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Abstract 
Serious games in education have been proven to help students in learning and rehearsing new 
concepts in an entertaining environment, which improve their learning capacities and increase their 
motivation. Thus, in this work we propose a ludic application based on Microsoft Kinect that allows 
assessing the knowledge of students in Chemistry, namely the periodic table. A group of primary and 
secondary school professors has set a set of exercises related to this subject. The exercises are 
sorted into blocks where each block contains a series of questions of varied difficulty. For instance, the 
student must associate the name of an element from the periodic table to its symbol or vice versa, 
assign a specific atom to its number of oxidation or valence number, or relate each chemical element 
to its practical application in real world, among others. These exercises are then transformed to an 
interactive game where students can see themselves on a screen together with the question and the 
offered options. Each option is displayed as a game object in the scene such as a cube or a 
representative image. The game is controlled by body gestures so in order to select an answer, the 
student must move his body to touch the object either by his head, hands, or hips. Visual and auditory 
feedback is also given to enhance the user experience  
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1 INTRODUCTION  
The search of enjoyable and pleasurable learning that seem to be offered by serious games is 
substantially increasing [1]. Serious games are games that have an ultimate purpose other than pure 
entertainment like education, rehabilitation, defence, among others. In the context of education, video 
games facilitate learning as they increase motivation and enjoyment during the game play. Thus, the 
students focus on the play activity and as a consequence the learning task becomes more fluid. 
Nowadays, children and adolescents dedicate a significant amount of their leisure time in playing 
video games. Despite the reported negative effects, positive impacts and outcomes such as acquiring 
knowledge, understanding contents, and developing useful skills have been associated with playing 
computer games and serious games [2], [3]. Therefore, in this work we propose a serious game that 
assists the high school students in revising the periodic table and enhance their learning.  In order to 
improve their engagement and foster their active participation in the game, a vision-based interaction 
by means of Microsoft Kinect was preferred.  The students can therefore interact with the application 
using their body parts as The Kinect sensor offers non-invasive body tracking and an easy game 
control. The game presented is a part of Genius project that addresses this learning process using a 
video game based on combinations of simple elements in different areas of knowledge (mathematics, 
physics, chemistry and biology) [4]. 

2 METHODOLOGY 
In collaboration with chemistry professors, we designed and developed an educational game that aims 
to help the students to revise the periodic table and its elements in an entertaining way. 

2.1 Description of the game 
In this game, the student has to associate the name of a chemical element from the periodic table to 
its symbol. The game includes two levels of difficulty where each level contains 10 questions. The first 
level offers the player to choose one option among three alternatives whereas in the second level one 
option from four must be selected. The alternatives are more similar in the second level which makes 
it harder to guess the right one in a rapid way comparing to the first level. Each alternative is 
represented by a coloured cube that rotates around itself to motivate the player. The order of the 
questions in each level is set randomly to ensure that students learn the correct answer and not 
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memorize its corresponding position. Regarding the playtime, the professors suggested that each 
level lasts one minute. A game score was also added to create a competitive and motivational 
environment between the students. A scheme of the game is shown in Fig. 1. 

 
Figure 1. Game scheme. 

2.2 Game interaction 
We used Microsoft Kinect as an interaction interface with the game. Kinect sensor offers an intuitive 
and natural user interface that allows the users to interact with the game using their body gestures and 
movements without the need to hold any physical device. In the game, the student can see himself on 
the screen all time and the background image is subtracted to minimize distractions. With each 
question displayed, he can select an answer from the proposed options by reaching the cube 
representing the chemical element symbol using his hands or head. When the answer is correct, the 
cube explodes with green bubbles and one point is then added to the score (see Fig. 2. (a)). In the 
case of a wrong answer, red bubbles were displayed instead, and the score remains the same (see 
Fig.2. (b)). 

             
 (a)  Level 1 with positive feedback  (b) Level 2 with negative feedback 

Figure 2. Screenshots of the game. 
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2.3 Evaluation 
The game has been evaluated during the science fair organized at the Universitat de les Illes Balears 
(UIB) for 3 days (Ciència per Tothom, UIB, 9-11 May 2019). High schools' students and their 
professors played the game and gave their feedback. Firstly, a brief explanation of the game was 
imparted to both professor and students. Then one student of the group would step up and play the 
game in order to achieve the highest score and beat the other groups that belong to other schools. 
Two trials were given to each group where in each trial one student would try to answer correctly to 
the game questions with the help and encouragement of his colleagues. After the game play, the 
professors and students were asked to fill in the corresponding surveys. The student survey contains 
aspects related to satisfaction, motivation, and understanding of the game. The professor survey 
focuses more on the adequacy, usability, and playability of the game to the students. 

 
Figure 3: A student playing the game during the scientific fair at UIB. 

All tests were performed using a personal computer with the following settings: Intel(R) Core (TM) i5-
4590 CPU @3.30 GHz (4 CPUs), 8 GB RAM, Graphic card Intel(R) HD Graphics 4600, Windows 8.1 
Pro 64 bits, Microsoft Kinect v2 and Screen monitor (1920 x 1080). The system runs at 30 frames per 
second, which ensured a real-time response from the game [5]. The serious game was developed 
using Unity 3D engine; a cross-platform game engine for creating interactive and customized 2D and 
3D games. The capture process, image processing and image visualization are performed by means 
of Microsoft Kinect v2 SDK. 

3 RESULTS 
In general, all the attendees of the scientific fair who played the game or watched the children playing 
it expressed their contentment about it. However, the evaluation results of the participants are 
presented below. 

3.1 Participants 
10 students (5 females and 5 males; mean age =15.2 years) from 10 different schools played the 
game and completed the Student’s survey afterwards. Likewise, their professors completed the 
teacher’s survey upon the completion of the game by their students. The details of the students who 
participated in this evaluation are presented in Table 1. 
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Table 1. Students-participants’ characteristics. 

Participant Gender Age (years) Academic course 

1 Male 16 4th grade 

2 Male 16 1st Bachelor 

3 Female 16 4th grade 

4 Female 14 3rd grade 

5 Male 14 3rd grade 

6 Female 16 4th grade 

7 Male 15 2nd grade 

8 Female 15 3rd grade 

9 Male 14 3rd grade 

10 Female 16 4th grade 

3.2 Students’ survey results 
We present the questions asked to participants along with their options where below each option the 
number of participants selecting it is indicated. 

3.2.1 Satisfaction 
Almost all participants enjoyed the game and found it fun, addictive, and attractive as shown below. 

 Too much Enough At all 

1. Does the game seem fun? 9 1 0 

2. Does the game seem addictive? 6 4 0 

3. Does the game design seem attractive? 6 4 0 

3.2.2 Difficulty of the game 
The game was of normal difficulty where 60% of students did not need extra time to complete the task. 
All participants did not need further explanations to play the game, besides they understood the game 
purpose and achieved it. 

4. How did you find the level of difficulty? High 
0 

Normal 
7 

Low 
3 

5. The time to complete the game, has been 
enough for you? 

Yes 
6 

No, I needed a little 
more time 

4 

No, I needed a lot 
more time 

0 

6. Have you needed to ask for more explanations 
to understand how the game works? 

Yes, a lot of help 
0 

Yes, a little help 
0 

No 
10 

7. Have you achieved the goal of the game? Yes 
10 

No 
0 

 

3.2.3 Suggestions for improvements 
60% of students mostly liked the learning possibilities offered by the game whereas 40% chose the 
performance as their favourite part of the game. Suggestions for improvement included adding more 
levels and enhancing the graphics. Acoustic feedback and higher speed were also among the desired 
features by some. 
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8. What do you like most about the 
game? Performance 

4 
Design 

0 

Learning 
possibilities 

6 

Others 
0 

  

9. What would make the game more 
attractive? What would you improve? 

More levels 
6 

Contents 
1 

Graphics 
6 

Speed 
2 

Sound 
2 

Others 
0 

3.3 Professors’ survey results  

3.3.1 Adequacy of the game 
The professors rated the adequacy of the game regarding its quality, contents, complexity, and 
motivation, among other aspects. In general, they found it quite suitable for their students' profiles. 

 Very 
suitable 

Fairly 
suitable Suitable Poorly 

suitable Unsuitable 

1- Rate from the profile of your students and the video 
game tested the adequacy of the quality, quantity and 
relevance of the contents. 

7 2 1 0 0 

2- Rate the adequacy of the complexity according to the 
knowledge and level of maturity of the students. 4 5 1 0 0 

3- Rate the adequacy of the structure and way of 
presenting the contents according to the age, knowledge 
and interests of the students. 

6 3 1 0 0 

4- Rate the aspects to motivate the students. 8 2 0 0 0 

5- Rate the adequacy of the design to the characteristics 
of the students. 5 4 1 0 0 

3.3.2 Usability and playability of the game 
As indicated by the questions below, the professors rated positively the elements related to the 
usability and playability of the game. 

6- Rate the aspects related to the usability and playability of the system: 

a- Degree of satisfaction produced in the 
students. 

Very satisfied 
8 

Satisfied 
2 

Unsatisfied 
0 

 

b- The ease with which students have learned to 
use the system. 

Very easy 
9 

Easy 
1 

Not easy 
0 

Very 
complicated 

0 

c- The degree of immersion (Ability to believe 
what is played and integrated into the virtual 
world shown in the game) reached by students. 

High 
5 

Enough 
5 

Low 
0 

Nothing 
0 

d- The degree of motivation of the students 
when playing 

High 
6 

Enough 
4 

Low 
0 

Nothing 
0 

e- The quality of the images used High 
2 

Enough 
7 

Low 
1 

Nothing 
0 

3.3.3 Opinions and perceptions 
All professors agreed that their students understood the game’s instructions and followed them. 

7- Do you consider that the students have understood the instructions well? Yes
10 

No
0 
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3.3.4 Use of the game and technology in the class 
Here the professors were asked to whether they use technology for teaching and their readiness to 
deploy the game in their class activities. The results suggested their acceptability of using the game in 
the classroom. Their answers are provided below. 

8- Do you usually use some kind of 
technology for teaching in your classes? 

Always or almost 
always 

2 

Usually 
3 

Sporadically 
2 

Never or almost 
never 

0 

a. If yes, what technological resource do you use? 

Answers included digital board, computers, mobile phones, Educapalma and other simulations, 
and YouTube videos. 

b. If not, for what reasons? 

9- Do you think the use of video games can help you to 
improve your students' learning?? 

High 
4 

Enough 
3 

Low 
0 

No, at all 
0 

10- What aspects would you improve to consider effective its use in your classes? 

Answers included better graphics, more complicated levels, and not very ludic application so that 
students can focus on learning. 

4 CONCLUSIONS 
The findings indicated that the participants enjoyed the game and found it instructive. However, the 
sample size is very small to draw any definitive conclusions. In a future work, it is intended to add 
more levels and tasks to the game, improve the design as suggested by the participants, and present 
it in national events. Testing will be done including a larger sample size of participants. 

In the link below, it can be seen the impact of this game during the fair at UIB:  

http://www.facebook.com/groups/1568956386729406?view=permalink&id=2135295236762182&scmt
s=wamtssdd 

The whole videogame GeniusUp (mathematics, biology, physics and chemistry) is already published 
as a mobile app in Google Play: 

https://play.google.com/store/apps/details?id=es.uib.ugivia.geniusup&hl=es 
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