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Purpose: New technologies like gamification are continuously integrated into medical 
education during the last years. However, the benefit and implementation of such gaming 
platforms are not clearly studied. This analysis assesses the feasibility of Kahoot! regarding 
simplicity and low-cost performance as a learning/teaching tool for medical education in 
(histo-)pathology.
Materials and Methods: In this feasibility pilot study, we developed 36 modules for 
different benign and malignant tumors, covering four major topics: gastrointestinal tract, 
dermatology, urogenital tract, and hematology. Each module included histomorphological 
text-based questions for education of 2nd-year medical students. The online gaming-platform 
Kahoot! was anonymously implemented before and after “classical” medical education 
which included discussions of histological slides for each tumor entity using Microsoft 
PowerPoint-based presentations in combination with microscopical demonstrations. 
Participating students were invited to a seven-questions evaluation about the online educa
tional approach.
Results: Overall, 23 of 51 students of the study class completed the pre- and the post- 
evaluation of Kahoot! in one or more organ systems. The percentage of correct answers 
increased from the initial mean/median of 47.2/45% to 77.2/76.3%. Simultaneously, the time 
for answering questions decreased by roughly 50% (from mean/median time of 9.1/8.3 
seconds to 5.1/4.3 seconds) from pre- to post-assessment. The results were independent of 
gender; however, there were scoring differences between the different organ systems. 
Students positively evaluated the routine implementation of the gaming-platform Kahoot! 
within medical education.
Conclusion: Kahoot! is as a simple, direct, and low-cost application in medical teaching 
improving learning outcomes of pathomorphological topics with high acceptance by stu
dents. Kahoot!-based evaluations should be also performed in more advanced topics in the 
field of histopathology.
Keywords: education assessment, medical education, online-tools, Kahoot!, pathology

Introduction
Besides research, medical education is the main task of medical academic 
institutions.1 However, medical education is time-, personnel-, and cost- 
consuming in both, under- and postgraduate programs.2 Through technological 
advancement, alternative didactic approaches can offer solutions in times of limited 
faculty resources.3 Conventional classroom lectures are still the major method in 
medical schools while the rising digital possibilities could fundamentally support 
and strengthen the medical education received by students.4 Digital educational 
methods range from single video tutorials to complex 3D-simulation for medical 
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procedures to improve the skills of the students.5 Another 
approach is learning by game-based tools, ie, “gamifica
tion”. Bigdeli and Kaufmann6 have concluded that the 
utilization of game elements can increase user engage
ment. As reviewed by Johnson et al7 gamification is com
monly defined as “the use of game design elements in non- 
game contexts”. However, the acceptance of gamification 
as an additional tool in the medical education has been low 
until now.8

A systematic review analyzed whether gamification has 
the potential to increase students’ engagement in online 
programs and learning tools.9 Additional investigations 
have shown that game-based learning has several benefits 
compared to conventional teaching methods.10,11 Indeed, 
including the concept of gamification in medical teaching 
could increase the motivation of the students and subse
quently significantly improve learning behavior.12,13 

Today, a number of software platforms are available to 
gamificate the course contents through online applications 
such as Kahoot!, Quizziz, Quizlet, and Socrative.14 In this 
context, Kahoot! represents a low-cost and web-based 
system for studying and evaluating students.

The web interface of Kahoot! started 2013 as a free 
education platform for teachers and students. Access is 
possible with all electronic devices such as mobile phones, 
tablet computers or desktop computers, as long as an 
Internet connection is established. As recently reviewed 
by A.I. Wang and R. Tahir in 2020 (based on Google 
Scholar, Science Direct, Wiley InterScience, Web of 
Science, Scopus) the application of Kahoot! can positively 
influence learning performance, classroom dynamics, stu
dents’ and teachers’ attitudes, and students’ anxiety, 
whereby the specific integration of Kahoot! in corporate 
training or similar is missing throughout the literature.15

Another aspect of gamification is the possibility to 
immediately and adequately evaluate the learning out
comes. This type of assessment is time-saving compared 
to traditional ways in which the students’ learning curve is 
determined by “guiding” feedback, which puts a “status 
quo” score up against final score of the course.16–18 

Summative traditional assessments reflect the educational 
outcome afterwards and are less time- and cost-effective to 
perform data extraction and analysis to determine 
a teaching outcome.18,19 Kahoot! allows to record the 
single and summative results (correct/incorrect answers 
of each question with time and score points of each parti
cipant). The scores and data are stored online and can be 
downloaded in Excel format at any time.

Interestingly, the gaming-platform Kahoot! is rarely 
applied in medical education of histology.20 As published 
studies with Kahoot! and histopathology are missing until 
now, we are trying to integrate Kahoot in medical educa
tion of complex histopathological themes. In this pilot 
feasibility study, we evaluated the pros and cons of using 
Kahoot! in students’ histo-pathological education at 
a medical university. Based on an immediate pre- and 
post-assessment procedure we intended to gain systematic 
experience on the feasibility of Kahoot! when used in 
addition to classical classroom teaching. For this purpose, 
different topics of pathology were presented by conven
tional classroom lectures (PowerPoint presentations) and 
additional histology slide presentations with a microscope. 
Before and after these lectures, the students tested their 
knowledge on each pathology topic using a Kahoot!-based 
quiz. Afterwards, the medical students had the option to 
evaluate this kind of educational approach by 
a questionnaire. In brief, the results indicate that in the 
context of histopathology, the use of Kahoot! proved as 
a feasible and easy-to-use tool to assess students’ learning 
success that provides the basis for various statistical ana
lyses and is well accepted by the user (ie, students).

Materials and Methods
Participants
As participants, the current study involved 2nd-year med
ical students of the Paracelsus Medical University 
(Salzburg, Austria). The class consisted of 51 students 
whose basic demographic characteristics are 23/28 
female/male at a mean age of 21.6/22.7 (min. 20.1 – 
max. 28.7) years. As the study includes no medical testing, 
no patient questionnaires and no epidemiological investi
gations no ethical vote was necessary in the authors’ 
country. Nevertheless, the study was performed according 
to the Helsinki guidelines (1964). Furthermore, the study 
organization of the university was formlessly informed 
prior to starting the study and has given its approval to 
conduct it within the regular teaching hours reserved for 
pathology lectures. Before starting this educational project, 
all students were informed that participation was voluntary 
and that their decision regarding study participation would 
have no influence on their subsequent examinations or 
their medical study in general. Consent for participation 
and publication in a completely anonymized way was 
documented by an informed consent document signed by 
the participating students.
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Procedure – Method’s Design
The methodical approach of this feasibility pilot study is 
presented as a flowchart in Figure 1. Using Kahoot!, the 
students were tested before, and after the presentation about 
eighteen different tumor entities of the four organ groups (i) 
gastrointestinal tract (GAST), (ii) skin (DERM), (iii) urogen
ital tract (UROG), and (iv) hematology (HEMA) on three 
different lecture days (see additional Table 1). The lectures 
consisted of a presentation and discussion of additional his
tological slides for each tumor entity using a demonstration 
microscope (Leica DM750 with ICC50 W-camera module, 
Leica Microsystems, Vienna, Austria). They were comple
mented with a Microsoft PowerPoint-based presentation 
about the underlying medical and pathological features of 
each tumor entity which included their definition, macro- and 
microscopical analysis. The teaching material used for the 
Kahoot!-based quizzes was newly compiled and students had 
no access to the lecture material beforehand via any of the 
university platforms such as Moodle.

Each student received an anonymous ID to grant indivi
dual access to Kahoot! within the classic game mode 
(“Player vs Player 1:1 Devices”). Testing with Kahoot! was 
performed using each the same set of questions immediately 
before and after the “classical” lectures. The test questions 
and answer choices were presented in a randomized manner 
(see additional Figure 1). The students had 30 seconds to pick 
an answer before Kahoot! automatically moved on to the 
next question. These question settings of Kahoot! were cho
sen on purpose to prevent sole memorization of the questions 
and the respective incorrect and correct answers. The patho
logical characteristics of each tumor entity were divided into 
two types of questions: The first set of questions was based 
on the histomorphological presentation (“histo”) of each 
tumor entity and the ability to recognize them in digital 
images. The second set of questions was a set of text-based 
multiple-choice questions about the previously mentioned 
tumors (see additional Table 2).

After completion, students were asked to evaluate 
Kahoot! for its educational use in (histo-)pathology through 
a structured questionnaire including seven questions. This 
questionnaire was purpose-built to provide a quick overview 
on the students’ previous experience with Kahoot!, its usage 
characteristics, and their opinion on the use of Kahoot! for 
(histo-)pathology lectures.

Statistical Analyses
The results provided by the Kahoot! online platform were 
downloaded as an XLMS-file and transferred to SPSS 
Statistics (version 24, IBM) and Microsoft Excel (Office 
Professional Plus 2016, Microsoft). These results were sta
tistically analyzed for the percentage of correct answers, 
response time, and differences between the pathology topics 
mentioned in the beginning. The data were visualized with 
diagrams, using OriginPro 2020 (OriginLab Corp.), and 
Corel Designer 2018 (Corel Corp.). The statistical hypoth
eses were tested using Mann–Whitney U-test or Student´s 
t-test after checking for normal distribution with the 
Kolmogorov Smirnov test and Levene’s test. The correla
tion was calculated using Pearson’s correlation analysis. 
A p-value of ≤0.05 was considered significant.

Results
Analysis of the Pre-Post-Educational 
Assessment with Kahoot!
The first analysis compared the percentage of correct answers 
before and after evaluation with Kahoot! including all 

Figure 1 Study design. Flowchart showing the sequence of teaching and evaluation 
by Kahoot!. This process has been repeated for the four organ systems/topics. 
Abbreviations: GAST, gastrointestinal system; DERM, dermatology/skin; UROG, 
urogenital tract; HEMA, hematology.
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participants and organ systems (see Figure 2A). The analysis 
revealed a significant increase of the percentage of correct 
answers from the mean/median 47.2/45% before to 77.2/ 

76.3% after classroom teaching (p<0.001). Only students 
who participated in the pre- and post-lecture tests (in any of 
the four organ systems) were included in the evaluation in 

Figure 2 Data analysis of student-based results. (A) Pre-post-analysis of the percentage of correct answers including all available results (ie including cases where individual 
students participated in either pre- (n=35) or post- (n=30) evaluation). (B) Same as A, but only including students with complete pre- and post-answers (n=29) in one or 
more organs. All subsequent figures and analysis contain only “complete data sets”, ie data from students having participated in both, pre- and post-evaluation by Kahoot! in 
one or more organs. (C) Comparison of % correct answers between histology- and text-based Kahoot! questions. (D) Comparison of the percentage of correct answers 
pre and post-lecture for each individual topic (mean ± standard deviation). (E) Analysis of pre/post results on the students’ level. Each participating student is represented by 
a filled circle that is connected by straight lines between pre and post status: students with improved, stable or worse results are indicated by green, black and red lines, 
respectively. The pie chart inserts show the proportion of students (for all respective the individual topics) and how their results (percentage of correct answers) have 
changed pre and post-lecture. Differences between groups were calculated by t-tests (for normally distributed data) or Mann–Whitney-tests in case of data without normal 
distribution (indicated by #); **Indicates p<0.01.
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order to yield comparable results (Figure 2B and D). The 
comparison of histology- and text-based questions slightly 
favored text-based questions with a higher increase in correct 
answers (not significant, p=0.564; Figure 2C). Similar to the 
overall analysis (Figure 2A and B), for each pathological 
sub-topic, a significant improvement of the percentage of 
correct answers could be observed, while the urogenital 
tract system showed the steepest slope between pre- and 
post-lecture (see Figure 2D and E). On average, only one 
student failed to improve his/her score while the other 27 stu
dents achieved an improvement after the lecture. Similar 
results were found within each organ system (organs; 
Figure 2E): a clear majority of students (76–94%) improved 
their results whereas few students gave less correct answers 
after the lecture.

Analysis of Response Time
The average response time for pre- and post-assessment 
with Kahoot! decreased significantly in the overall com
parison (“ALL” from mean/median 9.1/8.3 seconds in the 
pre-assessment to 5.1/4.3 seconds in the post-assessment; 
Figure 3A). Similar results were obtained within each 
topic (p<0.001). Interestingly, the answering speed was 
significantly higher for correct than for incorrect answers, 
again for all questions as well as for the topic-specific 
questions (Figure 3B, p<0.001). Further (Figure 3C), the 
response time was not significantly different between his
tology- and text-based questions. Significant differences 
were observed for gastrointestinal or hematological topics 
with opposite effects (p<0.002). No correlation was found 
between the percentage of correct answers and answering 
speed of the students (see Figure 3D). Gender had no 
significant impact on the overall response time. Female 
students showed a (insignificant, p=0.327) trend towards 
faster responses than male students in the pre-lecture 
assessment (Figure 3E).

Quality-Analysis of the Developed 
Test-Items
Figure 4A represents the percentage of correct answers for 
each 18 text- and histology-based question tests presented 
with Kahoot! with a target score ranging from 20% to 80% 
of correct answers per test (not too easy and not too 
difficult). Three histology-based questions were too diffi
cult compared to one text-based question, whereas two 
text-based questions were too easy in the pre-education 
assessment.

After the lecture, a general shift towards more correct 
answers (over 80%) was observed independently of the 
question set (histology vs text). Considering the distribu
tion of percentage of correct answers per question set 
before and after lectures, a clear shift of the distribution’s 
skewness from slightly right (0.126) to the left side 
(−0.850) was observed (Figure 4B), indicating a shift of 
the fitted normal distribution towards a “better” results 
post-lecture.

In order to provide first information on possible bene
ficial learning effects of using Kahoot! in pathology lec
tures, we analyzed the exam results of the students included 
in the current study (year 2019) versus students’ results 
from 2018 (without Kahoot!). Both exams were electronic 
exams in Moodle using multiple choice and USMLE-like 
questions. Our results show that the students of year 
2019 performed on average better: they scored 2.5% better 
while they needed 6.4 min less time to complete the exam 
(see Figure 6). Thereupon we analyzed the performance of 
students from year 2019 in relation to their participation in 
the Kahoot! sessions (complete vs incomplete). The statis
tical analysis revealed no significant difference; however, 
the students with complete sessions showed a tendency for 
better results (interquartile rangecomplete of 96.5–100 versus 
interquartile rangeincomplete of 94.8–98.2%). Interestingly, 
the students with complete sessions were significantly 
slower in finishing the exam (mean timecomplete = 24.7 vs 
mean timeincomplete = 19.2 minutes).

Student Evaluation of the Kahoot! Project 
in Pathology Education
Finally, all participating students had the opportunity to 
feedback on this educational project (summarized in 
Figure 5). Overall, the majority of the students (70%) 
did not know about Kahoot! before this research project. 
Most students found the examination platform user 
friendly and easy to access with smartphones, while 
the allotted time was found appropriate to make an 
answer choice (Figure 4B). In regards of the didactic 
value of Kahoot! in the field of pathology, most students 
considered it very good as a supplementary tool to 
strengthen the lectures’ content and for knowledge test
ing (Figure 5C).

Discussion
Online gamification platforms will be used increasingly 
as digital tools in the medical education.6,10,11 The 
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enormous digital innovations in medicine will produce 
new powerful opportunities for medical education. 
Additionally, it could be empirically demonstrated that 
gaming may be more effective than traditional teaching 

methods12,13 due to increased student motivation and 
engagement.14,21 The difficulty for faculty and adminis
tration is the selection of an adequate platform and inte
gration into a curriculum in order to increase retained 

Figure 3 Analysis of the Kahoot! response time per student. (A) The response time for the individual topics and for all topics together (“ALL”) is compared pre and post- 
lecture. (B) Correct and incorrect answers are compared. (C) Histology- and text-based questions are compared. (D) Correlation analysis of response time (y-axis) versus 
percentage of correct answers. (E) Comparison between female and male students regarding pre, post and overall response time. Box plots show the mean (filled circle), 
median (horizontal line), 25/75% quartiles (box) and the 95 confidence interval (whiskers). Differences between groups were calculated by t-tests (for normally distributed 
data) or Mann–Whitney-tests in case of data without normal distribution (indicated by #); **Indicates p<0.01.
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information and gain more competency as beginning 
medical professionals.22,23 A promising approach is the 
Bauman´s layered-learning model describing the connec
tion of a traditional didactic presentation with multimedia 
educational technologies.24 The number of published 
works is large regarding with different aspects of 
Kahoot! for teaching, learning, and assessment in school 
and university as well in medical education.20,25–33 

Accordingly, the key messages of these published articles 
is that (i) Kahoot! web-based interactive gaming is 
mostly perceived as a valuable active learning strategy 
for different subjects by the students, that (ii) Kahoot! 
could consecutive increase motivation and engagement 
based on a included time-to-respond scoring system. 
Due to the lack of studies specifically addressing the 
potential benefits of Kahoot! in (histo-)pathology educa
tion, we analyzed the feasibility of Kahoot! in combina
tion with regular, less interactive medical education 
including lectures and interactive microscopy sessions.

Testing Results Before and After Medical 
Education with Kahoot!
Our study demonstrates the feasibility of digital medical 
education in pathology in relation to (histo-) pathological 

Figure 4 Analysis of the Kahoot! questions (items). (A) The percentage of correct 
answers is shown per question (item) between pre versus post for the two question 
types (text- or histology-based). Lines connect the pre/post results obtained for 
each question. (B) Histograms indicating the (shift) of distribution for the pre/post 
percentage of correct answers per item. The solid line indicates a normal 
distribution.

Figure 5 Student’s evaluation of the Kahoot!-supplemented pathology education. 
(A) Number and percentage of students who knew (or did not know) Kahoot! 
before this project. (B) Usability of the chosen Kahoot! settings. (C) Student’s 
answers on suitability, practicability and design of the Kahoot!-supplemented pathol
ogy lectures. Box plots show the mean (filled circle), median (horizontal line), 25/ 
75% quartiles (box) and the 95 confidence interval (whiskers).
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topics of different organ systems through text- and histo
logical-based questions as well as of statistical potency of 
pre-post-assessment. Overall, Kahoot! could be used for 
assessment of pathological subjects in the education of 
medical students, with significant learning success 
increase upon education using the game-based learning 
platform Kahoot!. This was also evident for histomorpho
logical and theoretical questions, when evidently test 
scores for text-based question were slightly higher, indi
cating the difficulty of morphological interpretation for 
medical students.30 Further, response time was signifi
cantly reduced, implying educational efficiency. 
Simultaneously, this educational strategy provides a first 
feedback for upcoming exams such as the United States 
Medical Licensing Examination (USMLE), which is 
required to take in the medical curriculum of the 
Paracelsus Medical University. Only minor gender differ
ences were observed throughout the study. All these 
demonstrated results were comparable to similar projects 
using Kahoot! Felszeghy et al implemented the game- 
based platform Kahoot! in the medical and dental histol
ogy course and demonstrated a significant increase in 

correct test answers from before to after conventional 
teaching (from about 70% before to about 90% after 
teaching sessions).20 Interestingly, team-mode showed bet
ter scoring in comparison to individual mode of Kahoot! in 
the study design of Felszeghy. Other investigations using 
Kahoot! for medical education could confirm, that Kahoot! 
supports medical education in several and diverse medical 
fields such as pharmacology, nursing, anatomy and phy
siology by increasing motivation and engagement as a fun 
tool.25,26,29,31,32 The analysis of Kahoot! scoring improve
ment and the time to respond could demonstrate improve
ments in the understanding, progression, and knowledge 
increase of medical students.27,28

Statistical Method to Analyze Results 
Data of Kahoot!
The data with descriptive observations collected by 
Kahoot! were automatically saved, archived and could 
easily be accessed and downloaded every time, similar to 
other online-gaming tools like Quizziz and Socrative. The 
data sets were categorized into overall results and in detail 
for each question. As the data sets require manual transfer/ 

Figure 6 Comparison of students’ results in final exam. The percentage of correct answers (A) and the time required to complete the test (B) is shown for 2018-year 
students (without Kahoot!) and 2019-year students (with Kahoot!). Box plots show the mean (filled circle), median (horizontal line), 25/75% quartiles (box) and the 95 
confidence interval (whiskers). **Indicates p<0.01.  
Abbreviation: w/o, without.
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import to statistical programs such as SPSS, generating 
detailed response analyses requires considerable efforts. 
Furthermore, a tool to directly contrast pre- and post- 
lecture scores should be included to have an automatic 
comparison. Altogether, while raw data on response beha
vior are available from the Kahoot! platform for various 
statistical analyses, a free implementation of some basic 
statistical issues in Kahoot! is desirable to facilitate such 
analyses.

The participating year 2019 students showed 
a significant better outcome at the final exam, compared 
to the preceding year’s (2018) students which had compar
able demographic characteristics. This might be related to 
a more intensive education combined with the Kahoot! 
motivation. Interestingly, however, within the students of 
2019, no significant positive effect of having participated 
in the Kahoot! sessions on the outcome of the final exam 
could be detected.

Student Evaluation of the Role of Kahoot! 
in Medical Education
The results of the user-experience questionnaire were very 
positive. Beside the high ease of use of Kahoot!, the stu
dents convincingly recommended Kahoot! as an appropri
ate method for pleasant knowledge testing. Therefore, most 
students declare that a combination of conventional lectures 
and game-based platforms like Kahoot! should be routinely 
implemented for all pathology lectures in the future to 
strengthen the teaching success. This formative assessment 
is in harmony with previous studies underlining the students 
´ acceptance of gaming tools for medical education in 
addition to classical educational methods.14,20,27

Based on the feedback provided through the question
naire, the students generally support to integrate Kahoot! 
in medical (pathology) education. Both, the aspects of 
technical performance (using smartphones) and didactic 
purposes of using Kahoot! in (histo-)pathology classroom 
teaching for real-time assessment were rated very positive 
by the respondents. Besides attempts to increase efficiency 
and attractiveness of medical education by implementation 
of new electronic tools, more traditionally minded stu
dents, however, also want additional printed or written 
material such as text books or digital resources provided 
by the teachers.20 In summary, the application of Kahoot! 
in the medical education could successfully combine clas
sical textbooks and non-interactive lectures to enhance the 
learning outcome for upcoming medical school classes.6 

Other acceptance analysis on Kahoot! showed that gaming 
could enhance the motivation of the students, which was 
not part of this study. Interestingly, a recent educational 
investigation could show that the student preferences of 
active learning is higher than classical teaching, where the 
fill-in-the-blank activities and videos were more effective 
in the exam performance in comparison to Kahoot!,33 

raising the question of how to achieve the best mix of 
traditional resources and active learning strategies.

Some methodological limitations of the presented educa
tional study using Kahoot! in medical education were 
obvious and need to be mentioned: a) Due to the pilot 
character of the current pilot study in (histo-)pathology, no 
explicit control group has been defined and analyzed in 
parallel. Subsequent studies should, therefore, investigate 
the learning outcome assessed by Kahoot! versus conven
tional post-lecture examination alone. b) The chosen test 
scenario evaluates only the short-term memory of the stu
dent. Other approaches are needed to test intermediate and/or 
long-term memory. c) The results of the pre- and post- 
assessment could be influenced by a short temporal distance 
of four hours and memory of specific items. This effect could 
not be excluded. However, this would demand the percentage 
of correct answers in the post-assessment to reach 100% 
which is not the case in our study. Furthermore, the chosen 
test settings of Kahoot! include randomization for both: The 
questions and possible answers, in order to avoid such short 
memory effect. d) The prior knowledge of the students about 
the pathological topics has not been evaluated and integrated 
in the statistical analysis. Nevertheless, all course materials 
were newly designed and were not accessible for students 
prior to the lectures. e) Since participation in the study was 
voluntary, not all students participated in the project and only 
results of students with complete pre- and post-answers were 
analyzed, therefore limiting the statistical strength of this 
study. Furthermore, due to the university’s student-centered 
teaching approach, the class size was a priori limited. f) An 
evaluation of the performance and acceptance of Kahoot! in 
comparison to other online gamification platforms like 
Quizziz, Quizlet and Socrative was not performed, because 
this was not the primary intention of the presented study. It 
appeared that Kahoot! is more user-friendly to our students 
than other platforms, which is a subjective standpoint.14

Conclusion
In summary, the online gaming-platform Kahoot! can 
easily be introduced in the medical education in the var
ious fields of pathology. Whether Kahoot! should be used 
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alone or in combination with classical education, must be 
evaluated in further studies. Retrospectively, the teachers 
get a good overview of the learning curve through the test 
results. Finally, the students’ acceptance of Kahoot! was 
very high, indicating the educational potency of the online 
gamification platform as an additional part in the classical 
medical education. Therefore, we consider real-time 
assessment using Kahoot! (or other comparable tools) as 
feasible and efficient to increase students’ engagement and 
motivation for active participation during classroom teach
ing of pathology topics.

Abbreviations
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HEMA, hematology; UROG, urogenital tract.
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