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Learning Design by Making Games

Children’s Development of Design Strategies in the
Creation of a Complex Computational Artifact

Yasmin B. Kafai

I'made a game. It started out very slowly at first. It is very hard to put together your
own game. You may think it is easy to do because of all the video games people
play. They look so simple but try making your own game and #t's a totally different
story! Well, T started out with very high expectations thinking that I could make a
great game in very short time. It turned out that I'm still not done with it even after
about 4 or 5 months. {Rosemary, 10 years, toward the end of the project)

Treally expected even though the teacher told me that it would take months and
months and months to finish the game, I really did expect 10 do it, like start it, in one
week and finish it up the next week, . . | [ Jjust went Iike: Oh, this will be easy, All it
will be, is a fttle bit of this, a little bit of that, and a litsle research, and I'l] be
finished. But It didn’t turn out that way because I had to spend a lot of days on
research and programming. There were tons of problems, like one time my turtle
was messed up. Plus I had to make all the graphics and everything. So:it had
problerms, but it has heen fun, {Jeremy, 11 vears, at the end of the project)

As these quotes of two young game designers illustrate, there is something to be
tearned from making games that goes beyond learning programming and specific
subject matter. The students’ descriptions reflect their early expectations about
making games, which were probably influenced by their experiences with regular
classroom work and home assignments. Conventional schoo) assignments rarely
give students the opportunity to spend 6 months on a complex project such as
making a game. Hence, most students have little experience in design {ie.,
planning, probiem solving, researching, dealing with time constraints, modifying
expectations, and bringing everything together into one project). Previous re-
search even suggests that young students may not be able to accomplish such
projects because children have limited abilities in planning and dealing with
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complex tasks (e.g., Brown & Debloache, 1978; Friedman, Scholnick, & Cock-
ing, 1987).

Recent ¢ffonis in the educational research community, however, have stressed
the importance of self-directed, personally meaningful, and cognitively complex
projects for students’ learning success (Blumenfeld et al., 1991; Collins, Brown
& Newman, 1990; Harel & Papert, 1590). Design activities are one example of
such project-based activities in which students are engaged in designing com-
plex, interactive pieces of software o be used by other students for learning
about a particular subject area (Harel, 1991). A variety of design activities have
been proposed that range from creating interactive presentations to instructional
software, simulations, and educational games (Carver,. 1991; Guzdial, 1993;
Kafai, 1993; Lehrer, 1991). A prominent feature of these activities is that stu-
dents leamn about design by managing the projects while, through design, they
learn about academic subjects such as progranuming, history, mathematics, and
physics.

One objective, then, of the research presented here was to examine the ways in
which children approach a complex design task and identify the kinds of ob-
stacles they face and overcome. A class of fourth-grade students became game
designers and worked daily toward the goal of making the learning of fractions
fun and easy for younger students. In this process they discussed issues related to
fractions, leaching, programming, and games, meeling once a month with their
prospective users. Students’ design progress was observed and analyzed from the
beginning of the product 1o its completion 6 months later. The following sections
provide the theoretical background and describe in detail the nature of the design
task and the methods used for gathering and analyzing the data. Selected results
from analyzing the whole class of game designers and individual case studies
have been included to provide suppori for reoccurring themes and trends.

REVIEW OF RESEARCH

Iix this research, design was an object of study as well as a context for a study of
tearning. Learning through design (Harel, 1988, 1991) is based on a construction-
ist theory that sees learners as builders of their own knowledge-—a process that
happens best when students are building external and shareabie artifacts such as
compater programs, machines, or games (Papert, 1980; 1993). When learners are
asked to design something for the use of others, their learning becomes instru-
mendal 1o a larger intellectual and social goal. 1n this context, students are in a
continuous dialogue with their own ideas and with the ideas of intended users and
co-designers. Student-designers assume confrol of their learning by asking ques-
tions, gathering information, and putting all this to work in creating an education-
al game.
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Although learning and designing are closely intertwined in this process, it is
important fo point out a distinction between learning through design or through
professional design. The leamning through design is not exclusively represented
in the final product, but also in the process of doing it. “Professional design”
focuses on the product as the essential outcome, whereas “learning design”
focuses on the students’ process as the primary cause for learning {which is only
partially reflected in the product). In learning through and about design, the
process is more important than the product. This means that even though students
may not achieve a well-rounded final product, learning can take place because of
the involvement over time. Applied to the problem solving and planning abilities
of younger children, this means that the context of design puts them in the mode
of thinking like planners, problem solvers, and designers—all together—over
and over again.

My particular focus is on how students as designers integrate planning and
probiem solving while building an artifact. Students act as problem solvers and
planners in multiple ways, but in the design process they are the ones who
identify the problems and plan how to solve them. Schauble (1991) spoke in this
context of the student-designer’s fask to impose and manage the muliiple con-
straints of complex situations in design. The extended time frame of the research
project provides the opportunity for students to be engaged with different facets
of the design process. For example, the designer begins by finding a problem,
then discovers paris of the solution, iries to make sense out of it, considers how 10
reframe the situation, and continues with problem solving. In this process, the
designer constructs a particular, personal relationship to the artifact that under-
goes changes as the process continues. This process seems (o stop when an
artifact has been created, but, actually, it never ends because existing design
solutions are used and reused in new design sitvations (Schin, 1983).

The tradifions of school and academia have favored formal and abstract ap-
proaches to problem solving and design. Previous research on software design
identified different approaches of handling complex design and used bipolas
descriptions, such as “top-down” versus “bottom-up” (Jefiries, Turner, Polson, &
Atwood, 1981; Newell & Simon, 1972) or “planning” versus “bricolage” (Turkle
& Papert, 1991).

The bricoleur resembles the painter who stands back between the brush strokes,
looks at the canvas, and only after this contemplation, decides what to do next. For
planners, mistakes are missleps; for bricofeurs they are the essence of a navigation
by mid-course comrections. For planners a program is an instrument of premeditated
control; bricoleurs have goals, but set out 1o realize them in the spirit of & collabora-
tive venture with the machine. For planners, getting a program to work is like
“saying one’s piece™; for bricoteurs it is more like a conversation than a monologue.
In cooking, this would be the style of those who do not follow recipes, but instead
make a series of decisions according to taste. While hierarchy and abstraction are
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valued by the programmers’ plannes’s aesthetic, tricolewr programmers prefer ne-
gotiation and rearrangement of their materials. (Turkle & Papert, 1991, p. 136)

The view that has been called planning, or top-down, tends 10 see the process
of problem solving as one of breaking down a problem into more meaningful
subproblems (Guindon, Krasner, & Curtis, 1987; Jeffries et al., 1981). Here, the
designer maps out the context, conient, and structure of a design at the beginning.
The opposing view, called bricolage or bottom-up, describes problem solving as
a conversation with the situation, in which the design of the game emerges in the
process of implementing it. These two views suggest that students may approach
the design tagk from different ends, choose to emphasize different aspects of the
design, and think about it in different ways depending on their personal prefer-
ences. My intention in the game design project was to offer a design activity that
provided multiple avenues for students to approach a complex probiem, build a
gaine around the idea of fractions, and find personal solutions. As Simon (1969)
pointed out, a unigue feature of design problems is that they do not have a single
right solution; there are always alternatives.

Game design proposes a complex project that engages students over a long
period of time. The complexity of the task becomes clearer if one considers that
designing sofrware involves more than the mere production of code: structuring
the conirol flow of the program, maintaining the connection between different
procedures and pages, designing the graphics, and providing the interface for the
prospective user. In addition, students must consider different ideas for fraction
representations, how the representations can be implemented in Logo, and ped-
agogical concerns, among many other issues. The actual challenge for the game
designers is to combine and integrate ihe instructional content and game context.
I hypothesize thai these activities will place children in a situation that requires
them to design, plan, reflect, evaluate, and modify their programs on a constant
basis. The expected outcome is that these diverse activities will allow students to
acquire more sophisticated programming skills in conjunction with other subject
matter. Project management is one of the central issnes: How do students deal
with the complexities of a design task? What kind of strategies do they use or
develop, if any, in the course of a long-term project?

The answer to these questions is of particular relevance because previous
research on the development of children’s abilities to deal with complex tasks
suggests that children know how to plan, but are limited by their knowledge of
the situation (Bjorklund, 1991). In order to investigate these issues, I chose a
familiar, vet complex task: 1 investigated children’s design approaches 1o pro-
gramming a game. Untike most research from the problem-solving domain, the
students were given neither a well-defined nor an ill-defined probiem that could
be accomplished in a short amount of time (Dreher & Oerter, 1987; Kreitler &
Kreitler, 1987; Pea & Hawkins, 1987), Instead, they were given a space/context
in which they could construct their own problem—their own tasks, goals, activ-
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ities, and rules that guided their game design activities. This situational approach
created a microworld for chitdren; students were autonomous in following their
own paths of learning and activities. In doing so, however, they were also
building microworlds of their own, game worlds for others to play and learn with,
The goal of this investigation, then, was to analyze whether particolar design
approaches emerged over time, as has been described in the literature, and fo
what extent these approaches were consistent.

RESEARCH CONTEXT

In many ways, the project recreated the atmosphere of a professional design
studio. A class of 16 fourth-grade students were engaged during an extended
period of time (6 months) in the design and production of educational games that
teach fractions. The students worked for | hour a day on their projects in class. In
general, students first spent 5 minutes writing their plans and ideas in notebooks
before they went to work on their computers for 45 minutes. As students worked
on their games, they were allowed to walk around the room to see and discuss
each others’ projects. Students then returned to their own classrooms and wrote
again about their experiences.

These daily sessions were complemented by several focus group sessions in
which students discussed issues related to games, their projects, their ideas, or
difficulties about fractions and how to represent them. The group sessions were
designed for brainstorming and discussing issues of interest for all students.
Every month younger students visited the classroom to evaluate and discuss the
older students’ game projects. Because the purpose of this project was to create a
finished product, students worked concurrently in their art classes on cover
designs for the packaging of their games and in their language ars classes on
advertising for their products and the documentation for them. During the 6
months of the project, the students spent 92 hours programming and 20 hours on
related activities and school materials.

The game design project took place at Project Headlight, located at an inner-
city, public elementary school in one of Boston’s low sociocconomic¢ neighbor-
hoods. The goal of Project Headlight, which started in 1985, is to explore the use
of computers in classrooms as they might exist in the near future. Project Head-
light operates as a school-within-a-school; the other two thirds of the school have
traditional classroom and computer arrangements. One special feature of this
elementary school is its open-architecture structure, which was not fully utilized
before the project started. In two open areas, four clusters of computers are
arranged, each with 16 computers in a circle, screens facing out. The clusters of
computers are called “pods.” As students come and go to their classrooms, they
can walk among the computer pods and see other students’ projects. Another
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feature of Project Headlight is that students are rarely using educational software;
instead, ihey are working with LogoWriter to create their own software.

Approximately 250 students participated in this project, from first through
fifth grade, including advanced, regular, bilingual, and special education classes.
The participants were of diverse ethnic backgrounds, half boys and half gisls.
Most of the students had only joined the school in the fourth and fifth grades;
hence, their beginning programming experience was not very extensive.

METHODS OF DATA COLLECTION
AND ANALYSES

The game development of 16 student designers was observed every day over the
course of 6 months. A combination of gualitative methods was used to document
the studenss’ ideas, thoughts, and progress in game development. Pre- and post-
interviews were conducied to gather information on students’ knowledge of
programming, fractions, video games, and planning experiences. During the
project, ithe students participated in research activities by keeping notebook en-
tries and saving log files to provide additional information for the researcher. The
data were examined in the following ways: (a) The students’ projections of their
game designs in the notebook and interviews were compared with their actual
program implementations in Logo, (b) the development of the game theme and
features over time; and (¢} the development of the program code in regard (o the
use of modularization, that is, making procedures, whick is described in the
research literature as one important programming strategy (Carver, 1987; Pea &
Kurland, 1984), Particular attention was paid to the beginning phase when stu-
dents began formulating their first pame ideas including expectations about up-
coming difficulties, and to the period of first transition, 3 to 4 weeks into the
study, when students had accomplished part of their implementations and had
already handied design and programming problems.

RESULTS

During the 92 days of thinking, designing, programming, modifying, and playing
their computer games, the students carried ouf many activities and touched on
many issues.! The extended time frame allowed for a closer investigation of the

'Other parts of my investigation addressed the concepival development of students’ dealings with
fractions, their understanding of the programming language J.ogo, their mastery of pariicuiar pro-
gramming concepts, and their development of programming strategies. Fhe results from these differ-
ent investigations provided evidence that the students in the project were able 10 handle this complex
and challenging task in a significant manner when compared to students instructed by other pedagogi-
cat means. | have reporied elsewhere more extensively on this aspect of the students’ learning
experience (Kafai, 1593, 1965}, )
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praject trends and development. As the students started implementing their game
ideas, they put their programming skills to the test and learned about the fea-
sibitity of their game ideas as well as different aspects of the design process. It is
worthwhile to investigate transitions or shifis and whether they occurred through-
out the class or were only experienced by individual students. Over time, two
kinds of developments could be observed: One kind, of incremental nature, was
reflected in the daily growth of the game designers’ programs in terms of Logo
code; the other kind represented shifts in the nature of the games as well as the
approach chosen by the designers. Looking at the development of the students’
games as a whole from beginning to end, seeing how siudents outlined features
of their games and also set out to implement them, provides a first view on
distinct design approaches.

In the following sections, design styles adopied by students and different
phases of the design process are analyzed in more detail. Particular atfention is
given to the way students deal with the complex nature of game design by
framing the task and imposing their own structures. In addition, studenis’ devel-
opment of programming strategies is examined using the cases of two young
game designers, Amy and Albert.

Design Styles

One objective of this analysis was Lo investigate whether bipolar descriptions,
such as “top-down” or “planner” versus “bottom-up” or “bricoleur,” correctly
assess children’s approaches to a complex task such as designing a game. We
could expect that “planners” would carefully lay out what they want to do in
advance. We would expect “bricoleurs” to develop their games as they go along.
To clarify this point, | chose the games of Barney and Gaby as two extreme
examples of game development (see Fig. 4.1}

In her first interview, Gaby described the different parts that she would imple-
ment for her spider web game. She had already segmented her descriptions of the
different game components into the blocks, the web, and the fractions. When
Gaby started implementing her game, she focused first on the spider web, then
the blocks on the screen, then colored blocks, before she started working on the
fraction questions, one after the other. In her programming, each unif was as-
signed a procedure. For example, the five colored blocks all have the name
BLOCK, but each color has a different prefix (LBLOCK, MBLOCK, and so on).
One could say that from day one Gaby laid cut the implementation of her game
and followed through, even though she did not implement some aspects of her
initial plans. In that respect, Gaby falls most clearly into the category of the
ptanner. In the second part of the project (which is not represented in the dia-
gram), Gaby wrote the introduction and directions, then programined the spider’s
movements as it followed the fly.

In conirast, Barney described the idea of an adventure story in the interview
and his notebook designs. He initially provided only one screen display: thatof a



78

Gaby : 1 am going to make a spider web; right. Barney : Yeah I am just going to do like . ..

I need to make someblocksup here, but Idon’t you have to go on an adventure or something
know how to make themi . .. You see a square, like this and people have to ask you all

like here, and i has a litile space so the fly these fractions questions and i you get them
can get over here and then, you see, the right, you go on and if you get them wrong you
spider, the web is going to be right over here ... see it’s going to be hard, if you get it

and if it gets closer to the web, the spider is wrong,once, then you are out . . . The guestions
sitting there and it is going it eat. But if nei, witl be pretfy easy but it’s just if you get it

this is going to be the safe place and if it gets wrong once, you are out.

the right answer it's going to get a little bit

closer and closer until it gets to the safe place o

and then like a smiling face,

Spider Web Jose in the Fraction World

March 4 -« March 5

] 4 Directi
Mazch 1 - Macch 13 Welcome and Divections

Web fdarch 6 - Maich 20
- Wiarch 14 - April 11 Meeting with Magician
" Sereen biocks First Fraction Question
- April 24 - May 6 March 22 - March 26
Pive colored blocks Hot air balloon
B hay 7 - May 20 Second Fraction question
First Fraction problem % .
B~ May 21 - May 23 March 25 - April 6
Braeis il oney T
Second Fraction problem Kicking fo the Moon
- May 29 - May 50 Third Fragfion question
Third Fraciion problem |
] April 8 - May 2
iiij;;i}?ritgzs roblem Waiking on the Beach
P Swimming & Meeting
urie § - June 19 with the Shark
Fifth Fraction problem Fourth Pz@chon question
. May 3~ May 21
At Home
lungle & Talking Lion
Fifth ?ra;ﬁon guestion

Ray 22 - June
City & Airport

FiG. 4.1, Comparison between the design approaches of Gaby and
Barnay from March toe June.

fish speaking. As Barney set out to implement his game, he started with a
welcome screen, introduction, and directions. From then on, he developed scene
after scene. Even though most of his scene units, such as the magician or the
money robber, are centered around a fraction quiz, they are composed of a series
of connected animations that lead to the fraction question and then away from it
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to the next adventure. His game is a series of connected adventures created one
after the other. In that sense, Barey is very much like a bricoleur.

I would categorize both Bamey and Gaby as extreme cases for each approach.
Other students (such as Darvin, Albert, Miriam, Trevor, Sina, Shanice, Amy, and
Jere) also exhibited planning behavior, but to a Iesser extent. Their planning
seems to be more localized and deals with particular sequences. In particular, I
refer the reader to Amy’s blueprint for the instructional quiz that she clearly
planned in advance (see the section, “Developing Programming Strategies”), or
to Miriam’s design of the ski slope, which was implemented to the smallest detail
from her notebook design. Other students could also be described as working
without a preformed plan. Sid, Juan, Tyree, and Rosy were engaged in a continu-
ous dialogue with their game as they designed various scenes or fraction ques-
tions.

A combination of both planning and bricolage seems {o be a more accurate
way of describing the typical student’s game design process. The results of my
analyses indicate that most students chose to walk a middle line between bri-
colage and planning, and their approaches changed over time. Only 4 out of 16
students could be clearly classified as either planners or bricoleurs. At specific
stages in the design process (for example, when programming the first fraction
question), students tinkered around with different aspects: They designed differ-
ent shapes and dialogues before deciding on a solution. In later stages, they
switched over fo reusing, in a purposeful way, program segments that they had
written before (such as for the instructional dialogue). The clear distinction
between planners and bricoleurs seems to fall apart during observations over a
fong period of time and over the construction of a complex product. This result
speaks against bipolar descriptions. There is further evidence in the game design
process that students did not adopt one particular strategy but rather negotiated
the situation by imposing and coordinating multiple constraints with their person-
al interests in game design (Schauble, 1991). To provide better support for this
statement, it is important to examine the beginning phase and the way the game
design task was construed by students over time.

Defining Constraints of the Design Task

In the first days of the project, students formulated their game ideas and began to
impiement them. In the game programming process, children exhibited different
design approaches. Many changes (game title, new introduction, main game
idea) in the students’ game design occurred either in the first days of the project
or after 3 to 4 weeks into the project.

Game Design Approaches. My observations of the students’ work in this
beginning phase captured a variety of activities, but two different approaches
stood out. In the beginning phase, some students did not start working and
implementing their game ideas right away; others started with one idea, aban-
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doned it quickly, and moved on to a new one. Those who did not start program-
ming immediately played with or explored areas seemingly unrelated to iheir
assignment. For example, both Albert and Shanice experimented with some new
Logo commands to which they had been introduced a few days earlier. Barney
refused io start the preject at all because, as he told me, he did not have any game
ideas for fractions. Shanice, Sina, and Rosy wrote for several days in their
noiebooks, “1 amn going 1o start my fractions project.”

A different approach was taken by several other students. They started with
one idea, worked on it for a few days, and then moved on to a new game idea. In
this category, we find Amy with her “fraction thing” that she later tumed into a
map design; Miriam with her “Mr. Fraction” that turned into the skiing game;
Jero’s magician that turned info a map with different levels; and Tyree’s fraction
screen that turied into a space game. In this approach, students outlined a few
features of their first games in their notebooks or programmed a few lines before
they came up with a new idea. This change in the beginning phase was rather
abrupt, as most studenis did not indicate a lack of zonfidence in their first
choices. Instead, their games seemed 1o take a new tum from one day to the next.

The students used both approaches to the design task 1o enter the new domain
of gaine design. 1 do not interpret either approach as unproductive or inactive.
Either ong provided time for students to grapple wiith the issue of bringing
together the two domains of fractions and game in one design. In Harel’s (1991)
instructional software design project (in which students designed educational
software and not educational games), Debbie actually took several days before
she started with the design of her instructional screens. In very much the same
way that professional designers would start out, the students in the game design
project eitlier tied allernative ideas and designs or decided to postpone creating
their game unti] they had formulated a more coherent game idea and knew what
they wanted 1o do. A further look at the content of the students” first designs
repeats this impréssion. Some students, such as Bamey, Tyree, Shaun, Juan, and
Rosy, started with their welcoming screen or iniroductions (the first screens
usually seen by the player when slarting the game). Other students immediately
started working on their first game scene, designing shapes or the environment,
and did not implement the welcoming screen and the introduction until midway
through or toward the end of the project. The diversity of project themes, work-
ing styles, and eniry paths in design activities has been described and discussed
by Resnick (1991).

Definitions of the Game Design Task. Very early in the project students
developed game ideas that infegrated fractions in different ways. Two distinet
game formats were adopied by most students: extrinsic or intrinsic integration of
fractions into the game (called Game Worlds or Fraction Worlds, respectively).
The former is exemplified most simply in games or software where the player has
fe answer a question in order fo proceed in the game., In confrast, inrinsic

O) o e s e

Py P
T PLANS 200 F:

Spides g b2 Shape
PR

SHF T DOREEE (RN PPE Bl

O B e PR oy, SV o WD e Bt
D . SR CL L

Fiig's ?’{-m PR FOR4Y -
R LN T S

b3 +

™
Cont®_taBen el

it

O .

P QY SHEYIRNR UE APIT ALER

FIG. 4.2a. Examples of game worlds——Gaby‘s and Trevor's game de-
signs. Gaby's game describes a spider web in which the player moves
around as a fly, away from the spider, and turns on fraction blocks
where questions are posed. Trevor shows the coin grid and a figure

that represents the player.

() s s e
Deia:

w7 PLAES POR Wﬁs@?lhi:ﬁ .

™ e Elde Tetim o
T ofipl Tl Tl “ha it -
wte! o,

R oY SRR Wi GPRT LA

O B e BT s RSP e PR s BRIE e
Patp: T S

T FLARE FOR PORAF:

Thet28ck, raam= and o Sk
cmff_@éclﬁﬁmugﬂeﬂ%
She ask o wilial va e Srgolem,

0

DB T SMIINEY  EFh LS TR

0

FIG. 4.2b. Examples of game worlds—Barney and Sina's game de-
signs. Barney draws the underwater scene. Sina shows the two pro-
tagonists of the game, the teacher and the player.

81




O B oovs i BRDE o B e EBD n O Sk sk A o PR B . Al L

o o HBd g Bt
ATYF FLAES ok FOLAY S FLARE RRDAF
i op iy In Coermu
L gessZue Sovew fiﬁv oo -.R‘, o Gl Yo ok
. itd “z“.‘\“ oy ‘co Ay Gl Ths
. D A

F vov act IF s Yhin NOU
T o 1
biogn fo omise cm{r\mtﬁ by

0 — —1 10

R 0 Peins WEL BEPE RavEy O Y SERAEY TNRS SOT LR

FIG. 4.3. Miriam and Rosy’s fraction worlds, Miriam’s text to the
graphic of Mr. Fractions says: Hello, my name is IMr. Fraction and | am
gaing to teach you about fractions. Rosy described her first game idea
as: I will work on my Game. My man will go around the world. He will
ask Bow far around the world he is. i you gef a prize if you gel it wrong
then you have to answer a fraction.

integration is exemplified in a game where the designer integrates the subject
mnatter with the game idea,

I Game Worlds, students developed different worlds in which the player
interacts with fractions. What pertains to all the game worlds is that the rules are
bound to the fraction gquesiions, and the player’s success depends on figuriﬁg out
the correct answer in order to continue or finish the game. Many students” games
make reference to those commercially available such as Nintendo. For example,
Jero’s differen warp zones are reminiscent of Mario Brothers™ tunnel system.
Osecar made explicit reference to the Pacman game, but chose eating fractions
instead of points. Sid’s basketball game is available in various video game
versions. Gaby took an educational game she had used in her previous school, the
spider web, and adapted it to fractions. Some of the students used an educational
situation when choosing a game theme. For example, Sina’s outline of her teach-
er game shows a teacher asking, or rather, “screaming” a fraction. Gloria came up
with a similar idea (see Figs, 4.2a and 4.2b). '

Fraction Worlds, by contrast, described games in which the idea of fractions is
inherent in the game concepi. There were a few games i which the idea of
fractions was central, such as Amy’s “fraction thing,” Miriam’s “Mr. Fraction,”
or Rosy’s “world map” (see Fig. 4.3).
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Games with intrinsic integration could also be considered a form of micro-
worlds in which fractions are situated. Papert has defined the microworld as “a
computer-based interactive learning environment in which the prerequisites are
built into the system and where learners can become the active, consiructing
architects of their own learning” (1980, p. 122). Initially, the term microworld
was reserved for the creation of software 1ools that allow learners to explore their
knowledge. Here the students became the designers of sofiware tools for other
children. They used Logo to design their games as microworlds for others to play
and learn about fractions.

One issue of immediate concern is why so few students considered the design
of fraction worlds. 1 have three possible explanations.

One explanation addresses the very nature of educational games: They lie
somewhere between leaning and playing. They are a specific breed because the
rules necessary to play the educational games demand the use of valuable educa-
tional skills. The students obviously felt the tension between the demands of
playing and those of learning. Darvin saw the two poles clearly, as he expressed
in his notebook entries on March §; “1 want to make it [the game] as fun and
educational as possible but especially fun.”

My second explanation comes from observaiions of educational games de-
signed by researchers and educators. For a long time, teachers have used educa-
tional games on and off the computer to keep students motivated (Avedon &
Sutton-Smith, 1966; Block & King, 1987; Lepper & Malone, 1987). Teacher-
designed games have shared an aspect common to most students’ games: The
game idea, content, or form was external to the game (Bride & Lamb, 1991;

Fennell, Houser, McPartland, & Parker, 1984; Pricster, 1984). In all cases, the
game idea and format could also be used for other subject areas. By this I mean
that the conteni—fractions—did not matter, The game context was used to keep
the students’ attention alive and to keep them motivated in accomplishing the
tasks. Many of the student-designed games shared this quality.

Yet another explanation of why so few game designers made the ideas of
fractions central to their games and why some of the good ideas werc quickly
abandoned is that fraction worlds or microwerlds are harder to invent. A sinzation
where answering fraction problems allows you to advance is conceptually
simpler: The fraction challenges are fully factored out of the game context. This
is a simpler, logical structure. Microworlds may also be harder to implement after
one has the basic idea. The intertwining of fractions and the game context creates
interactions between the two that may pose complex programming chailenges.
One can conclude that stadents defined the game design task in this fashion
because it facilitated their entry into the design task, even though it happened to
the detriment of fractions. They limited the range of options to consider. As in
commercially made games, the greater number chose the easiest extrinsic infe-
gration by stopping the action at key places to ask the player a question. It is a
strength and a weakness of the extrinsic integration that domains of knowledge
become almest interchangeable. It is a strength because the integration is rela-
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tively easy: When answering a question correctly is what allows the next move in
a game, Lhe question can be on any fopic. This is alse a weakness, however,
because it causes the designer o lose the incentive to think deeply about the
particular picce of knowledge.

These sbservations of approach and content In the game design process indi-
cate that there was no unifortn way in which students handled the early days of
crealing iheir games. These observations, furthermore, reinforce the impression
that there is no one “right way” 1o start a design task, and that many of the
students’ choices in approach and confent were related to their personal prefer-
ences. The entrance point of forging a relationship with the task was not neces-
sarily the same for everyone. A planner might consider it a bad strategy to start
the game with the most important scene mstead of designing the first screen. Yet
tor a bricoleur, this might be the only possible and reasonable way.

Negotiating Constrainis of the Design Task

A further ohservaiion points out changes in students’ own perceptions and expec-
tations in the course of the game design process. In the beginning, students had
varied expectations aboul upcoming difficulties. Some students were not corn-
cerned, whercas oihers considered the feasibility of their game ideas in the light
of implementation difficulties.

Fxpecied Difficuliies. Tn interviews doring the first days of the project
{March 3), neither Amy nor 5id were ¢concerned about any problems:

Interviewer: What do you think is the biggest problem right now?
Sid: I don’t know. Actually I don’t have a problem right now.
Interviewer: What do you think could become a problem?

Sid: Nothing.

Interviewer: Let me ask vou something. What do you think right now will
be your biggest problem with this project?
Amy: I have no idea right now [waves her hand}, beats me.

In conirast, other students thought of some problems in relation to their game
ideas or upcoming implementations:

Interviewer: That sounds like a neat idea. The pacman who is eating frac-

tions?
Oscar: That’s what | wanted to do.
Interviewer: So work on that.
{scar: I1’s a tittle bit too hard.
Interviewer: So can you think of a simpler version?
Oscar: Tam frying . . . but T am going to think of something different.
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Interviewer: If you think about your project now, what do you think might
be the biggest challenge for you?

Albert: Ahm, . .. right now, . . . { think the biggest challenge that I
arn gonna make here is making the robbers come at you or
something. When you open a door, something, the guys come
at you and making all that happen. '

Interviewer: So, it has to do with Logo programming?

Atfbert: [nods yes] I can also have, once you type in you want {0 open
the door, it shows you and the guy will step out with the knife
and the guy will go like this [he indicates a cutting movement
with his arms and he is langhing].

Interviewer: Are there any challenges related to fractions for you?

Albert: I don’t think I will have any problems, but I might come across
some of them that might be kind of difficule.

Oscar was concerned about the difficulties in his idea of adapting a Pacman
game to eat fractions instead of points. Albert thinks about the difficuities related
to programming future animations. In the following interview, Gaby discusses
the number of different parls in her game, Spider Web, that she will bave to
implement:

Inferviewer: OK, so you are going to make a spider web; there is going to be
a safe place and some fractions? These are many things you are
thinking about for your game. So what do you wani to start
with now?

Gaby: Well, I am starting a web because | am thinking it is going to be
a little bit hard plus making the spider, and the fly, and the
blocks and the fractions, and things and the smiling face, would
be hard for me, vou know, to get it all started. It will take me
more than . . . it wouldn’t take me less than a week. Bul it
would take me more than a week trying fo plan all these things.
We have a short amount of time.

Reduced Expectations.  Students’ reduced their expectations of how much
they could accomplish in the project. One example of this is the number of
fraction problems students intended to design. In the first days, Amy projected
doing 21 fraction questions (taken {rom the parts of her map). Jero planned to do
20 questions on nine different levels, and Shaun was thinking about 100 fraction
problems. The students’ projections were probably influenced by worksheets,
textbooks, or educational software that contain a large number of problems.
These models might have influenced the students in their initial projections of
how many questions they could or should incorporate in their games. This also
replicates the experience of Debbie in the instructional software design project
(Harel, 1988, p. 192), who wanted to show all the fractions in the world. In the
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course of tie project, all of the students reduced thelr expectations, and the
average numiber of instructional situations was approximately five.

The variations in expectations might be related to the students’ lack of experi-
ence i working on such a complex and time-consuming project. The students’
own evaluations written at the end of the project are a good indicator of this. For
example, Gaby wrote: “I disliked it because sometimes | kept working on the
same thing over and over again. I liked if becanse T finally finished it and I made
everything move.” Amy wrote: I disliked working on the fractions software
project because sometimes it got boring because you had o work on it day after
day, week after week, month after month, but at the end [ felt like I had accom-
plished something.” In the past, students usually had worked 3 to 4 weeks on one
assignmeitt and then moved on to the next one., Their planning skills and estima-
tions regarding the game design were based on their previous experiences.. One
should not forget that these issues are hasd o express as students begin to
formulate what their games wiil be about. Even if we expected students from the
beginning to map out their plans and ideas for impiementations, it would be
unrealistic o think that they could take into consideration all of the aspects
involved in planning and designing a game. Related to this, few students likely
realized the complexiiies of the programming behind commercially available
video and computer games. Many students might feel comfortable with the
implementations of the graphical aspects, but the animations and interactions
required a level of programming sophistication that most students had not
achieved.

Dealing With Change. To gain a better understanding of the dynamics in
students” game development, [ compiled information about major changes that
students made during the project (see Fig. 4.4). In this figure, I have documented
the changes of game ideas and titles or students’ thoughts about starting a new
game, The information is based on evidence from their notehook writings, pro-
gram implemeniations, or interviews, Some students, such as Darvin, Gaby,
Giloria, Miriam, Shanice, or Sina, implemented their projects and pursued their
beginning ideas the whole way through. Other students changed some features of
the game (what I called “surface changes”), such as the title or the introduction
and directions, but did not reguire any new programming. This happened mostly
in April, when many students changed the plot of their story. Amy, Albert, Juan,
Rosy, Shaun, and Tyree fall into this category. A few students, such as Jero, Sid,
and Trevor, started new games in the middle of the project. Most of the changes
occurred either in the first days of the project or after 3 to 4 weeks inlo the
project.

1 see these changes (the real as well as the intended ones) as indicators of a
critical phase in the project, even though they occurred at different times in the
project for each student, depending on the individual’s game design develop-
ment. In this time period, the students were in close dialogue with the situation
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FIG. 4.4. Overview of changes anticipated and implemented by game designers.
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in, 1983), or investigating whether their design was a structure adapted to
ame’s purpose of being fun and educational (Perkins, 1986) or whether their
ideas and buplementations resonated with their personal interests (Papert,
). When students considered about these changes, they thought about what
roject meant to them and whether or not they liked it

loping Programming Strategics

e context of the game design process, it became apparent that students’

oped a wide range of strategies to deal with the complexiiies of the game
n task. Muost of these strategies developed in a later phase of the project.
strategy was the modularization of program code, in which students orga-
their gaine according fo game scenes. To provide a belter sense of the
opment, I use two cases, Albert and Amy, as examples.
bert’s use of procedures o contro! the growing complexity of his game
am changed only in the last third of the project. All students had been
luced to ihe concept of procedures and super procedures before the project
d. Yet in the first phase of the project, Albert preferred to place one big
«dure on each page without segmenting the different parts of his code into
idual procedures (June 19). When Albert came back after the summer and
d working on his game again, his initial “one big procedure on one page”
amming styie changed into “several procedures organized in one super
«dure on one page.” with each page serving as the repository for an event
sting of several scenes (September 25 and October 11, In the same context,
1 also started using LogoWriter pages in a different way: to organize and
wre his game, which, in the meantime, had grown o be dozens of different
s distributed over eight pages (November 15). He used and manipulated the
Writer pages as procedures (see Fig. 4.5).
bert’s use of LogoWriter pages is quite unique, but it points out a general
1 observed in other students. All students used procedures in later parts of
roject to organize their programs. This observation indicaies that young
nts devetop modularization straiegies on their own, yet they need the de-
Is of a complex programming project where it makes sense to do so.
wthermore, students developed “blueprints” to deal with repetitive patierns
: program code. Amy’s example is a good one for blueprint development.
f Amy’s procedures for the fraction quizzes in her game have the same
s; different problems are referenced through different numbers (see
.6).
ny chose {o create her medules arcund a set of procedures and to modify
accordingly. She recognized procedures as “entities, as things one could
. manipulate, or change” (Papert, 1980, p. 153). From a software design
of view, Amy adopted a structure that she knew to be efficient and bug-free.
cuse of procedures allowed Amy 0 be efficient in her programming produc-
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PLAY PLAY2 PLAY3 PLAY4
MOVING MOVING2 MOVING3

MOVE MOVE2 MOVE3

PROBLEM PROBLEM2 PROBLEMS3

ANSWER ANSWER?2 ANSWER3

FiG3. 4.6. Overview of Amy's procedure structure.

tion, Amy finished her first fraction problem on March 24, her second on April 3,
and her third on May 6. Through this approach, she produced and covered a large
part of her game structure in a short amount of time. Amy was not the only one
“reusing” already written procedure parts. Other classmaies did the same for their

fraction problems.

DISCUSSION

The investigation confirmed the diversity within students’ approaches on many
levels. From the very beginning, students developed different strategies for deal-
ing with the demands of the design situation. Some students started quickly with
one idea, then abandoned it and came up with a new one. Others preferred to
explore new programming commands before beginning their games. In the
course of the project, students learned about design principles, such as how to
adjust their design expectations about what they wanted to accomplish in relation
to their programming skills and time constraints. Students dealt with this particu-
lar situation in different ways: Some considered starting a new game but contin-
ued with their originals; some implemented several supetficial changes, whereas
others went about making a new game. Some students, like Gaby, approached the
task of designing a computer game by deciding the content of their games at the
beginning and implementing one feature after the other. Others, like Barmney,
designed their games as they went along. Based on these results, issues concern-
ing the prevalence of design styles, the development of programming strategies,
and the provision of design support are discussed in the following sections.

In my analysis of the students’ games, T looked closely at their individual
approaches in dealing with the game design task, addressing both programming
and design issues. My starting assumption was that people tend to orgamize their
work in different ways, labeled as planning and bricolage {Turkle & Papert,
1991). Analysis of the students’ game development seems to confirm this distinc-
tion. There were clear differences, for example, in the way Gaby approached the
design task compared fo Barney’s approach, to name the two exireme cases.
Guaby, however, could not straightforwardly implement all the features she had
planned. On many occasions she had to consider the situation in relation to her
programming skiils, game concept, and personal aesthetics to decide on the next
step. Most students, in fact, choose to walk a middle line between bricolage and
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planning. At specific slages in their game design process, for example, when
programning the firsi fraction questions, they tinkered around with different
aspects: They designed different shapes and dialogues before deciding on one
solufion. In later stages, they swilched over to reusing, in a purposeful way,
programn segments that they had written before (such as for the instructional
dialogue). The point of this discussion is that the clear distincrion between
planners and bricoleurs seems to fall apart when looking at the construction of a
complex product over a long period of rime.

It is roeaningful to ask in this context whether it would make sense for the
students to outline all the features of their task. Several studies have asked
programmers of varying degrees, from novices [o experts, to solve a well-defined
problem iit a limited amount of time (several hours) (Guindon, Krasner, & Curtis,
1987; Jeffries er al, 1981). A general software design strategy used by most
experis is to decompose & problem into smaller units. One result of these studies
indicates that novices or inexperienced programmers do not have a model that
guides their problem-solving process. One could then argue that the design and
programming style closen by the students reflected their lack of experience. In
this particular task, however, the students’ model or image of their game guided
their programming. [n Barney’s case, it was a unspecified adventure scheme that
was defined through the characterisiics of the natrative. In Gaby’s case, 1t was the
model of a computer game that she had played previously and then plaaned to
adapt to it new teaching puipose—iiactions.

A further point coudd be made in regard 1o the studenis’ use of modularization.
Usually, the degree to which different scenes are decomposed is reflected in the
use of procedures and super procedures. A planning style would make more use
of procedures. However, analysis of the game designers’ programs indicates that
both planners and bricoleurs used super procedures or no procedures according to
their personal preferences. The main problem encountered by the designers was
the scarcity of their own design and programming experience. For example,
when Sid was interviewed in October, he reflected on his own approaches to
dealing with problems:

Interviewer: You got a good idea. What is the first thing you do?

Sid: First, I start from the hard thing; then T just go through the
small ones so I can work my way down. Like if I want to have a
major thing, I would do that right away, so [ can get it out of
my face. You know, just keep on doing it. So I feel that the
gamne should end.

Inferviewer: Also, if you bhave a good idea, you work on it immediately?

Sid: Also, I have different ideas. So [ have to think for a while, then
make my decision which I am going to do.

Interviewer: Where do you get most your idea?

Sid: I pet my ideas like . . . first, when I started the game, well Fam
fust typing that stuff. T get ideas. Sc I just keep on doing.
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Sid made two points in his answers. The first point concemns his strategy for
dealing with the different design components. He said about himself, “I start
from the hard thing; then T just go through the small ones so 1 can work my way
down.” This more accurately describes the implementations of Sid’s first two
games in which he start programming the interactions and animations first. For
his third and final game, however, Sid changed his strategy and designed his
games as he went along. He said, “T get my ideas like . . . first, when I started the
game, well I am just typing that stuff. T get ideas. So T just keep on doing.” Sid’s
case emphasizes how both planning and bricolage can coexist in one person.

The size and complexity of the students’ games by the end of the progect
raised the question of what kind of support for the process we can offer students.
Albert’s case provided one compelling example of how the growing complexity
of his game created the need for structure in the form of LogoWriter page
organization. A number of research efforts have been dedicated to helping soft-
ware designers, especially beginners, deal with the complexity of their programs
and to supporting them in their learning of proven design strategies (Guzdial,
1993; Soloway, 1988). What is pertinent to most of these approaches is that they
include features in their programming environments that have been deduced from
observing expert programmers at work. The reasoning behind this approach is
that beginning programmers need to learn these strategies in order o become
experts. Analysis of experts” work habits and processes has shown that they
make extensive use of these tools to organize their work more efficiently. Al-
though many experts share common strategies and knowledge, they do not neces-
sarily achieve their expertise in the same fashion. This raises the substantial issue
that the support structures or “training wheels” are built into a design environ-
ment (e.g., libraries, prompts, or multiple linked representations) might not have
their complement in the designer’s learning process.

The important point about Albert’s case was that he created the organization
of LogoWriter pages himself. If we had provided him with this tool in advance, 1
do not think that he would have taken advantage of it. This structure developed in
Albert’s understanding through his involvement in the long-term programming
process. His recognition of its usefulness represented one of the crucial learning
moments in his learning history. Now, after the Game Design Project, Albert
might be ready to work with different structures to help him organize his next
project. Of further importance is the observation that even beginning program-
mers use a variety of approaches in dealing with their problems. Hence, | leave
the issue of design support structure open, but it is important that the designers of
future environments take the various approaches into consideration.

CONCLUSION

To place stadents in the role of game designers is to confront them with a
complex task. One of the insights gained from this analysis is that there are



multiple ways of designing a game; there was no one “right way” to start,
continue, and accomplish a design task. Students used approaches of both plan-
ning and bricotage in order to solve the lask in a successful manner. Most
imporlantiy, students leamed not only through design, but also about design, and
reached a level of reflection that weni beyond traditional school thinking and
learning. They were able o see their design experience within a larger context,
As Rosemary concluded at the end of her game description: “Truthfuily, I hope
next time you play a video or computer game, you think about its maker.”
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Electronic Play Worlds

Gender Differences in Children’s
Construction of Video Games

Yasmin B. Kafai

Children’s culture of the late 20th century—their toys, games and activities—has
been marked by the advent of information technologies. Video games, more than
any other medium, have brought interactive technologies into children’s homes
and hearts, and they have been received enthustastically. In contrast to most
adults, children usually do not feel threatened by computational media and other
programmable devices. They seem to embrace the new media readily. With good
reason, children have been dubbed media enthusiasts (Papert, 1991).

This increasing presence of computer and video games in homes has initiated
many discussions in the media and educational circles about their value and
influence on children’s affective, social, and cognitive well-being (Baughman &
Clagett, 1983; Provenzo, 1991). Most research efforts have focused on studying
the effects on social behavior and cognitive skills of children playing video
games {Greenfield & Cocking, 1994; Lofius & Loftus, 1983; Selnow, 1984}).
Discussions in cultural studies have centered around the issues of which particu-
lar messages are promoted in video games and in what ways they are received by
children (Gailey, 1992; Kinder, 1991). As important as these findings are, re-
searchers always look at children as consumers of games and iry to deduce from
children’s game-playing interests and behaviors what impact and attractions vid-
eo games hold.

In the present study, I address some of these issues from a different perspec-
tive by placing children in the role of producers rather than consumers of video
games. In a 6-month-long project, called the Game Design Project (Kafai, 1993,
1995), sixteen 10-year-old children were in charge of creating imaginary worlds,
characters, and stories in the context of video game design. My intention was to
explore the extent to which the activity of making games revealed something
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