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This study examines the effects of using a gamification tool as a teaching strategy. Specifically, Kahoot! is evaluated as a
tool for enhancing student learning. The activities were part of the laboratory sessions of the subject Mechanism and
Machine Theory during two consecutive academic years. We analyze the effect of a gamification learning system on both,
students’ grades and motivation, in a course with a large number of students (n; = 283 students, 7, = 306 students). The
students were divided into three different groups (control group, gamification group and writing group) and their results
were evaluated depending on the learning method applied during the class. In terms of gamification, this project
introduces real-time feedback to stimulate the interest of students and help them use the typical tools and methodologies
of game-based learning. The analysis of their performance in the laboratory exam shows significant differences between
the group that used gamification and the groups that did not. The results suggest that gamification in engineering lab
activities has a positive effect on students’ motivation and learning outcome. The study concludes that game-based

elements and competitive activities enhanced student performance.
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1. Introduction

The combination of teaching and games can be
traced back to the humanistic approach, but in
recent years game design elements have started to
be used for non-playful purposes [1]. Although the
term is still being revised conceptually —see [2] for a
theoretical review — gamification can be defined as
using game-based mechanics, aesthetics and think-
ing to engage people, motivate action, promote
learning, and solve problems [3]. In education, the
idea is to motivate and stimulate students by using
activities other than traditional ones, and facilitate
— almost without them being aware — teaching-
learning itself, especially in a social context in
which student engagement needs to be increased [4].

There is a broad debate among game designers,
researchers and educators, about what games are,
how they impact individuals and, in general, how
they can be used in classrooms. Insufficient atten-
tion has been paid to gamification grounded in both
theories and evidence from empirical studies [5]. In
this regard, [6] describes the advantages and dis-
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advantages of gamification Among the advantages,
he says, are that games and gamification can lead to
high levels of learner engagement and motivation
since they connect with the skills of 21st-century
students [7]. On the other hand, there is a risk of
applying reproduction without prior design, result-
ing in problems such as exploitation or the creation
of hostile and tense environments. Gamification
models in education domain could help gamifica-
tion practitioners to make new strategies in learning
activities to increase students’ motivation, achieve-
ment and involvement[8]. Rigorous studies are
required to fully examine the effects of gamification
and determine how learning is best achieved [9].

In general, gamification techniques have positive
effects on the involvement and motivation of stu-
dents [4, 10, 11], — see [12] for scoping review —.
Students value its competitive nature, the immedi-
acy of feedback on their knowledge and structured
opportunities for further discussion [13] and they
also identify gamification as a multifaceted tool for
a great learning experience [14]. Gamified learning
environments contribute to the learning and teach-
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ing process by raising levels of engagement, creating
enjoyable learning environments and ensuring
active participation [11, 15-20]. However, some
studies have not identified any significant effects
on learning or have even detected worse academic
results when students are forced to use game ele-
ments [21-23]. However, all reviews to date agree
that there is insufficient evidence to support the
long-term benefits of gamification in educational
contexts [1, 13, 17, 24, 25], so more empirical
evidence is needed to justify that gamification is
better than other pedagogical alternatives [26, 27].
Therefore, the present study aims to provide new
evidence on the effects of gamification in the class-
room.

1.1 Gamification with Personal Response Devices

Personal response devices (PRDs) — sometimes
called classroom response systems, student
response systems, or audience response systems —
appeared at the beginning of the 21st century and
they consist of an emitter and a receiver that,
together with the corresponding software, enable
teachers to ask their students a multiple-choice
question (the question is projected on a screen)
and students to send an answer using their indivi-
dual control or clicker [28, 29]. Clickers provide a
simple way to generate an atmosphere of student
interaction that can enhance teacher-student com-
munication [30].

Several PRDs can be used with iPads, Android
tablets, mobile phones and computers. These new
systems have the same utilities as other fast
response methods such as clickers, none of the
corresponding technical-logistical problems, and
new features like gaming elements, music, modal-
ities, and design [28, 31] Usually, the integration of
this devices do not present technical difficulties and
gaming is successful in enabling active participation
and interactive learning [13]. Some of these applica-
tions are Mentimeter, Infuse Learning, Socrative,
Quiz Socket, Kahoot!, Verso, Poll Everywhere or
VoxVote, which enable you to prepare multiple-
choice questionnaires, true/false questionnaires
and, in some cases, questions with short answers
(i.e. Socrative). With these tools, students answer all
questions simultaneously in class, data is collected
and statistics on the responses of the students are
given immediately. The timing is programmed by
the teachers, who can detect common errors, high-
light aspects that are most deficient for the students
and provide immediate feedback [32].

The individual response system creates an envi-
ronment of immediate interactive learning and
discussion in the classroom [33, 34]. It also provides
formative feedback on learning (for both teachers
and learners) [35]. However, the benefits of using

student response systems are also controversial
[36, 37]. While there is considerable evidence to
suggest that university students have very positive
opinions about the use of these systems [28, 30, 33],
some studies conclude that these tools do not
guarantee better learning [35, 38]. It seems that it
is the implementation of pedagogical strategies in
combination with the technology that ultimately
influences student success.

Studies on individual response systems often
compare the statistics and feedback given with the
student’s final grade. The correlations are often
positive but weak, which shows that they can be
useful for formative assessment but not for sum-
mative [30, 35, 39].

Kahoot! is a free virtual tool that has gained in
popularity among teachers for its user-friendly
nature and its ability to establish working dynamics
in the classroom. It is highly appreciated by stu-
dents [28]. Kahoot! allows teachers to create sur-
veys, questionnaires, puzzles and debates, and
obtain students’ answers in real time. Various
studies on Kahoot! agree that this tool improves
participation and the positive relationship between
class members [13, 39-41].

1.2 Case Study in Mechanical Engineering

Mechanism and Machine Theory is a core subject
taught in the fourth semester of the Degree in
Industrial Engineering at Universitat Politécnica
de Catalunya. It is one of the first times that the
Industrial Engineering students have come into
contact with the world of mechanical engineering.
The formative assessments from previous semesters
showed that the students did not acquire the
required skills at laboratory classes: the percentage
of students who passed the laboratory exam was
very low, and the teachers considered it a problem
since it suggests that students were not able to put
into practice the knowledge they had acquired in
the theory classes. On average, the percentage of
students passing the course is 70%, whereas the
percentage passing the practical examinations is
40%, notably lower. Therefore, a new method was
needed in order to improve the teaching/learning
process.

We hypothesize that the introduction of gamified
feedback will help to highlight the most important
concepts at the end of each laboratory session, and
therefore, improve the learning process. Another
important issue is which of the factors involved in
gamification is most related to the improvement in
learning (if indeed there is an improvement). To
address this issue using a multifactorial approach
[42], we differentiated two factors: the fact that
students receive feedback (this will be checked by
a control group doing written tests) and the fact
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that gamification promotes other variables (moti-
vation, engagement, competitiveness, etc.).

For this reason, the second hypothesis of this
study is that the first of these two factors (gamifica-
tion) is more important than the second (the feed-
back itself). In order to test this hypothesis, the
questions that the students in the gamification
group were asked were also presented to another
experimental group in which students did a written
test without using Kahoot!. The solutions of the test
(feedback) were also provided after the laboratory
session.

2. Methods

The present study uses an empirical-analytical
methodology to study gamification as a tool in
laboratory sessions. The subject Theory of
Machines and Mechanisms has a large number of
students each semester (between 270 and 320) so the
students were randomly distributed into 11 labora-
tory groups taught by 4 different lecturers. The aim
of our intervention was to improve learning in the
laboratory sessions.

The overall course grade is calculated according
to the following weighted average, rounded to one
decimal place:

Meourse = Max(0.6 Mg, + 0.2 Mye; 0.8 My.) +
0.10 Migpy + 0.10(Miapy - Mgn)? (1)

where, M ourse 18 the final grade for the course, My is
the mark for the final exam, M is the mark for the
midterm exam, M, is the mark for the first
laboratory exam (assessing sessions 1, 2 and 3),
and My, is the mark for the second laboratory
exam (assessing sessions 4 and 5). Finally, M, is
the mark for a simulation exercise.

The interventions took place during the second
term of the academic years 2016-17 and 2017-18
and aimed to improve the marks for 3 laboratory
sessions which account for 10% of the final grade.

A test questionnaire has been introduced as a
feedback tool. Quick feedback helps students
become aware, and they have greater perception
of what has happened in the laboratory. This feed-
back has been introduced as a test questionnaire
that has to be answered in the last 15-30 minutes of
each session.

Two different feedbacks are analyzed. The first
uses Kahoot! questionnaires. Since Kahoot! is a fast
response system for the student, it is expected to be
effective at improving knowledge retention and skill
acquisition. The second uses a traditional question-
naire which, therefore, involves no competition or
cooperative learning. To determine the effect of
introducing not only a feedback tool but a feedback

gamification tool, the laboratory groups were
divided into three groups:

e An experimental group given feedback through
the Kahoot! questionnaires— (Gamification
group, GG). These learners use the mobile ver-
sion of the app.

e An experimental group given a written test at the
end of the session (with the same questions as in
Kahoot!), acting as reinforcement and feedback,
but without the other components that Kahoot!
may have (Writing group, WG).

e A control group subject to no intervention (Con-
trol group, CG).

The students were divided up in this way to avoid
teacher and timetable factors. Table 1 summarizes
the number of students in each group. Note that
some students do not participate in the laboratory
sessions.

Academic performance was assessed by compar-
ing the marks of students in each of the pedagogical
groups. The mean mark, standard deviation and
number of students who passed the exam were
calculated for each evaluation (Miapi, Miab2, Mpe,
M, My.). A Student’s T-Test was also used to find
significant differences between the experimental
(GG and WGQG) and the control (CG) groups.

Therefore, for the GG the relation between the
Kahoot! test score and the grades in the other
evaluations was studied. Likewise, for the WG,
the relation between the writing test score and the
grades in other evaluations was examined. To this
end, linear correlations were calculated and Pear-
son, Spearman and Kendall coefficients deter-
mined.

Finally, whether or not there was a teacher effect
was studied (that is to say, whether a particular
student gets a better or a worse mark depending on
the teacher who has taught the subject). Therefore,
the students were grouped according to the lecturer
who taught the sessions and a Student’s T-Test was
used to determine significant differences between
the four groups.

Finally, it was not considered appropriate to
measure success only by comparing the summative
marks, because this is not the only purpose of the
gamification tool. A 12-question survey was pre-

Table 1. Overall number of students for each group and academic
year

Number of students 2016-17 2017-18
Gamification Group - GG 37 41
Writing Group - WG 115 86
Control Group - CG 113 100
Not attending 41 56
Total 306 283
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pared for students in the gamification group (See
the Appendix).

3. Results

Because feedback is now a part of laboratory
sessions 1, 2 and 3, differences in the laboratory
exam 1 marks (My,p1) can be expected among the
three groups. During the academic year 2016-17,
62.16% of the students who took part in the
gamification passed the exam while only 54.87%
of the control group and 58.26% of the writing
group did the same. Similarly, during the academic
year 201718, 87.80% of the students who took part
in the gamification passed the exam while in the
control group and the writing group the percen-
tages were 74.74% and 77.91%, respectively.

Table 2 shows the mean and standard deviation
of the marks for each evaluation (Miap1, Miab2, Mope,
Mgim, M) for both of the academic years analyzed.
It can be seen that for laboratory exam 1 (Miuy),
the mean grade obtained by the students who took

Table 2. Mean + SD of the marks for each evaluation

part in the gamification sessions (5.59 + 2.43,
academic year 2016-17; and 6.90 + 1.68, academic
year 2017-18) is more than one point higher than
the control group (4.50 £+ 2.17, academic year 2016—
17; and 5.75 4+ 2.30, academic year 2017-18).
However, this difference is not so clear for the
writing group (4.71 £ 2.37, academic year 2016—
17; and 5.57 4+ 2.24, academic year 2017-18). A
Student’s T-test between GG and CG demon-
strated that there is a significant difference between
these two groups (p-value < 0.05). Moreover, the
differences between the WG and the CG group are
not statistically significant.

Fig. 1 shows the boxplot obtained for M, for
both academic years and for each teaching metho-
dology. The central block is delimited by the posi-
tion of Q1 and Q3 quartiles and the line representing
the median is drawn in the box. It can be seen that
the median is also higher for the gamification group
than for the writing and control groups.

Differences between GG, CG and WG are not
presented for the other evaluation marks (M,p»,

Group Mlabl Mlabl Mpe Msim Mfe
Academic year GG 5.59 +2.43* 4224297 5.24+2.34 7.16+2.16 2.88 +£1.82
2016-17 WG 4714237 3.69+2.86 5.574+2.24 7.13+1.76 31241.62
CG 4.50+2.17 3.49+2.54 5.53+2.37 7.06+1.84 2.90+1.87
Academic year GG 6.90 + 1.68* 4.944+2.36 5.90+2.76 7.06 £2.23 4.944+2.30
2017-18 WG 6084223 5.56+2.59 6.2842.50 7.14+£223 483+2.10
CG 5.75+£2.30 4.95+2.78 5924211 7.26£2.27 4.324+2.16
*p-value < 0.01.
Academic year 2016-17 Academic year 2017-18
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Fig. 1. Boxplot of laboratory exam 1 marks. (a) Academic year 2016-17 (b) Academic year 2017-18.
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Table 3. Correlation coefficients between feedback test and laboratory exam 1. Mg 00, and M,y for gamification group and My and

M, for writing group.

Academic year 2016-17 Academic year 2017-18

Coefficient Value (p-value) Value (p-value)

Ganmification Group Pearson 0.726 (3.63-107") 0.774 (2.92-10°°)
Spearman 0.754 (7.34-107%) 0.709 (2.13-1077)
Kendall 0.603 (7.32-1077) 0.615(2.74-107)

Writing Group Pearson -0.010 (0.913) -0.101 (0.357)
Spearman 0.003 (0.970) —-0.174 (0.110)
Kendall 0.003 (0.965) -0.136 (0.084)

M, M, My) (Table 2): the p-values are greater Fig. 2 shows, the relationship between the calcu-

than 0.05 and therefore statistical differences
cannot be assumed. This shows that students are
randomly distributed among groups. Differences
only appear when a gamification methodology is
applied.

Three different correlation coefficients (Pearson,
Spearman and Kendall) and the p-values of the
statistical tests were calculated. For GG, the p-
values were much lower than 0.05 (Table 3), so
there is a significant positive correlation between
the marks obtained in the Kahoot! test and the ones
obtained in the laboratory 1 exam (correlations
between 0.6 and 0.77 depending on the indicator
used). However, the correlations for the writing
group are really low and they are not significant
(see Table 3).

Furthermore, the relation between the feedback
tests and the grades obtained in the other evalua-
tions were studied using the same coefficients. The
correlations in these cases were poor (0.180-0.337)
and non significant.

Academic year 2016-17
10 T T T T T ——®&—

Mlabl
wv

y=088x-0.28 |
R2=0.53 1

0 1 2 3 4 =} 6 7 8 9 10

lated Kahoot! grades (Mgun00:) and the grades
obtained by students on the laboratory exam
1(My,p1) for the gamification group (GG). The
graphs also show the polynomial regression line
that adjusts these values and the corresponding R>
parameter.

The teacher effect was also analysed. As
explained above, the sessions are taught by four
different lecturers. For this analysis, students were
grouped according to the lecturer who taught their
laboratory session. However, the Student’s T-test
does not detect any significant differences between
the four groups studied (p-value > 0.05). Therefore,
it cannot be affirmed that the teaching staff has an
effect on the grades of the students.

Finally, the opinion poll shows whether students
see gamification as an improvement in their learn-
ing process and their motivation. The results for
both courses were similar. They are presented in
Fig. 3 where the dotted blocks represent a positive
answer (strongly agree or agree) and lined blocks

Academic year 2017-18
10 T T T T T T T

Mlab\

y=088x+23 |

Tr R?=0.60
0 .

0 1 2 3 4 5 6 7 8 9 10
Mkahonk!
(b)

Fig. 2. Scatter graph of the lab exam 1 marks (M,p;) versus the Kahoot! marks (M kano0n)- (2) Academic year 201617, (b) Academic year

2017-18.
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Fig. 3. Results of the opinion polls for the 12 questions. (a) Academic year 2016-17, (b) Academic year 2017-18.

represent a negative answer (disagree or strongly
disagree)..

In general, Kahoot! has been very well accepted.
On the basis of the answers to the first three
questions, it can be said that more than 90% of
the students think that gamification has helped
them to understand the subject which, in turn,
makes them more motivated. Moreover, students
confirm that the time spent on the activity is offset
by improved learning (Q3).

In terms of what the Kahoot! results demonstrate
(Q4), students are divided: some agree that they are
proof of knowledge acquired, but others do not.
Similar results were obtained for Q5 and Q7. From
these results, it is difficult to see if enough time was
given to answer the Kahoot! questions and if
Kahoot! questionnaires make them more attentive
to the laboratory session.

All students affirm that Kahoot! questionnaires
will be positive in other subjects (Q6) and they all
agree that discussion after they have given their
answers allows them to clarify concepts (Q12).
Most of them positively evaluate the feedback
they get through these quizzes (Q11).

According to 80% of the students, if Kahoot!
grades were added to the summative evaluation
grade they would pay more attention in class
(Q8). A similar percentage perceives the competi-
tiveness created by Kahoot! as a positive stimulus to
learning (Q10).

4. Discussion

There is a lack of research on the real effects of
gamification on the learning process and whether
these effects are better than those obtained with
traditional approaches [43]. This paper presents an
experimental study with 589 students enrolled. As
has been mentioned, there was a need to elucidate
whether Kahoot! is effective or not. The main
objective was to contrast if gamification through
game-based student response systems improves
active student learning, participation and retention
of concepts [30, 44], or on the contrary, it is no
guarantee of better learning [35, 38]. So, the results
presented here can be regarded as a pilot test which
shows that game-based student response systems
(Kahoot! here) can improve academic performance.
In addition, this study also contributes to evaluate if
both students and teachers think that gamification
is stimulating, revealing, motivating and, in essence,
fun [28].

Results show that the gamification group (GG)
had a higher success rate in the laboratory exam
(Laboratory exam 1) than the control group (CG).
Moreover, on this evaluation, the average grade of
GG students was statistically greater than the
average of CG students. Furthermore, the grades
of the other evaluations do not show these differ-
ences. It can be seen that gamification has a positive
effect on grades as [30, 44] suggested. Note that the

ONO O~V —
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writing group shows no significant improvement
with respect to the control group. When the feed-
back is not gamified, it does not enhance academic
results. These results suggest that gamification is the
key to the improvement not the feedback itself.

No significant differences were detected in the
grades of the various groups who did laboratory
exam 1. This reveals that it was not the lecturer of
the laboratory session who marked the difference
but the intervention itself. That suggest that the
gamification is the key, not the lecturer.

The results of the opinion poll show that the
students value the intervention positively, as other
studies have pointed out [28]. All of the students
stated that the discussion after they had given their
responses clarified concepts, and most of them felt
that gamification helped them to understand the
subject better and motivated them. These results are
also in agreement with the literature [15-18]: gami-
fication involves motivation.

5. Conclusions

The main goal of this study was to analyse whether
a gamification tool could improve academic perfor-
mance and motivation in the laboratory sessions of
the subject Mechanism and Machine Theory. For
this purpose, during two consecutive academic
years, we divided the students into three groups
and each group had different methodological inter-
ventions. At the end of the first three sessions, the
gamification group (GG) answered a Kahoot! ques-
tionnaire; the writing group (WG) answered the
same questionnaire but on paper, and the control
group (CG) did not take any questionnaire.
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Appendix

The 12 pool questions were:

Q1. Has Kahoot! helped you to better understand the subject?

Q2. Have you become more motivated because of Kahoot!?

Q3. Is the time you invested in Kahoot! offset by how much you have learned?
Q4. Does the Kahoot! score reflect your understanding?

Q5. Did you have enough time to answer the Kahoot! questions?
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Q6. Would you welcome the use of Kahoot! in other subjects?

Q7. Did Kahoot! make you more attentive to the class?

Q8. If the Kahoot! questions had more weight in the evaluation, would you have been more careful/attentive?
Q9. Has Kahoot! improved your relationship with teachers?

Q10. Is the competitiveness created by Kahoot! positive?

Q11. Can Kahoot! help you acquire knowledge and clarify concepts?

QI12. Does the discussion or clarification of your score clarify some concepts?
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