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Exploring the Learning Mechanism
in Educational Games
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The main aim of this paper is to evaluate the problem-
based gaming model that tries to explain the learning
process in educational games. The model was studied
through Geometry game aimed for pre-school children
(N = 24). The game relays on learning by teaching
approach and involves AI-engine modeling the human
concept learning structures. The qualitative analyses
were used to explore participants’ learning processes
and gaming strategies. The results indicated that the
model well describes the problem-based gaming process
in which the reflection phase seems to be a vital factor.
Furthermore, the changes in playing strategies were
found to enhance learning.
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1. Introduction

In recent years game studies have rapidly de-
veloped into an important research field. Natu-
rally, the growth of game industry has aroused
interest also among educational technology re-
searchers. Unfortunately, it seems that educa-
tional games are seen as new magic tools that
will solve the problems of computer-assisted
learning. Educational games are argued to, for
example, enhance learning, engage learners and
provide such learning methods that correspond
better with students’ requirements and habits
[1][2].

However, the real state of art of educational
game research does not provide an account for
such promises because research is mainly di-
rected to the game design issues separated from
learning. In fact, the examination of typical
educational games indicates that games are pri-
marily used as tools for supporting the prac-
tice of factual information in education ([3]). It

can be argued that most educational games do
not utilize the power of games as an interactive
context-free media allowing players to actively
test their hypotheses on phenomena and discov-
ering new knowledge. The reason for this may
be that the field of educational technology lacks
research on how to design game environments
that foster knowledge construction, deepen un-
derstanding and problem-solving [4][3] while
being engaging and entertaining at the same
time.

So far, mainly traditional educational models
and theories have been used to explain learning
with games [3]. Only a few attempts to integrate
educational theories and game design aspects
have been made [5][6][3]. However, most of
these attempts have failed to achieve their pri-
mary goal – integration of the pedagogy and the
game design aspects. Thus, more robust models
that can be used as a foundation of educational
game research are needed. The development
of theoretical foundation for game-based learn-
ing is crucial because if educational games are
developed without appropriate pedagogical ba-
sis, the investments in educational gaming tech-
nologies may be considered as wasted.

It is obvious that the research investments in ed-
ucational games should be directed to develop a
theoretical basis for game-based learning before
the promises laid on educational games can be
achieved. The aim of this paper is to evaluate
the Problem-Based Gaming (PBG) model that
has been recently proposed [7]. The PBG model
is the latest and the most promising attempt to
describe the learning mechanism in educational
games. In this paper, the PBG model will be
evaluated through a geometry game designed to
support players’ reflective thinking.
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2. Problem-based Gaming Model

In this section, the problem-based gamingmodel
is shortly presented (more detailed description
in [7]) in order to be able to ground the hypothe-
ses to be studied (see Figure 1). The model de-
scribes learning as a cyclic process through di-
rect experience [8] in the game world. Learning
is defined as a construction of cognitive struc-
tures through action in the game world. The
model does not consider gaming either as in-
dividual or social activity, because games can
consist of both individual and social events.

Figure 1. Problem-based gaming model.

When playing the game, a player tries to form
appropriate playing strategies in order to solve
the problems that the game provides to him/her.
In the beginning of the game the player forms a
playing strategy based on his/her prior experi-
ences. After strategy formation, the player tests
his/her strategy and possible hypotheses in the
game world and observes the consequences of
his/her actions. After the active experimenta-
tion phase, the player reflects his/her experi-
ences about the utilized strategy. The feedback
that the game provides from the player’s actions
should support reflective thinking by focusing
his/her attention to relevant information from
the learning point of view. The outcome of the
reflection phase may be personal synthesis of
knowledge, validation of hypothesis laid during
the playing strategy formation, or a new strategy
to be tested.

Reflection is a vital element in PBG process.
However, according to [9] the phase of experi-
ential learning in which people tend to be most

deficient is reflection. On the grounds of the
reflection a player decides whether he/she con-
tinues to apply the previously formed playing
strategy or focuses his/her attention to changed
variables of the game world in order to cre-
ate better playing strategies. One-sided play-
ing strategy refers to single-loop learning [10]
which is neither effective nor learning develop-
ing method because it does not aspire to a better
understanding of the problem domain. In con-
trast, the double-loop learning [10] emphasizes
the scrutiny of the state of the game in order to
generate better playing strategies and solutions
to the problems. It is important that the player
endeavours to test different kinds of strategies
in order to expand knowledge on the subject
matter.

3. Method

The main objective of this paper is to evalu-
ate the structure of PBG model. How does the
structure of the PBG model match with learn-
ing process in games? The hypotheses derived
from the PBG model are following:

H 1. The changes of playing strategies increase
the learning outcome.

H 2. Reflection stimulates double loop learn-
ing.

These hypotheses are formed only to reflect the
main objectives of this research and they are not
statistically tested in this study.

3.1. Participants

The experiment group consisted of 24 pre-school
children (6 years old), 15 boys and 9 girls. The
children were from three kindergartens nearest
to the research site. They were not selected; all
children from these kindergartens participated
in this study.

Originally, there were 26 participants, but two
children got sick on the post-test day and, there-
fore, there is no post-test result for them. Those
two children are excluded from the analysis.
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3.2. Materials

The geometry game [11] utilized in this study
relays on learning by doing [12] approach. In
the game a player takes the role of a teacher.
In the beginning of the game, the player meets
her own virtual pet, an octopus, which wants
to learn geometry. The task of the player is to
put questions about geometrical shapes to her
octopus and evaluate its answers. The tasks are
‘what does not belong to the same group’ type of
questions as illustrated in Figure 2. The octopus
answers according to its previous knowledge
that is based on the tasks the player previously
taught it. If the octopus does not know the an-
swer to a certain question or if the question is
badly designed, it will guess the answer.

Figure 2. The teaching room.

The game AI is based on relations between ge-
ometrical concepts. Each teaching phase is
recorded into a concept network, for example
concept A belongs into the same group as the
concept B, or the concept A does not belong
into the same group as the concept B. In the
game, these relations were used logically: if
the answer of the octopus was evaluated to be
correct, two ‘does not belong’ relations and one
‘belongs’ relation were added to the octopus’s
concept structure. On the other hand, if the an-
swer of the octopus was evaluated to be wrong,
one ‘does not belong’ relation was added to the
octopus’s concept structure.

During the game, the conceptual structure of the
octopus develops. When the octopus achieves
a certain size of concept network, it will start
to conclude. For example, if the octopus knows
that the concepts A and B belong into the same

group and the concepts A and C belong into the
same group, it can conclude that B and C be-
long into the same group. On the other hand, if
the octopus knows that the concepts A and B be-
long into the same group and the concepts A and
C belong into different groups, it can conclude
that B and C belong into different groups.

An interesting element of teaching approach is
the possibility to teach octopus wrongly. Nat-
urally, a wrong teaching can be corrected by
teaching the correct structure enough times.
However, it takes time to override the wrong
learning, because the game uses all taught in-
formation behind its decisions.

The geometry game does not restrict only to
teaching the octopus, but a player can send
his/her own octopus to compete against other
octopuses. The other octopus (the opponent)
has been taught by some other real life child,
which gives a collaborative dimension to the
game. The competition is based on the results of
previous teaching, and that is directly reflected
on the results. The competition situation is il-
lustrated in Figure 3.

Figure 3. Competition in progress.

3.3. Measures and Analyses

This study is an empirical action study involv-
ing both pre- and post tests. The aim of the
pre- and post tests was to estimate the learning
outcome affected by the game. The test instru-
ment contained tasks related to 1) recognizing
basic geometric shapes, 2) analyzing the dif-
ferences between the shapes and 3) producing
basic geometric shapes. The control group was
not needed to estimate the learning effect of the
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test instrument because the instrument was val-
idated in previous studies [13] and the learning
effect of the instrument was known (approxi-
mately 7.6%).

The learning outcome was used as a grouping
variable in this study and it cannot be trans-
ferred outside this context as a numeric result.
Participants in the study were divided into two
groups, according to the relative learning out-
come. The individual relative learning outcome
was defined as follows (1):

(t2− t1−(avg t2control− t1control))/t1 (1)

where t2 is participant’s score from the post-test,
t1 is participant’s score from the pre-test and
(avg t2control-t1control) is the average learn-
ing outcome of the instrument, defined in pre-
vious studies. By taking the average learning
outcome of the test instrument into account, the
results were expected to be more realistic. The
groups were defined as follows:

Gainers-group: Those who achieved more than
10% improvement during the game play.

Non-gainers-group: Those who achieved less
than 10% improvement during the game play.

The experiment group was observed 1) by log-
ging all human computer interactionswith com-
puter and 2) by researcher (manual notes). Pla-
yer’s teaching process was logged along with
other HCI and it was possible to analyze this
teaching process afterwards.

Because of the small sample size the results are
analyzed by qualitative methods. In order to
make the concept networks easier to understand
and analyze, the concept networks were drawn
as graphs, where each node represents a con-
cept and vertices represent relations between the
nodes. The graphs were visualized by cMap-
Tools [15] concept mapping tool, even though
the graphs were not correct concept maps. The
reason to use cMapTools was the fact that con-
version between gameAi and cMapTools was
relatively easy because of cMapTool’sXML im-
port features. Concept maps used in the analysis
of this paper are reported in [14].

3.4. Procedure

Before the playing session, all the children did
the pre-test. During the pre-test they were in-

structed and guided very formally. It took ap-
proximately 10 minutes to complete the pre-
test. Game play was started immediately after
the pre-test.

The experiment group played the game in three
subgroups. In every game session, there were
two researchers and two kindergarten teachers
present who helped the players if needed. They
also discussed with them about gaming etc. A
game play lasted approximately two hours. The
children were allowed to talk with each other
during the game and they were allowed short
breaks for individual needs. In fact, they only
took breaks for going to the toilet. All other
needs were minor compared to the game play.

The post-test was done a day after the game
play. Post-test was similar to the pre-test, as a
test as well as a procedure.

4. Results

The results of the study are presented accord-
ing to classification between gainers and non-
gainers.

4.1. Gainers

More than half of the players were classified to
gainers-group (n = 14). The qualitative analy-
sis of gainers’ concept structures indicates that
at the beginning of the game gainers had some
unclear concepts in geometry. The players who
benefited most from the game had several ‘ob-
served problem – reformulated strategy – cor-
rected problem’ patterns. In other words, dur-
ing the gaming session they noticed their mis-
conceptions and started to teach their octopus
correctly.

Typical gainer’s concept structure consisted of
several concepts that were connected to other
concepts by labels 1) belongs into the same
group and 2) does not belong into the same
group. The gainers taught their octopuses com-
plex conceptual structures that covered the learn-
ing domain well. The corrected teaching behav-
ior and corrected strategieswere the connective
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factor in gainer’s group. However, the size of
the conceptual structures did not predict learn-
ing.

Overall, the results indicate that the game sup-
ported reflective thinking in gainer’s group. The
main game elements that triggered reflection
were animated competitions against other play-
ers’ octopuses and the growth of octopuses’
brains that was used to visualize learning in
the game. On the basis of reflection, players
could change their playing strategy to more ef-
fective one. This finding supports the structure
of PBG model, emphasizing the role of reflec-
tion in strategy formation. The players who
could evaluate the state of their octopus accord-
ing to provided feedback tended to be double-
loop learners that facilitated learning. These
results support the laid hypotheses.

4.2. Non-gainers

Approximately 40 percent of the players were
classified into non-gainers-group. The concep-
tual structures varied a lot in this group. The
size of the conceptual structure taught did not
explain the relatively low learning outcomes in
this group: Both the biggest and the smallest
structure were found in this group. The pre-
test results indicated that the prior knowledge
did not explain this variation. Furthermore, the
total number of conceptual errors was found to
be approximately as high in both gainers and
non-gainers-groups.

The major difference between groups was in the
amount of corrected errors: The non-gainers
did not correct their misconceptions during the
game play. The feedback channels, animated
competitions against other players’ octopuses
and the growth of the octopuses’ brains, did
not stimulate reflective thinking in non-gainers.
They did not either perceive the reasons that
made their octopuses perform poorly in compe-
titions or they did not understand the idea of the
game. If the feedback that a game provides does
not stimulate reflective thinking in players, the
learning results are usually poor, as the results
of non-gainers-group indicate.

Inadequate reflection can be also seen as poor
gaming strategy formation, as the strategies of
non-gainer’s group indicate. Players could not
develop adequate teaching strategies to achieve

the goal of the game. Actually, several mem-
bers of this group taught only ‘are different
group’ relations. These players can be consid-
ered as single-loop learners supporting the laid
hypotheses. Thus, it can be argued that reflec-
tive thinking is a vital element in game-based
learning dividing players to single-loop and
double-loop learners. The results also showed
that double-loop learners tend to achieve bet-
ter learning outcomes than single-loop learners.
These findings are consistentwith earlier results
on this theme [7].

However, it is possible that poor gaming strate-
gies and the resulting poor performance in the
game may have confused some of these pupils
leading to failure in the post-test. Thus, more
research with larger sample sizes on the topic is
needed in order to make more valid generaliza-
tions.

5. Conclusions

In this paper, the problem-based gaming model
was studied through Geometry game. The re-
sults indicated that the model well describes
the problem-based gaming process in which
the reflection phase seems to be a vital fac-
tor. The outcome of the reflection phase may
be personal synthesis of knowledge, validation
of hypothesis laid or a new playing strategy to
be tested. On the grounds of the reflection a
player decides whether he/she continues to ap-
ply the previously formed playing strategy or
focuses his/her attention to changed variables
of the game world in order to create new playing
strategies. It seems that reflection that stimu-
lates double-loop learning [10] enhances learn-
ing, because players tend to aspire to a better
understanding of the problem domain by ac-
tively testing different strategies.

The results indicate that the greatest challenge
of the educational game design is to implement
such game elements that trigger reflection dur-
ing game play and support double-loop learn-
ing. Thus, the key issue in game design is to
ensure that the game provides constructive and
immediate feedback to the player. The meaning
of such feedback is not emphasized in problem-
based gaming model. Therefore, the model
should be complement with the gulf of eval-
uation [15] as proposed in Figure 4.
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Figure 4. Complemented PBG Model.

The gulf of evaluation refers to a player’s prob-
lems to perceive the consequences of his/her
actions in the game. Inadequate perception of
the consequences usually leads to failure of re-
flective thinking and may even lead to miscon-
ceptions.

As a summary, we can say that if there is some-
thing new to learn in the game, the effective
learning game should encourage the learner to
develop his/her mental conceptual structure or
reformulate his/her gaming strategy. This can
be achieved through games that support reflec-
tive thinking and provide possibilities to use
different strategies.
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