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Abstract  
This study describes an experiment where the results of a game-based student-response system 
Kahoot! were compared to the ones obtained with the traditional non-gamified student-response 
system. The goal of the experiment was to investigate whether a game-based student-response 
system (GSRS) improves the students’ engagement, motivation, and learning of a complex and 
multidisciplinary subject. The results show significant advance in motivation and engagement during 
the class for the gamified approach, but we did not find significant learning improvement. However, 
GSRS awakened the interest of the students for the course itself and for the research-line of the 
teachers given the class because the percentage of the student´s applications to carry out their 
Master´s thesis in the same field of lecturing increased by 50%. This fact implies that the students 
were properly motivated and engaged to continue with the learning process of complex 
multidisciplinary lessons. 

Keywords: Game-based learning; Student response system; Student engagement; evaluation, 
Kahoot, Nanomedicine learning. 

1 INTRODUCTION 
Nanomedicine is a scientific discipline that it is situated at the interface between physics, chemistry, 
biochemistry, biotechnology, materials science, medicine, microelectronics and computer science. 
This emerging field has the potential to revolutionize individual and population-based health in the 21st 
century [1]. Although nanomedicine is not yet a “fully mature” and established discipline, it is of 
paramount importance for society and some authors believe that it merits being included in the 
education curriculum [2].   Learning this discipline requires an academic and multidisciplinary scientific 
education. In general, the students used to have difficulties to understand the underlying scientific 
principles that lead to the unique materials properties at the nanoscale [3].  This results in a lack of 
motivation and engagement to continue with the learning process [4]. To avoid the loss of motivation 
and interest in the Nanomedical field, difficult concepts need to be taught in new, more engaging and 
interactive ways, where students take an active role during the class as engaged learners. 

Traditional learning approaches are subjected to several problems in terms of low student 
engagement and participation, causing that students adopt a passive role in the class. Learners 
usually consider that the low student involvement is attributed to a low motivation and minimal 
interaction between teachers and students [5]. To deal with this situation, teachers try to increase 
students’ participation with strategies based on discussions, cooperative work and questions such as 
hand-raising. However students are usually very reticent to an active participation and at the end, the 
majority of the students do not answer until others have done so or respond according to the opinion 
of the majority [6].  

According to research on the dynamics of attention during lectures, it is considered that the attention 
of learners increases during the first ten minutes of lecture and diminishes after that point [7]. The 
learning environment should be modified to circumvent this issue and recapture the attention of 
learners, for instance by a short break or by adding new tasks. These observations are almost the 
opposite of the dynamic experienced by video gamers, where high level of attention is achieved even 
for several hours [8]. On the other hand, when comparing gaming and complex learning, students are 
not motivated in complex learning because there is no instant gratification or short term wins to keep 
them engaged and motivated. A promising way to address these counterproductive feelings is to use 
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techniques similar to ones found in successful gaming environments. Then, using gaming 
environments in complex learning can be a promising way to address the lack of motivation and 
engagement. In addition, gaming stimulates the production of dopamine, a biomolecule that it is 
considered to play a key role in motivation and learning because reinforce neuronal activity [9]. 

Gamification in learning introduces game mechanics into non-gaming contexts, combining intrinsic 
with extrinsic motivation in order to boost inspiration and engagement among users. Although not all 
present-day game-based learning is digital, the revolution of video games, utilizing computers and 
mobile devices, has made digital game-based learning (DGBL) an emerging trend in training and 
education [10]. There are generally two types of human motivation: intrinsic and extrinsic. Extrinsic 
motivation drives behaviours that result in external rewards, whereas intrinsic motivation promotes the 
internal achievement or perception, like enjoyment or positive feelings. It has been shown that 
especially intrinsic motivation can be responsible for promoting an interest in learning in students [11]. 
Students' engagement, interest, and motivation are strictly correlated with the studentachievement. 
Then, the motivational and emotional involvement of students during a gaming process can enhance 
learning in such a grade that Game-based learning has become a current teaching and learning trend 
spanning a wide range of academic studies [12]. 

Hence, due to the remarkable reported potential of gamification, this work intends to use this powerful 
tool to increase the engagement of students by interacting and competing with each other during the 
class. This study aims to determine the effects of gamification based teaching methodology on 
students’ achievement, engagement, motivation, and learning; as well as to analyse their attitudes 
towards complex and multidisciplinary lessons at the university level. 

2 METHODOLOGY 
The gamification learning methodology selected was based on the free Internet platform Kahoot  
(wwww.kahoot.it), a game-based student response system (GSRS) that can be launched by the 
teacher in a web-browser on a computer connected to a large screen. The result was to develop a 
game concept where the classroom temporarily is changed to a game show related with 
Nanomedicine concepts, where the teacher was the game host and the students were the 
competitors. The challenge was to answer questions as fast as possible and compete against their 
classmates. The GSRS was launched for 8 minutes at the end of the class to better assimilate the 
concepts delivered during the class given on that day and also during previous lessons. 8 kahoots 
were launched as multiple-choice questions (more than one correct answer was potentially valid), see 
Fig. 1-a. The last kahoot included several question about the contents of the complete course, 
whereas each of the other kahoots complied exclusively the contents of the present and last classes 
given. The students get individual feedback on their answers (Fig. 1-b) and the correct answer if a 
wrong answer were given. By the end of the quiz, the top 3 players were rewarded in a podium (Fig. 1-
c). A credit scoring system based on award points was selected to stimulate the competition and the 
participation of the students. Kahoot enables to obtain detailed information about the overall 
performance (Fig. 1-d), including feedback from students, as well as the results of each question 
launched (Fig. 1-e). The participation in the GSRS was considered as not mandatory to evaluate just 
the role of gamification on students’ achievement and to prevent their bias for the subject assessment.  

The final score of the students who passed the exam and the active participation (perceived 
engagement) were used as response variables to compare the experimental and control groups. The 
active participation was calculated according to Eq.1. 

(Eq.1) 
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Figure 1.- Screenshots of Kahoot. a) A multiple choice question about the drug delivery profile depicted in 

the graph, b) Individual feedback to a multiple choice question, c) Podium with the top 3 players, d) Teacher 
feedback about the overall performance and e) Teacher feedback for the launched questions.  

2.1 Participants 
The subject taught was Introduction to Nanobiomedicine, which is an elective Masters course in the 
Master of Biomedical Engineering offered by the University of Zaragoza, Spain. The duration of the 
Master is 75 European Credit Transfer and Accumulation System (ECTS), equivalent to a regular 
teaching course (60 ECTS) together with 15 ECTS assigned to the Master's Thesis.  The study was 
conducted during the 2015-2017 academic years, in which a total of 30 students were enrolled. The 
group of the students enrolled during the academic year 2015-2016 was considered as the control 
group because the GSRS was not applied. The control group comprised 18 students (7 female, 11 
male), whereas the 12 students enrolled in the academic year 2016-2017 (4 female, 8 male) formed 
the experimental group. 

The learning method used in the course was originally based on the cooperative work of the teacher 
and the student. The method followed the traditional approach based on lectures but supported by the 
active participation of the students. Therefore, participation and discussion during the lectures was 
highly promoted during the first year and during the second year the participation was promoted even 
further by the use of the GSRS. 

The course description (3 ECTS) includes the following sections: 

• Section 1. Nanoscience overview. Historical background, physics at the nanoscale. Materials 
manipulation at atomic and molecular scales. 

• Section 2. Synthesis and characterization of nanostructured materials. Physical and chemical 
syntheses of nanomaterials. Nanomaterials characterization techniques. 

• Section 3. Biochemistry applied in Nanomedicine. Basic background in Biology (structure, 
biomolecules function: DNA beacons, enzymes, antibodies, etc.) 

• Section 4. Main aspects for the correct immobilization of the recognition moiety to the 
nanoparticle.  

• Section 5. Introduction to the therapeutic and diagnostic applications of Nanomedicine. 

• Section 6. Future and social, ethic and environmental aspects of Nanotechnology. 
Nanotoxicology. 
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3 RESULTS AND DISCUSSION 
The results of the kahoots are depicted in Table 1. In general the students had more than 60% (61,8 ± 
6,9) of the answers correct when reviewing the concepts given in the previous class. It is important to 
point out that a different number of days passed between one class and the following class (i.e., we 
had a long Spring break during the course) and interestingly the results did not vary much. 

The active participation value in the control group was 15% whereas in the experimental group was 
100%. This indicates that the game-based student response system (GSRS) provides the greatest 
student participation. These results suggest that students are very receptive to the use of interactive 
technologies based on gamification for academic purposes. The general perception of the teacher was 
that the students were highly involved in the learning process. Learning by gaming looks like a very 
interesting tool to promote participation and to stimulate competitiveness. 

In addition, out of 12 enrolled students in the experimental group 6 ranked as first in the number of 
correct answers and only two students repeated in this first position in all the launched kahoots. 

The influence of the kahoots in the final scores obtained by the student during the final exam was also 
analyzed. The final exam consisted of 5 open-ended questions about the main contents of the course. 
No supporting material was permitted during the exam. The results obtained by the students in the 
previous year (i.e., control group) in which no kahoots were used during the classes were used for 
comparison. 

Table 1.  Description of the characteristics of the kahoots launched and the final scores. To preserve the 
students anonymity a numeric code is used to identify them 

Kahoot No. 1 2 3 4 5 6 7 8 

Contents reviewed Last 
class 

Last 
class 

Last 
class 

Last 
class 

Last 
class 

Last 
class 

Last 
class 

All 
course 

Number of players 9 12 10 10 11 5 9 9 

No. questions 6 6 7 7 7 10 6 7 

Active Participation, % 100 100 100 100 100 100 100 100 

No. days between the class 
given and the kahoot launched 4 7 2 1 4 17 4 2 

Total correct answers (%) 62.2 62.1 63.1 60.3 50.0 61.1 75.5 60.3 

1st in the rank Student 
1 

Student 
2 

Student 
3 

Student 
4 

Student 
5 

Student 
3 

Student 
6 

Student 
4 

In both years two students failed the exam of the course. When kahoot was used in the class 
(experimental group) the final average score of the students who passed the exam was 7.0 ± 1,4 out 
of 10, whereas in the control group (without using kahoot) an average score of 7,2 ± 1,6 was obtained. 
Hence, no statistical differences were found in the scores obtained by the students in the final exam. 
However, we have observed that this year more students have shown special interest for the course 
and we have received the application of three students to carry out their Master´s thesis within our 
research group, which is specialized in the matter of the course. During the previous years only one or 
at the most two students enrolled our group to carry out their Master’s theses. Therefore we speculate 
that the use of kahoot has awakened the interest of the students for the course itself and for the 
research-line of the teachers given the class. The use of Internet-based learning platforms might be 
also a tool for the teachers to differentiate themselves from the other teachers and to show and 
updated knowledge of the learning strategies and also to strengthen the interaction between the 
teacher and the student. 

4 CONCLUSIONS 
In this work the results regarding students´ participation and learning when using a game-based 
student response system (GSRS) to those obtained with the traditional teaching methods were 
compared. The results suggest that GSRS could be positively used for teaching activities in higher 
education, increasing student´s participation in comparison to traditional methods. All the student 
present in the class participated when GSRS was used. Oppositely, beside the favourable 
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environment created by the teacher to enable active student participation, low participation was 
obtained with the traditional methodology (i.e., hand-raising). When evaluating student´s 
achievements in terms of final scores, no significant differences between both methodologies were 
found. However, GSRS has awakened the interest of the students for the course itself and for the 
research-lines of the teachers given the class because the percentage of the student´s applications to 
carry out their Master´s thesis has been increased by 50%. This fact implies that the students were 
properly motivated and engaged to continue with the learning process of a complex multidisciplinary 
subject. 
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