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Abstract

The optimal application of gamified methods in the teaching of Physiology requires research, as evidence
on its impact is rudimentary. The purpose of this study was to determine the effects of gamification on
learner attitudes, student performance scores, and brainwave activity in a Physiology learning
environment. A cohort of 14 students from the first year Bachelor of Clinical Medical Practice program
were randomly assigned to the gamified (G) and non-gamified (N-G) groups. The G group participated in
a gamified activity, while the N-G group participated in a didactic teaching setting. The students were
assessed on the same content. Electroencephalogram (EEG) recordings were measured using a
MyndBand device during student participation in the assigned activities. Software algorithms computed
attention and meditation brainwave signals that had been recorded during the testing sessions. The
results of the study revealed higher performance scores in the G group when compared to the N-G group.
Results also showed a higher median brainwave activity for attention signals in the G than in the N-G
group. There was a positive correlation between median attention signals and performance scores. These
preliminary findings on the use of gamification in a Physiology classroom setting indicate an improved
cognitive outcome that is substantiated by the EEG brainwave attention signals.
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1. Introduction

Historically, the preclinical training of medical students has largely focused on didactic methods of
teaching [1]. Developments in technology, as well as the challenge of increased learner-to-lecturer ratios,
have necessitated the exploration of multiple learning media and approaches to enhance the learning
experience. Furthermore, in complex multi-lingual and multi-cultural environments, creating an interactive
classroom poses a challenge. Gamification, the application of gaming elements or mechanics to a non-
gaming environment, has been employed in training programs in a variety of sectors and has the potential
to alleviate the challenges posed by these complex-learning environments [2-4]. In the context of higher
education, various studies have shown that gamification increases learner participation [5,6].

While gaming as a means of improving student motivation has been studied widely, observations have
been mainly anecdotal. Most studies found that gamification increased motivation, but some other studies
reported no improvement in motivation. [7-9] Furthermore, although gamified learning systems are
increasingly being employed in higher education, evidence of their impact on student performance is still
limited [10]. Additionally, there is a lack of Physiological data to show the effects of gamified systems on
learner focus and concentration. Thus an investigation of the effect of gaming elements on brain activity
may further enhance our understanding on the impact of gamification on student learning.
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The physiology of memory and cognition are important facets in influencing student learning and
academic performance [11-13]. A study monitoring brainwave patterns was previously employed to study
brain activity by measuring parameters such as the attentive state [14]. The study showed that the attentive
state is associated with learning effectiveness. [14] Generally, brainwaves are classified into various
categories based on wave frequency; the theta waves (4-7.99 Hz), alpha waves (8-12,99 Hz), beta waves
(13-29,99 Hz) and gamma waves (30-50,99 Hz) [15-17]. In particular, frequencies in the theta/alpha
categories are associated with the meditative state, while beta frequencies are associated with the attentive
state and focused mental activity [16,17]. Gamma waves are involved in simultaneous processing of
information. The purpose of the current study was to investigate the effects of gamification on brainwave
activity and whether the brainwave activity related to student performance in assessments and student
perceptions of the learner experience.

2. Materials and Methods

2.1. Participants

The study involved a cohort of fourteen students from the Bachelor of Clinical Medical Practice
(BCMP) who had enrolled for the first year Physiology module.

2.2. Gamification

The students were assigned randomly to two groups, the gamified (G) or non-gamified (N-G) groups,
and the same Physiology course content was used for the two groups of students. Gaming elements in the
form of the wheel of knowledge, a game adapted from the wheel of fortune, was employed in the gamified
group, while no gaming activity was employed in the non-gamified group. In the latter group, didactic
methods were used. In both groups, brain activity was measured while the students undertook the assigned
activities. Students were assessed and gained points at the end of their activities. Students in the G group
were also requested to provide input concerning their experience of the gaming activities.

2.3. Brain activity assessment

Each of the students in the two groups was fitted with an electroencephalogram (EEG) headset and
brain wave activity was measured as they participated in the assigned activities. The MyndBand EEG
headset (MyndPlay®, USA) was used for the EEG measurements. The device headset measured raw EEG
signals via two electrodes positioned on the forehead of each participant and a ground electrode earpiece.
The raw EEG signals of 3 to 50Hz were recorded from which brainwave activity was computed with the
NeuroView version 4 software (NeuroSky Inc., USA).

2.4. Statistical analysis

Comparison between the gamified and non-gamified groups were analyzed using the Student’s T-test
and the Mann-Whitney U Test at a significance of level of p<0.05. Analyses were performed using the SPSS
(version 25, IBM) statistical software package.

3. Results and Discussion

The mean performance score for the N-G group was 16.9% while the mean performance score for the
G group was 63.4% (Fig. 1). Nonetheless one student in the G group obtained a performance score that
was in the similar range with scores attained by students in the N-G group. It is also important to note that
in terms of formative assessment grades, the students were spread evenly between the two groups.
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Thus, the differences in the average performance scores may be partly due to gamification. It is
anticipated that an increase in sample size will give a better representation of the effect of gamification on
student performance.
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Figure 1. Student performance on gaming (students 1-7) and non-gaming activities (students 8-
14). Values are mean percentage scores £SD.

A survey was conducted to determine participant experience with the gamification activities. In the
first part of the survey, the students were asked to indicate whether the experience was positive, neutral or
negative. All students except one indicated that they had a positive experience. One student indicated that
his experience of gamification activities was neutral (Table 1). In the second part of the survey the students
were asked to select phrases that describe their experience of the gamification exercise. Students in the
gamified group indicated that they found gamification activities highly stimulating and that they were
motivated to participate in learning activities (Table 1). In a recent study, Martin et al. (2018) observed an
improvement in participation and team dynamics when game-based learning was employed [18]. In
addition, the same study showed that students who participated in gamified activities were more aware of
the level of their knowledge competence when compared with their peers [18].

Another study reported an improvement in intrinsic motivation, which is defined as participating in
tasks due to the satisfaction derived from performing and completing activities rather than to attain high
assessment marks [19]. Further, several other studies reported on the positive impact of gamification on
the learner experience [20-22]. Taking the findings of the different studies as well as student feedback in
the current study, it is plausible that gamified elements may have a role in encouraging motivation in the
training of medical students [23]. Moreover, McCoy et al. (2016) reported on the potential benefits of
gamified system in improving the training of medical students both at the pre-clinical and clinical levels
[3]. However, according to some of these studies, there is a need for substantive evidence on the effects of
incorporating gaming activities on learner performance [19-22].
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Table 1. Gamified student’s group perceptions of gaming activities

Participant no. Experience Student Comment

1 Positive Great experience; Would prefer use of gamification in the
teaching of Physiology

2 Positive Enjoyed game; Would prefer use of gamification in learning

3 Positive Enjoyed game; Would prefer use of gamification in the
teaching of Physiology

4 Neutral Made no difference; It would not make a difference if
gamification was incorporated in the teaching Physiology

5 Positive Enjoyed game; Would prefer use of gamification in the
teaching of Physiology

6 Positive Perfect experience; Would prefer the use of gamification in
the teaching of Physiology

7 Positive Best experience; Would prefer the use of gamification in the
teaching of Physiology

In the present study, brain activity waves were measured to establish the impact of gamification on
learner concentration. The algorithms generated Attention and Meditation brainwave values via a
combination of frequencies from the Theta frequency (4-7.99Hz) which represents deep relaxation, to the
Beta/Gamma frequencies (12 — 35Hz) which represent engaged, active to focused mind state. The average
Attention and Meditation brainwave values were recorded per session for each participant and are indicated

in Fig. 2.
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Figure 2. Brainwave activity measured in gamification (students 1-7) and non-gamification (students

8-14) groups.
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The results showed that the mean Attention wave values were 45.14 + 12.01 (mean wave frequency +
SD) in the N-G group. There was a significant increase (p=0.024) in the mean Attention wave values in the
G group (61.29 + 11.78). On the other hand, brainwaves that corresponded with the Meditative state
averaged 59.26 + 4.54 for the G group and 51.38 + 7.90 for the N-G group (p=0.053). Furthermore,
Attention wave values correlated positively with student performance scores (Spearman rho: 0.4089;
p<0.05).

4. Conclusion

Our findings revealed an improvement in student performance when gamification was used, as evident
from the higher average scores achieved by students in the G group. Furthermore, the improvement in
performance scores correlated with increased attention. Contrary to our expectation, the meditation
brainwave values were not lower in the gamification group. However, it must be noted that according to
normal brainwave activity, an increase in the attention wave values does not necessarily imply a decrease
in the meditative state. While there is limited empirical evidence on the impact of gamification on learner
performance, our observations in this initial study suggest that the use of gamified elements in the teaching
of Physiology may improve learner performance as well as attention. Further studies are underway using
larger sample sizes to further investigate the impact of gaming activities singly and in combination with
didactic approaches on formative assessment outcome.
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