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ABSTRACT: Novel assessment tools are more often used in class especially after
the Bologna Process (Pereira, D.; Flores, M. A.; Niklasson, I. Assess. Eval. Higher
Educ. 2016, 41, (7), 1008−1032, DOI: 10.1080/02602938.2015.1055233) in
Europe. Kahoot has emerged as an attractive and interactive gaming platform, and
considerable education-research efforts in different kinds of subjects have been
recently invested to evaluate Kahoot suitability for learning. One of the main ways of
utilizing Kahoot is as an assessment tool, which has been shown to be effective in
various education fields, but not yet in chemistry. Herein Kahoot was used for
assessment in a whole-year chemistry class together with other more traditional
means, such as solving problem sets or difficult questions. Surprisingly, students’
esteem for Kahoot was the same or even less than for other means of assessment.
Instead, problem solving was considered the most valuable task for the class. These
results might be due to the nature of chemistry learning; although memorization is
required, chemistry education places a higher weight on reasoning skills, which may
cause the students to prefer training methods other than Kahoot. According to these results, the competitive incentive and
playfulness of a game is less preferred than the intrinsic challenge of solving a difficult question or problem.

KEYWORDS: General Public, First-Year Undergraduate/General, Interdisciplinary/Multidisciplinary, Computer-Based Learning,
Humor/Puzzles/Games, Testing/Assessment, Learning Theories, Student-Centered Learning

Higher education is in need of new assessment method-
ologies after the Bologna Declaration in 1999,1 since one

of the required dictates is that the final grade is not computed
with just the final exam. Assorted strategies attempt to
supplement the key role of assessment and evaluation in
learning with a more student-focused perspective, a central aim
of the European Higher Education Area and a common strategy
in other top education systems around the world. Traditionally,
together with written tests, problem-based and case-based
approaches were also used for evaluation and demonstrated the
acquisition of professional work skills.2 Especially after the
Bologna Process, new assessment tools have been developed,
such as portfolios,3,4 digital diaries,5 and oral presentations.6

Different approaches on the assessment methodologies have
also been tested, such as peer-7 or self-assessment.8 The novel
assessment tools are aimed to improve students’ performance,
intending to center learning more on the students’ own work
and effort.
The use of games in teaching, a current trend in education

research, is also exploited for assessment. Two main strategies
involve games in education. Gamification consists of the
application of game elements (e.g., challenges, competition,
and rewards, etc.) in the context of a nongame undertaking, and
it has been applied to online learning activities,9 exercises,10 class
discussions,11 laboratory tasks,12 and, in scarce cases, to tests.13

On the other hand, game-based learning (GBL) has different

nuances of meaning with respect to gamification: GBL is the use
of games in the teaching process, rather than making the class
itself a game.14,15 GBL tools are indeed more often used for
assessment.
A recent online game starting to be used in education is

Kahoot,16 a web-based program where one can introduce
questions with either multiple-choice or true/false answers,
whichmust be chosen within a limited amount of time.17,18 Both
the appearance and format, together with the challenge of a
limited time and punctuation assigned to each participant, make
this platform an interactive game between the participants.
Several studies have analyzed the use of Kahoot for GBL in
classes of diverse subjects and from different points of view,
mainly observing if it enhances the students’ engagement, which
is understood as the time and effort that students devote to
educational activities. Researchers have shown that Kahoot
increased engagement and in some cases allowed better results
for the students in subjects such as physics,19 biology,20
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physiology,21 medicine,22 education,23 and other fields more
distant from chemistry.24

Kahoot was already described in a Technology Report mainly
covering a technical depiction for its use in chemistry classes17

and also as a complementary tool to evaluate the usefulness of
videos in first-year undergraduate chemistry classes.25 Addi-
tionally,Kahootwas used by Ares et al. as a review method of the
classes and a plausible increase on students’ performance was
analyzed.26 Nonetheless, Ares’ work lacked an examination of
students’ engagement caused by Kahoot. Moreover, Kahoot was
not planned as an assessment tool but rather as a nonmandatory
exercise to test if the learning outcomes in the final exam would
improve. Hence, whether Kahoot is a suitable resource for
assessment in chemistry courses has not been yet determined.
This communication aims therefore to decipher the effective-
ness of Kahoot for chemistry students as an assessment tool for
higher education, with a comparative analysis with other
traditional methods, such as solving problem sets.

■ METHODOLOGY

Overview of the Subject

The evaluated class was a first-year undergraduate Chemistry
course in the Environmental Sciences degree with around 25
students that regularly attended each lecture and session. The
subject scope is wide, covering topics that include elemental
quantum chemistry, acid−base and reduction−oxidation
equilibriums, colligative properties of solutions, and reaction
kinetics. Due to the breadth of topics, the depth in each cannot
be too intensive. Ordinary lectures were taught to explain the
theory. According to Bologna requirements, the organization of
the evaluation was planned to count on the final exam, lab
practices, solving problem sets, and seminars.
The lab experiments, which were oriented toward theory,

complemented and reinforced concepts seen in the lectures, and
problem solving and seminars were intended to delve more
deeply into the different topics. Problem solving consisted of the
algebraic or graphical solution of numerical problems to
determine unknown scientific quantities or variables. The
problem sets were given to the students to be solved in a one
week period of time once the corresponding theory had been
learned in class and were reviewed afterward. The seminars were
separated sessions in the lecture hall designed to be performed
individually by the students without the support of books or
personal notes and were divided into two kinds: (i) a traditional
seminar where reasoning questions and problems not previously
seen in class had to be solved and (ii) the use of Kahoot asking
about concepts seen in class. Both kinds of seminars were
performed by all of the students together, in different weeks. The
seminars did not have introductory explanations, although a
subsequent discussion of the answers of both kinds of seminars
was held in the next regular lecture session. The traditional
seminar questions (3−4 questions per seminar) were given to be
answered in 1 h time. For Kahoot seminars, students used their
cell phones to answer the questions that were projected in front
of the room.

Procedure and Data Analysis

Since the aim was to see the plausible utility of Kahoot as an
assessment tool in chemistry, after the end of the year, student
feedback was collected by means of a survey with the following
questions on a scale of 1−10 (1 meaning no help and 10
meaning fully helpful):

(1) Did the problem solving help you to review each chapter
and reinforce concepts?

(2a) Did the traditional seminar encourage you to study more
intensely?

(2b) Did the Kahoot seminar encourage you to study more
intensely?

(3a) Did the traditional seminar help you to understand better
and relate the concepts?

(3b) Did the Kahoot seminar help you to solidify concepts?

Additionally, two more questions were also asked:

(4) Which kind of seminar do you prefer: traditional or
Kahoot? [option choice]

(5) Would you give any suggestion regarding the whole-year
classes and methodology? [open question]

The design of questions 2a and 2b aimed to compare the
engagement that either the so-called traditional seminar or
Kahoot had generated. The survey questions included an explicit
intent in the study to reveal whether or not students found the
seminars increased their engagement along the year. Ranging
from 1 to 10 would indicate if it was helpful (10) or not (1).
Questions 3a and 3b pursued knowing if the goals aimed by the
teacher with both assessment tools [understand and relate
concepts (traditional seminar) and solidify concepts (Kahoot)]
were reached by the students. Wording in questions 3a and 3b
was different since the pursued goals for both assessment tools
were diverse. Again, the questions were designed to show the
students the main aim of the teacher regarding the use of each
assessment tool.
Sixteen students filled out the survey, andMicrosoft Excel was

used to analyze the data, perform all the statistical calculations,
and create the graphs. The Student t tests for paired data were
carried out as exemplified27 in ref 27.

■ RESULTS AND DISCUSSION

Employing Kahoot in a Chemistry Class

The opinion of the students regarding the usefulness of problem
solving was, as expected, highly positive. The resulting average
from the corresponding survey question was 9.1 out of 10
(Figure 1), which indicates the compelling value that tackling
problems has for the students. This survey question has indeed
served as a control considering that problem solving in
chemistry is a long-term and well-established methodology for
both learning and assessment.28,29

Regarding the two kinds of seminars, two coupled parallel
questions were formulated in the survey for the analysis of the
students’ engagement and the helpfulness provided by making
the seminar. First, a survey question asked the study motivation
and involvement before performing each one of the seminars.
Unexpectedly, the traditional seminar motivated slightly more of
the class to study (average rating of the students, 7.7) than the
Kahoot seminar (7.0) (Figure 1). Nevertheless, applying the
Student t test for paired samples27 revealed no significant
difference between both values (Supporting Information (SI)
Table 1). Thus, Kahoot does not imply a higher incentive for the
students. Similarly, a second coupled survey question was
answered by the students regarding whether Kahoot or a
traditional seminar is more helpful to strengthen chemistry
learning. Again, students acknowledged preferring traditional
seminars (8.0) to Kahoot (7.0). The paired t test showed no
relevant disparity between the two values. The calculated t was
lower (1.49) to the tabled t for 95% of confidence (1.75) (SI
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Table 2). Interestingly, in the case of the students’ engagement
the difference between the calculated t (0.96) and the tabled t
(1.75) was higher, which may imply that, although not
statistically significant, the helpfulness of a traditional seminar
is greater than Kahoot, while the engagement that both
approaches convey is quite the same.
These unexpected results, which contradict in principle the

favorable opinion thatKahoot has received to date,24 may be due
to the nature of chemistry as a subject. The traditional seminars
included complicated questions and new problems not seen in
class. On the other hand, Kahoot quizzes were designed to
solidify concepts rather than solve difficult problems, due to the
limited time of answer (a maximum of 120 s17). The challenge
that the traditional-seminar questions poses is much higher than
Kahoot’s quizzes, and therefore the students’ motivation
increases. The stimulus provoked the human nature to
overcome challenges is well-known and was demonstrated
early to be relevant in education.30 Ironically, one of the typified
strengths of gaming in education, to overcome challenges,31 can
be the reason for a higher engagement in the analyzed traditional
seminars than in the use of Kahoot.
The answers to the direct survey question of seminar

preference were, in accordance with the previous answers,
favorable to the traditional: 62% of people versus 38% that
preferred Kahoot (Figure 2). Remarkably, the open-ended
survey question answers also shed light about the students’
sensation about Kahoot. Among others, one of the students
wrote: “Both kinds of seminars were useful. In the traditional
ones, we applied what we learnt, and Kahoot helped me to see
what is missing [regarding their knowledge about a topic] and
which are the common mistakes”. Another student stated:
“Kahoot seminars are easier, since they are more achievable, I
study less and I get better grades. I would suggest to ask three
traditional seminar questions [more challenging, the ones linked
to traditional seminars] and the rest 25% of the seminar grade
assigned to a Kahoot quiz”. Students’ preference for the

traditional seminar stems precisely from the nature of the
provided seminar questions. Nonetheless, their answers do not
reject Kahoot at all but rather indicate that more challenging
problems are of greater help for learning the subject.
Using Kahoot in Chemical Education Compared to Other
Subjects

All of the presented results are somewhat surprising, since an
overall view of the literature regarding the engagement
generated by Kahoot is positive. However, in a very recent and
extensive review of basically the entirety of published papers
about the use of Kahoot in class, the authors state that a
preponderance of studies conclude that Kahoot is compelling
and effective, although a portion of them differ.24 Ismail and co-
workers showed that in medical studies Kahoot is an excellent
tool for assessment,22,32 except for the Kahoot inability to
simplify complex subjects.32 Notably, the authors argued that
the intrinsically difficult nature of complex subjects may be a
reason for why Kahoot is not effective in that case. Generally,
medical studies are mostly based on memory and concept
relationships, with which Kahoot is clearly akin. However, when
complexity arises, Kahoot stops being effective. The chemistry
case seems to be analogous. Obviously, concepts and
memorization are needed in chemical education. Nonetheless,
the higher weight in the problem-solving and deduction
strategies that chemistry learning entails may lead students to
considerKahoot less valuable and, more importantly, to prefer to
be assessed with challenging questions and problems rather than
simply covering concepts.
Along these lines, the only example to date that described uses

of Kahoot in physics deals with solving problems with a
subsequent nongraded evaluation with Kahoot.19 Strictly
speaking Kahoot was not used as an assessment tool, since the
problems were provided for homework and afterward the
students played Kahoot to select the possible answers. The
strategy indeed increased motivation for problem solving, and
the same approach may be further used for chemistry. Similarly,
the conference paper of Ares et al. conveys the use of Kahoot
after chemistry classes to solidify concepts, without being part of
the final evaluation.26 The authors determined that Kahoot
helped to improve the final grades, although no analysis of
student engagement was performed. Conversely, in a high
school biology class, Kahoot was shown to increase students’
engagement.20 Resembling the medical education case, the
evaluated biology syllabus consisted of a broad and conceptual
course, rather than an in-depth study of difficult problems.

Figure 1. Box and whisker plot showing students’ rating in a 1−10 scale
(10 being most positive) answering the specific questions listed in
Methodology. The “x” represents the average value, whereas the line
dividing the box is the median. The upper and lower halves of the boxes
group 50% of the entirety of values that are closer to the median. The
“whiskers” represent the remaining 25% at each of the box sides. In the
case of asking about “Problems”, just the helpfulness was evaluated
(light blue), with a consistent positive opinion (not lower than 7). For
the traditional seminar (TS), study motivation (orange) had smaller
spread in the values than theKahoot studymotivation (gray). Regarding
helpfulness in chemistry learning, since the deviations from the
traditional seminar (yellow) and Kahoot (dark blue) are smaller, we
might consider that the differences between the averaged values are
more significant. The single blue point with a value of 1 is an outlier of
the data and was the rating of one student assigned to the helpfulness
when using Kahoot.

Figure 2. A color-coded pie chart showing students’ preference
between seminars using Kahoot (colored in orange) or novel seminar
questions and problems (traditional seminar, colored in blue). The
percentage corresponds to the answers of students to the option−
choice question no. 4 of the survey (see Methodology).
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Similar to the biology instance, in physiology education, where
notions and memorizing are key, Kahoot was also shown to be
useful and slightly increased students’ grades.21 Several other
examples may be cited with the same reasoning; since the
comparison is with chemistry education, just the closest and
most exemplar studies have been mentioned. All of the above
cases seem to point toward a similar rationale; Kahoot is a
suitable way to enhance students’ engagement, and it can be
used as an assessment tool when mostly memory is put into play
but not for difficult questions and problems. Indeed, there is an
intrinsic inconveniency to use Kahoot to introduce difficult
questions due to the time limit for answering (120 s). The
presented results suggest that, in the particular case of the
chemistry subject, students value using other assessment tools
more than Kahoot, due to the nature of chemistry learning,
where memory is, of course, needed but reasoning has more
prominence. Obviously, challenging problem-solving questions
are not unique to the subject of chemistry, especially in more
advanced courses. At the introductory level, however, subjects
such as chemistry and physics tend to focus on problem solving
based on a simple set of principles, unlike other subjects such as
biology, which require memorization of a large body of
information.

■ CONCLUSIONS

Multiple studies in different subjects have examined Kahoot as a
novel GBL tool to engage students and improve their outcomes.
Although Kahoot did not prove to be effective in every case, it
can be generally stated that Kahoot aids students’ engagement.
However, as an assessment tool in chemistry, Kahoot was
revealed to be less useful than traditional methods (e.g., written
problem sets). The simple goal of obtaining good evaluation
grades may be the core motivation for students, and the
playfulness of a game does not increase the motivation.
However, other studies analyzing Kahoot as an assessment tool
have proven it to be effective. Instead, though in GBL challenge
is a stimulus, in our study the difficulty of problems and complex
questions is already a sufficient challenge for the students to
overcome. Indeed, chemistry learning needs plentiful reasoning
and problem-solving skills. Certainly, students’ favorite way of
assessment was problem solving, as seen in the high rating that
was assigned to it in the present study, prevailing over the other
surveyed assessment approaches (Figure 1). Also, students
perhaps did prefer more difficult and challenging problems and
questions because they worked on them as a training for the final
exam. Nevertheless, these results do not necessarily proscribe
use of Kahoot in a chemistry class, since students’ opinions were
not unfavorable. Students simply prefer other additional means
of assessment, with Kahoot used as a complementary way of
continuously reviewing each class. In any case, this study
suggests that other traditional methods, i.e., problem solving or
dealing with complex questions, are preferred by the students.
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