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ABSTRACT

This research delves into the comparative analysis of brain activity using gamification in the
classroom versus traditional teaching. This study aims to employ neurotechnology to record and
analyse the impact of active gamification methodology on relevant variables in the learning process
within a traditional university education setting, presenting an innovative contribution to the existing
literature. Neuroscience technology has been utilized to gauge cognitive processing of stimuli tailored
for an academic experience in a university master's class. By scrutinizing brain recordings related
to attention, interest, long term excitement, stress, relaxation, and engagement, the findings provide
a quantitative assessment of key learning variables through brain signals. Gamification is the active
methodology employed, and the application of neuroscience technologies facilitates an understanding
of the variations in levels of brain activation among students, shedding light on the contributions of
this active teaching methodology to the learning process.
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INTRODUCTION

Innovation in education involves making changes to the learning process with the aim of improving
outcomes (Kottmann et al., 2024). There is a trend towards the adoption of innovative techniques such
as gamification, role play, flipped teaching, and group dynamics to enhance learning (Maleko et al.,
2018). The analysis should focus on interactions between teachers and students, as well as among
students themselves, in terms of both quantity and quality, rather than solely on student attendance.
Knowledge of the principles of brain-based learning contributes to the advancement of educational
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innovation, emphasizing the importance of neuroeducation in the development of educational systems
(Hillman, 2011).

The objective of this research is to use neuroscience technologies to determine the difference
in brain activation levels between a group of students attending a masterclass and another group
participating in a gamification activity in the classroom, both belonging to an undergraduate level
of study. The research gap lies in the possibility of quantifying, for the first time, the difference
in brain activity among students when receiving knowledge through traditional lectures versus
through active learning techniques such as gamification, highlighting the novelty in expressing these
differences through performance metrics. The initial hypotheses of the study are the enhancement
of brain performance metrics when applying gamification techniques in active learning compared to
traditional lectures and the improvement of brain performance metrics in gamification by enhancing
student participation in the development of gaming strategies.

Biometrics were employed to monitor the intensity of emotional arousal, through galvanic skin
response (GSR), and brain activity, through electroencephalography (EEG), as reflected in variables
such as attention, interest, long-term excitement, stress, relaxation, and emotional connection
(engagement). This research aims to provide empirical answers regarding the comparative efficiency
between traditional teaching and gamification-based teaching in the classroom. Consequently, the
research has specific objectives like analysing the recorded emotional arousal levels based on the
teaching format (masterclass or gamification); analysing levels of attention, interest, long-term
excitement, stress, relaxation, and engagement of participants based on the type of teaching delivered
in the classroom; and determining which teaching methodology is more effective based on data
provided in experimental records.

LITERATURE REVIEW

Traditional Teaching: Masterclass

The masterclass is a traditional form of teaching in which the teacher plays a central role in
imparting knowledge and students act as receivers of information. The teacher speaks for the majority
of the class while students listen and take notes. The masterclass has several advantages, such as
the ability to convey a large amount of information in a relatively short time, allowing the teacher
to delve into complex and challenging topics; it can also be a stimulating and inspiring experience
for students. This method adds to the availability of information, the teacher's ability to control the
learning process, and the objectivity of assessments (Soboleva et al., 2021). However, the masterclass
also has some disadvantages, as it can be a passive form of learning, limiting students to listening
and note-taking. It may be challenging to maintain students' attention for an extended period and can
hinder student participation in the learning process.

The current educational landscape has required the incorporation of active-participatory
methodologies into the traditional teaching-learning paradigm (Lépez-Alegria & Fraile, 2023).
Strategies that can enhance the masterclass include using visual materials (slides, videos, or
experiments to illustrate concepts and make them more engaging for students), encouraging student
participation (asking questions, organizing group work, or giving assignments), and promoting
reflection (encouraging students to think about the concepts being learned). Consequently, the
masterclass is an effective teaching method when used appropriately. Teachers must consider the
advantages and disadvantages of this method and employ strategies to enhance its effectiveness
(Jelovica & Alajbeg, 2023).

Innovation in Education

The application of innovation in the educational field is known as educational research, which
aims to conduct a systematic exploration of a relevant research question (Watts et al., 2023). What
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typically distinguishes this research from other types of traditional approaches is largely the nature of
the problem it addresses. Innovation in services, products, processes, and knowledge drives change
in education, contributing to addressing challenges and situations arising from teaching practices
and methods. In this context, educational innovation is defined as the introduction of changes aimed
at improving learning outcomes through enhancements in training (Bastone et al., 2023; Clark et al.,
2016). To achieve this, educational innovation must be adopted inclusively and holistically, involving
students, educational providers, communities, businesses, and political organizations in integrating
key aspects of innovation at all levels of their hierarchical structure.

Furthermore, it is essential to understand the classification of research approaches. Scholars like
Ramirez-Montoya (Ramirez-Montoya et al., 2020) have proposed a comprehensive classification that
encompasses educational management (planning, organization, administration, resource management,
and evaluation), psycho-pedagogy (teaching and learning), technology applied to education (usage
and development, both in-person and distance), and sociocultural management.

Gamification in the Classroom

One of the most significant innovative trends in modern education is gamification, often regarded
as a system that employs game components in non-gaming environments (Astashova et al., 2023).
Gamification in the classroom is a teaching technique that utilizes game-based elements, such as peer
competition, teamwork, or scoring boards, to enhance engagement and facilitate the assimilation of
new information among students. Gamification is grounded in the idea that games are an effective
way to motivate individuals and stimulate their learning, as games are typically fun, challenging, and
rewarding, making them an ideal tool for the classroom. Gamification offers several advantages for
students, including increased motivation (promoting learning), better retention, and the development of
skills such as problem-solving, teamwork, and creativity, with satisfactory settings for active learning
without loss of academic performance (Murillo-Zamorano et al., 2021), allowing the cultivation of
skills particularly relevant to 21st-century professionals.

Gamification can be an effective tool for improving learning in the classroom, whereby teachers
can help motivate students, enhance their retention, and develop their skills. This methodology can
assist educators in developing innovative pedagogical strategies to promote active and experiential
learning in controlled environments (Ilbeigi et al., 2023). The students of the new era, Generation
Z, are different from their predecessors, and therefore, educators need pedagogical interventions to
cater to this group of students (Saxena & Mishra, 2021). The education system needs to be renewed
to incorporate tools that meet the needs of students, with gamification being a motivation and
engagement tool for Generation Z in higher education levels, creating an engaging and meaningful
learning environment. Considering that one of the most relevant problems facing education today is
the lack of student motivation, it is tempting to examine whether gamification can positively impact
motivation, resulting in increased interest and engagement among students (Giordano & Dias de
Souza, 2021). The gamification methodology in education includes systematic, personality-oriented,
and activity-based approaches, serving as an innovative teaching method whose components include
game elements, mechanisms, dynamics, and characters (Viktoriia et al., 2022). A review of the
literature suggests three main perspectives on gamification: innovation in processes revealing issues
(research), stimulating novel behaviors (induction), or transforming processes (intervention) to enhance
effectiveness and engagement (AlSaad & Durugbo, 2021).

Gamification represents a tool with significant potential in the design and implementation
of training actions. The methodology is perceived as particularly relevant for developing written
expression, encouraging meaningful learning, promoting feedback, fostering teamwork, or presenting
complex content in more engaging formats (Cuevas Monzonis et al., 2021). Gamification is used to
engage students in the learning of various disciplines, such as mathematics, engineering, economics,
and nutrition, among others (Ilbeigi et al., 2023; Moreno-Guerrero et al., 2021; Pardim et al.,
2023), both in face-to-face and e-learning formats (Saleem et al., 2022). In addition, this approach
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facilitates language learning (Chan et al., 2022), training in musical instruments (Aras & Can, 2023),
implementing inclusive practices (Manzano-Leon et al., 2022), promoting student self-realization
(Tsurkan et al., 2023), or even in increasing the completion rate of massive open online courses
(MOOCs) (Nesterowicz et al., 2022). While gamification likely experiences the novelty effect, it also
benefits from the familiarity effect, contributing to an overall positive impact on students (Rodrigues
et al., 2022). Design and development of games can teach players important critical thinking skills
(de Vero & Barr, 2023); professional development should be designed with a focus on teacher
training (Matic et al., 2023), trying to identify the core motivators for engaging students in research
(Mukherjee et al., 2019).

Gamification has significant potential to address the drawbacks of other methodologies, such
as flipped learning, an increasingly common teaching strategy. Adding game elements to a flipped
classroom produces greater motivation, participation, and improved learning performance (Ekici,
2021). Platforms like Moodle and Kahoot are the most preferred, and points, badges, and leaderboards
are the most commonly used game elements for gamification. Likewise, technology can help
improve the efficiency of gamification, generating various benefits for students, assisting educators,
enhancing the educational process, and facilitating the transition to enhanced learning (Lampropoulos
et al., 2022). Students demonstrate positive changes in behavior, attitude, and psychology, as well
as increased engagement, motivation, active participation, knowledge acquisition, concentration,
curiosity, interest, enjoyment, academic performance, and learning outcomes (Magadan-Diaz &
Rivas-Garcia, 2022). Finally, teachers also positively value these activities as they enhance learning
motivation. It is necessary to develop validation tools, appropriate design techniques, and theories
to create collaborative and personalized learning experiences and to promote and improve student
quality, with evident cognitive and socio-emotional development.

Learning and the Brain

It is essential to restructure pedagogical practices to connect learning with the functioning of
the brain, integrating insights from neuroscience. In this context, neuroeducation emerges as a new
discipline whose primary goal is to merge pedagogy, cognitive psychology, and neuroscience. Its
purpose is to provide various educational stakeholders with the necessary resources to understand
the relationship between the brain and the learning process. Research in neuroscience focuses on
the neural foundations of learning, memory, emotions, and various brain functions, offering highly
applicable results in the educational field (Howard-Jones, 2014). The development of neuroeducation
not only drives educational innovation but also contributes to the progress of educational systems.

There is an ongoing debate about the applicability of knowledge from neuroscience research to
educational problems (Bueno & Fores, 2021), and active explorations are taking place worldwide
to establish potential connections between neuroscience and education. Various labels, such as
neuroeducation, educational neuroscience, and mind, brain, and education, have been used to describe
these efforts. However, the transition from neuroscience research to educational practice presents
significant challenges. This process is extensive and begins from a foundation of basic science. The
complexity of learning in the brain and the current state of scientific knowledge pose the risk of
premature application before establishing a solid foundation. This risk is exacerbated by the legitimate
desire of policymakers to use scientific evidence to guide their educational decisions (Bittencourt &
Willetts, 2018), as well as by educators' enthusiasm to incorporate knowledge about brain function
into their teaching. Additionally, the interaction between the disciplines of neuroscience, psychology,
and education has sometimes been marked by competition rather than collaboration, and educational
researchers still show skepticism towards exaggerations surrounding the educational field.

Neuroeducation

Neuroeducation, as an emerging discipline, facilitates the examination of users, their perceptions,
and the overall experience (Borst, 2023). This area of study allows for documenting the existence
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of potential positive emotional connections between students and the classes they receive, enabling
the scientific determination of levels of attention and emotion generated while paying attention to
the lessons taught. Additionally, it establishes a clear distinction between traditional teaching and
gamification. Research has been conducted on the use of portable electroencephalography technology
(PEEGT) in educational research (Juarez-Vardn et al., 2023), specifically to analyze levels of attention,
interest, engagement, and stress.

Although neuroeducation is in its early stages of development in research, it is generating
critical dialogues among teachers, educational authorities, families, and the scientific community.
Exploring the conceptual delineation of the term, neuroeducation is classified as an application of
cognitive neuroscience, especially when there are no substantial differences in philosophical and
methodological orientations between education and cognitive neuroscience (Campbell, 2011). It is
a field of educational research grounded in the mechanisms of information processes, theories, and
methods of applied cognitive neuroscience. However, unlike these, neuroeducation is not limited to
these elements, as it focuses on the individual as its primary object, not just on the physiological
and biological mechanisms that form the basis of neuroscience. Given the transdisciplinary focus
of neuroscience, neuroeducation has the potential to contribute to the creation of new educational
frameworks and research methodologies that serve as a reference in the relationship between learning
and the brain.

Despite significant advancements in brainwave analysis in various academic and professional
contexts, the application of this analysis in educational settings has been limited. Thanks to
technological advances, EEG devices are becoming increasingly portable and compact, facilitating
the collection of precise brainwave data with simple preparation. Currently, there are indications
that a growing number of researchers choose to use PEEGT as a research tool in their educational
studies, suggesting that it could be a relevant tool for enhancing education research. However, this
assertion still requires more solid backing through the application of experiences and, above all,
through empirical evidence.

METHODOLOGY

In this study, neuroscience technology has been employed for recording brain activity with the
aim of capturing cognitive processing during an academic experience in a university class, namely
a theoretical class titled Human Resources Management that is part of the bachelor’s degree in
business administration. The study differentiates between a first group of students that received a
45-minute lecture on the importance of teamwork, decision-making, non-verbal communication, and
leadership and a second group that engaged in a 45-minute gamification activity in the classroom,
using a board game designed to develop the aforementioned skills, titled The Mind,” and published
by Mercurio (Warsch, 2018).

The application of neuroscience technology enables the analysis of the effectiveness of stimuli
directed towards users and consumer behavior psychology (Juarez-Varoén et al., 2024), providing more
information than other conventional research methods, where limitations may arise from participant
behavior or perceptions. In this study, two specific neuroscience techniques are employed: skin
conductance response (GSR) and EEG. Electrodermal activity (EDA) is recorded through GSR,
reflecting changes in emotional arousal in response to presented stimuli. Brain activity, captured
through brain waves, is recorded through EEG (Nuifiez-Cansado et al., 2024).

The required sample size for a study using neurotechnologies is not based on traditional statistical
parameters, as in quantitative research, but on mental patterns; each neurotechnology requires a
minimum number of participants, delimited when all of them respond to the same registered pattern.
The neurotechnologies used, GSR and EEG, require a minimum of 20 users and nine users, respectively,
selecting a minimum sample size according to the larger required sample size (20 users). The sample
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size is adequate for a neuromarketing study (Cuesta-Cambra et al., 2017). However, a larger sample
size has been employed for ease of access to participants.

Sample Characteristics

The sample selected for the study was made up of university students aged between 20 and 22
years old and enrolled in a course titled Human Resources Management; the sample included men
and women in a 50/50 distribution. In total, there were 64 students (50% male, 50% female), evenly
distributed between the two proposed groups, representing a suitable sample size for a neuroeducation
study (Juarez-Vardn et al., 2023). The fieldwork was conducted between October and December
2023, and the study took place at the Alcoy Campus of the Universitat Politecnica de Valéncia
(Alicante, Spain).

Data Collection and Analysis

To record electrodermal activity, the Shimmer3 GSR+ model was used in both groups, employing
ConsensysPRO software, v.1.6 for data collection. This recording allowed the determination of the
level of emotional arousal experienced by participants throughout the session, indicating the amount
of sympathetic activation during the emotional experience (Juarez-Varon et al., 2023). Regarding
the recording of brain activity, the portable EEG equipment EPOC+ from the manufacturer Emotiv
was used, which has 14 channels and saline-based electrodes. Data collection was carried out
using EmotivPRO software v.2.0. This technology is used to interpret the most relevant emotions
experienced, based on the collected information from brain activity. Analyzed brain activations
included attention (focus on a specific task), interest (attraction or aversion to the stimulus), long-
term emotion (physiological excitement with a positive value, derived from sympathetic nervous
system activation, reflecting enthusiasm), stress (measure of comfort with the current challenge),
relaxation (ability to recover from intense concentration), and engagement (a mix of attention and
concentration, contrasting with boredom). Engagement is defined as the ability of a brand, product,
service, or stimulus to establish a lasting connection between both parties (Emotiv, 2023).

Statistical analysis of the data was conducted using R software, v.3.6.3. Common stimuli were
established for all participants (volunteers), with independent variables being the age and gender of the
participants; participants had similar socio-cultural profiles as determined by the main profiles in the
degree program. Dependent variables included the level of emotional intensity and levels of attention,
interest, long-term emotion, stress, relaxation, and engagement in response to observed stimuli.

For this study, a biometric-focused experiment was conducted to understand the subconscious
perceptions of students when observing classes, both in masterclass format and through gamification.
The study took place over 8 days, with eight different participants per session (four in masterclass
format and four in gamification format). Fifty percent of them attended the class in masterclass format,
and the other 50% participated in a gamification session. Additionally, participants in the gamification
session were divided into two groups: the first group knew the game rules but couldn't establish a
strategy (no talking among themselves before or during the game), and the second group knew the
game rules and could speak halfway through the session to establish a possible teamwork strategy.
The total duration of the sessions was 45 minutes, during which the brain activity of students was
recorded using GSR and EEG technologies. Finally, qualitative data analysis was employed to assess
participants' perception of the gamification activity, identifying key relevant aspects.

RESULTS

Below are the results obtained from the recording of cerebral emotional activity, separating the
overall analysis of the group (lecture group versus gamification activity group) and the analysis of
the groups participating in the gamification activity. All results are displayed on a scale from O to 1.
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Table 1. GSR and EEG records for traditional classroom group and gamification activity group

Average emotional response of the Arousal | Attention | Interest | Long term | Stress | Relaxation | Engagement
group excitement

Masterclass Group 0.34 0.41 0.49 0.50 0.45 0.29 0.65
Masterclass Std. Dev. 0.07 0.04 0.06 0.16 0.02 0.03 0.06
Gamification Group 0.73 0.61 0.67 0.72 0.66 0.60 0.64
Gamification Std. Dev. 0.35 0.06 0.03 0.38 0.11 0.10 0.06
Gamification vs. masterclass +117% +49% +37% +43% +45% +106% -1%

Figure 1. GSR and EEG performance metrics comparison for gamification and masterclass groups
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The results obtained from the GSR and EEG recordings are presented, in an aggregated manner,
in Table 1 and Figure 1 for both the lecture group and the gamification group. Table 1 separates
the overall results for the group that attended the lecture and the overall results for the group that
participated in the gamification activity.

Below are graphically displayed the results obtained using a radial chart with markers, allowing
for a visual comparison of the brain activity records from both methodologies.

Figure 1 allows highlighting the overall increase in variables of brain activity recorded when
using gamification in the classroom. In percentage terms, the emotional intensity of gamification
activity exceeded its masterclass equivalent by 117%. Attention increased by 49%, interest by 37%,
long-term emotion by 43%, stress by 45%, relaxation by 106%. Only engagement had similar values,
with a 1% reduction in the case of gamification. In an individual analysis for each recorded variable,
the results obtained are detailed below.

Arousal

Emotional arousal, understood as the amount of sympathetic activation experienced during the
emotional experience, was higher in the group that participated in the gamification activity, by 117%
compared to the masterclass. Figure 2 shows the comparative results.
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Figure 2. GSR metrics comparison for the gamification and masterclass groups
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Figure 2 shows an emotional intensity value (Arousal) for the gamification activity more than
double that recorded for the group attending the masterclass. Participants expressed, in the subsequent
qualitative study, that the activity naturally encouraged participation and that is how they experienced it.

Attention

Attention, understood as the concentration on a specific task during the experience, was higher
in the group participating in the gamification activity by 49% compared to the masterclass. Figure 3
shows the comparative results.

Figure 3 shows an attention value for the experience in the gamification activity 49% higher
than that recorded for the group attending the masterclass. Participants expressed, in the subsequent
qualitative study, that the activity motivated them a lot.

Interest

Interest, understood as the degree of attraction or aversion to the stimulus presented during the
experience, was higher in the group participating in the gamification activity by 37% compared to
the masterclass. Figure 4 shows the comparative results.

Figure 4 shows an interest value for the experience in the gamification activity 37% higher
than that recorded for the group attending the masterclass. Participants expressed, in the subsequent
qualitative study, that the activity generated motivation for them to participate.

Long-Term Excitement

Long-term excitement, understood as physiological excitement with a positive value, derived from
the activation of the sympathetic nervous system and reflecting enthusiasm during the experience,
was higher in the group participating in the gamification activity by 43% compared to the masterclass.
Figure 5 shows the comparative results.
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Figure 3. EEG attention metric comparison for the gamification and masterclass groups
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Figure 4. EEG interest metric comparison for the gamification and masterclass groups
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Figure 5 shows a long-term excitement value for the experience in the gamification activity
43% higher than that recorded for the group attending the masterclass. Participants expressed, in the
subsequent qualitative study, that the activity had encouraged their participation, and the game had

motivated them a lot.
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Figure 5. EEG long term excitement metric comparison for the gamification and masterclass groups
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Stress, understood as the measure of comfort with a challenge (in this case, the gaming experience),
was higher in the group participating in the gamification activity by 45% compared to the masterclass.

Figure 6 shows the comparative results.

Figure 6 shows a stress value for the experience in the gamification activity 45% higher than
that recorded for the group attending the masterclass. Participants expressed, in the subsequent

10
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Figure 7. EEG relaxation metric comparison for the gamification and masterclass groups
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qualitative study, that the activity presented them with a challenge to overcome, and the game had
motivated them a lot.

Relaxation

Relaxation, understood as the ability to recover from intense concentration, was higher in the
group participating in the gamification activity by 106% compared to the masterclass. Figure 7 shows
the comparative results.

Figure 7 shows a relaxation value for the experience in the gamification activity 106% higher
than that recorded for the group attending the masterclass. Participants expressed, in the subsequent
qualitative study, that they lived intensely through each round until it ended, and then they started
from scratch in all aspects.

Engagement

Engagement, understood as the combination of attention and concentration, in contrast to boredom,
and being the ability of a brand, product, service, or stimulus to create a lasting connection, was lower
in the group participating in the gamification activity by 1% compared to the masterclass. Figure 8
shows the comparative results.

Figure 8 shows an engagement value for the experience lived in the gamification activity that
is 1% lower than that recorded for the group that attended the master class. The participants in the
master lesson expressed, in the subsequent qualitative study, that the teacher transmitted clearly and
with easy-to-understand examples.

Analysis of the Emotional Response of Gamification Groups

Participants in the gamification activity were further divided into two groups. The first group
participated in the activity without allowing members to talk among themselves. The second group
participated in the activity, allowing them to talk and establish game strategies halfway through
the activity.
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Figure 8. EEG engagement metric comparison for the gamification and masterclass groups
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Table 2. GSR and EEG records for gamification activity groups

Average emotional response of Arousal Attention Interest Excitement Stress Relaxation Engagement
the group

Group without strategy 0.49 0.65 0.63 0.45 0.58 0.53 0.62
Group with strategy 0.98 0.57 0.72 0.99 0.74 0.67 0.66
Without vs with strategy +100% -12% +15% +118% +28% +26% +6%

The results obtained from the GSR and EEG records are presented, in aggregate, in Table 2
and Figure 9, both for the gamification group and the gamification-allowed-to-talk group. Table
1 separates the overall results for the group attending the lecture and the overall results for the
gamification activity group.

Below, the results obtained are graphically presented using a radial chart with markers, allowing
for a visual comparison of the brain activity records of both groups.

Figure 9 highlights an increase in recorded brain activity variables of arousal, interest, excitement,
stress, relaxation, and engagement. Only the attention variable experiences a reduction. In percentage
terms, the emotional intensity of the gamification activity with a strategy surpassed its counterpart
without a strategy by 100%. Attention decreased by 12%, interest increased by 15%, long-term
excitement increased by 118%, stress increased by 28%, relaxation increased by 26%, and engagement
saw a 6% increment.

In the qualitative study, students who had established a game strategy expressed that participation
was more complete, identifying a leader in the group, integrating into the group more effectively, and
reaching a consensus when participating.

Furthermore, if this group is analyzed before and after the break to talk and establish a game
strategy, the results obtained from the GSR and EEG records are presented, in aggregate, in Table
3 and Figure 10, for both the gamification group and the gamification-allowed-to-talk group. Table
1 separates the overall results for the group attending the lecture and the overall results for the
gamification activity group.

12
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Figure 9. GSR and EEG performance metrics comparison for the gamification groups
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Table 3. GSR and EEG records for gamification activity groups
Group with strategy Arousal | Attention | Interest | Excitement | Stress | Relaxation | Engagement
Gamification Average 0.98 0.57 0.72 0.99 0.74 0.67 0.66
Before applying strategy 0.96 0.50 0.63 0.97 0.54 0.65 0.65
After applying strategy 1.00 0.64 0.81 1.00 0.94 0.70 0.68
Difference 5% 28% 29% 3% 76% 8% 6%

Figure 10. GSR and EEG performance metrics comparison for the gamification groups
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Below, the results are graphically presented using a radial chart with markers, allowing for a
visual comparison of the brain activity records of both groups.

Figure 10 highlights, for the group that established a strategy, a general increase in all recorded
brain activity variables: arousal, attention, interest, excitement, stress, relaxation, and engagement. In
percentage terms, the emotional intensity of the gamification activity for the strategy group exceeded
the experience before establishing the strategy by 5%. Attention increased by 28%, interest increased
by 29%, long-term excitement increased by 3%, stress increased by 76%, relaxation increased by 8%,
and engagement saw a 6% increment.

In the qualitative study, students from this group, who had established a strategy after the midpoint
of the experience, expressed that collaboration among team members increased after establishing the
strategy. [t became easier to make decisions, leadership helped carry out the activity more efficiently,
and non-verbal communication improved.

Qualitative Research

The qualitative study revealed that participants in the gamification activity felt highly motivated,
appreciating collaboration with other participants in work perceived as a team effort. They could
make decisions and see the consequences. Overall, they considered non-verbal communication
important and had improved it as a skill. Regarding emotional intensity, participants stated that the
activity naturally promoted participation, leading to a greater emotional intensity as an experience.
Concerning attention, they were aware that it improved compared to a masterclass because the game
motivated them and generated much interest when participating. They also mentioned that the activity
presented them with a challenge to overcome, and they lived intensely through each round until it
ended, starting from scratch in all aspects.

Finally, members of the gamification group who were able to devise a strategy indicated that
leadership helped them progress. It became easier to make decisions after outlining the game strategy,
making them more efficient and achieving consensus when participating.

DISCUSSION AND CONCLUSIONS

The continuous improvement of educational systems, coupled with a growing demand from
students to move away from traditional lectures and enhance stimulation in the classroom, compels
educational institutions to adapt in an ever-evolving teaching context. Here, there is a constant need to
design new forms of learning. In lecture-based training, the teacher plays a central role in instruction,
with students acting as information recipients. While lectures can effectively convey a large amount of
information in a relatively short time, providing a stimulating and inspiring experience for students,
they also have drawbacks. Lectures represent a passive form of learning and can make it challenging to
maintain students' attention over an extended period. Gamification in the classroom is an educational
strategy that incorporates game elements and mechanics to motivate, engage, and enhance the learning
experience for students. By integrating playful elements into the educational environment, the aim
is to make the learning process more interactive, enjoyable, and meaningful. It is crucial to tailor
gamification strategies to the specific needs of students and curriculum objectives, balancing fun with
educational effectiveness to ensure that gamification enhances the learning experience. The examples
used in the teaching-learning process play a crucial role in fostering conceptual understanding, and
certain variables can influence the use of qualified examples by instructors (Sevimli, 2022).

Gamified learning can take a leading role in specialist training by employing innovative practices,
stimulating motivation, regulating behavior, and implementing ideas of friendly competition and
creative cooperation in diverse educational contexts (Astashova et al., 2023). In recent years, many
studies have emphasized the need to adapt the design properties of gamification to align with students'
needs, characteristics, and preferences (Oliveira et al., 2023). Previous studies on the application of
gamification in engineering at the university level confirm a significant contribution of the pedagogical
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strategy and different categories of motivation, with clear evidence of the significance between
collaboration and motivation (Zabala-Vargas et al., 2021). The strategy can provide preliminary
evidence of reducing school dropout rates, suggesting the potential use of gamification to strengthen
educational processes at the university level. Educational neuroscience seeks to translate findings
from research on the neural mechanisms of learning into practical educational policies and practices
and to understand the effects of education on the brain (Thomas et al., 2019). Neuroscience and
education can directly interact by considering the brain as a biological organ that needs to be in optimal
condition for learning (brain health). Alternatively, they can interact indirectly, as neuroscience shapes
psychological theory, and psychology influences education.

The main goal of this study has been to demonstrate that learning based on gamification activities
is more effective, in terms of brain signals, than traditional classroom teaching for a theoretical class
aimed at university-level students. The results of the experiment conducted in this study indicate that
the emotional intensity levels of students who followed the class through gamification activities are
higher than those who followed the masterclass format. Regarding the recording of students' brain
activity, measured through portable EEG biometrics, the values are generally higher in the gamification
activity group. Five out of six recorded variables are higher (attention, interest, long-term excitement,
stress, and relaxation). However, the sixth variable, engagement, was very similar (1% lower for the
gamification group), which could be justified by the emotional connection traditional classroom
students may have with the teacher. These marginal differences to be a progressive improvement of
traditional teaching, which must be combined with other active learning techniques.

The perceived sensations by students suggest that classes employing gamification activities are
more participative, allowing them to be creative, more motivated, and better integrated into the group.
The feelings and emotions provoked in students attending a lecture show less interest, less attention,
and lower emotional intensity. Only engagement is equivalent (slightly higher) to gamification activities
due to emotional connection with the teacher. The study demonstrates that gamification is effective for
acquiring and developing specific and cross-cutting competencies related to the subject, with a focus on
communication and social skills, teamwork, and time management (Agustin, 2023). The conclusions
indicate that a gamified experience is an example of awareness in education, respecting students'
learning rhythms, promoting metacognition, and encouraging their involvement in constructing their
own knowledge. The qualitative study revealed that intriguing, competency-based activities with
high intrinsic interest resulted in tangible achievements that motivated students, giving them a sense
of play. Furthermore, implementations supporting learning were found to be collaborative activities
that mobilized students to active participation (Erumit & Yilmaz, 2022). Students reported enjoying
the activities and lessons, discovering that competitive implementations incorporating social games
into lesson topics increased their motivation.

The novelty effect associated with gamification only appears when the game is new or addictive.
If the game only represents a novelty on the first occasion, a hedonic adaptation will occur, so the
teacher should work to introduce other equivalent games. In any case, gamification is a complementary
methodology to traditional teaching, which allows the brain to activate in a different way, generating
better performance metrics. Both methodologies are complementary, and gamification does not
represent a replacement for traditional teaching. Finally, regarding future lines of research using
neurotechnologies in the classroom, it is intriguing to analyze how different teaching methodologies
(group dynamics, flipped learning, etc.) bring students' levels of brain activation closer or further
apart, providing a basis for proposing actions to enhance and improve group outcomes. Additionally,
complementing the techniques used with quantitative surveys focused on recording perceptions and
potential improvements for each proposed methodology would be beneficial.

Limitations of the Study

The study was conducted with university students enrolled in the theoretical course Human
Resource Management, which is part of the bachelor's degree program in business administration,
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using the game The Mind (Warsch, 2018) for gamification. There may be variability in user experience
due to individual differences in preferences. However, the neuromarketing study is based on mental
patterns, identifying such patterns in the study from a minimal number of users.

Future Lines of Research

Future lines of work, aimed at reducing the limitations of the study, are focused on expanding
the subjects and topics of study, as well as the university degrees from which the sample has been
drawn. These practices can be considered a new trend and are part of an integrated work of active
methodologies that must be validated individually and jointly.

DECLARATIONS

Availability of Data and Material

Data and materials are available for consulting.

Ethics Statement

This study (involving human participants) followed the declarations of Helsinki. All participants
gave their written informed consent, in accordance with the national legislation and the institutional
requirements. Subjects were informed of their voluntary participation and anonymous contribution,
as well as the possibility of withdrawing from the study at any time without reason.

Funding

This research is part of the action line “Call for Educational Innovation and Improvement
Projects” at the Universitat Politécnica de Valéncia, under the educational innovation call “Learning +
Teaching (L+T),” in the category “Educational Innovation and Improvement Project in Consolidated
Teams,” within the PIME/23-24/399 project “Neurotechnological study of active methodologies and
monitoring formats for learning improvement.”

Competing Interest Statement

The authors declare no conflict of interest.

Process Dates
Received: February 22, 2024, Revision: May 1, 2024, Accepted: May 19, 2024

Corresponding Author

Correspondence should be addressed to David Juérez-Varén (Spain, djuarez@upv.es)

16



International Journal of Game-Based Learning
Volume 14 « Issue 1 * January-December 2024

REFERENCES

Agustin, E. E. (2023). Gamification: Methodology for the development of specific and transversal competences
in pre-service teachers. Educar, 59(2), 333-349. 10.5565/rev/educar.1768

AlSaad, F. M., & Durugbo, C. M. (2021). Gamification-as-innovation: A review. International Journal
on Management of Innovation & Technology, 18(5), 2130002. Advance online publication. 10.1142/
S0219877021300020

Aras, T., & Can, A. A. (2023). A study on educational software development through gamification in guitar
education. Turkish Journal of Education, 12(1), 1-27. 10.19128/turje.1162940

Astashova, N. A., Bondyreva, S. K., & Popova, O. S. (2023). Gamification resources in education: A theoretical
approach. Obrazovanie I Nauka-. Education in Science, 25(1), 15-49. 10.17853/1994-5639-2023-1-15-49

Bastone, A., Schiavone, F., Carli, M. R., & Juarez-Varén, D. (2023). How to shorten the market entry innovation
in a highly regulated market. The case of early access programs in the pharmaceutical industry. The International
Entrepreneurship and Management Journal, 19(4), 1561-1581. 10.1007/s11365-023-00893-y

Bittencourt, T., & Willetts, A. (2018). Negotiating the tensions: A critical study of international schools’ mission
statements. Globalisation, Societies and Education, 16(4), 515-525. 10.1080/14767724.2018.1512047

Borst, G. (2023). Neuroeducation—LaPsyDE (UMR CNRS 8240). L’Année Psychologique, 123(2), 387-392.
10.3917/anpsy1.232.0387

Bueno, D., & Fores, A. (2021). Neuroscience applied to education: How the brain learns and what consequences
this has. Llengua Societat i Comunicacio, 19, 37-45. 10.1344/L.SC-2021.19.5

Campbell, S. R. (2011). Educational neuroscience: Motivations, methodology, and implications. Educational
Philosophy and Theory, 43(1), 7-16. 10.1111/j.1469-5812.2010.00701.x

Chan, G. L., Santally, M. 1., & Whitehead, J. (2022). Gamification as technology enabler in SEN and DHH
education. Education and Information Technologies, 27(7), 9031-9064. 10.1007/s10639-022-10984-y35345601

Clark, D. B., Tanner-Smith, E. E., & Killingsworth, S. S. (2016). Digital games, design, and learning: A systematic
review and meta-analysis. Review of Educational Research, 86(1), 79—122. 10.3102/003465431558206526937054

Cuesta-Cambra, U., Niflo-Gonzilez, J. 1., & Rodriguez-Tercefio, J. (2017). The cognitive processing of an
educational app with electroencephalogram and “eye tracking.”. Comunicar, 52, 41-50. 10.3916/C52-2017-04

Cuevas Monzonis, N., Civico Ariza, A., Gabarda Mendez, V., & Colomo Magana, E. (2021). Student's perception
about gamification in higher education. Reidocrea-Revista Eectronica De Investigacion Y Docencia Creativa,
10(16), 1-12. 10.30827/Digibug.66757

de Vero, 1., & Barr, M. (2023). A historical text-based game designed to develop critical thinking skills. [[JGBL].
International Journal of Game-Based Learning, 13(1), 1-14. 10.4018/IIGBL.323138

Ekici, M. (2021). A systematic review of the use of gamification in flipped learning. Education and Information
Technologies, 26(3), 3327-3346. 10.1007/s10639-020-10394-y

Emotiv. (2023). Performance Metrics. Emotiv. https://www.emotiv.com/knowledge-base/performance-metrics/

Erumit, S. F., & Yilmaz, T. K. (2022). Gamification design in education: What might give a sense of play and
learning? Technology Knowledge and Learning, 27(4), 1039-1061. 10.1007/s10758-022-09604-y

Giordano, C. V., & Dias de Souza, L. T. (2021). Gamification and student motivation: Considerations about
techniques effectively applied in professional education. Revista Eniac Pesquisa, 10(1), 26-38. 10.22567/
rep.v10il.767

Hillman, T. (2011). The inscription, translation and re-inscription of technology for mathematical learning.
Technology. Knowledge and Learning, 16(2), 103-124. 10.1007/s10758-011-9182-1

Howard-Jones, P. A. (2014). Neuroscience and education: Myths and messages. Nature Reviews. Neuroscience,
15(12), 817-824. 10.1038/nrn381725315391



International Journal of Game-Based Learning
Volume 14 « Issue 1 « January-December 2024

Ilbeigi, M., Bairaktarova, D., & Morteza, A. (2023). Gamification in construction engineering education: A
scoping review. Journal of Civil Engineering Education, 149(2),04022012. Advance online publication. 10.1061/
(ASCE)EIL.2643-9115.0000077

Jelovica, L., & Alajbeg, A. (2023). An overview of the characteristics of a modern school. Croatian Journal of
Education-Hrvatski Casopis Za Odgoj I Obrazovanje, 25(3), 1001-1031. 10.15516/cje.v25i3.4902

Juérez-Varén, D., Bellido-Garcia, 1., & Gupta, B. B. (2023). Analysis of stress, attention, interest, and
engagement in onsite and online higher education: A neurotechnological study. Comunicar, 31(76), 21-34.
10.3916/C76-2023-02

Juarez-Varén, D., Gaén, R. E. E., Mengual-Recuerda, A., & Vera-Sepilveda, C. (2024). Neurotechnologies
applied to society’s perception of cyber-physical systems (CPS) in smart cities. [ISWIS]. International Journal
on Semantic Web and Information Systems, 20(1), 1-32. 10.4018/1ISWIS.335947

Juarez-Varon, D., Mengual-Recuerda, A., Capatina, A., & Cansado, M. N. (2023). Footwear consumer behavior:
The influence of stimuli on emotions and decision making. Journal of Business Research, 164, 114016. Advance
online publication. 10.1016/j.jbusres.2023.114016

Kottmann, A., Schildkamp, K., & van der Meulen, B. (2024). Determinants of the innovation behaviour of
teachers in higher education. Innovative Higher Education, 49(2), 397—418. Advance online publication. 10.1007/
$10755-023-09689-y

Lampropoulos, G., Keramopoulos, E., Diamantaras, K., & Evangelidis, G. (2022). Augmented reality and
gamification in education: A systematic literature review of research, applications, and empirical studies. Applied
Sciences (Basel, Switzerland), 12(13), 6809. Advance online publication. 10.3390/app12136809

Lopez-Alegria, F., & Fraile, C. (2023). Metodologias didécticas activas frente a paradigma tradicional. Una
revision sistemética [Active teaching methodologies versus traditional paradigm: a systematic review]. Educacion
Médica, 26(1), 5-12. 10.33588/fem.261.1255

Magadan-Diaz, M., & Rivas-Garcia, J. I. (2022). Classroom gamification in online higher education: The use
of Kahoot. Campus Virtuales, 11(1), 137-152. 10.54988/cv.2022.1.978

Maleko, E. V., Rubanova, N. A., Karpova, E. V., Akulova, I. S., Khakova, G. S., & Plugina, N. A. (2018). Applying
innovative teaching techniques and methods, when teaching cultural studies in higher education institutions.
Modern Journal of Language Teaching Methods, 8(11), 18-30. https://mjltm.org/files/site1/user_files_a9608a/
admin-A-10-1-240-e98fd26.pdf#page=18

Manzano-Le6n, A., Aguilar-Parra, J. M., Rodriguez-Moreno, J., & Ortiz-Coldn, A. M. (2022). Gamification in
initial teacher training to promote inclusive practices: A qualitative study. International Journal of Environmental
Research and Public Health, 19(13), 8000. Advance online publication. 10.3390/ijerph1913800035805658

Matic, L. J., Karavakou, M., & Grizioti, M. (2023). Is digital game-based learning possible in mathematics
classrooms? A study of teachers’ beliefs. [IGBL]. International Journal of Game-Based Learning, 13(1), 1-18.
10.4018/1IGBL.323445

Moreno-Guerrero, A. J., Parra-Gonzalez, M. E., Lopez-Belmonte, J., & Segura-Robles, A. (2021). Innovando en
educacion nutricional: Aplicacion de la gamificacion y recursos digitales en estudiantes de secundaria [Innovating
in nutrition education: Application of gamification and digital resources in high school students]. Retos: Neuvas
Tendencias en Educacion Fisica. Deporte y Recreacion, 43, 438-446. 10.47197/retos.v43i0.87569

Mukherjee, A., Goyal, P., Singh, A., Khosla, A. K., Ahuja, K., & Chand, K. (2019). Pursuit of research: A
gamified approach promoting research engagement among undergraduate students. In Walters, K., & Henry, P.
(Eds.), Fostering multiple levels of engagement in higher education environments (pp. 132—155). IGI Global.,
10.4018/978-1-5225-7470-5.ch006

Murillo-Zamorano, L. R., Lopez Sanchez, J. A., Godoy-Caballero, A. L., & Bueno Mufioz, C. (2021). Gamification
and active learning in higher education: Is it possible to match digital society, academia and students’ interests?
International Journal of Educational Technology in Higher Education, 18(1), 15. Advance online publication.
10.1186/541239-021-00249-y

18



International Journal of Game-Based Learning
Volume 14 « Issue 1 * January-December 2024

Nesterowicz, K., Bayramova, U., Fereshtehnejad, S.-M., Scarlat, A., Ash, A., Augustyn, A. M., & Sz4deczky,
T. (2022). Gamification increases completion rates in massive open online courses. International Journal of
Information and Communication Technology Education, 18(1), 1-12. Advance online publication. 10.4018/
JICTE.294447

Nufiez-Cansado, M., Carrascosa Méndez, G., & Judrez-Varén, D. (2024). Analysis of the residual effect
using neuromarketing technology in audiovisual content entrepreneurship. Sustainable Technology and
Entrepreneurship, 3(3), Article 100069. https://doi.org/https://doi.org/10.1016/j.stae.2023.100069

Oliveira, W., Hamari, J., Shi, L., Toda, A. M., Rodrigues, L., Palomino, P. T., & Isotani, S. (2023). Tailored
gamification in education: A literature review and future agenda. Education and Information Technologies,
28(1), 373-406. 10.1007/s10639-022-11122-4

Pardim, V. 1., Pinochet, L. H. C., Viana, A. B. N., & de Souza, C. A. (2023). Where is the student who was here?
Gamification as a strategy to engage students. International Journal of Information and Learning Technology,
40(2), 177-192. 10.1108/IJILT-05-2022-0122

Ramirez-Montoya, Maria-Soledad, Lugo-Ocando, & Jairo. (. (2020). Revision sistematica de métodos mixtos
en el marco de la innovacién educativa [Systematic review of mixed methods in the framework of educational
innovation]. Comunicar, 28(65), 9-20. 10.3916/C65-2020-01

Rodrigues, L., Pereira, F. D., Toda, A. M., Palomino, P. T., Pessoa, M., Galvao Carvalho, L. S., Fernandes, D.,
Oliveira, E. H. T., Cristea, A. L., & Isotani, S. (2022). Gamification suffers from the novelty effect but benefits from
the familiarization effect: Findings from a longitudinal study. International Journal of Educational Technology
in Higher Education, 19(1), 13. Advance online publication. 10.1186/s41239-021-00314-6

Saleem, A. N., Noori, N. M., & Ozdamli, F. (2022). Gamification applications in e-learning: A literature review.
Technology Knowledge and Learning, 27(1), 139-159. 10.1007/s10758-020-09487-x

Saxena, M., & Mishra, D. K. (2021). Gamification and Gen Z in higher education: A systematic review of
literature. International Journal of Information and Communication Technology Education, 17(4), 1-22. Advance
online publication. 10.4018/IJICTE.20211001.0a10

Sevimli, E. (2022). Evaluation of the didactic transposition process in teaching integral: Face-to-face versus
online education. The International Journal for Technology in Mathematics Education, 29(1), 37-48. 10.1564/
tme_v29.1.04

Soboleva, M. S., Loskutova, E. E., & Kosova, I. V. (2021). Characteristics of different methods of training in
mastering the specialty “pharmacy.”. International Journal of Pharmaceutical Research and Allied Sciences,
10(2), 70-76. 10.51847/2WbGQXV 1F2

Thomas, M. S. C., Ansari, D., & Knowland, V. C. P. (2019). Annual research review: Educational neuroscience:
Progress and prospects. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 60(4), 477-492.
10.1111/jcpp.1297330345518

Tsurkan, L., Dubinka, M., Savchenko, N., Slipchyshyn, L., & Kalenyk, M. (2023). Gamification in developing
readiness for self- fulfillment in students of higher educational institutions. Apuntes Universitarios, 13(3), 80-91.
10.17162/au.v13i3.1525

Viktoriia, P., Anna, A., Yurii, P., Nataliia, K., & Andrii, H. (2022). Gamification of education: Innovative forms
of teaching and education in culture and art. Eduweb-Revista De Tecnologia De Informacion Y Comunicacion
En Educacion, 16(2), 119-133. 10.46502/issn.1856-7576/2022.16.02.8

Warsch, W. (2018). The mind [Board game]. Mercurio.

Watts, P. (2023). Ethical Dilemmas in Educational Research: Considering Challenges and Risks in Practice Ethical
Dilemmas in Educational Research: Considering Challenges and Risks in Practice. Edited by Carol Brown and
Mary Wild. Maidenhead: McGraw Hill. 2023. £27.99 (Print Text), £22.99 (Ebk). ISBN 9780335251322. British
Journal of Educational Studies, 72(1), 123-125. 10.1080/00071005.2023.2281148

Zabala-Vargas, S., Garcia-Mora, L., Arciniegas-Hernandez, E., Reina-Medrano, J., de Benito-Crosetti, B., &
Darder-Mésquida, A. (2021). Strengthening motivation in the mathematical engineering teaching processes -
A proposal from gamification and game-based learning. International Journal of Emerging Technologies in
Learning, 16(6), 4-19. 10.3991/ijet.v16i06.16163



International Journal of Game-Based Learning
Volume 14 « Issue 1 « January-December 2024

David Juarez-Varén received his PhD in Economics, Business and Society from the University of Alicante (Spain)
in 2018 and has been a professor and researcher since 1999 at the Universitat Politécnica de Valencia (Spain).
Currently, he directs a neuroeducational laboratory, a master's program in neuroentrepreneurship, and a master’s
program in user experience (UX) at the UPV. He researches neurotechnologies applied to areas such as consumer
behaviour, entrepreneurship, or education.

Manuel Angel Juarez-Varén received his PhD in Marketing from the University of Alicante (Spain) in 2023. In 2021
he was hired as a teacher and researcher by the Universitat Politécnica de Valéncia (Spain). He researches digital
marketing and marketing applied to consumer behaviour.

Ana Mengual-Recuerda received her PhD in Marketing from the University of Alicante (Spain) in 2019. In 2020
she was hired as a teacher and researcher by the Universitat Politéecnica de Valéncia (Spain). She researches
industrial production and marketing applied to consumer behaviour.

Beatriz Andrés received her PhD in Business and Production Engineering in 2016 at the Universitat Politecnica
de Valencia (UPV). She is a member of the Centre for Research in Production Engineering and Management
(CIGIP) and Associate Professor at the UPV in Operations Management and Operations Research in the
Department of Business Management (DOE). She has participated in two Spanish Government R&D projects and
nine European projects (H2020 and Horizon Europe). She has been recognised with a six-year research period.
She has supervised a doctoral thesis with international mention cum laude. Her current research focuses on the
areas of collaborative networks: simulation models, system dynamics, heuristic and matheuristic algorithms, and
decision support systems. Shee has published 50 research papers in indexed journals, as well as 65 conference
publications, with an h-index 9 (according to Scopus).

20



