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ABSTRACT

Games are increasingly being used for education and
training in a variety of areas. We are developing a game to
teach introductory computer science concepts, called
Game2Learn, to increase student motivation and
engagement in learning to program. As part of our early
prototyping and evaluation, we are examining the role of in-
game feedback on user behavior and performance. In this
paper, we present the results of a study which demonstrate
the importance of providing rewards and punishments that
both strongly relate to the game and to the learning
objectives.
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INTRODUCTION

Games are increasingly being recognized to have built-in
motivation and familiarity for most students [2, 5, 6, 8], as
well as incorporating expertise from a variety of computer
science-related fields [7]. Although women are not well-
represented in IT undergraduate programs, women make up
forty percent of all gamers, and spend more of their game
time than men playing with friends and family [1].

The goal of the Game2Learn Research Lab is to improve
recruiting and retention in computer science, particularly
for women and other underrepresented minorities, through
immersing computing instruction in game-based learning
environments. We hypothesize that teaching introductory
programming using a multiplayer online role-playing game
can improve student engagement, satisfaction, and skill
transfer. We are employing a spiral software development
cycle, alternating rapid prototypes with evaluation to
investigate the effectiveness of a variety of game and
interface possibilities. We have recently completed two
rapid prototypes, along with initial evaluations of these
early ideas.

In this paper, we explore the role of feedback of
performance in such an educational game. The issue of
feedback was raised in our first exploratory study, where
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students questioned the seriousness of using a game to do
homework assignments. These comments led us to revise
our prototypes to provide more explicit rewards and
punishments for right and wrong answers and perform a
follow up study to further explore the issue. We report here
on the effects of this added feedback on user behavior and
opinions of the notion of learning to program in a game.
These results demonstrate the importance of feedback in
motivating the user to learn in a game, and the sometimes
subtle effects on performance such rewards and
punishments may have.

We first briefly discuss related work on educational games
and feedback. We then introduce our prototypes and
evaluations. Finally, we present the results of these
evaluations and their implications on providing in-game
feedback in Game2Learn and other educational games.

BACKGROUND

Games are becoming increasingly recognized for their
inherent motivation, as inspiration for improving
educational applications [3, 4]. Instead of merely placing
learning in a game context, a careful consideration of the
cycle of “user judgements, behavior, and feedback” [3]
states that is important for game engagement must be
woven in with the types of feedback most useful in
learning. Even in educational software and intelligent
tutoring systems, the choice of when, how, and how much
feedback to give is a topic of heated debate, but researchers
have found that feedback on a level to support students’
problem-solving steps to be effective [9]. We have
therefore striven to design an educational game which
balances play and learning time, makes strong ties between
in-game motivation and learning outcomes, that can be used
as a homework tool in a standard introductory computing
course.

GAME2LEARN PROTOTYPES

The development of a full-scale massively multiplayer
online role playing game (MMORPG), such as one we
envision for Game2Learn, requires extensive effort and
manpower. To balance the need for formative feedback to
ensure success, and to accommodate smaller development
teams, we have chosen to employ a highly iterative rapid
prototyping development model, and to use existing game
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engine technologies to provide content including art,
models, and sounds. To begin the process of game
development, we chose concepts from the IEEE and ACM
joint curriculum for CS1, including conditionals (if-then),
iteration (for and while loops), and recursion. We created
two very different prototype games around these concepts
to explore various game and interface possibilities.

“Saving Princess Sera” is a two-dimensional exploratory
game, implemented using RPGMaker, where the player
learns of the kidnapping of the princess and determines to
rescue her. The user must perform various tasks involving
programming concepts: correctly reordering a while loop
statement of a confused old fisherman’s mind; correcting a
nested for loop placing eggs in crates; and visually piecing
together a quicksort algorithm. When the player makes a
mistake, the character must fight a script bug, which asks
the users various computer science questions in order to
fight the bug.

Jlfm'x_=0; xe=2 )
{01'(J'=Uir‘~=5-')* H

drop_egafT, vk

Figure 1. The egg drop quest in Saving Sera.

“The Catacombs” is a three dimensional game developed
using the BioWare Aurora toolset that was used to build
NeverWinter Nights, a popular fantasy role-playing game
based on Dungeons and Dragons. In this game, the user is
an apprentice wizard who must perform three progressively
more complicated tasks to save children stuck in
catacombs. The first involved unlocking the door to the
catacombs involving two if statements; the second, building
a bridge brick by brick with nested for loops; and the third,
to solve a cryptogram using more nested for loops. In the
2™ and 3" quests, incorrect answers result in decreasing
player health.

We created two versions of this game, to explore the same
tasks with two different interfaces for creating the code.
One, called Grimore, uses dialogue with a sarcastic
spellbook named Grimore and multiple choice questions (a
dialogue tree) to create the code and complete the task. In
the second, called Konijn, the player chooses the correct
scroll among many incorrect ones, or uses gemstones
received in the game, which represent code snippets, to fill
in the blanks of chunks of code.

Figure 2. Casting a spell in The Catacombs.

INITIAL EVALUATION

To gather impressions and behavior on these prototypes, we
performed an exploratory evaluation. We used students who
had taken at least one introductory Computer Science
course and were thus somewhat familiar with the
programming concepts in the game. We gave each
participant a demographic questionnaire and a pre-test of
computer programming concepts. Each participant then
spent approximately 20 minutes playing Saving Princess
Sera and 20 minutes playing one version of The Catacombs.
The participant was then given a post-test, and interviewed
to gather his/her feedback about the game ideas. We asked
students about their impressions of each game, and each
quest within the game. We queried them about what they
thought of using such a game as homework in a course, and
if they would have liked such a method. We videotaped all
gameplay and interviews, and created software logs of
time-stamped interactions in The Catacombs.

Our initial evaluation included 13 students from a variety of
backgrounds and computer experience, including 2 Asian
females, 2 white females, 1 black male, 1 Hispanic male,
and 7 white males. Most were ages 18-24, with 2
participants ages 25-30 and 1 aged 31-40. Nine participants
are in computing related majors while the other four are
studying  electro-mechanical ~ systems,  psychology,
communications, and art. Most participants had taken a
class in either Java or C/C++. Participants included 5
sophomores, 4 juniors, 2 seniors, and 2 college grads. Five
participants used the Grimore version of “The Catacombs”
while eight the Konijn version.

Overall, we received relatively positive comments from
participants about our prototypes, providing at least initial
evidence that we can achieve our goals of providing an
engaging learning environment [1]. However, we noticed
an interesting pattern in how students approach the game,
whether as a game or as homework, affected their
comments in the interview. One student stated, “It’s
something other then mindless clicking. You actually have
to think, something rarely seen in games today.” This and a
few other students seemed to think of our prototypes as
mainly a game, and enjoyed playing such a game involving
programming, but some were unsure if the game tasks
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would teach them enough as part of a course. Other
students thought of the prototypes as potential homework,
and thought a game would make homework more fun but
questioned whether the game tasks would be serious
enough assignments, especially since students could guess
and eventually get correct answers on the game tasks.
Additionally, we noticed that a number of students
sometimes did not read task instructions or other game
screens very carefully, leading to errors in performance.
Thus, not only did students question the potential
seriousness of the game, they also did not always take the
game seriously themselves, despite performing incorrectly.

These results reinforce our goal to provide in-game
feedback that is closely related to the learning tasks. If this
feedback is appropriate, whether students approach the
tasks as a game or as homework, the feedback should be
relevant and motivating to them. Yet, we realized that in
these prototypes, we did not provide very clear feedback
that a player’s health or battles were tied to correctly
performing tasks. This led us to modify our prototypes to
add more explicit rewards and punishments, and perform
another evaluation to see if there were any changes in the
behavior or comments of students.

To “Saving Sera” we added a ranking system, where you
start as a rank 7 player, and if you perform well you move
toward becoming rank 1. Your rank is always visible on
the screen. While playing, you can gather extra bonuses if
you are of a higher rank. Non-player characters also give
you more pointers on where to go next. For “The
Catacombs” we only made modifications to the Grimore
version of the game because of usability problems with the
Konijn interface that were difficult to address. We added a
“cut scene” at the beginning of the quest where the player is
about to “graduate” from the wizardry academy but
receives one final quest to complete: rescuing a family.
During gameplay, players were penalized for incorrect
answers by decreasing the player’s experience points by
20% each time. If the player reached 0%, the spellbook
turns the player into a chicken for a short while. At the end
of the game, a cut scene was added to let the student know
how they performed in-game.

FEEDBACK EVALUATION

In modifying our prototypes, we aim to investigate whether
explicit feedback of game performance will lead to a
difference in game behavior and opinions. Thus, we
performed another round of evaluation, administered with
the same format and materials as the first evaluation. We
did not inform participants that we were looking more
specifically at the feedback of the game. We hypothesized
that the added feedback would lead to more motivation to
correctly perform tasks the first time, making fewer errors
in each task. We also hypothesized that users would have
fewer concerns stated during the interview regarding the
seriousness of the game to be used as homework in a
course.

For this set of evaluations, we had 8 participants, 7 males
and 1 female. Five were computer science majors, while
three were in other disciplines. Again, most were aged 18-
24, while one student was 25-30 and two were 31-40. Three
participants were sophomores, three juniors, one senior and
one graduate student.

Tables 1 and 2 summarize the averaging time spent and
number of incorrect answers for each quest in The
Catacombs and Saving Sera, for each set of study
participants. Study one participants were our original
subjects, while study two participants had the additional in-
game feedback. Note that we can only compare Grimore
versions of the Catacombs performance, and only five
participants from the first study used this version of the
game. Additionally, we did not include the final quest in the
Saving Sera game in this table, as this quest had multiple
parts, and most participants did not fully complete the
quest, either because they died or for time reasons.

Quest: 1 2 3

Time | # Time | # Time #
Study 1 2:33 |2 | 239 [26]2:17 |15
Study 2 2:55 129208 [1.2]1:51 |2

Table 1. The Catacombs performance results, showing the
average time to complete and average number of errors for
each quest. The number of errors for quest 2 are significantly

different.
Quest: 1 2
Time | # Time | #
Study 1 3:17 | 1 3:19 | 09
Study 2 340 |1 1:59 | 09

Table 2. Saving Princess Sera performance results, showing
the average time to complete and the average number of
errors for each quest.

As the tables show, our results are not as clear cut as we
had hoped. In only one quest, the second Catacombs quest,
did we see a significant change in the number of incorrect
answers. However, we also see an interesting trend, though
not statistically significant, where users are completing the
quests more quickly. The second and third quests in the
Catacombs, and second quest in Saving Sera are each
showing this trend. Thus, while for the most part, students
are not answering questions more correctly, they may be
working more efficiently due to their increased attention.

We saw another unexpected result in post-test versus pre-
test scores amongst the two groups. In the first study, 3
participants improved their post-test score, 5 stayed the
same, and 5 actually performed worse. Yet in the second
study, 5 improved, 1 stayed the same, and only two
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performed worse. We do not necessarily believe that
actually learning occurred in such a short time period, but
instead conjecture that perhaps the added motivation carried
over into the post-test and led participants to try harder
outside of the game as well.

Both sets of performance results imply that we may be
seeing some more subtle effects of the feedback. While in-
game correctness was not affected except in one task,
perhaps the added motivation did lead to more engagement
or attention to the tasks, leading to more efficient behavior
and better performance on the post-test.

An even bigger indicator that the students were affected by
the additional feedback can be seen in their interview
comments. In the first study, several students commented
on the seriousness of using a game as homework, and only
54% said that a game could be used to learn how to code.
Yet in the second study, 88% said a game could be used for
learning to program, and no one questioned the seriousness
of the game. Instead, these students commented on what
kind of learning was more appropriate for the game.
Specifically, students expressed that the game was more
appropriate for learning to modify code, but questioned
whether a game could contain the complexity of tasks
where one learns to create new code. Another student
commented that “Its not as good as a learning tool, but good
as a testing tool.” And indeed, the punishment of removing
experience points in The Catacombs for incorrect answers
is more similar to taking a test. This feedback is reasonable
given that our prototypes only had multiple choice
questions and simple code rearrangement and did not
involve creating code from scratch (although we feel we
can scale the game appropriately in the future). Thus, these
participants did seem to take the punishments and rewards
seriously enough to consider the best use for this tool in the
classroom, as opposed to whether the game belonged there
at all.

Another interesting difference in comments was in the
balance of quest (task) and other play times. In the first
study, 37% of the students thought this was balanced and
the other participants requested less quest time. Yet in the
second study, 63% thought quest and play time was
balanced, and 2 of the remaining 3 actually requested more
quest time. This again implies that the students found the
programming tasks to be both engaging and useful enough.

Finally, we asked the second set of participants whether or
not they were motivated by the feedback we provided. Five
out of eight said they were motivated by the gold and
ranking in Saving Princess Sera. Fewer, only three out of 8§,
said they were motivated by the wizard experience points in
The Catacombs, perhaps because these points were reduced
for incorrect answers and this was actually demotivating.
Our other results do seem to imply there was some level of
attention paid to the performance feedback in both games,
thus students can be motivated without their explicit
awareness of the mechanisms.

CONCLUSION

The results of our two evaluations emphasize the
importance of appropriate feedback, particularly in our case
in how seriously the users considered the learning
objectives of the game. The feedback does appear to have
affected our participants comments on whether the game
would be appropriate to use to learn how to program. Our
performance results are more subtle in this small study, and
would benefit from additional investigation. In particular,
we need to examine which forms of feedback would be
most appropriate and engaging to a variety of students over
the long time period of an entire course. We continue to
develop Game2Learn prototypes and explore various ideas
for learning to program in a game environment.
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