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Abstract
Active participation of students is paramount not only for their learning experiences but also
for their academic performance. Therefore, various methods have been developed and proven
to help students achieve active learning. However, several shortcomings in these methods have
been indicated as increasing students’ sense of burden and discomfort, eventually preventing
them from benefiting sufficiently. This study aimed to determine the efficiency of a low-load
web-based review quiz built by the researchers on Google Forms to enhance students’
reviewing habits and active class participation. Participants in this study were 53 first-year
dental hygiene students in a 10-class microbiology course. After each class, all students were
given the web-based quiz to prepare for a paper-based review test, which assessed the learning
of the content covered in the previous classes. We analyzed the correlations between frequency
of participation in the web-based quiz and the average scores of the weekly review tests or the
final examination scores. Consequently, voluntary participation in the web-based quiz
positively correlated with both short-term and long-term students’ learning outcomes. Through
this web-based quiz during the first year of the dental hygiene program, students can develop
the “self-learning attitude” needed to pass the national examination.
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Introduction
Students in dental hygiene programs in Japan usually learn basic microbiology and
immunology in the first year. In some dental hygiene schools, classes are taught by faculty
members from dental universities, such as the authors of this paper. A common feature of these
programs is that students rarely review the content learned in the classroom, which leads to
them failing their final examinations. As performance in the first year can influence the learning
attitude in subsequent years of college life, it is necessary to provide measures that enable
students to learn actively (Narita, 2018).
Active learning has been applied in Japanese universities for students of various
academic years (Yamaji and Kawagoe, 2012), given its importance in learning and
performance. Various methods have been developed and used to facilitate active learning. For
example, pre-tests used to prepare students for what they will learn in schools for training
nurses have been shown to have a positive effect on learning (Yamauchi, 2019). Further, gamebased methods have proven effective in student learning (Farrell et al., 2011; Felszeghy et al.,
2019). Moreover, online learning has been shown as being particularly useful for learning
microbiology (Johnson, 2008). All these methods help students prepare for and actively
participate in classes.
Despite their advantages, active learning strategies have several shortcomings. For
example, active learning-type classes give students a sense of burden and discomfort, which
eventually prevents them from benefiting sufficiently (Chikada and Sugino, 2015; Matsubara,
2019).
We hypothesized that providing a low-load method to review classroom learnings
would enhance their learning ability. Web-based quiz has been used to assist students’ learning
(Amran et al., 2016; Sivakumar, 2019). This study aimed to develop and evaluate the efficiency
of a web-based quiz on the learning outcomes of dental hygiene students. To this end, we
evaluated whether taking this web-based quiz has a positive effect on students’ learning
outcomes by comparing frequency of participation in the web-based quiz with the average
scores of weekly review tests or the final examination scores. The questionnaire comprised a
web-based review quiz aimed to enable students to review the content learned in class.
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Materials and Methods
Participants in this study were 53 first-year students at Osaka Dental Hygienist College. This
study was conducted in 2018 on the required microbiology and immunology course. In nine of
the ten weekly classes of the course, all students took a paper-based review test during the class
period, which aimed to assess the learning of the content covered in the previous class. Students
were told that the average score of the review tests will be included in the final grading as much
as 10%. All students attended a final exam after taking all the classes. The score of the final
exam comprised 90% of the student’s final grade (Figure 1).

Prior to taking the paper-based review test, students had the opportunity to participate
in a web-based quiz (Figure 1) designed to help them prepare for the paper-based review test.
As for its structure, the quiz comprised multiple-choice questions that addressed the same
content as the following review test. The quiz was developed using the “make this a quiz”
functionality of Google Forms. In addition to being a free and easy-to-use questionnaire
creation platform (Sivakumar, 2019), Google Forms allows students to view their scores and
the correct answers immediately after taking the quiz (Figure 2). Further, the tool allows the
teacher to view the details of all students’ scores exported in real time to a spreadsheet (Google
Sheet) (Figure 2).
Each web-based quiz was made available on the Internet for students a few days before they
had to take the corresponding paper-based review test and web-based quizzes were provided
seven times during the course. Students could take the web-based review quiz anywhere
using their personal devices connected to the Internet. Participation in the quiz was not
mandatory, and students were informed that the quiz scores would not be included in their
final grading. After the course, the correlations between participation in the web-based quiz,
the average score on the paper-based review test, and the score on the final examination were
analyzed.
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Results
The examination scores of students who participated in the non-mandatory web-based quiz
were compared with those of students who did not participate in order to evaluate the
correlation between voluntary participation in the web-based quiz and learning outcomes. To
this end, it was clarified that the participation or score in the web-based quiz would not be
included in the student’s grade.
Regarding participation in the web-based quiz, 25 of the 53 students participated at least
once. The average participation was 2.2 times among all students and 4.8 times among students
who participated at least once (Figure 3A). With regard to the scores in the paper-based review
tests, the average score for all students was 6.0 ± 0.9 (mean ± SD) of the total score of 10
(Figure 3B). All students took the final examination after finishing all course classes. The
average score on the final examination was 75.1 ± 14.8 (Figure 3C).

Next, the correlation between test scores and frequency of participation in the webbased quiz was analyzed. The scores on the review test (average) and the final examination had
a positive correlation (Kendall’s τ = 0.39, p = 0.00006) (Figure 4A). This is reasonable,
considering that questions in the final examination were partly adopted from the review tests,
which students had already taken once.
Finally, we investigated whether participation in the web-based quiz influences shortand long-term learning outcomes. The correlations between frequency of participation in the
web-based quiz and examination scores were analyzed. Participation in the web-based quiz
positively correlated with both the average review test score (Kendall’s τ = 0.24, p = 0.03)
(Figure 4B) and the final examination score (Kendall’s τ = 0.27, p = 0.013) (Figure 4C). In
addition, approximately half of the students who did not participate in any web-based quiz
performed poorly on the final examination (Figure 4C). Overall, these results indicate that
voluntary participation in the web-based quiz correlates with outcomes of both short-term
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Discussion
This study developed and assessed the efficiency of a web-based review quiz on the learning
outcomes of dental hygiene students. Consequently, voluntary participation in the nonmandatory web-based quiz correlated with both short- (review test) and long-term (final
examination) learning outcomes. Approximately half of the students who did not participate in
any web-based quiz performed poorly in the final examination (Figure 4C). This probably
reflects the lack of regular reviewing habits among these students. Thus, it would be effective
to make this web-based quiz mandatory to encourage students to practice reviewing the content
given in class regularly. Accordingly, a voluntary learning task has been shown to enhance
students’ learning motivation (Sakai et al., 2017).
Through this web-based quiz during the first year of the dental hygiene program
students can develop the “self-learning attitude” that is necessary to pass the national
examination. This type of low-load quiz may also be useful in education for dental students,
since these students face the same problem of lack of active participation and reviewing habits.
In addition, quizzes using Google Forms may be useful for repeated education of healthcare
professionals in the practice of infection control, which has been challenged by declining
awareness over time (Gamoh et al., 2018).
It was assumed that most students participated in the web-based quiz using their
smartphones, considering the widespread use of these devices among youngsters worldwide,
including college and university students (Chen et al., 2017). The increase in the number of
smartphone users is followed by criticisms about the various downsides in the use of smart
devices, including Internet or smartphone addiction (Tateno et al., 2019a; Tateno et al., 2019b;
Martínez-Sánchez et al., 2020). However, several studies suggest that the use of such
technologies has a positive effect on academic performance (Ma et al., 2018; Han and Yi,
2019). Moreover, the importance of gaining Information and Communication Technology
(ICT) literacy has been widely recognized worldwide (Fukumoto, 2017). Thus, we believe that
the use of these devices in a positive way should be promoted by carefully avoiding their
shortcomings.
In conclusion, it was verified that participation in the web-based review quiz introduced
in a microbiology course as a part of dental hygiene training has a positive correlation with
academic performance. Through this web-based quiz during the first year of the program,
dental hygiene students can develop the “self-learning attitude” necessary to pass the national
examination. Given that today’s youngsters are comfortable using smartphones, the use of
these devices has the effect of encouraging learning without burdening students. In this study,
only a few students participated in the web-based quiz, probably knowing that it would not be
included in their final grade. Thus, devising a method to increase student participation in such
a quiz would encourage students to develop reviewing habits.
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Figure legends
Figure 1. Illustration of the learning cycle. After a microbiology class, all students take a paperbased review test on the class the following week. Before the test, students could take a webbased quiz on related topics. Both the review test and the web-based quiz are multiple-choice
questions.
Figure 2. How the web-based quiz works for the students and the educator. Students can
immediately see their score and the correct answer for each question, as well as the summary
of other students’ answers. The educator can see the detailed result for each student
immediately on a Google sheet.
Figure 3. Summary of participation to the web-based test, average score of the review test, and
distribution of the final exam score. (a) Histogram showing frequency of student participation
in the web-based quiz. (b) Histogram showing each student’s average score in the review test.
(c) Histogram showing each student’s score in the final examination.
Figure 4. Correlations between test scores and web-test participation. (a) Scatter plot showing
the correlation between the average review test score and the final examination score
(Kendall’s τ = 0.39, p = 0.00006). The color of the dots indicates frequency of student
participation in the web-based quiz. (b) Correlation between the average review test score and
times participated in the web-based quiz (Kendall’s τ = 0.24, p = 0.03). Each dot indicates one
student. Boxplots summarize students’ scores classified by times those students participated in
the quiz. (c) Correlation between final exam score and frequency of participation in the web
quiz (Kendall’s τ = 0.27, p = 0.013).
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