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Abstract

This paper describes the work conducted to develop a game in Virtual Reality to teach Organic
Chemistry. Other educational games were analysed to identify their strengths and weaknesses and the
importance of games and Virtual Reality technologies in education were studied to obtain guidelines
on how to approach the implementation of this game. The manipulation of objects was also studied
because it is extremely important in Virtual Reality and it takes a central focus in this game because
the player will be manipulating atoms and molecules. To help with this component, the Leap Motion
sensor was used alongside the HTC Vive. The game development, which includes mechanics and
gameplay, was done in three iterations. Two tests were performed at the end of the first two iterations,
one test per iteration, and a final test was performed at the last iteration with high school students.
The results showed that the approach of using VR is viable for teaching Organic Chemistry.
Keywords: Virtual Reality, Organic Chemistry, Manipulation, Leap Motion

1. Introduction
There are more and more educational games that
can have an impact in several fields of studies. How-
ever, it is not easy to create a good educational
game, because it needs to have a balance between
two aspects, teaching and entertainment, in order
to have a game that has greater chances to achieve
its goals. Virtual Reality is also being taken into
account since it provides a platform where learners
can be fully immersed in a virtual world allowing
them to perform actions that they couldn’t do in
real life.

This project aims to improve and complement the
traditional methods of teaching Organic Chemistry.
With Virtual Reality, it is possible to create a game
that adds interactivity and immersion to the tradi-
tional methods, thus enabling the students to better
understand the more difficult subjects. This tech-
nology comes with the challenge of how the interac-
tion with objects should be performed. To help with
this aspect, this project also makes use of the Leap
Motion which tracks the user’s hands, enabling the
use of the hands to perform the manipulations in
the virtual world.

2. Background
2.1. Domain
The domain present in the educational game that
was developed focus on the basic knowledge that a
high school student should acquire about Organic
Chemistry. This knowledge consists on information
about the organic molecules, their nomenclature,
structural drawings, 3D structure, class and for-

mula.

2.1.1 Discipline topics

Since the target audience of this project are high
school students it was necessary to know and un-
derstand what is taught in high school about Or-
ganic Chemistry . From this initial research the dis-
cipline topics focus on the bonding, structure and
nomenclature of organic molecules, the fundamen-
tal groups, isomerism, organic bases and acids and
reaction mechanism. These are the overall goals in
Organic Chemistry courses, however they will not
all be learning objectives in the game that will be
developed. This will be further explained in the
Implementation section.

2.2. Virtual Reality and Games in Education
To understand how Virtual Reality can be used in
education, it is necessary to understand how hu-
mans learn and improve their skills and capabilities.
According to the constructivist theory by Piaget a
person learns in real life by doing and improves his
skills through practice on realistic tasks, meaning
that there must be active learning to have improve-
ment. Since humans learn by having experiences
and by interacting with their environment, Virtual
Reality becomes a clear choice to create educational
games. When creating a VR game or tool, there are
three aspects to consider: immersion, interactivity
and multi-sensory feedback [1]. Immersion means
being enveloped or surrounded by the environment
and the key benefit of this component is that en-
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sures the feeling that one is really in the virtual
world. Interactivity is the ability to control events
in the virtual world using one’s body movements
and having the world generate responses to them,
and multi-sensory feedback allows the simulation
to be more believable and engaging because the in-
formation is derived from several senses making it
more redundant which reduces potential ambiguity
and confusion. These features make VR a great op-
tion to use in educational games, because it means
that a student can be put in a depicted world, in-
teract with it, generate solutions to problems pre-
sented and have responses from the world to those
actions, all within a safe environment.

There are studies that show that games have a
positive impact in changes in perception, attention
and spatial cognition. From the results of those
studies, we can assume that games can have an im-
pact in teaching, but creating an useful and fun
educational game is not an easy task. There must
be a balance between the educational purpose and
the entertainment aspect for the game to improve
learning and be engaging at the same time. Ki-
ili [5] proposes a model that links gameplay with
experiential learning to facilitate flow experience.
The base of this model are the challenges based on
educational objectives provided in the game, and
through a cycle of attempts of the player and feed-
back from the game, active experimentation is in-
duced. From this, it is possible to see a parallel
between this model and the constructivist theory.

There are 5 strategies to design Virtual Reality
Learning Environments [3] that one can use. This
paper will focus on problem based learning which
is a learner-centered approach. It allows students
to observe the simulated situation, motivate them
to learn and solve problems adequately through the
immersive interactive environment [3].

2.3. Chemistry games and applications

Most chemistry games, that exist to date, are more
commonly card games or boardgames. There aren’t
many video games that focus on Chemistry, there
are more applications and tools. The main applica-
tions and games analyzed and the conclusions taken
from them are:

• Groupica[2] (game) - shows how to correlate
elements to their group families;

• Elemental Periodica[2] (game) - uses the infor-
mation about an element for the players to find
out what element it is and what is it’s name;

• MolyPoly[7] - depicts how gestures can be used
to interact with molecules with the help of a
manipulation panel.

2.4. Objects manipulation in Virtual Reality

The interaction with objects within the virtual
world is an important issue to tackle, it has a di-
rect effect in the immersive feeling of the virtual
environment, thus impacting the whole experience.
In the game developed, the interaction with objects
(atoms and molecules) is extremely important, and
for that reason it is necessary to understand how
to manipulate objects in a virtual world. The most
important aspect to implement this component is
the technique that should be used.

2.4.1 Manipulation techniques

There are several techniques that can be used for
manipulating objects but one aspect that they all
must have is that they should provide the means to
accomplish at least one of the three basic manipula-
tion tasks: object selection, object positioning and
object orientation. Poupyrev and Ichikawa created
a taxonomy which categorizes the different methods
of virtual objects manipulation available at the time
by analyzing their characteristics[4]. They defined
two major metaphors for the techniques: exocentric
and egocentric. In this project the focus will be on
the techniques from the egocentric metaphor.

Although there are many techniques used for ma-
nipulation of objects, there are two major cate-
gories: Virtual hands - provides direct manipulation
capabilities by resembling the user’s real hand in a
virtual space. This method is intuitive and natural
due to the direct control of objects based on analo-
gies from the real world, but the user is restricted
to the physical reachable area around him; Virtual
pointers - can expand the reachable area by allow-
ing the user to cast a ray at a distant object that
enables the user to pick it, grab it and interact with
it. Because of the ray cast, this technique requires
relatively less effort to perform any manipulation
to the object. Although this is an easier technique
to use and more efficient, it can be subjected to
inaccuracy due to hand jitter and the Heisenberg
effect1.

Figure 1: Example of a classical virtual hand

For this project, the classical hand will be mostly
used for the manipulation of objects, since they will

1http://www.businessdictionary.com/definition/Heisenberg-
effect.html [accessed: 28/12/2017]
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all be close to the players, and he won’t have a large
space to move around on.

2.4.2 Feedback

One important aspect regarding the manipulation
of objects in Virtual Reality is the feedback that
is given to the player when he performs different
actions in the virtual world. The best type of feed-
back that can be used in a VR game or application
is haptic feedback, which allows the user to have
the sensation of touching a virtual object by simu-
lating some features of the object such as: hardness,
weight, inertia, surface contact geometry, smooth-
ness and slippage. However, the hardware that was
available to use in this project didn’t have haptic
feedback, making it necessary to find an alternative
whose results should be as close as possible to the
results of using haptic feedback.

Most games and applications rely on visual and
auditory feedback which, comparing to haptic feed-
back, are a low-cost type of feedback. The visual
and auditory sensorial channels have a one-way,
information-only flow, which means that they only
collect and analyse information coming from the en-
vironment but have no interaction with it. Also,
these two senses are allocated to relatively large ar-
eas in the sensory cortex, suggesting that visual and
auditory displays have the potential of presenting
haptic feedback with good results [6]. For this rea-
son, the chosen replacement for haptic feedback was
the combination of auditory and visual feedback.

3. Implementation
3.1. Idea
After researching and also talking to a high school
Chemistry teacher, the defined domain of the game
includes the nomenclature, structural drawings and
functional groups of organic molecules.

The several parts of the domain are integrated
in the different game modes available on the game.
There were two main game modes defined which
were the Normal and the Speed Run modes. Both
use the domain in its full scope, meaning that they
have different types of challenges related to each
part of the domain. These game modes will be de-
tailed in section 3.1.3. There were also four sub
game modes that focus on the different types of
challenges that the game has, which means that
each mode only presents one type of challenge.
Therefor these sub game modes are Build, Com-
plete, Transform and Multiple Choice. These types
of challenges will be described in section 3.1.2

The game mechanics used in all the game modes
are the same, making it easy for the player to switch
between modes without having to adapt to differ-
ent mechanics. The player can create molecules by
connecting the atoms and manipulate the created

molecules.

3.1.1 Learning goals

One of the most relevant components to define are
the learning goals which must clearly define what
the users should learn about the domain through
the game. This means that the game must provide
the means to reach the learning objectives. The
final learning goals defined are:

• Recognize and name the major functional
groups (hydrocarbons, carboxylic acids,
haloalkanes, alcohols, aldehydes and amines)

• Recognize the functional group a molecule be-
longs to

• Know the nomenclature of the molecules

• Correlate molecular structure with the nomen-
clature

• Correlate conventional drawings of molecular
structures with their 3D structure

3.1.2 Challenges

There are four different types of challenges that
the player is faced with, which are: Build
molecule from scratch knowing some infor-
mation about it (Build) - the player has to con-
nect the atoms to build the molecule with only a
piece of information about. This information can
be anything about the molecule, it can be the struc-
ture, the name, the functional group it belongs to or
the formula; Complete a given molecule know-
ing some information about it (Complete) -
this challenge is very similar to the Build chal-
lenge, the difference is that instead of building the
molecule from scratch, the player has a partially
built molecule that he must complete, considering
the information that is given; Multiple choice
question (Multiple choice) - in this challenge the
player has to answer a question about the molecule
that is placed in front of him. The question has
3 possible answers and the player has to look at
the molecule and figure out what the correct an-
swer is. Transform a molecule into another
(Transform) - for this challenge, the player is faced
with a complete molecule and information about
the molecule that he must achieve. The objective
is to transform the given molecule into a molecule
that corresponds to the information that is given.
This information can be the name, the functional
group, the formula or the structure of the intended
molecule.

One of the things that was discussed with the
Chemistry teacher were how the exercises applied in
this subject solidify the concepts that the students
learn. It was clear that the same type of exercise
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can be used for different concepts. This means that
the same challenge can be used for different learning
objectives, making them versatile.

3.1.3 Gameplay

As it was previously said, there are two main game
modes, Normal and Speed Run, that use the do-
main in its full capacity.

The Normal mode is a slow-paced game mode and
focus on the player having time to learn and absorb
the knowledge. In this mode, there are 50 levels and
each level has different challenges. The difficulty
for this mode increases according to the number of
learning objectives the level tackles. The first 20
levels tackle a distinct learning objective at a time,
meaning that there are 4 levels per learning goal.
The order of the learning objectives is equal to the
order in which the students learn the different con-
cepts in class. The next 15 levels mix two learning
objectives and the last 15 levels mix three learning
objectives. Besides this evolution, the challenges
within each level also get increasingly difficult with
what they ask the player to do.

The Speed Run mode is a fast-paced game mode
and it emulates a quiz, where the player has a time
limit to complete all the challenges he is faced with.
In this mode, there are 10 levels, each level with 5
challenges that the player must solve as fast as they
can. All the levels tackle a distinct learning objec-
tive at a time, meaning that there are two levels
per learning goal. The first level of each learning
goal has easier challenges and the second level has
harder challenges. This means that the difficulty
for this mode isn’t has high has the Normal mode,
particularly for the levels.

3.1.4 Scoring System

The scoring system of the game is based on two
measures: number of attempts and number of
moves.

In the Normal mode, the skill of the player is mea-
sured in number of moves for the challenges Build,
Complete and Transform because these challenges
force the player to manipulate the atoms and inter-
act with the molecule to solve them. For this rea-
son, it makes sense to count the number of moves
that the player performs until he reaches the de-
sired molecule. For a Multiple Choice challenge the
player is rated by the number of attempts he makes
until he selects the correct answer.

In the Speed Run mode the skill of the player is
measured only in time, since the only thing that
matters is how fast the player can finish all the lev-
els.

3.2. Technical implementation
The game was developed in three iterations: the
first one focused on implementing the core mechan-
ics, the second was needed to improve some of those
initial mechanics, and finally, the third one had the
main objective of implementing the gameplay com-
ponents (levels and challenges) and some extra ele-
ments.

One of the most important aspects implemented
in this stage was the relationship between an atom
and a molecule as objects in the game 2. When
two atoms are connected, a bond is created between
them and a molecule is formed. Every molecule has
a pivot, which is a gear that is used in the manipu-
lations techniques to help the play interact with the
molecules. The position of the pivot is the mean of
all the atoms position with an offset on the x axis,
which means the pivot appears always to the right
of the molecule.

Figure 2: Example of a molecule (the pivot is repre-
sented by the smallest red sphere).

3.2.1 Core mechanics

The core mechanics were implemented in this stage,
which are connecting atoms, translating and rotat-
ing molecules. For connecting atoms, there were
two methods implemented, one that was based on
distance and another that was based on touches.
The method based on touches (nicknamed Tapping
method) consisted on grabbing two atoms, one in
each hand, and touch the atoms together. Each
time the atoms touch each other, while the player
is grabbing them, the type of bond increases, from
single to triple bond. When it reaches the triple
bond and the atoms touch each other again, it cir-
cles and goes back to a single bond. The technique
based on distance starts the same way as the Tap-
ping method, but after the atoms touch each other
once, the player has to define the bond he wants to
create by moving the atoms away or closer to each
other. The closest the atoms are, the stronger is the
bond type and the farthest the weaker is the bond.

To move the molecule into a different position,
the player could use two different ways. One
method was to grab one of the atoms of the molecule
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and move it to the desired location and the rest
of the atoms would be dragged along. The other
method was to grab the pivot with his left hand,
and move it, which would make the whole molecule
move without losing its shape.

There were three different rotation methods im-
plemented:

• Automatic rotation - the player grabs the pivot
of the molecule with his right hand and define
the axis around which the molecule should ro-
tate with his left hand. He can set one of two
axis, the X-axis and Z-axis, through two dis-
tinct hand gestures which vary according to
the method being used (showed in figure 3).
After the pivot is grabbed and the axis set, the
molecule rotates on its own.

• Rotation with wrist control - the player also
needs to define the axis around which the
molecule should rotate through the same ges-
tures shown in the figure 3. The rotation of
the molecule is controlled by the rotation of
the right wrist, this means that the player has
to grab the pivot with his right hand and while
grabbing it, he must rotate his wrist to rotate
the molecule.

• Rotation with atom - the player has to grab the
pivot with his right hand and grab one atom
of the molecule with his left hand, and then he
has to move the atom around what would be
the centre of the molecule. When he begins to
move the atom, the pivot moves to the centre
of the molecule. This way the player has a
visual reference of where it is, making it easier
to understand how he must move the atom to
rotate the molecule around the central point.
As the atom is moved around the pivot, the
whole molecule follows its movement, making
it rotate around the pivot.

Figure 3: Hand gestures for setting the rotation axis
(each method is represent in each row).

From the results of the testing phase of the
first iteration, the conclusion was that the pre-
ferred technique to connect atoms was the Tap-
ping method and that for translating a molecule,

both techniques were adequate for different scenar-
ios. Two of the rotation techniques implemented,
Rotation with Wrist Control and Rotation with
Atoms, needed to be improved but they were the
most preferred methods. Although the users chose
the Automatic Rotation has their preferred tech-
nique, the most of them mentioned that they only
picked it because it was the one that was working
with less problems, not because they liked it better.
For this reason, the Automatic Rotation method
was discard, and the focus on the second iteration
was to improve the other two techniques and test
them again.

3.2.2 Gameplay

The gameplay components that were implemented
consist on the levels, which include all the different
challenges, and the ranking and evaluation systems
of those challenges. One objective was to create the
levels in a flexible way, allowing for easy changes
in them without tempering with the code. This
was made through text files that are parsed by the
system and that can be easily changed. They have
a specific structure that must respected in order to
be loaded correctly.

The challenges have their own specific name that
must be used. Each challenge has it’s own struc-
ture because each has different components that
have to be provided, as it is shown in the figure
4. These structures must be respected for the level
to be loaded with no problems.

1 : multiple choice >What is the name of the
molecule?>CH4>a

>a.CH4
>b.CH3COOH
>c.C2H6;

2 : build>2-methylbutane
complete>alcohol& 2-propanol >propane;

3 : complete>alcohol >butane;

4 : transform>methane >haloalkane;

Figure 4: Example of tasks with their specific structure

For some of the challenges it is necessary to
present a molecule to the player, and for this rea-
son, the game needs to have a database with the
molecules that should be loaded in those tasks. The
database is a collection of text files, each of them
correspond to one molecule, which has several in-
formation about the molecule such as: the position
it should appear, the different atoms that it has and
the bonds that exist between the atoms.

Checking challenge completion
Besides those type of files, there are also another

type that represent a molecule only through the
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bonds that it has (figure 5). This type of files is used
to compare molecules with each other and those files
are used to check if the player completed a task
correctly, specifically a Complete, Build or Trans-
form task where they have to assemble a specific
molecule.

Carbon-2-Oxygen

Carbon-2-Oxygen

Figure 5: Example of file used to compare a molecule
to another

The way this comparison is made is through the
bonds that the molecule created has, since that is
the information that is stored in these files. Be-
cause they are text files, the simplest way to com-
pare it with the created molecule, is to have a string
with the same information about all the bonds the
molecule has. Then the comparison is made be-
tween the text file and that string.

The evaluation of the Multiple Choice task is
more direct since it is only necessary to check if
the answer that the player chose is a match to the
correct answer provided in the task description.

Scoring system

In this phase of development, the two types of
scoring of the different tasks were implemented. As
in was explained in section 3.1, these types of rank-
ing are Number of Attempts and Number of Moves.

The Number of Attempts is only used with the
Multiple Choice tasks, so the point system is spe-
cific to this task. This correlation is: First attempt -
3 points; Second attempt - 2 points; Third attempt
and up - 1 point;

For the Number of Moves, it was necessary to de-
fine what should be considered a move. The actions
that are counted as moves are bonding two atoms,
breaking a bond, picking a new atom, throwing a
molecule or an atom to the trash and remove all
molecules or all atoms from the scene. To get the
maximum points, the player must solve the task
with the minimum moves necessary which depends
on the molecule he needs to complete, build or
transform and the starting point of the task. For the
Complete and Transform task, the starting point is
the partial molecule that is placed in front of the
player, and for the Build task, the starting point
is empty. For this reason, the minimum number of
moves is defined at the start of each task, because
the value depends on the specifications of the chal-
lenge.

The figure 6 shows how the points are given ac-
cording to the number of moves the player makes
to solve the task.

Step 1 - # Minimum Number of Moves
Step 2 - # Minimum Number of Moves + 3
Step 3 - # Minimum Number of Moves + 6

# Number of moves = Step 1 - 4 points

Step 2 >= # Number of moves >Step 1 - 3 points

Step 3 >= # Number of moves >Step 2 - 2 points

# Number of moves >Step 3 - 1 point

Figure 6: Correlation of the number of points the player
receives with the number of moves he makes.

Due to a tight schedule between the beginning
of the final testing phase and the final decision on
how to distribute the points for this scoring method,
it wasn’t possible to fully implement the calcula-
tions necessary to automatically obtain the mini-
mum number of moves for each case. They had is-
sues, where the resulting value of minimum moves
didn’t correspond to the actual value, due to the
way the required information is obtained. For this
reason, for the final tests the minimum number of
moves of each task were hard coded, in order to
have both scoring methods tested.

Audio and visual feedback
Audio and visual feedback were extremely impor-

tant in this project to compensate the lack of haptic
feedback.

The first visual feedback added was an yellow
outline to the atoms that it is displayed when the
player grabs them. It was also added an extra out-
line in red to indicate when the player couldn’t con-
nect two atoms together. This red outline appears
when a player touches two atoms together where at
least one of them doesn’t have anymore available
bonds to make. It was also implemented a rep-
resentation of the number of bonds that an atom
can make. These are represented by small spheres
around the atom, and each time the player makes
a bond with that atom, the correspondent number
of spheres disappears.

Lastly, for audio feedback there were different
sounds played for different actions. The actions
that had audio feedback were: when an atom is
grabbed, when the atoms touch each other while
the player is grabbing them, when a bond is formed,
when a bond is broken, when something is thrown
in the trash, and when a button is pressed.

4. Results
In the final test the user was asked to perform
several tasks and then fill a questionnaire. The
challenges the user had to perform were to com-
plete the tutorial and also the Normal game mode.
This game mode was thought out to have 50 dif-
ferent levels, but for these tests, it was reduced to
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Figure 7: Snapshots of the final version of the game
(left - from the Tutorial; right - from the Normal game
mode)

Figure 8: Snapshots of the final version of the game
(both from the Normal game mode)

4 levels. These 4 levels are detailed in the figure 9
which shows the challenges they had and the learn-
ing goals they tackle.

Level 1 (Know the nomenclature of molecules)
Challenge 1 - Build a CH4 molecule
Challenge 2 - What is the name of the molecule?

(2,2-dimethylbuthane)
Level 2 (Correlate conventional drawings of molecular
structures with their 3D structure)

Challenge 1 - Complete the molecule knowing it’s
structure (2,2-dimethylbutahne)

Challenge 2 - Build the molecule from the structure
(CH3COOH)
Level 3 (Recognize the functional group a molecule be-
longs to and knowing the names of functional groups)

Challenge 1 - Transform the molecule into a
haloalkane.

Challenge 2 - Complete the molecule knowing it is
an alcohol
Level 4 (Correlate molecular structure with the nomen-
clature)

Challenge 1 - Transform the molecule into a 3-
methylpentane.

Challenge 2 - What molecule is this? (Ethylene)

Figure 9: Correlation of the levels with the learning
goals.

The challenges used in the test were shown to a
high school chemistry teacher to make sure that the
content of the challenges was correct.

4.1. Users Sample
This test was performed by 25 users, 8 were high
school students ranging from 16 to 18 years old,
and the remaining 17 were college students ranging
from 18 to 26 years old. The high school students
were from the 11th grade and they had Organic
Chemistry lessons in the previous school year, which
means that they had knowledge about the domain
that they had learned recently. The college students
hadn’t been in contact with any aspect about Or-

ganic Chemistry for several years, so they didn’t re-
member most of the subjects that were approached
in the game. For this reason, while they were per-
forming the test, they had a printed sheet available
to them with general concepts explained that they
needed to know to solve the challenges.

4.2. Problem description

In order to understand if the game created fulfils its
main objective, the results of the tests need to show
three different points. One is that the students can
easily manipulate the atoms and perform the tasks
with ease. Two is that they have fun while they are
enhancing their knowledge on Organic Chemistry.
And finally three is that the content is accurate to
what it is taught in schools. Another relevant as-
pect is that the tests should show that the levels
can be easily changed by the teachers according to
what they want the students to practice.

4.3. Experimental method

On this test, the logging technique was used to
record information concerning each challenge and
level posed to the user. The number of moves, the
number of attempts and the points that the user
made in each challenge since they were the meth-
ods used to attribute a score to the user.

The questionnaire used was based on the Game
Experience Questionnaire (GEQ) 2 and the VR
Sickness Questionnaire 3, but it also had 3 more spe-
cific questions about the challenges and 2 questions
about the scoring methods. The questions about
the challenges were made regarding each type of
challenge that the user had to tackle: Build, Trans-
form, Complete and Multiple Choice. They asked
the user to rank in a linear scale how much did he
like to use them, how much fun they were and how
interesting. The questions about the scoring meth-
ods asked the users how fair the methods were and
how pressured they felt using them.

4.4. Logs

The number of moves and attempts that the users
made to solve each challenge were compared to the
respective optimal number of moves and attempts.
The optimal number of moves corresponds to the
minimum number of moves to solve a challenge, and
the optimal number of attempts is always one.

From the results of the analyses of the number
of moves and number of attempts (figures 10 and
11), it is possible to say that the high school stu-
dents had an overall better performance than the
college students. This was expected because the
high school students had learned Organic Chem-

2https://pure.tue.nl/ws/files/21666907/Game Experience
Questionnaire English.pdf [accessed: 7/10/2018]

3http://w3.uqo.ca/cyberpsy/docs/qaires/ssq/SSQ va.pdf
[accessed: 7/10/2018]
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Figure 10: Results of the analyses of the number of
moves and number of attempts recorded on levels 1 and
2.

Figure 11: Results of the analyses of the number of
moves and number of attempts recorded on the levels 3
and 4.

istry very recently while the college students had
not, meaning that they were more prone to make
mistakes while trying to solve the challenges and
needing to start over.

The expected difficulty in each challenge was
fairly close to the actual difficulty displayed by the
users. However, there were some challenges were
issues with the implementation caused big values
that could have been much lower had those prob-
lems not existed (they are further explained in sec-
tion 5). For this reason, the users were forced to
restart the molecule, being careful not to join two
molecules, and thus making a lot more moves than
what was expected.

4.5. Questionnaire

From the analyses of the section of the question-
naire about Game Experience (figure 12) , the con-
clusions are that the users had a positive experience
with the game. They felt immersed in it and they
felt skillful while playing it. This can indicate that
the mechanics implemented helped in making the
users feel competent. Another important aspect is
the game flow, which had high values, meaning that
the users felt that the game had a smooth progres-
sion.

The Challenge aspect of the game had the low-
est scores which isn’t necessarily a bad sign. These

Figure 12: Results of the analyses of the GEQ section
of the questionnaire.

values aren’t surprising because the challenges are
based on Organic Chemistry and they aren’t very
complex, which means that anyone with a basic to
moderate level of knowledge on this subject can eas-
ily solve the challenges. Given that the high school
students had had revisions on the domain prior to
the test, and that the college students had informa-
tion about the subject available to them, it is rea-
sonable that the game wasn’t considered extremely
challenging.

The Post-Game module results also indicate that
the overall experience was positive, with little neg-
ative aspects and tiredness from the users.

Figure 13: Results of the analyses of the VR Sickness
section of the questionnaire.

The VR Sickness assesses two components which
are nausea and oculo-motor (figure 13). The results
of both components show that the users felt almost
no discomfort after they finished the test.

4.6. Observations
All the high school students had fun while playing
the game, some of them even said it at the end of the
test. They also seemed focused on solving the chal-
lenges and were concentrating on finding out the
answer without any help. Most of the users from
the college sample had fun and enjoyed playing the
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game. Some of them were really focusing and try-
ing to find out the correct answer by themselves
without any help, except from the information that
they had available to them. Half of the users men-
tioned at the end of the test that the game made it
more fun to learn about this subject compared to
the traditional method.

4.7. Interview to a Chemistry teacher
In order to have the point of view of a teacher,
an interview was made to a high school chemistry
teacher.

Q: What advantages and disadvantages the game
has comparing to the traditional teaching methods
on Organic Chemistry?
A: It’s more appealing to solve the exercises
through the game than through paper and pencil,
however it requires more time to solve them.

Q: How would you use the game in a class about
Organic Chemistry?
A: In a classroom, it is possible to have 30 students
simultaneously. If the game is used in a laboratory
class, there can be 15 students at maximum. We
would have to have the necessary equipment to have
all those students playing the game at the same
time. If the school has a room with all the required
equipment, it makes the process easier.

Q: Does the game help to approach Organic Chem-
istry in a more entertaining way?
A: Yes. Without a doubt, it is a good method to
cement the knowledge in a fun way.

By analyzing the answers given by the teacher,
the game might be a good tool to be used in the
classroom to help teach Organic Chemistry, since
it might be able to bring fun and entertainment in
learning the subject.

5. Conclusions
5.1. Results
The most important achievement present in this
work is the creation of a functional educational
game which is fun and entertaining to play. Al-
though it was only implemented a small version of
the Normal game mode, all the proposed mechan-
ics in the concept were implemented as well as the
most crucial audio and visual feedback. The levels
and the different challenges were implemented as
they were thought out with the additional flexibil-
ity, which wasn’t tested with users, but it enables
them to change the challenges as they see fit. This
would be used by the teachers, so that they could
change the levels and challenges according to what
they were teaching in each class.

The results obtained were overall very good. All
the users enjoyed playing the game, and it was vis-
ible the potential the game as in a class room envi-
ronment and the impact in learning Organic Chem-

istry, particularly in the users with little knowledge.
The need to solve the challenges correctly and gain
the maximum number of points made them invested
in learning the concepts needed by themselves and
understand about the domain. In the case for the
high school students, it was possible to see that
they were applying the knowledge that they already
had, and when they made a mistake, they analyzed
why it was wrong and were able to understand how
to correct it and solve it. Even though there were
problems during the tests, the users still felt com-
fortable with the mechanics and they didn’t have
difficulties in understanding how to manipulate the
molecules and atoms.

5.2. Future Work

There are several aspects that would enhance the
game if they were implemented, but there are two
that would be the most beneficial. The first one is
implement the possibility to join two molecules to-
gether, because not being able to do this is a major
flaw in the game, and it takes away a bit of freedom
on how the players can interact with molecules. The
second would be to implement a tool that would en-
able the teachers to design and create the levels for
the game with a user friendly interface, and it would
automatically create all the necessary text files for
the game to load the levels correctly. This would
be very beneficial because they could customize the
game at their own will, according to what they want
or need their students to learn at a specific class.
The game would become more flexible and dynamic
to be used in the classrooms.
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