may be asked to participate in up to four 15-30 minute interviews, as well as complete a survey
before and after the program.

RISKS

There are no foreseeable risks.

BENEFITS

There are no direct benefits. However, your participation may help to further research in technology and learning.

CONFIDENTIALITY.

The data in this study will be confidential. Data will be collected through observations and interviews. Your child’s names and other
identifiers will not be collected or used.

PARTIC

Your child’s participation is voluntary, and you or your child may withdraw from the study at any time and for any reason. If your
child decides not to participate or if your child withdraws from the study, there is no penalty or loss of benefits to which you are
otherwise entitled. There are no costs to you or any other party.

CONTACT

This research is being conducted by Neda Khalili of the Instructional Technology program at George Mason University. She may be
reached at for questions or to report a research-related problem. You may contact the George Mason University Office
of Research Subject Profections at if you have questions or comments regarding your rights as a participant in the
research.

This research has been reviewed according to George Mason University procedures governing your participation in this research.
CONSENT

I have read this form and agree to my child’s participation in this study.

_ Tagree to be audio/video taped ___ I do not agree to be audio/video taped

Name of Child

Parent’s Signature

Date of Signature

Figure F1 Parent consent form.
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Summer Scientists: Designing Educational Video Games

YOUTH INFORMED CONSENT

RESEARCH PROCEDURES

This research is being conducted to study how people learn outside a school environment, and how games can be used to teach science
and math content. If you agree to participate, you will be observed using gaming technology to accomplish learning and teaching
tasks. You will also be observed to see how you work with one another, the teachers and a science expert during the design of
educational games as well as how your games change over time. In addition to observation, you may be asked to participate in up to
four 15-30 minute interviews, as well as complete a survey before and after the program.

RISKS

There are no risks to you.

BENEFITS

There are no direct benefits. However, your participation may help to further research in technology and learning.
CONFIDENTIALITY

All of the information collected will be kept private. Names or other personal information will not be collected or used.

PARTICIPATION

You may quit at any time and for any reason. If you decide to quit that is okay. You don’t have to pay anything to be part of this
project.

CONTACT

This research is being conducted by Neda Khalili of the Instructional Technology program at George Mason University. She may be
reached at for questions or to report a research-related problem. You may contact the George Mason University Office
of Research Subject Protections at i if you have questions or comments regarding your rights as a participant in the
research.

This research has been reviewed according to George Mason University procedures governing your participation in this research.
CONSENT

I have read this form and agree to participate in this study.

_ Tagree to be andio/video taped __ I do not agree to be audio/video taped

Name of Youth

Youth’s Signature

Date of Signature

Figure F2 Youth consent form.
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