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1. INTRODUCTION

Gamification is a didactic technique which consists on adding game-
like elements such as progress bars, points, rewards and so on to a non-
game task to catch the students’ attention and to stimulate their partici-
pation (Nah et al., 2014). It is a concept closely linked to game-based
learning, in which the learning process itself becomes the game to favor
knowledge and skills acquisition (Qian & Clark, 2016), and even to se-
rious/applied games, albeit the latter are more associated to the video-
game format (Krath et al., 2021). All these terms share an educative and
non-merely ludic purpose. After the irruption of Information and Com-
munications Technologies and the popularization of Internet, teaching
methods have progressed allowing online and blended learning, and
gamification options has evolved parallelly (Khaldi et al., 2023). The
benefits of including frequent quizzes as motivating tool in blended
learning has been proved (Spanjers et al., 2015). Several virtual plat-
forms such as ‘Kahoot!’, ‘Socrative’, and ‘Quizizz’ among others allow



teachers to prepare quizzing games and to share them with their stu-
dents to be played as a question-and-answer television game show
(Ekici, 2021). As an example, FIGURE I illustrates the appearance and
user-adjustable features of ‘Kahoot!” during the quiz creation process,
which can be either from the ground up or adapting others from the
library. Once prepared, the quiz game may be shared via a pin code and
played individually, in groups, at the students’ own pace or live either
remote or in classroom. This last case involves a projector and a screen,
as well as students’ own devices where they can choose the answer from
those projected in the screen, as shown in FIGURE 2.

FIGURE 1. Preparation of a customized quiz game based on single-choice questions.
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FIGURE 2. Appearance of the quiz game once released in the classroom.
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As ‘Kahoot!’ instantly store, analyse and report the students’ answers
to the teacher (FIGURE 3), it acts as a web-based student response sys-
tem (Kocak, 2022). As illustrated in GRAPHIC 1, both ‘Gamification’
as ‘Kahoot!” have gained popularity during the last years, even more
after COVID-19 pandemic (Krouska et al., 2022).

FIGURE 3. Report of the students’ performance in a downloadable spreadsheet.
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GRAPHIC 1. Number of publications by year containing ‘Gamification’ or ‘Kahoot!’ topics.
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Source: own elaboration based on data compiled from a search conducted in Web of Sci-
ence on 10th May 2023, in which articles, review articles, book chapters and book reviews
were selected as document type.

The pedagogical potential of ‘Kahoot!” have been widely studied since
its release in 2013, and many research works have been compiled and
discussed in several literature reviews (Ekici, 2021; Wang & Tabhir,



2020; Zhang & Yu, 2021). In general, the principal conclusions are that
‘Kahoot!” can be helpful improving classroom social dynamics, atti-
tudes and interactions between teachers and students, as well as enhanc-
ing learning performance (Wang & Tahir, 2020; Zhang & Yu, 2021). In
this context, the literature analysis conducted by Wang & Tahir in-
cluded 36 studies focused on the learning outcome using ‘Kahoot!’ as
a teaching tool. Thirty of these research papers targeted university stu-
dents, encompassing diverse disciplines such as language, engineering,
science, educational technologies, nursing, and so on. Furthermore, the
experiments have been performed in countries as far afield as the USA,
Taiwan, Spain, Italy, Norway, etc., which reveals the popularity and the
global scope of ‘Kahoot!’. Most of the studies about the learning effect
derived from the use of ‘Kahoot!” are based on a comparison with tra-
ditional teaching methods. In most of the reviewed articles, statistical
tests demonstrate that groups subjected to game-based learning using
‘Kahoot!” significantly improved their academic results when com-
pared to traditional teaching control groups (Wang & Tabhir, 2020).
However, there are some exceptions in which learning performance
worsens or do not change. For example, Ranieri et al. (2021) conducted
an experiment involving about 400 students and applying ‘Kahoot!” as
learning tool in three of the eight total lessons of Educational Technol-
ogies at the University of Florence, Italy; in general, they found that
students obtained better learning outcomes, although no significant im-
provement was found for those topics of a more practical nature.

A less common kind of experiment involves the use of ‘Kahoot!” for
students’ evaluation, such as that performed in the context of a lecture
about basic computer knowledge at Norwegian University of Science
and Technology in 2013 (Wang et al., 2016). A total of 384 first year
students were divided into three subgroups (127, 175 and 82 students)
which were respectively assessed after the lecture given by the same
teacher by means of a conventional paper quiz, a non-gamified student
response system (‘Clicker’) and a gamified approach (‘Kahoot!’). Stu-
dents’ motivation, enjoyment, engagement, and concentration signifi-
cantly improved when ‘Kahoot!” was used instead of the paper format.



However, no significant differences in scores were found when com-
pared between paper and ‘Kahoot!” formats. This is an interesting and
usually forgotten aspect in research about gamified quizzing games: in
spite of its huge popularity, there is still a lack of information about
how ‘Kahoot!” impacts in the students’ academic performance when
used not as a teaching utility, but as an evaluation tool.

2. OBJECTIVES

The main goal of this work consists on testing during three years the
online quizzing game ‘Kahoot!’ as an alternative format to traditional
exams for evaluating students from an engineering degree in a univer-
sity institution. Concretely, the following aspects are addressed:

— Previous knowledge of the students regarding the existence of
‘Kahoot!’.

— Impact of the exam format in the students’ marks.

— Influence of the format in the perception of the exams’ diffi-
culty.

— Preference of format by the students.

— Collection of subjective impressions, diagnosis of problems
and tips for troubleshooting.

3. METHODOLOGY

‘Genetic and Plant Breeding’ is a six credits subject (according to the
European Credit Transfer and Accumulation System) taught during the
second semester of the third course of the degree in ‘Agricultural and
Rural Engineering’ at the University of La Laguna (Tenerife, Canary
Islands, Spain). This subject includes four practical laboratory sessions
focused on DNA and RNA analyses, and polymerase chain reaction and
electrophoresis techniques, by using plant species materials. Students
are normally divided into two subgroups for the practical period to



achieve an optimal teacher-student interactive experience and to en-
hance their participation. Evaluation is performed via an individual la-
boratory report that must be delivered within a week from the end of
each session, as well as by a ten two-choice questions exam which is
performed immediately after each session.

This study was carried out in two of the practical sessions during three
consecutive academic courses, concretely, in 2021, 2022 and 2023, and
the same methodology was followed each year. Over the three studied
years, data from 28, 17 and 21 students were collected, respectively (n
= 66). During the first session, the first subgroup was assessed via a
conventional paper-and-pencil exam, whereas the second subgroup was
independently evaluated by means of the same exam but employing the
‘Kahoot!” format. For the second session, subgroups and evaluation
techniques were exchanged (FIGURE 4).

FIGURE 4. Methodology based on a subgroups and exam formats rotative strategy.
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Maximum total time for answering both kind of exams was 3 min and
20 seconds, i.e., a pre-fixed maximum time of 20 seconds for each ques-
tion in the ‘Kahoot!” format and an average time of 20 seconds for ques-
tion in the traditional format. For each subgroup, it was added a first



non-scoring question in the ‘Kahoot!” based exam (‘Did you know ‘Ka-
hoot!” before this exam?’) with a double objective: on the one hand, it
allowed us to value the popularity of the platform, and on the other
hand, it gave the opportunity of getting comfortable with this format to
those students which had not played it before. In each session, marks
(from 1 to 10) and impressions about the difficulty of the exams (using
a 4-point Likert scale, being 1 very easy, 2 easy, 3 difficult and 4 very
difficult) were acquired. As the quizzing game participants automati-
cally get a higher score if they quickly answer the questionnaire, it was
established as criterion that only the number of correct answers was
considered for obtaining a 1 to 10 score equivalent to that from the tra-
ditional exam. The number of answers which students changed by pen
in traditional exams was quantified. Finally, after the last session, stu-
dents were asked by their preference for the exam format (conventional,
‘Kahoot!” or indifferent), as well as by their identification with male,
female or other genders. Data from those students who changed practice
subgroups or who abandoned the subject before the end of the labora-
tory sessions were supressed and not included in this study.

Data representation was carried out with Excel 2019 version 1808 (Mi-
crosoft Corporation, Redmond, Washington, USA), and statistical anal-
yses with the software SPSS Statistics version 26.0.0.0 (IBM Corpora-
tion, Armonk, New York, USA). Statistical significances were obtained
via non-parametric Mann—Whitney U and Kruskal-Wallis H tests if
comparing 2 or more than 2 groups, respectively.

4. RESULTS AND DISCUSSION

4.1. UNIFORMITY OF THE STUDIED GROUPS AND PREVIOUS KNOWLEDGE
ABOUT ‘KAHOOT!”

In this study, groups of 28, 17 and 21 students participated in 2021, 2022
and 2023, respectively, with a yearly masculine predominance of the
68, 65 and 76% as shown in TABLE 1. The percentage of male students
in the six studied subgroups ranged from 57 to 82%. In total, a 70/30
male/female ratio (46 vs 20) was observed, i.e., male students were as
average 2.3-fold more abundant than female ones, as is still usual in



agricultural higher education (Gibbons et al., 2022). No significant dif-
ferences were found in any of the topics discussed in the present study
when considering the independent variable ‘gender’.

A reference score was obtained for each subgroup based on the marks
obtained in the other laboratory sessions of the subject. Analysis of
those average scores with regards to the variables ‘year’ and ‘subgroup’
also revealed uniformity in the groups of study throughout the years,
which should allow a better comparison of the target scores of this
study, i.e., those obtained when subgroups were sequentially examined
via the traditional and the quizzing game formats.

By contrast, TABLE 1 also showed a yearly increase in the percentage
of students which knew about ‘Kahoot!” prior to their participation in
this study. Thus, in 2021 only a 43% of the students knew the platform,
but this percentage rose to 65% in 2022, and finally reached a 90% in
2023. This increasing trend observed in the number of students that
knew ‘Kahoot!” before they participated in this study is in line with data
shown in GRAPHIC 1: mobile game-based learning has become more
popular in the last years (Krouska et al., 2022).

TABLE 1. Distribution of students (n = 66) during the studied period, reference scores from
previous laboratory sessions and prior knowledge about the existence of ‘Kahoot!”

Students which knew ‘Ka-

Number of students hoot!’ before this study

Year | Subgroup | Male | Female | Total | Reference score* | Male | Female | Total
2021 1 9 3 12 8,17+0,32a 2 1 3
2021 2 10 6 16 752+1,16 a 4 5

2022 3 7 3 10 740+ 158a 5 1 6
2022 4 4 3 7 786+121a 3 2 5
2023 5 7 3 10 860+1,35a 7 2 9
2023 6 9 2 11 855+0,82a 9 1 10

* No significant differences were found in the reference score of the studied subgroups.
Source: own elaboration.

4.2. IMPACT OF THE EXAM FORMAT IN THE ACADEMIC PERFORMANCE



The performance of the students within the same subgroup and within
the same practical session was yearly studied considering the variable
‘exam format’. For each academic course, GRAPHIC 2 illustrates the
average score obtained for the first of the two subgroups in dark grey,
whereas average score from the second subgroup is represented in
white. Moreover, a plain border line means that the conventional paper-
and-pencil exam was used as evaluation tool, while a dashed border line
indicates that ‘Kahoot!” was chosen as exam format. Scores are ex-
pressed as means =+ standard errors in all the cases.

GRAPHIC 2. Scores obtained via conventional and ‘Kahoot!’-based exams.
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In the first practical session of 2021, the subgroup evaluated via a con-
ventional exam obtained a 9,00 + 0,25; by contrast, the second subgroup
obtained a significantly lower 7,75 + 0,32 when the same exam was
carried out using the quizzing game-based format. When the subgroups
and the evaluation techniques were exchanged in the second practical
session, no differences were found in the yield of the first subgroup
regarding the previous session: their score was independent of the exam
format. However, when the second subgroup was evaluated by means
of the traditional exam format, their average score underwent a signifi-
cant increase from 7,75 £ 0,32 t0 9,44 + 0,20.



Similar significant differences were also found during the first practical
session in 2022: the subgroup which was traditionally evaluated got an
8,90 £ 0,23 in contrast to the 7,14 + 0,59 achieved by the subgroup which
employed ‘Kahoot!’. Again, the second subgroup improved his yield
when the conventional exam was used in the second practical session.
Interestingly, on this occasion the significant change was found when
the first subgroup was evaluated via the gamified exam, since their av-
erage mark decreased from 8,90 + 0,23 to 7,60 + 0,34.

Regarding 2023, in each of the two sessions the scores were slightly
better when conventional exams were conducted. However, on the con-
trary as we had expected when refence scores were analyzed (TABLE
1), average marks in 2023 were significantly lower than those from 2021
and 2023. Additionally, and independently of the exam format, in 2023
both subgroups improved their marks during the second session, which
is in line with the global tendencys, i.e., the contents and/or the exam of
the second session were significantly easier for the students. These ob-
servations are indeed a point in favor to the designed methodology,
since the subgroups rotative strategy followed each year allowed us to
avoid bias. For instance, merely comparing ‘Kahoot!’-based scores
with those traditional scores obtained in the same exam by other groups
and/or other years, or keeping one unique group to contrast their scores
when they are evaluated using the two formats but from different con-
tents.

In summary, the robust protocol presented herein has revealed signifi-
cant differences in the academic performance when considering the two
exam formats (conventional and quizzing game-based), despite cover-
ing subgroups with students of different potential and contents/exams
with dissimilar difficulties. Thus, a sharp significant decrease in the
marks was observed when exams were performed in the gamified fash-
ion instead of the traditional paper-and-pencil format (7.85 + 0.18 vs.
8.67 £ 0.14, n = 66, P = 0,001).

In the consulted literature, the students’ academic yield generally im-
proves when ‘Kahoot!’ is involved in the teaching-learning process
(Ekici, 2021; Wang & Tahir, 2020; Zhang & Yu, 2021). However, less



information is available about the use of ‘Kahoot!” for recording aca-
demic scores, or about its application in the engineering or science la-
boratory.

On the one hand, no significant enhancement in the students’ scores
was found in a similar previous study in which a group of students (1277)
was assessed via a conventional paper-and-pencil exam and a different
second group (82) was evaluated from the same content but using ‘Ka-
hoot!” (Wang et al., 2016). This outcome agrees with those shown in
GRAPHIC 2 for the second sessions of our experiment, albeit herein
we have provided extra useful data due to both groups were subjected
to both evaluation techniques.

On the other hand, our study was performed during laboratory sessions,
therefore the target topics eminently owns practical features. In a simi-
lar case which involves a differentiation between topics of theoretical
and practical nature, the employment of ‘Kahoot!” only improved the
students’ academic yield when theoretical topics were taught supported
by ‘Kahoot!’; by contrast, it was less effective when applied to teaching
the most practical concepts of a given subject (Ranieri et al., 2021).

Llanos et al. (2021) used ‘Kahoot!” as evaluation tool in three third-year
subjects of Chemical Engineering Degree at University of Castilla-La
Mancha (Spain). They implemented a ‘Kahoot!” exam prior to the first
session of two entirely laboratory subjects and also before the practical
laboratory sessions of another subject. However, they did not compare
the obtained scores with others from control students, since ‘Kahoot!’
was just used to add an extra motivation for achieving success in the
questionnaires.

4.3. PERCEPTION OF THE EXAM DIFFICULTY DEPENDING ON THE FORMAT

As discussed above, the traditional format allowed the students to reach
an average score 0,82 units (over 10 total points) higher than the quiz-
zing game format. Curiously, the perception of the exams’ difficulty
did not change significantly based on the exam format in any of the six
laboratory sessions executed during the three years of study, not even



in the first session conducted in 2023 (GRAPHIC 3). Thus, no signifi-
cant differences were found globally in the perception of the inherent
difficulty to gamification-based and traditional exams (2.26 £ 0.11 Vs.
2.13+0.06, n =66, P =0,836). By contrast, significant differences were
found when comparing this perception by years and session. Indeed,
the exam of the first session was considered easier than that from the
second session, and students from 2023 perceived both exams more dif-
ficult than students assessed in 2021 and 2022. These two findings are
in line with the trend observed in the scores.

GRAPHIC 3. Perception of the conventional and ‘Kahoot!-based exams’ difficulty.
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4.4. STUDENTS’ PREFERENCE FOR THE EXAM FORMAT

After what was shown above, even more curious was that a striking
preference for the game format was found instead of the conventional
format: 67% vs 23% (the rest of the students did not show a preference
by one or another format). Thus, ‘Kahoot!” option was 2,9-fold times
more preferred than conventional exam, in spite of the general worst
academic yield found when this technique was used for evaluation. A
‘Kahoot!’-based quiz was also perceived significantly more enjoyable
than a paper quiz in a study performed with 384 students in Norway
(Wang et al., 2016). The general preference for the quizzing game for-
mat sides with widely reported increase of students’ enjoyment and mo-
tivation when they use ‘Kahoot!” (Ekici, 2021; Wang & Tahir, 2020;



Zhang & Yu, 2021), or any gamification technique in general (Nah et
al., 2014). In a science laboratory context, Carrillo et al. (2019) found
that ‘Kahoot!” increased competitiveness, participation and enthusiasm
when used as part of a gamified activity carried out in a 2 hours session
performed by third course students of the Teaching Training Degree in
Primary Education (University of Alcala, Spain).

4.5. TROUBLESHOOTING AND TIPS

Those students who chose traditional format usually claimed that they
considered ‘Kahoot!’ as a short game to be used punctually in the con-
text of an academic explanation, not as an evaluation tool. This appre-
ciation is similar to that reported by Wang & Tahir (2020), who high-
lighted that some students could feel anxiety and stress under a ques-
tion-and-answer competition. Poblaciones et al. (2021) suggested as
causes of the stress the limited answer time and the possibility of getting
a higher score for answering faster. Indeed, other students complained
to us that ‘Kahoot!” format implied a non-eligible response time for
difficult questions. For this study, we had considered that 20 seconds as
standard general time was enough for answering each of the questions.
In all the performed ‘Kahoot!” exams all the answers were recorded in
time. The average time taken to answer ranged from 0,63 to 18,69, 0,58
to 18,12 and 0,96 to 15,53 seconds in 2021, 2022 and 2023, respectively.
In global, it was not found significant differences between the average
answer time consumed in right and wrong answers. Total time required
for a ‘Kahoot!’ session was around 10 minutes, i.e., much more than the
sum of the fixed time for each question. By contrast, all the conven-
tional exams were finished before the equivalent maximum time estab-
lished (3 minutes and 20 seconds). This noticeable difference stems
from the extra time required for explaining the exam dynamic the first
time, but especially due to the ludic atmosphere settled in all the ‘Ka-
hoot!’ sessions, where the students tend to comment the evolution of
the ranking shown between questions.

The inability to change answers once selected was another problematic
issue noted when ‘Kahoot!” was used. Conventional exams provide the
students the possibility of self-correct their answers once selected by



using crosses, circles, arrows, texts and so on. Indeed, from the 66 stu-
dents that participated in this study, 11 (17%) reelected at least one an-
swer, and from whom 2 (3%) reelected two answers. Considering the
total amount of 660 questions, the 13 revised questions correspond
barely to the 2%. Eleven of those 13 questions (85%) were changed to
the right options during the review process. Students that changed two
answers were twice successful in that process, therefore 9 students
(14%) improved their marks thanks to the paper-and-pencil format (7
students improved 1 point over 10 points, and 2 students improved 2
points). Interestingly, 10 of those 11 students (91%) that changed at least
one answer chose ‘Kahoot!” as preferred option for the exam format,
even when this choice would have implied the impossibility of correct-
ing their mistakes. The only of these students who chose the traditional
format was one of the two which corrected two answers.

As teachers, an evident limitation that we have found in the quizzing
game format is its inherent restriction to academic topics that may be
formulated in a multiple-choice format. Complex numerical problems
and subjects which need long and well-thought-out discourses are in-
trinsically limited. Moreover, it has been pointed out that the depend-
ence of an electronic device to carry out an exam can be a handicap,
since technological problems such as low batteries or deficient network
connections may come to the fore (Wang & Tahir, 2020; Zhang & Yu,
2021). To foresee these possible problems, traditional format exams
were available in those sessions which were evaluated using the quiz-
zing game format, although in our case they were never necessary.

On the other hand, some clear advantages for teachers must be brought
to the forefront. The conventional exams performed in this study were
really easy to correct because they consisted of only ten two-choice
questions and the number of examined students was relatively low (n =
66, 1.e., 660 questions to be corrected by hand during the study period).
However, ‘Kahoot!” may gain importance as evaluation tool in crowded
lectures or subjects, as in the examples testing around 400 students de-
scribed by Wang et al. (2016) and Ranieri et al. (2021). As a student
response system, another useful feature of ‘Kahoot!” is its inherent pos-



sibility to quickly offer teachers access to those questions that are re-
currently erred by students. As an example, FIGURE 3 reveals that
question 6 was the most problematic of that exam at a glance, so a spe-
cial incidence in the related topic can be introduced in further lessons
to improve the teaching-learning process.

5. CONCLUSIONS

During a study that covered three academic courses, 66 students of the
subject ‘Genetic and Plant Breeding’ were evaluated once by means of
a traditional paper-and-pencil exam and once via a digital quizzing
game (‘Kahoot!”) exam during two practical sessions in the laboratory.
An increasing trend was yearly observed in the number of students that
knew ‘Kahoot!” before they participated in the study (from 43% in 2021
to 90% in 2023). According to a Mann—Whitney U test, scores over 10
points obtained via ‘Kahoot!’-based exams (7.85 £ 0.18) were signifi-
cantly lower than those obtained via conventional exams (8.67 £ 0.14).
No significant differences were found in the perception of difficulty (1
very easy, 2 easy, 3 difficult and 4 very difficult) between ‘Kahoot!’-
based (2.26 £ 0.11) and traditional exams (2.13 + 0.06). Pre-fixed answer
times, the impossibility of changing answers once selected, limitation
in the kind of formulated questions and dependence of an electronic
device were pointed out as the main setbacks intrinsic to ‘Kahoot!” for-
mat. However, 67% of the students chose ‘Kahoot!’ as preferred exam
format whilst 23% opted for the conventional style. In summary, digital
gamified exams have looked attractive to the students. Nevertheless, a
decrease in their average marks was found in this study when assessing
was performed by means of the virtual quizzing game. Therefore, stu-
dents’ evaluation via ‘Kahoot!” or other similar online platforms may
be counter-productive for the students’ academic yield, and their em-
ployment as unique evaluation tools should be carefully considered.
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