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Performance in Kahoot! activities as predictive ==
of exam performance
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Abstract

Background Game-based learning (GBL) is effective for increasing participation, creativity, and student motivation.
However, the discriminative value of GBL for knowledge acquisition has not yet been proven. The aim of this study is
to assess the value of Kahoot! as a discriminative tool for formative assessment in medical education in two different
subjects.

Methods A prospective experimental study was conducted on a sample of 173 students enrolled in neuroanatomy
(2021-2022). One hundred twenty-five students individually completed the Kahoot! prior to the final exam. In
addition, students enrolled in human histology during two academic courses were included in the study. The control
group course (2018-2019) received a traditional teaching methodology (N=211), while Kahoot! was implemented
during 2020-2021 (N=200). All students completed similar final exams for neuroanatomy and human histology
based on theory tests and image exams.

Results The correlation between the Kahoot score and the final grade was analyzed for all students enrolled in
neuroanatomy who completed both exercises. The correlation between the Kahoot exercise and the theory test,
image exam and final grade was significantly positive in all cases (r=0.334 p<0.001, r=0.278 p=0.002 and r=0.355

p <0.001, respectively). Moreover, students who completed the Kahoot! exercise obtained significantly higher grades
in all parts of the exam. Regarding human histology, the theory tests, image exams and final grades were significantly
higher when using Kahoot! versus the “traditional” methodology (p < 0.001, p<0.001 and p=0.014, respectively).

Conclusions Our study demonstrates for the first time that Kahoot! can be used to improve and predict the final
grade in medical education subjects.
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Introduction

A good anatomical and histological knowledge base is
decisive for the career development of physicians of any
specialty. These areas are considered “basic subjects”
within the medical field and concepts are rarely updated,
establishing a false sense of stagnation. As a result, these
subjects may be characterized by long-standing tradi-
tional methods of teaching and assessment. Recently, two
factors have revolutionized the teaching methodology of
these basic subjects: the need to adapt teaching method-
ologies to “Generation Z” and the need to reduce face-to-
face class learning due to the COVID-19 pandemic [1-7].

Generation Z, young people born between 1997 and
2012, is the first digital generation; they have had life-
long access to new virtual tools and other technological
applications through electronic devices (tablets, mobile
phones or laptops), which gives them unprecedented
technological skills [8—10]. This “cultural and genera-
tional” change in students is supported by the Higher
Education Space (EESS), which embraces a commit-
ment to methodological renewal that improves the qual-
ity of teaching and encourages students’ participation
and motivation in higher education classrooms [11, 12].
Game-based learning (GBL) appears to be an alternative
teaching methodology to improve the teaching-learning
process, as suggested by the EESS [13]. The numerous
benefits of GBL in terms of fostering student participa-
tion and creativity and improving students’ motiva-
tion when facing different subjects have been widely
described [14-17]. Furthermore, the possibility of using
GBL remotely is an advantage that accelerated the estab-
lishment of new methodologies when face-to-face classes
on campus were restricted by the COVID-19 pandemic
[18].

One of the widely used online game-based platforms is
Kahoot!, which has been adopted in various degree pro-
grams and universities [19] and has resulted in learning
gains by improving students’ performance and engage-
ment [20]. Several studies have explored students’ uti-
lization, outcome scores, and perceptions of learning
with the application of Kahoot! in histology, anatomy,
and medical education [21]. In medical education, the
implementation of Kahoot! has been shown to motivate
students to study, assist them in developing self-directed
learning, and help them focus on important concepts [22,
23]. In addition, Kahoot! has been proposed as a promis-
ing tool for facilitating formative assessment [24]. How-
ever, to our knowledge, most studies have addressed this
concept from a qualitative perspective. Studies have not
evaluated whether GBL tools, specifically the Kahoot!
platform, can allow the students or the concepts with
the greatest deficiencies to be identified and reinforced.
Therefore, the aim of this study was to assess the value
of Kahoot! as a predictive tool for formative evaluation
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in medical education. We examined this tool in two dif-
ferent subjects, neuroanatomy and histology, to consider
whether these teaching methodologies are transferable to
other subjects and areas of knowledge.

Materials and methods

Study design

Neuroanatomical group

A prospective experimental study was conducted on a
sample of 125 students belonging to two different class
groups. They were 173 s-year students enrolled in neu-
roanatomy in the degree in medicine at the University of
Zaragoza (Spain) during the 2021-2022 academic year
(Supplementary Table 1). This subject is taught during the
second year of the degree and is equivalent to 9 credits of
the European Credit Transfer and Accumulation System
(ECTS). The teaching method is based on master classes
together with the development of practices in the dissec-
tion room, with cadavers, plan anatomy atlases, dissected
brain sections stained with the Weigert method, anatomy
mockups and natural pieces. There are 4-5 theoretical
classes and 2 h of practice per student per week (Supple-
mentary Table 2). At the end of the theoretical content
prior to the final exam, the GBL tool Kahoot! was used
to reinforce and evaluate the students individually with
the subsequent resolution of the questions in class. The
students completed the Kahoot! exercise in class individ-
ually using a personal number assigned for their identifi-
cation with the aim of treating the data anonymously. The
same personal number was used for the students’ identi-
fication on the final exam. The final exam was conducted
two weeks after the use of Kahoot! in the classroom. This
exam consisted of two parts: (a) a theory exam with 30
multiple-choice questions, which represented 60% of the
final grade, and (b) an image exam with different image
questions about cadavers, anatomy atlases and natural
pieces, which represented 30% of the final grade. The
remaining 10% of the final grade was obtained from con-
tinuous evaluation, attendance practices, seminars, and
the preparation of clinical cases related to neuroanatomy.

Human histology group

To analyze Kahoot’s effectiveness in improving stu-
dents’ grades, the data from the final exam of 2 distinct
academic years of human histology were compared:
The 2020-2021 course (n=200) in which Kahoot! was
implemented and the 2018-2019 course (n=211) with
a “traditional” teaching/learning methodology (Supple-
mentary Table 1). Human histology is taught during the
second year of the degree and is equivalent to 6 ECTS
credits. There are 3 theoretical classes and 2 h of prac-
tice per student per week. The teaching method is based
on master classes together with the development of prac-
tices and seminars in the laboratory room with the use
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of a microscope. Kahoot! seminars were held through-
out the 2020-2021 academic year at the end of each
seminar to reinforce important concepts followed by
identifying wrong answers. In 2018-2019, a traditional
teaching/learning methodology image review was per-
formed after each seminar. The final exam was similar
to neuroanatomy with two parts: (a) theory test with 50
multiple-choice questions (50% of the final grade) and
(b) an image exam with 5 micrographs of organs (50% of
the final grade). In addition, there was a practical exam
that consisted of recognizing and describing 5 histologi-
cal sections under the microscope and describing all the
structures the student recognized. The final grade was
the average of the final exam and the practical exam. In
both courses, 2018—-2019 and 2020-2021, the course was
consistent with regard to the teaching staff and the cur-
riculum content in human histology, ensuring an identi-
cal educational experience.

Game-based learning tool

The GBL tool Kahoot! was implemented during the 2021-
2022 academic year in the neuroanatomy group and
in 2020-2021 in the histology subject as an innovative
teaching method with the aim of improving previously
acquired skills and competences as well as conducting
continuous assessment and evaluation of the prediction
value of this method. Considering the content that had
to be evaluated in the courses, 10 multiple-choice ques-
tions were designed in neuroanatomy and 25 in histol-
ogy with only one possible correct answer with a limited
response time of 20 s. The 10 questions evaluated with
Kahoot! in neuroanatomy are included in Supplementary
Tables 3 and correspond to the theoretical content taught
in the subject. The questions included in this Kahoot!
were made by Associate Professor ILM and reviewed by
the professors responsible for the subject, JW and AIC.
They contained questions on all the topics studied. In the
case of histology, each question was based on a specific
microscope image corresponding to the topics studied.
Before the students began using the educational game,
they were given instructions and the possibility of either
downloading the application on their mobile devices or
using it online. At the end of the last theoretical class in
neuroanatomy, the students were invited to perform a
Kahoot! that had been prepared with the aim of assess-
ing their level of knowledge and skills by both the student
and the teacher. The 10 questions evaluated with Kahoot!
in neuroanatomy are included in Supplementary Tables 3
and correspond to the theoretical content of the subject.
In the case of the histology subject, a total of 10 Kahoot!
were performed during the year, corresponding to each
of the topics studied with an average of 25 questions per
Kahoot!. An example of one Kahoot! performed in his-
tology is included in Supplementary Table 4. The human
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histology Kahoot! was made by Associate Professor MCG
and reviewed by the professors responsible for the sub-
ject, EM, SO and IO. It contained questions on all the
topics studied.

Statistical analysis

Normal distribution of all continuous variables was ana-
lyzed by the Shapiro-Wilk test and histogram distribu-
tion prior to the statistical analysis. Continuous variables
were expressed as the mean®SD or median (25th per-
centile —75th percentile) as applicable, and categorical
(nominal) variables were reported as percentages of the
total sample. Differences between independent variables
were calculated by Student’s t test, the Mann-Whitney U
test or the Wilcoxon test, as appropriate, while categori-
cal variables were compared using the chi-squared test.
Correlation between the Kahoot! exam and different
parts of the final exam were analyzed by the Spearman
method for all students who completed the Kahoot exer-
cise and exams in neuroanatomy. The positive predictive
value was calculated by a score of passing, notable and
outstanding between the Kahoot! exercise and the final
exam. Regression analyses were conducted to identify
the final grade percentage that could be explained by the
grade obtained in the Kahoot! exercise using the theory,
image and final grade as dependent variables and the
Kahoot! score as an independent variable. Low-end out-
liers were identified as random responders and excluded
from the final analysis [25]. All statistical analyses were
performed with R version 3.5.0, and significance was set
at p<0.05.

Results
Neuroanatomy and human histology are subjects stud-
ied in the second semester of the second year of medical
school. Both subjects are mandatory in medical school
for students 19-20 years old. In human histology, there
was a predominance of women, with 159 (75.0%) com-
pared to only 53 men (25.0%) in the 2018-2019 aca-
demic year and 138 (69.3%) women and 61 (30.6%) men
in 2020-2021. A similar sex distribution was observed
in neuroanatomy, with 48 (27.4%) men and 127 (72.6%)
women enrolled in the academic year 2021-2022. The
percentage of students enrolled in the course for the first
time was slightly higher in neuroanatomy, with 96.5%
versus 87% for human histology (Supplementary Table 1).
Table 1 shows each of the 10 questions analyzed, the
percentage of correct answers, the average response
time and the comparison between the response time of
those who answered correctly or incorrectly. An aver-
age of 67.3% students answered correctly, and in most
cases, the response time was significantly shorter among
the students who answered correctly than among those
who answered incorrectly. However, it is interesting
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Table 1 Analysis of content-related responses with Kahoot! exercise in the Neuroanatomy group

Correct Average Average response  Average re- p Item Item

answer,n response timeinthose who sponsetimeon dif- discrimination?

(%) time (sec) get the answer those that fail to ficulty

right (sec) respond (sec) index’

Question 1 74(59.2%) 9424503 7.99+4.92 11.4+4.56 <0001 0592 0650
Question 2 84 (67.2%) 11.7+£495 10634443 13.9+4.30 0.001 0672  0.700
Question 3 79 (63.2%) 11.8+4.54 10.75+4.65 13.7+3.85 <0.001 0632 0300
Question 4: 77 (61.6%) 13.04+489 12.1+4.89 1448 +4.64 0005 0616 0450
Question 5 50 (40.0%) 774+£522 702481 827+548 0202 0400  0.650
Question 6 117 10604388 10.52+3.66 11.7+5.84 0488 0936 0650

(93.6%)
Question 7 79 (63.2%) 11.6+537 10.12+533 13.9+4.67 <0.001 0632 0250
Question 8 70 (56.0%) 821+568 657+4.69 10.29+6.17 <0.001 0560 0300
Question 9 97 (77.6%)  9.96+£500 899+4.62 13.10£5.01 <0.001 0.776  0.200
Question 10 1 542+517 457+3.11 10.89+£10.23 0.012 0.888  0.650

(88.8%)

Quantitative variables were expressed as mean+standard deviation, while qualitative variables were expressed as n (%). The p value was calculated by Chi-Squared
test. 'ltem difficulty index was calculated dividing the number of correct responses between the total number of responses (which includes both correct and

incorrect responses)

2Item discrimination was calculated following the next formula D =(UG-LG)/n, when UG is the number of correct answers of students in the upper 27%, LG is the
number of correct answers of students in the lower 27% and n is the total of response

to highlight that questions with more than 90% cor-
rect answers or more than 60% incorrect answers did
not show a significant difference between the time to
answer among students who answered correctly and
those who answered incorrectly (p=0.202 and p=0.488,
respectively).

When we analyzed whether a relationship existed
between Kahoot! grade and the final exam, we found
that the Kahoot! exercise showed a significant positive
correlation with the theory test, image exam and final
grade (r=0.334 with p<0.001, r=0.278 with p=0.002
and r=0.355 with p<0.001, respectively, Fig. 1). The
theory test grade showed a positive significant cor-
relation with the image exam (r=0.585 with p<0.001,
Fig. 1). In addition, the regression analysis showed that
the Kahoot! grade explained up to 6.7% of the final exam
grade (p=0.002) and up to 4.3% of the theory grade
(p=0.011) but did not seem to have a significant associa-
tion with the imaging exam (p=0.174).

Table 2 shows the number of students who obtained
passing, notable or outstanding grades in the Kahoot!
exercise and final exam. The positive predictive values
reported were 60.3%, 96.0% and 26.5% for passing, nota-
ble and outstanding grades, respectively.

Table 3 shows the comparison between the overall
exam between students who completed the Kahoot! exer-
cise versus students who did not complete the Kahoot!
exercise. The data show that students who completed the
Kahoot! exercise had significantly higher grades on the
theory exam, image exam and overall grade than students
who did not complete the Kahoot! exercise (p<0.001, in
all cases, Table 3).

Finally, to analyze whether Kahoot! could be a good
tool to assess knowledge access in other subjects, we
evaluated the differences between the theory exams,
practical tests and image exams in two different years,
one with the use of Kahoot! after each seminar and the
other with the traditional teaching model in human his-
tology. Table 4 shows that both the theoretical exam and
the image exam as well as the global grade were signifi-
cantly higher in the year in which the Kahoot! tool was
used after each seminar than the year in which the class
was taught in a traditional way (p<0.001, p<0.001 and
p=0.014, respectively).

Discussion
Face-to-face teaching does not improve student grades,
but it has been demonstrated to influence students’
knowledge and satisfaction in an undergraduate course.
Therefore, ideally, we propose the use of GBL in gen-
eral, particularly Kahoot! in face-to-face classes to
increase students’ satisfaction with the course [26]. The
impact of the COVID-19 pandemic on medical educa-
tion prompted a rapid shift to online teaching for higher
education students, such as medical students, which
has been partially filled with the GBL system [18, 27].
Regardless of the circumstances conditioning the teach-
ing methodology, the pedagogical end goal of any GBL
system is to maximize student learning by increasing stu-
dents’ participation, attentiveness, motivation and satis-
faction and decreasing students’ anxiety about learning
the subject [28-31].

Studies have demonstrated that GBL, including the
Kahoot! methodology, is a valid tool that can be used as
an alternative to the traditional learning methodology. In
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Fig. 1 Correlation between the Kahoot! exam and different parts of the final exam. *Denotes p < 0.05 calculated by the Spearman method

Table 2 Number of students who obtained passing, notable or Table 3 Comparison between in the overall exam between
outstanding in Kahoot! exercise and final exam students enrolled in Neuroanatomy subject 2021-22, who
Number of subjects Number of completed the Kahoot! exercise versus students who did not
who obtained these subjects who ob- complete the Kahoot! exercise
marks in the Kahoot tained these marks Students who Students who p
exercise in the final exam completed the  did not complete
Passing (5 or more 73 121 Kahoot exercise Kahoot exercise
points) (N=125) (N=48)
Notable (marks from7 48 50 Final grade 8.84+0.94 793+1.34 <0.001
to 89 points) Image exam 9074125 6.98+3.48 <0.001
Outsta)nding (9ormore 18 68 Theory exam 843+142 6.51+2.83 <0001
points,

Quantitative variables were expressed as meanzxstandard deviation. The p
value was calculated by Wilcoxon test
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Table 4 Comparison in the histology final mark between years
in which the Kahoot! methodology was used versus years in
which the Kahoot! methodology was not used
Year in which the
Kahoot method-

Year in whichthe p
Kahoot methodol-

ology was used ogy did not used

(N=200) (N=211)
Final grade 7.02+1.94 6.81+1.50 0.014
Practice exam 6.13+293 6.97+1.75 0.131
Theory exam 6.18+2.98 537+2.76 <0.001
Image exam 6.68+3.12 6.03+£2.94 <0.001

Quantitative variables were expressed as meanztstandard deviation. The p
value was calculated by U Mann Whitney test

this regard, we would like to highlight the study of Figuc-
cio et al. [32], which revealed that review classes given to
190 students in the education degree program led to the
same results on the final exam regardless of the method-
ology used (the Kahoot methodology vs. the traditional
methodology). Likewise, Gozde et al. reported that intra-
muscular injection knowledge was acquired significantly
better by 110 nursing students using the Kahoot! meth-
odology than through face-to-face education [33]. In
addition, studies have shown that Kahoot! could be an
optional tool (vs. paper) to quickly summarize the essen-
tial content in medical school class lectures [32, 34—36].
One of the most valuable features of a game such as
Kahoot! that is positively appreciated by students is that
it allows students and the instructor to receive immediate
feedback on their work and progress on their knowledge
acquisition. Most of the data in the literature evaluat-
ing the use of Kahoot! rely on students’ self-reports and
qualitative assessments. However, to our knowledge, no
studies have examined the direct impact of Kahoot! from
a quantitative perspective. Our study shows that there
is a positive and significant correlation between Kahoot!
exercises and exam grades. In addition, we found that
students who completed Kahoot! exercises had signifi-
cantly higher values for each exam.

Studies assessing the use of the Kahoot! methodology
to improve final grades have shown contradictory results.
For instance, Harrelson et al. and Yuenyongviwat and
Bvonpanttarananonand et al. [34, 35] reported that stu-
dents in classes using Kahoot! did not have significantly
better scores on their final examinations than students
in a control group. However, it is important to highlight
that these studies did not include the use of Kahoot! as
an additional reinforcement tool but as an alternative sys-
tem to a traditional quick paper. In contrast, our study
demonstrated that grades were significantly higher in
the academic year when Kahoot! was used than in the
“traditional” year for the human histology subject. This
may be because the performance on Kahoot! was con-
ducted in seminars to reinforce and review each subject
topic. These results seem to be in agreement with those
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obtained by Bawa et al. [37] with business course stu-
dents, who reported that the use of Kahoot! improved
their final grades. Thus, we conclude that Kahoot! used
throughout an academic course is a powerful tool that
can be used to reinforce the knowledge acquired and
improve students’ final grades.

In addition to its ability to improve final grades, we
wanted to explore the possible predictive value of the
tool. To achieve this, Kahoot! was implemented in
another subject that has not previously been exposed
to GBL methodologies. The students had only one
Kahoot! attempt prior to the final exam to avoid becom-
ing familiar with the nature of the questions for the final
exam. Our results showed a significant correlation: stu-
dents with better results in Kahoot! obtained better final
grades, and those with worse results in Kahoot! obtained
worse final grades. Consequently, we concluded that
Kahoot! is a potential predictive tool for final grades.
Kahoot! is also an efficient tool for evaluators to predict
students’ acquired knowledge, allowing evaluators to
identify those with the greatest difficulties as well as the
contents or concepts that must be reviewed.

Our study has some limitations that should be noted.
In both subjects, the Kahoot! exercise was performed in
class. Since the classes were not compulsory, it was only
completed by the students who normally attended the
classes. One of the limitations that should be taken into
consideration when interpreting our results in the human
histology subject is the comparison of different courses
composed of different students with distinctive personal-
ities and backgrounds. Therefore, the results obtained in
the comparisons must be interpreted with caution since
we do not know whether there were previous differences
between the two groups. However, medical students are
a very homogeneous academic population because dis-
charge requires a cohort grade for admission. This high
mark for admission generates a uniform population in
terms of academic capacities. The year 2019-2020 was
not included to prevent any effects of the COVID period
on class attendance and learning effectiveness that might
affect the results. With regard to the implementation of
the tool, when Kahoot! is used several times through-
out the course, students might become familiar with the
nature of the questions and important concepts of each
topic that are likely to be assessed in the exam.

In the case of neuroanatomy, there was no control
group. Having half of the group perform Kahoot! online
would be unfair and would contradict the overall teach-
ing principles. Finally, random responses from students
who did not know the answers should have been taken
into account, including item response theory (IRT) in the
Kahoot! exercise [38]. However, random responses were
analyzed as outliers in Kahoot responses [39].
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Conclusion

According to our results, students who completed the
Kahoot! exercise had significantly higher grades than
students who did not complete it. Therefore, our study
shows for the first time that Kahoot! can be used as a
method of forecasting the final grade and is useful for
both teachers and students. We conclude that the ben-
efits of using Kahoot depend on the method of imple-
mentation of the tool. When used periodically during the
course, it reinforces knowledge acquisition and improves
final grades, whereas when used as a unique session prior
to the exam, it has potential predictive value for the final
grade.
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