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Abstract Often, the way subject matter is included in ed-
ucational games does not fully utilize or sometimes even
inhibits the full learning potential of games. This paper ar-
gues that in order to optimally use the potential of games
for learning, games should be endogenous. An endogenous
educational game is a game where the educational content
is integrated in the game play mechanics themselves, rather
than bolted-on using explicit messages. This research ex-
amines the relation between explicit messages, explorative
game behavior, and comprehension by developing two ver-
sions of an endogenous educational game about overfish-
ing, one with and one without an explicit purpose. The game
was tested with 13 children aged 8 to 11. The results indi-
cate that factual knowledge and comprehension is increased
with explicit messages, and in particular deep comprehen-
sion is fostered by explorative game behavior. This confirms
the plea for endogenous games to teach about bombs, fish,
coral reefs, and more.

Keywords Educational games - Endogenous games -
Exogenous games - Game design - Game experience
1 Introduction

It is easy to think of learning through video and computer
games as a hype, as a novelty used to engage students who
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become bored by the usual text books and lectures. But
games have more potential than that. Games can offer en-
vironments in which learners can freely experiment, which
lead to concrete experiences, building a strong sense of rel-
evance and engagement [4, pp. 197-198].

Learning is not just something that can be done with
games, but instead one of the most prominent incentives to
play games in general. The challenge games offer, an impor-
tant attraction for nearly every game, comes from the ability
of the player to learn new strategies or skills while playing
and to apply those skills in order to proceed in the game [12].
Every time the player reaches a higher score or proceeds to
the next level, he has learned to play the game even better.

Some even suggest that the way games let themselves get
learned by players could be used as an inspiration for class-
room teaching and other learning environments as well [5].
For games, it is important that they get learned well, be-
cause players otherwise can get demotivated when they can-
not overcome an obstacle. But at the same time they should
have a certain level of complexity to remain fun and interest-
ing for a long time, so dumbing down games is not always
an option. Games solve this by providing the information
needed at the right time and by providing challenges which
are “on the edge of a player’s competence” [5, p. 2], instead
of on the level of the lowest common denominator.

The fact that learning is so inseparable from what a game
is underlines the importance to explore the educational po-
tential of computer games. Games can offer new, hands-on
approaches to learning which set them apart from other me-
dia.

1.1 Educational games

The main difference between a normal game, with all of
its learning qualities, and an educational game is its subject
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matter. The player should not learn how to shoot aliens or fly
a virtual spaceship, but something that is relevant and appli-
cable as well outside the scope of the game itself. A game
can be called educational if the things learned in the game,
whether they are cause and effect relations, concrete facts,
or abstract concepts, are applicable or relevant outside the
game itself and not just help improve playing the game.
For most subjects, this requires the game to have a fictional
world which has a close connection with real-world con-
cepts. For example, an accurate World War II game might
teach players about where and when certain battles took
place and what type of machinery was used in that battle.
The city building game SimCity can teach players that plac-
ing a coal plant has a bad influence on its direct environ-
ment. The fictional world provides the link between the in
game activity and the actual world. A fictional world is not
needed when the educational game teaches subjects which
are in themselves abstract, such as math, geometry, or re-
flexes. Tetris for example can improve the player’s ability
to mentally rotate objects in order to fit them in the grid.
Educational games can be categorized on two dimensions,
which will be described next.

The first dimension is the way the learning content is in-
tegrated into the game mechanics. The distinction is made
between two categories, the exogenous and endogenous ed-
ucational games. Exogenous educational games are games
where the educational content lies outside the game mechan-
ics. According to Halverson [6], these are games where “the
learning environment bears no necessary relation to the (ed-
ucational) content.” This translates to games with quiz-like
exercises in between or to action games which are inter-
rupted by educational texts. Exogenous educational games
are popular in class rooms because these games can easily
be fit in the school curriculum and are mostly used to test ex-
isting knowledge. They merely offer a nice diversion com-
pared to other school activities but are not all that different
in the end.

Endogenous educational games, on the other hand, in-
tegrate relevant practices of the learning environment into
the structure of the game. The learning content is integrated
into the game mechanics, and the player will learn the ed-
ucational content by playing and mastering the game. With
endogenous educational games the game itself is used for
learning, instead of as a diversion or motivation between
the actual learning content. There has been some aversion
to include endogenous educational games in the school cur-
riculum because of their unpredictable learning outcomes.
Nonetheless, according to professional designers of video
games, it is best to embed the learning content “deep in the
game mechanics and goals,” instead of “bolting it on” [8].
Hence, this paper will focus on endogenous educational
games, optimally using the potential of games for learning.

The second dimension is the explicitness of purpose.
Where the integration of learning content is all about the
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game mechanics themselves, the explicitness of purpose is
about how the game presents itself to the player. This ex-
plicitness is about whether the educational goals of the game
are communicated directly to the player or not, and to what
extent. To articulate the differences, a distinction between
explicit and implicit educational games is made.

Most implicit educational games are not strictly meant to
be educational but still happen to teach players about their
subject matter. These are mostly commercial games devel-
oped to be entertaining in the first place, such as Sim City,
Civilization, and Europa Universalis. There are also implicit
educational games which are meant to be educational but
do not communicate their educational goals in advance, for
example, because they want players to discover this edu-
cational aspect by themselves. Explicit educational games
are mostly games developed specifically for educational pur-
poses. These games make it very clear what they are about
to teach, in advance of the game and most of the times also
while playing. Such explicit messages can be adapted to the
player’s behavior, with the game acting as a virtual teacher
for the player. These explicit messages support the learner
by offering an explicit link between the game and the basic
concepts, facts, rules, and principles of the simulated do-
main of reality [10].

As long as the learning content fits within the fictional
world of the game, it is implicit, even though the fictional
world can be partly communicated through text. When there
are messages or images in the game which make direct ref-
erence to a learning activity or real-world applications of the
knowledge, the game is explicit. Some games are partly ex-
plicit and, for example, offer an encyclopedia showing how
historical figures behaved in real history, even though that
might not exactly match with what happens in the fictional
world of the game. The way subject matter is presented to
the user, either explicit, implicit, endogenous, or exogenous,
influences the learning effect, and is therefore of key con-
cern for fully utilizing the learning potential of games as a
medium.

1.2 Endogenous games and experiential learning

This section shows how the experiential learning theory ap-
plies to endogenous educational games and how the learning
content is integrated into the simulation and game mechan-
ics. The learning in games takes place when interacting with
the simulation through the game mechanics. The process
taking place with this kind of “learning by experiencing”
was formalized by David Kolb [9] as experiential learning
and originates from a constructivist view on learning, one
of the main advocates of a “learning by doing” approach as
opposed to instructions and explanations.

Kolb [9] built upon the constructivism theory of Jean
Piaget by introducing the concept of experiential learning:
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learning by making meaning of a direct experience. Kolb
sees learning as a circular process, where people continu-
ously update the ideas in their minds by what they experi-
ence. Based on their ideas (abstract concepts), people make
a decision what to do next (active experimentation), and the
outcome of that decision (concrete experience) is interpreted
(reflective observation) and can alter the ideas people have,
leading to new decisions, and so forth. This circular learn-
ing process is illustrated in Fig. 1. When interacting with
a game, this cycle is continuously repeated. The abstract
concepts influence how the player interacts with the game
(experiment), but the game (the experience) then influences
the abstract concepts the player has (after reflective obser-
vation). This is not only done by the simulation and game
mechanics, but also by the fictional world. When the same
simulation is used with an entirely different fictional world,
this might lead to entirely different ideas about what works
and what not, about what is good and what is bad.

In order to use the medium games itself as a learning in-
strument, as is the case with endogenous educational games,
a significant part of the educational content should be part
of the game mechanics. This means that the learning content
should be part of the same abstract concepts needed for play-
ing the game. The goals of the game can only be reached af-
ter the educational content has been understood. Hence, cer-
tain game behavior is required to learn the required knowl-
edge.

1.3 Explicitness and understanding

Leutner [10] found out that adding explicit messages in
the form of pregame tutorials and adaptive guidance sig-
nificantly improves the game-exceeding knowledge players
have about the subject domain (the domain knowledge). At
the same time, those players gathered less knowledge about
how the game itself worked (functional knowledge). What
Leutner did not look at, was how these different forms of
guidance changed the actual game behavior. Although the
domain knowledge improved, the question remains if that
was the accomplishment of the game, or if it were merely
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Table 1 Bloom’s taxonomy of the cognitive domain [2] (first three

levels)

Level Definition

Knowledge Student recalls or recognizes information, ideas,
and principles in the approximate form in which
they were learned

Comprehension  Student translates, comprehends, or interprets
information based on prior learning

Application Student selects, transfers, and uses data and

principles to complete a problem or task with a
minimum of direction

the texts in the game explaining the purpose of the game
mechanics.

An explicit educational purpose can directly influence
the abstract concepts which would normally have been con-
structed by the player themselves through experimentation.
And as Kolb [9] suggested, different abstract concepts lead
to a different active experimentation (see Fig. 1), or in the
context of gaming, to a different decision in the game world.
In other words, the explicit purpose changes the way the
players play the game, their game behavior.

There are different levels of understanding, which can be
categorized according to Bloom’s Taxonomy of the Cogni-
tive Domain [2]. The distinguished levels in Bloom’s Tax-
onomy are knowledge, comprehension, application, analy-
sis, synthesis, and evaluation. These levels go from shallow
knowledge (reproduction facts, ideas) to deep knowledge
(being able to criticize on what is learned). See Table 1 for
a definition of the first three levels. Comparing the taxon-
omy to learning via games, it is expected that those games
which include their subject matter in the game mechanics
(i.e., endogenous games) are more likely to lead to actual
comprehension of the subject matter, the second level in Ta-
ble 1. And in order to reach the game’s goals, the player also
needs to apply the acquired knowledge, the third level in Ta-
ble 1. The more game situations a user experiences, the more
the user will “learn by doing.” In contrast, it is expected that
explicitness will lead merely to knowledge of the subject
matter, the first level in Table 1.

1.4 Hypotheses

To estimate the quality of games as a learning tool, the fo-
cus has been on the learning results. By adding an extra
level of explicitness to the game, learning results greatly im-
proved [3]. But this can also mean that the explicit messages
themselves contain the learning content and that the game,
with all of its learning qualities, comes second. Adding an
explicit purpose to an endogenous educational game is ex-
pected to change the way the game is played, because an ex-
plicit purpose changes the abstract concepts the player has
about the game [9]. When the game behavior changes, the
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player will see different parts of the simulation which influ-
ences the comprehension of the game’s educational content.
This leads to the following hypotheses:

Hypothesis 1: For an endogenous educational game, an in-
crease in explicitness leads to a decrease in
explorative game behavior.

Hypothesis 2: An increase in explorative game behavior
in an endogenous educational game leads to
deeper comprehension of the subject matter
encapsulated within the game mechanics.

Hypothesis 3: More explicitness in an endogenous educa-
tional game increases the player’s factual
knowledge of the subject matter included in
the explicit messages.

To discover how the explicitness influences the game be-
havior and indirectly the comprehension of the educational
content, an endogenous educational game which teaches the
players about overfishing was developed (see Sect. 2). Two
different versions of the game were tested with children,
one with explicit messages and presented as an educational
game and one without those aspects. Section 3 describes the
methodology used to evaluate the two different versions of
the game and also shows in what way the explicit and im-
plicit version of the game differ. The results of the user test
can be found in Sect. 4. Section 5 discusses these results and
the implications thereof.

2 Game design: overfishing

We discuss the design of the game developed for this re-
search and explain why certain design choices have been
made. The name of the game is Vis B.V. (meaning “Fish
Inc.”), and the educational goal of the game is to teach play-
ers the basic mechanics behind the issue of overfishing.

2.1 Basic concept

The basic concept of the game is as follows. The player is in
charge of a fishing company and has to be the best company
by the year 2030 (starting in 2010), which is determined by
which company gathered the highest amount of money by
that time. The player controls the boat himself and can earn
money only by fishing. The fish stock in the game is lim-
ited, but fish reproduce over time. Fishing too aggressively
will leave the player almost without fish before the end of
the game, making it impossible to earn much money any-
more. Fish also need coral reefs and other fish species in or-
der to eat and reproduce. By destroying the coral reefs, the
fish reproduction comes to a halt, and fish might die from
starvation. Figure 2 is a screenshot of the game.

The player should find a good balance in his fishing be-
havior in order to achieve the maximum amount of money
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Fig. 2 Screenshot of Vis B.V.

in the end, but this insight requires him to comprehend the
workings of the ecosystem by observing what happens in
the sea. When the player ends up without fish, he should fig-
ure out a way to get his fish stock back to the original level,
which is by waiting (or skipping ahead in time) until the fish
have had the time to reproduce.

This game design is relatively novel, combining elements
of a resource management game with a direct input on the
fishing mechanics. Where many games either rely on high-
level management or quick reflexes with direct input, this
game combines both, urging players to find a balance in how
they fish instead of trying to achieve the maximum score as
quickly as possible.

2.2 Game design context

Certain aspects have to be taken into account when design-
ing the game. The game does not only need to be fun and be
able to communicate the educational content to the player, it
also has to be suitable for use in a research context.

To test the influence of explicitness, two versions of the
game were devised: an implicit and explicit version. The
fact that the game had to be playable with and without ex-
plicit guidance is an important factor in the game design.
The game has to be playable entirely implicitly, explain-
ing the mechanics of the simulation through interaction, but
also should remain challenging and interesting when explicit
messages are added.

The intended use of the game in a user experiment limits
the total duration of the game. Within a timeframe of about
an hour, the players do not only have to play the game, but
also get seated, instructed, and answer a post-game ques-
tionnaire. The actual time left to play the game is about half
an hour. Within that small period of time, the players need
to learn the game, play the game, and experience the simu-
lation enough to grasp the educational content. This means
that the game should be easy to learn and not overly com-
plex, but interesting enough to maintain attention for at least
thirty minutes.
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The target age of the game also influenced several design
choices. The game was designed for children between 8 and
12 years old. These ages were chosen because the players
should at least be able to read and be able to comprehend a
concept such as overfishing. At the same time, the players
should not be too aware of the issue of overfishing in ad-
vance, which would have been the case with older players.

2.3 Educational content

We outline the educational content that is embedded in the
game mechanics and fictional world. It is important to de-
fine what the exact learning content within the game is, even
though it is not the goal of this research either to learn things
with the game which are actually correct or to learn them
better than could be done through another medium or class-
room education. What is interesting about the educational
content is if the content that was intended to be learned from
the game has been learned in the end, and to what degree and
in what way.

Overfishing is defined in the Merriam—Webster dictio-
nary as “to fish to the detriment of (a fishing ground) or
to the depletion of (a kind of organism).” Overfishing does
not imply necessarily that fish species have to go extinct,
a change in the balance in an ecosystem is also considered
as a result of overfishing. Three different types of overfish-
ing are distinguished, being growth overfishing, recruitment
overfishing, and ecosystem overfishing [11].

Growth overfishing means that young fish (the so-called
recruits) are caught before they can grow to a reasonable
size, having an impact on the future growth of a fish popu-
lation. With recruitment overfishing, too much older fish are
caught, reducing the number of new fish (the recruits, hence
the name) which are produced. Ecosystem overfishing is the
most “soft concept,” compromising any type of overfishing
which changes a mature, efficient ecosystem to an immature
and inefficient ecosystem [11]. For example, fish species can
increase fast in number because of the decrease in number
of their natural enemies or fish species go extinct because
the fish species that serve as food are depleted.

Simulating these three types of overfishing properly re-
quires a complex simulated ecosystem, where fish grow to
a certain age, have a certain fertile period where they lay
or fertilize eggs, and at a certain point die of old age. Also,
coping with growth overfishing requires having nets of var-
ious mesh sizes, which lets the smaller fish escape, so only
the larger fish get caught. Although very interesting for sim-
ulation in an overfishing game for older players, within the
scope of Vis B.V. the mechanics of overfishing need to be
brought back to a couple of basic elements.

The following aspects of overfishing have been chosen to
be part of what the game learns to the player:

1. Growth overfishing: Balance between fishing and repro-
duction.

2. Recruitment overfishing: New born fish do not immedi-
ately reproduce, older fish are worth more money (and
are more attractive to be caught).

3. Ecosystem overfishing: Larger fish species eat smaller
fish species and need the smaller ones to survive. Smaller
fish species eat coral and need coral to survive. When
larger fish species are depleted, fish stock of smaller fish
grows faster.

4. Income vs. fishing: when fish gets depleted, income de-
creases. Fish needs to be available in order to gather in-
come on the long term.

The concept of overfishing will be simulated in a virtual
ecosystem and communicated to the player via the interac-
tions he can make with the ecosystem. How this works ex-
actly is explained later. First we look at how the player can
combine simple facts about the ecosystem to a larger com-
prehension about the entire simulation.

The knowledge in the game was categorized according to
Bloom’s taxonomy (see Sect. 1.3), which defines different
levels of comprehension. This was done in order to construct
a questionnaire later on. On the lowest level, the knowledge
level, there are simple facts about the simulation which a
player can know by just observing what happens in the fic-
tional world of the game. These are facts such as “Fish lay
eggs” and “Bombs destroy coral.” When the player observes
various facts, he can combine them to more complex con-
cepts, which lead to comprehension of the simulation behind
the fictional world. The combination of the facts “Larger
fish eat smaller fish” and “Fish die when hungry” leads to
the conclusion that “Larger fish species need smaller fish to
survive.” This comprehension of how the simulation works
can cause the player to adapt his game behavior, an applica-
tion of the knowledge. For example, he might decide not to
deplete the smaller fish species. The full typology of knowl-
edge included in Vis B.V. is shown in Fig. 3.

2.4 Core game mechanics

We give a broad overview of how the game works, from
starting the game to seeing the game completion screen,
which takes roughly thirty minutes. Each separate subsys-
tem is explained in detail in the following sections. In Vis
B.V.,, players catch fish and gain money for every fish they
catch. With this money, players can go to the shop and buy
upgrades for their boat which allows them to catch fish even
quicker. As the player is catching fish, the ecosystem goes
on as well. Fish eat and reproduce, and as long as the player
does not catch more fish than the ecosystem regenerates over
time, there will be fish in the sea.

The game plays out over twenty years, from 2010 to
2030. After each year, the game shows the position of the
player compared to the (virtual) competition. This position
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is based on the total amount of money the player has gath-
ered during the course of the game. The player does not need
to wait for the season to end in order to proceed to the next
year. In the shop, he can also choose for a “quick season
end,” which speeds up the simulation to the next season (the
boat will stay on the shore for the rest of the season).

2.5 Ecosystem

The central part of the game is the ecosystem, which is also
the part that contains the educational message of the game.
While playing, there is a continuously ongoing ecosystem
of different fish types which all need food to survive and lay
eggs in order to reproduce. All fish lay eggs after a certain
amount of time, but newborn fish first need to grow up be-
fore they start to lay eggs. Fish also get hungry after some
time and will then search for food. When they do not find
that food, they will die from starvation after a while. When
the player catches all the smaller fish, the bigger fish will

@ Springer

have no food, and hence they will die. When too many coral
reefs are destroyed, the smaller fish will be unable to sur-
vive. When they go extinct, the big fish will die as well. The
food chain is shown in Fig. 4.

The ecosystem is kept simple, with only four different
types of fish and coral reefs as the only food in the low end of
the food chain (see Fig. 4). This small size makes the ecosys-
tem easy to comprehend, while still maintaining the idea of
a working food chain where certain links can be removed,
disrupting the entire chain. There are two smaller fish on
the same level of the food chain, one of which is worth more
than the other. This allows the more tactical player to choose
to catch the more expensive fish, leaving the food chain in-
tact. In order to make it evident to the players what is hap-
pening in the busy ecosystem, the internal goals of the fish
are illustrated by icons which are shown above the fish. For
example, when a small fish is hungry, this is emphasized by
an icon of the coral reef.
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2.6 Fishing

In order to keep the game easy to learn in the short amount
of play time, one main fishing method was chosen, the fish
net. This net can be lowered in order to catch fish and can
be raised in order to get the fish in the boat and obtain the
money the fish are worth. Initially the player only has a small
fish net with limited capacity, too small to catch the largest
fish type. As the player upgrades the fish net, the size and
capacity increase.

There is one other fishing method, the bomb. The bomb
represents the dirty way of fishing: quick, efficient, but dam-
aging to nature. Bombs kill all fish in a large area, which will
then float upwards. The player only needs to move over the
fish in order to catch them, making it the easiest way to catch
a large amount of fish. But the bombs have a disadvantage:
they destroy the coral reefs, which the smaller fish need in
order to survive. Using bombs can disrupt the ecosystem, es-
pecially when many bombs are dropped in quick succession,
destroying coral reefs in a large area.

2.7 Items and upgrades

The player can spend the money he earns by fishing on vari-
ous items and upgrades for the boat. The players can choose
themselves when they want to upgrade their boat, so they
can first take their time to comprehend the basic mechan-
ics of the game. The items were chosen in such a way that
they allowed enough progression but could all be purchased
when playing decently over the course of half an hour. Addi-
tional functionality was considered, such as new boats and
fishing methods, but those could have made the game too
complex to be fully comprehended in the short available
play time.

2.8 Balancing

Balancing the fish reproduction in the ecosystem along with
the fishing of the player is an important aspect of the game.
When both are not balanced right, the game will not com-
municate the educative message. A good balance of the fish
stock should abide the following rules:

— When the player does not fish, the fish stock should not
grow exponentially. Instead, there should be a natural
ceiling in the fish stocks.

— The player needs some time to see the ecosystem working
before the fish stock decline by his fishing behavior.

— When the player upgrades his boat, it should be quite easy
to get in the negative spiral and depleting the fish stock.

— When the player stops fishing or skips seasons, the fish
stock should restore faster than it declined in the first
place.

— When players find a good balance in the amount of fish
they catch, the number one spot in the rankings should
be achieved while the number of fish in the sea stays at a
decent level.

2.9 Goal

The goal of the game as communicated to the player will
be to make as much profit as possible over the course of
a certain number of years. As should be the case in an en-
dogenous educational game, this goal can only be reached
in engaging with the underlying simulation. In the implicit
version of the game, it is never communicated that the fish
stock is of any importance, but while playing the game and
interacting with the fish stock, this should become evident to
the player. The way to become most profitable on the long
run will be by not depleting the fish stock.

Because making profit will give the player the ability to
buy upgrades for his boat, he will start fishing faster, and
it will become easier to deplete the fish stock. Spending in-
come does not divert from the goal, because the total in-
come will be the measurement and not the income minus
expenses. This was done to prevent the player from being
reluctant to spend money in the shop.

3 Methodology
3.1 Different versions

Two different versions of the game were made, an implicit
and an explicit version. The implicit version is the basic ver-
sion: everything that is in the implicit version is also in the
explicit version. The things added for the explicit version
are all regarding the textual representation. The game me-
chanics are exactly the same for both versions. As Leutner
[10] suggested, in order having the greatest influence on the
learning results, an explicit educational purpose should be
communicated through pre-tutorial texts as well as adaptive
advice throughout the game. This leads to the following dif-
ferences between the two versions.

The first difference is the opening text, which children
have to read before they start playing the game. The open-
ing text is short and outlines the basic goals of the game so
that children know what to do when they start playing. The
implicit text only tells the player to earn money, while the
other text explicitly mentions the environmental issues re-
lated to fishing. The explicit text does not literally explain
the mechanics behind overfishing, in order to still be able
to see whether they learned the actual mechanics from the
game or not.

Another difference between the implicit and explicit ver-
sion are the texts which are presented throughout the game.
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Table 2 Typology of game behavior

Characterization Description Measurement Exploration
Recovery One or more fish species got (nearly) extinct but Number of fish drops below the extinction Much
were back to their original population later in the threshold of about one fifth of the original number
game but is above this threshold again later in the game
Fish to zero One or more fish species got (nearly) extinct Number of fish drops below the extinction Some
threshold and stays below that threshold
Stable None of the fish species got (nearly) extinct, the None of the fish species drop below the extinction Little

fish stock was more or less stable during the game

threshold during the entire game

The explicit version will prompt a full screen message
(which shortly interrupts the game) depending on the behav-
ior of the player. When the behavior of the player is likely
to disrupt the ecosystem, this prompt will give the player a
warning pointing out the risks of the current behavior.

The messages are formulated in such a way that they do
tell the player he should alter his behavior, but not in such
a way that they will comprehend why exactly. For example,
the message about the coral reefs does not mention that the
small fish eat from the coral reef, nor that the bigger fish
need to eat the small fish to survive. Instead, it only men-
tions the eventual consequence, being that the fish might get
extinct when too much coral reefs get destroyed. This was
done so that the deep knowledge (on the application level
of Bloom’s taxonomy [2]) was communicated through the
game and not the explicit messages themselves. The mes-
sages also do not make it mandatory of the player to alter
his behavior. He is free to continue the way he was playing,
even though this might harm the virtual ecosystem.

3.2 Measurements

The game behavior measurements consist of a data log of all
relevant in-game actions by the player as well as data from
the ecosystem. The following metrics were derived from the
data log: number of items bought, number of boat upgrades
bought, average money on the bank (negatively related to
how much is bought), number of bombs purchased, number
of bombs dropped, and the number of quick season endings.
The last is a method to end playing a season, whilst the sim-
ulation quickly runs to the end of the season, giving the fish
stock a chance to recover. All these metrics are indicative of
active game play.

Endogenous games are expected to lead to deep compre-
hension if those aspects of the simulation are experienced
that relate to the subject matter. This was translated to the
case of Vis B.V. as follows: the player has explored most of
the simulation when the fish stock got nearly depleted and
then restored again to its original level. When that happens,
it is called the “recovery” fish stock characteristic. Some
players depleted the fish stock but did not recover from it.
This will further on be denoted as “fish to zero.” Players
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who did not deplete the fish stock at all, exhibited the “sta-
ble” fish stock characteristic. These three characterizations
along with how they are determined can be seen in Table 2.

To measure comprehension, a post-game comprehension
test was used. This was like a typical school test, with ques-
tions which have specific right and wrong answers. The
questions determine the comprehension of the game on the
first three levels of Bloom’s taxonomy of the cognitive do-
main (see Table 1). The comprehension test starts out with a
set of closed questions which determine whether the chil-
dren have correctly comprehended the different elements
and options in the game. These closed questions are used
to test the factual knowledge about the game, the first level
of Bloom’s Taxonomy. The comprehension test ends with
four open questions. Two questions are on the comprehen-
sion level of Bloom’s Taxonomy: do the players know what
happens in the ecosystem? The other two questions are on
the application level and ask the player about the best tac-
tics in certain situations. These questions should determine
whether a player understood the workings of the ecosystem
and if he is able to apply that knowledge in practice. The
open questions were scored on the occurrence of relevant
terms, using a predefined list of terms.

3.3 Hypotheses

These fish stock characteristics in Table 2 are used as an in-
dication of how explorative the game behavior was. Using
the three types of game behavior regarding the fish stock de-
velopment, fish to zero, recovery and stable, the hypotheses
from Sect. 1.4 can be redefined within the context of Vis
B.V.

Hypothesis 1: By adding an explicit purpose to Vis B.V.,
players are less likely to deplete the fish
stocks and show the “fish to zero” or “recov-
ery” fish stock characteristic and are also less
likely to destroy the coral reefs than players
who play the game without an explicit pur-
pose.

Hypothesis 2: Players who show the fish stock character-
istic “recovery” will have higher scores on
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Table 3 Mean (M) and standard deviation (SD) of comprehension scores (open, closed, and all questions) per version (explicit or implicit),

recovery (yes or no), and their interaction

Factor Closed Open All
M SD M SD M SD
Version
Implicit 6.19 1.36 0.88 1.13 8.19 1.16
Explicit 9.10 2.77 3.80 2.78 15.20 4.24
Recovery
Yes 6.88 3.22 4.50 2.65 13.75 5.69
No 7.50 2.17 0.89 1.05 9.61 3.31
Version Recovery
Implicit Yes 5.00 1.41 2.50 0.71 9.50 0.71
No 6.58 1.20 0.33 0.52 7.75 0.94
Explicit Yes 8.75 3.89 2.50 0.71 18.00 4.95
No 9.33 2.75 2.00 1.00 13.33 3.25

the open questions of the comprehension test
than players who show the other fish stock
characteristics.

Hypothesis 3: Players of the explicit version of Vis B.V. are
expected to score better on the closed ques-
tions than players of the implicit version.

3.4 Procedure

During the experiment, the children got to play either the
implicit or the explicit version of the game. The children first
got a short explanation of the content and procedure of the
experiment. It was emphasized that it was not a competition
and they could play at their own pace. They were also told
that it was important to read the text in the game and the
text on the main screen. After the setup and instructions,
the children played the game. After playing the game, they
answered comprehension test.

4 Results

The experiment was done with 13 children between the ages
8 and 11. Six of them were girls, and seven of them were
boys. Of these children five (one girl, four boys) played the
explicit version, and eight (eight girls, three boys) played
the implicit version. All participants were primary school
pupils, randomly selected from a regular after-school day
care facility.

4.1 Game behavior
Hypothesis 1 predicted that players of the implicit version

would show more explorative game behavior. This means
that players of the implicit version would more likely show

the “fish to zero” or “recovery” fish stock characteristic,
whereas players of the explicit version would be more likely
to show “stable” fish stock characteristics. We looked at the
number of times each of these fish stock characteristics hap-
pened for both versions of the game. A chi-square test shows
no significant (« = .05) statistic relation between the explic-
itness and fish stock behavior X2 =0.35, p=.850.Using a
t-test, the separate variables related to the fish stocks showed
no significant differences with explicitness either. Hence hy-
pothesis 1 is not confirmed.

A more detailed analysis made clear that the players of
the explicit version did however show differences on game
behavior variables which indicate more active game behav-
ior. They bought more items (t = 4.11, p = .006), bought
more boat upgrades (¢ = 3.16, p = .011), had less aver-
age money on the bank (r = —3.03, p = .014), dropped
(t =3.35, p=.016) and purchased (+ = 3.10, p = .018)
more bombs, and ended more seasons early in order to skip
to the next season and let the fish stock grow (f = 2.53,
p =.030).

4.2 Comprehension

The descriptive statistics of the comprehension scores per
version (explicit or implicit) and recovery (yes or no) are
shown in Table 3. The effects of explicitness and recovery on
comprehension scores were analyzed using a Multivariate
Analysis of Variance (MANOVA). The MANOVA results
are summarized in Table 4.

Hypothesis 2 predicts that players showing the recovery
fish stock characteristic have the best deep comprehension
of the simulation, which is measured by open questions. The
open questions showed a significant effect for both version
and recovery. Moreover, a trend was found on the interac-
tion of both. The explained variance for the open questions
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Table 4 Summary of multivariate analyses of variance of comprehen-
sion scores by version (explicit or implicit) and recovery (yes or no)

Variable F p

Closed Questions

Version 6.42 .032

Recovery 0.71 420

Version * Recovery 0.15 .706
Open Questions

Version 23.12 .001

Recovery 32.00 .000

Version * Recovery 3.92 .079
All Questions

Version 23.55 .001

Recovery 4.89 .054

Version * Recovery 1.01 341

was 87.40 % (R?> = .874). Hence, the players in the recovery
group, who have seen most of the simulation, scored signif-
icantly higher on the open questions than the players of the
nonrecovery group, who have seen less of the simulation,
which confirms hypothesis 2.

Hypothesis 3 predicts that players of the explicit ver-
sion would have better factual knowledge about the game,
measured by the true/false and multiple-choice questions
(the closed questions). The MANOVA of the closed ques-
tions, measuring factual knowledge, indicate they were in-
fluenced by the explicitness of the game: more explicit refer-
ences to the subject matter increased the scores on the closed
questions. This confirms hypothesis 3. Neither an effect of
game behavior nor an interaction effect was found. The to-
tal explained variance for the closed questions was 43.40 %
(R? = 434).

Finally, for all questions combined, a significant effect
was found for version, and a trend was found for recovery,
explaining 78.30 % (R* = .783) of variance. Explicitness
was of more influence than the fish stock characteristic re-
covery for the total score and closed questions. However, for
the open questions, recovery had a bigger influence. Even
though there was no relation found between explicitness and
recovery, both recovery and explicitness seem to positively
influence the open questions score. Age and gender seemed
of little influence.

5 Discussion

The results have confirmed two of the three hypotheses. The
players who showed more explorative game behavior (those
who have shown recovery) also showed better deep compre-
hension (H2), and the players of the explicit version had bet-
ter factual knowledge than the players of the implicit version
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(H3). The other hypothesis could not be confirmed. Hypoth-
esis H1 predicted that players of the explicit version would
see less of the simulation and show more “stable” fishing
behavior. Instead they fished at least as aggressively as the
players of the implicit version. When looking at their game
behavior, they showed to be the most active players, buying
and dropping more bombs (which can harm the ecosystem),
buying more stuff in general, and using more quick seasons
ends.

5.1 Interpretation

The most important result is that players who showed more
explorative game behavior also showed better deep compre-
hension. This confirms the idea that in an endogenous edu-
cational game, it is important that players get the chance to
explore the possibilities of the simulation. But the players
of the explicit version also showed significantly higher deep
comprehension than the players of the implicit version. This
suggests that explorative game behavior as well as explicit-
ness is of influence on deep comprehension. When looking
at the individual cases underlying these results, it shows that
the two best scoring children on the open questions both
played the explicit version and they both showed the fish
stock characteristic “recovery.” This could imply that when
explicitness does not limit a player’s explorative behavior, it
aids in comprehending what is going on in the game.

The results do not show a significant relation between
the level of explicitness and the player’s fish stock charac-
teristics. Players of the explicit version did not show more
“stable” fishing behavior, as opposed to what was predicted.
There are a couple of reasons why this might not have hap-
pened. First of all, the explicit educational purpose might
not have been emphasized enough. Players of the explicit
version who exhibit the “stable” fishing behavior, only get
to see a different text on the title screen. The other explicit
messages are only shown when they already have dropped
their fish below the “fish to zero” threshold. This message
might not have been enough to prevent them from fishing all
the way. A second reason could be that the game leaves play-
ers with too few options to explore after the boat has been
fully upgraded. The only “fun” things to do are fishing and
dropping bombs. Players of the explicit version used sig-
nificantly more quick season ends. This suggests that they
knew fish had to recover after fishing or dropping bombs for
a while. A third reason is simply the relatively small number
of participants, causing more subtle effects to stay below the
surface of any statistical test.

To be able to better test the influence of an explicit educa-
tional purpose on explorative game behavior, the educational
purpose should be more prominent, and the game should of-
fer more possibilities to explore, making it possible for the
players to obey the explicit messages, such as more sustain-
able fishing methods. But the question is whether such an
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approach is really desirable. Doing so, players of the explicit
version might be guided away from exploring the simulation
and will be pushed toward different parts of the game, while
the results of this research show that exploring and explic-
itness go hand in hand. When players get the explicit mes-
sages only after exploring a part of the simulation, as was the
case in Vis B.V,, they seem to be able to better interpret what
is going on in the simulation, while they still have to find
their own ways around the problem and have to adapt the
game behavior themselves. This interaction effect between
explicitness and explorative game behavior was partly con-
firmed as a trend.

Even though explicitness did not influence the fish stock
characteristics, the players of the explicit version were more
“active” players. This could have happened because the ex-
plicit educational purpose made the players more confident
to explore the various aspects of the game. Another reason
could be that the opening text of the explicit version told
them that they should not only fish. Therefore, they might
have looked more at what else there is to do in the game,
such as buying boat upgrades. After that, it is easier to come
in a negative spiral, which might also explain why players
of the explicit version eventually dropped their fish stocks
below the “fish to zero” threshold.

The other important result of this research, a reconfirma-
tion of Leutner [10], is that the explicit purpose also helps
players identify what is going on in the simulation on a lower
level. Players of the explicit version were better at identi-
fying that fish eat each other, that the smaller fish eat the
plants, and that dragging the fish net can damage the plants.
This also made them better at understanding the icons in the
game, indicating what the fish is about to do. Some of these
concepts were explicitly mentioned in the explicit messages,
but the link with the icon was made by the players them-
selves. Hence, they did not only reproduce the information
after reading about it, but also made the link with what was
happening on the screen.

5.2 Implications

Leutner [10] already discovered that an extra level of explic-
itness gives players the necessary guidance to comprehend
what is going on in the game on a basic level. The results
showed that this leads to more shallow knowledge about the
game, as was predicted in the hypotheses. But more explic-
itness was also related to the way the game was played, with
the players of the explicit version using more of the game
its basic functionality. Players of the explicit version were
more active players.

Players, who show more explorative game behavior, also
have better deep comprehension. The best deep comprehen-
sion was found by players who both showed explorative
game behavior and played the explicit version of the game.

This implies that when adding an explicit educational pur-
pose to a game, it is important not to limit the player’s explo-
rative behavior. The content of the explicit messages should
be limited to the first level of Bloom’s Taxonomy, explaining
what is possible but leaving the application of the knowledge
to the player to find out. This way, the explorative behavior
and the explicitness can go hand in hand. The explicit mes-
sages should act more as a guide than as an explanation,
showing where problems could lie instead of offering the
solutions. This way, they help building the abstract concepts
which are so important for experiential learning [9], instead
of overriding them with information not grounded in con-
crete experiences.

When designing and evaluating educational games, it is
important not to focus only on the educational results, but
also on the way the game is played. As Hostetter [7] notices,
“It is easy to evaluate drill and practice software because the
teacher can easily see that the content has been taught. How-
ever, this will bore the students and is no better than a work-
sheet.” He suggests that a new generation of children who
are growing up with advanced computer games need new
ways of learning because of the cognitive skills these chil-
dren have developed through gaming. By not only looking at
the comprehension but also at how the game is being played,
it should be possible to discover whether the learning really
took place through the game, or only through the textual in-
formation many educational games rely on. When one wants
to use an experientialist approach to learning, it is important
to know that the knowledge really is constructed while expe-
riencing the game. By developing good ways to characterize
game behavior and by using the data from the game itself,
it is possible to relate the game behavior to the knowledge.
This can be used to see what has been learned through the
game and what is knowledge constructed in another way.

5.3 Conclusion

The research on educational computer games has been fo-
cused on learning performance, resulting in studies find-
ing the obvious: adding text and explanation to educational
games makes it easier to transmit the message [3], and by
adding fun mini games unrelated to the educational con-
tent, the players find the game more engaging [1]. And while
these can be useful changes, in order to fully utilize the ed-
ucational potential of games, it is important to look at how
the game itself can be used, instead of focusing solely on the
outcomes.

This study compared the effect of explicitness on the way
children play an endogenous educational game. It showed
that the level of explorative game behavior influences the
deep comprehension of the subject matter. Adding a level of
explicitness to the endogenous educational game does not
necessarily limit explorative game behavior and can even
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contribute to the deep comprehension. This study showed
a method for finding the right level of explicitness for an
endogenous educational game, leading to optimal learning
results and supporting the players in their explorative be-
havior.

Open Access This article is distributed under the terms of the Cre-
ative Commons Attribution License which permits any use, distribu-
tion, and reproduction in any medium, provided the original author(s)
and the source are credited.
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