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Abstract Background/purpose: Good oral health is important for general health of the body.
This study aimed to evaluate an innovative design incorporating oral health education related
to oral pathogenic bacteria into a microbiology laboratory curriculum for students of depart-
ment of life science by evaluating the students’ perspectives on the oral health curriculum.
Materials and methods: Twenty-six students who took the elective course entitled “Microbi-
ology Laboratory” in the National Taiwan Normal University in 2022 were invited to fill out
the questionnaire for a presurvey regarding their familiarity with basic oral health concepts,
and a postsurvey in which the students answered the same presurvey questions after finishing
the class.
Results: Of the 26 students, 25 (96.15%) participated in both the presurvey and postsurvey. The
results showed that the learning unit of oral health education related to oral pathogenic bac-
teria helped students in raising their concepts of oral health. To the questions asking that I un-
derstand the bacteria that cause dental caries and the pathogenic mechanism and I understand
of Dentistry, Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, No. 707, Section 3,
an.
e Science, National Taiwan Normal University, No. 88, Sec. 4, Ting-Chou Road, Taipei 11677, Taiwan.
u.tw (M.-C. Lee), cpchiang@ntu.edu.tw (C.-P. Chiang).

015
l Sciences of the Republic of China. Publishing services by Elsevier B.V. This is an open access article under
vecommons.org/licenses/by-nc-nd/4.0/).

mailto:t43006@ntnu.edu.tw
mailto:cpchiang@ntu.edu.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jds.2022.04.015&domain=pdf
https://doi.org/10.1016/j.jds.2022.04.015
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/19917902
http://www.e-jds.com
https://doi.org/10.1016/j.jds.2022.04.015
https://doi.org/10.1016/j.jds.2022.04.015


F.-C. Cheng, L.-H. Wang, T.-C. Lin et al.
the bacteria that cause periodontal diseases and the pathogenic mechanism, the numbers of
students who agreed both questions increased from 2 (8%) to 25 (100%), respectively. More-
over, the mean scores increased from 2.64 to 4.32 (P < 0.001) and from 2.68 to 4.32
(P < 0.001) for the two corresponding questions, respectively.
Conclusion: The learning unit of oral health education in the microbiology laboratory curricu-
lum helped the students of department of life science to increase their awareness and under-
standing of oral health.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

The advent of oral microbiological investigation originated
from the initial observations of oral bacteria within the
dental plaque by Antony van Leeuwenhoek (1632e1723)
using his primitive microscopes in 1680. Oral microbiology
has gone through stages of reductionism and holism. In the
modern era, oral microbiology knowledge has developed
rapidly because oral researchers adopt new concepts of
system thinking, such as interspecies interactions, micro-
bial communities, biofilms, polymicrobial diseases. This
knowledge has dramatically changed how we think about
the oral microbial communities, commonly known as the
dental plaque, which is one of the most complex floras
associated with the human body.1 So far, more than 700
different bacterial species have been identified from the
human oral cavity, and most of them are associated with
the dental plaque.2e4 Extensive animal and clinical studies
have shown that the oral microbial flora is responsible for
two major oral diseases in humans: dental caries (tooth
decay) and periodontitis (gum disease).5e7 The results of
oral microbiological researches also provide valuable in-
sights into the etiology of dental and periodontal diseases,
and for the development of new therapeutic and preven-
tive tools to combat oral polymicrobial diseases.1

Oral microbiology has been developed for more than 300
years, and after the first dental college (Baltimore College
of Dental Surgery) was established in the United States in
1840, it accompanied the development path of dentistry to
an independent profession and became an important basic
discipline in dentistry.8 In the modern era, however, the
teaching and research of oral microbiology seems to be
confined to dental schools and dental research institutions.
Oral microbiology should not be independent of microbi-
ology. In fact, microbiology is widely taught in biology,
medicine and other fields, and the number of students who
study microbiology is large. We think that the introduction
of the pathogenic bacteria and their pathogenic mecha-
nisms of two major oral diseases through the course of
microbiology is not only the teaching of microbiology
knowledge, but also may have the effect of improving
students’ oral health concepts. Moreover, previous studies
have proved that dental students have better oral health
concepts than those students of other majors.9e11

We also think it would be beneficial to incorporate
oral microbiology content into the general microbiology
curriculum. This study designed a learning unit of oral
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microbiology in a general microbiology course in the Na-
tional Taiwan Normal University. The goal of this curricu-
lum design was to hopefully prepare students to obtain a
more comprehensive consideration of oral health by un-
derstanding the pathogenic bacteria of oral diseases. This
study aimed to evaluate an innovative design incorpo-
rating oral health education related to oral pathogenic
bacteria into a microbiology laboratory curriculum for
students of department of life science by evaluating the
students’ perspectives on the oral health curriculum.

Materials and methods

Participants

A total of 26 students who took the elective course entitled
“Microbiology Laboratory” in the National Taiwan Normal
University in 2022 were included in this study.

Teaching process

The course was a general laboratory subject mainly for the
students in the second semester of the second academic
year of the Department of Life Science, School of Life
Science, which was a one-credit (3 hours per week) subject
and was taught in the multiple teaching modes by lectures,
discussion, cooperative learning, experiment/hands-on,
and media (computer animation or video) integrated into
teaching, etc. This course was mainly taught by the teacher
of the School of Life Science who specialized in the field of
Zoology, and students from different fields were also
welcome to take this course.

Microorganisms exist widely in the environment,
including the human oral and digestive tract environ-
ments. Microbiology laboratory is a course to introduce
students to learn the microorganisms in the environment,
and to understand the physical, chemical, and biological
characteristics of these microorganisms, hoping that stu-
dents can learn the commonly used methods of microor-
ganism detection. The objectives of this course are
described as follows: to lead students to understand the
basic principles of life science experiments and to un-
derstand the microorganisms in the environment, to teach
students to correctly operate microscopes and other
related experimental instruments, and to enable them
to learn the commonly used microorganism detection
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Table 1 Distribution of students who took the elective
course entitled “Microbiology Laboratory” in the National
Taiwan Normal University in 2022.

Category Number of students (N Z 26)

Department Department of
Life Science

Other
departments

24 2
Grade Second-year Third-year Fourth-year

16 9 1
Gender Male Female

12 14
Career plan to

become a
teacher

Yes No

19 7
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methods for assessing whether food and drinking water are
contaminated.

In this study, this course was designed to add the con-
tent of oral pathogenic bacteria, which introduced the
main etiological microorganisms of dental caries (Strepto-
coccus mutans) and periodontal diseases (anaerobes such as
Treponema denticola and Porphyromonas gingivalis), and
the pathogenic mechanisms of these bacteria causing the
common oral diseases, hoping to enhance the students’
concepts of oral health.

Survey tool

Before the class of oral health education, all students who
took this course were invited to fill out the questionnaire
for a presurvey. Furthermore, the same students were
invited again to fill out the questionnaire for a postsurvey
after finishing the class. The questions in both the pre-
survey and postsurvey were the same for analyzing the
changes of students’ concepts of oral health before and
after the class. All students were invited to join in these
surveys at their free will to fill out the questionnaires
without the pressure from the investigators.

A structured questionnaire through paper was used as
the survey tool. The investigated questions included the
self-assessment of students’ cognition for concepts of oral
health. In the investigated questions, the answer was
designed to let the participants to raise a score ranging
from 1 to 5. If the intensity or response for each question
was extremely agreed, the score was 5. If the intensity or
response for each question was neutral, the score was 3. In
contrast, if the intensity or response for each question was
extremely disagreed, the score was 1. If the mean score
was 3 or more, it meant that on average answerers agreed
the investigated questions, and the higher the score, the
higher the degree of their agreement. In addition, a score
equal to 4 or more demonstrated that the participants
agreed with the investigated questions. The participants
were suggested to fill the score in fresh memory.

Statistical analysis

All data obtained from the questionnaires were stored in
excel files and used for statistical analysis. The differences
in the mean scores (the degree of agreement) of various
investigated items, which represented the changes of stu-
dents’ concepts of oral health before and after the class,
were compared by paired sample t-test. The gender dif-
ferences were compared by ManneWhitney U test. The
result was considered to be significant if the P-value was
less than 0.05.

Results

Demographic data

A total of 26 students who took the elective course entitled
“Microbiology Laboratory” in the National Taiwan Normal
University in 2022 were included in this study. They were
from different departments including 24 students from the
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Department of Life Science and 2 students from other de-
partments. Of these 26 students, 12 were males and 14
were females. Moreover, 16 were second-year students, 9
were third-year students, and one was fourth-year student
with an average age of 20 years. Seven of them have no
career plan to become a teacher in the future (Table 1). Of
the 26 questionnaires, 25 valid questionnaires were recov-
ered. Thus, the response rate was 96.15%.

The investigated items

There were seven items being investigated in the surveys by
the self-assessment of students’ cognition for concepts of
oral health before and after the class (Table 2). These
investigated items all were required for multiple choice.
There were question 1: I understand the bacteria that
cause dental caries and the pathogenic mechanism; ques-
tion 2: I understand the bacteria that cause periodontal
diseases and the pathogenic mechanism; question 3: I un-
derstand how to properly clean (brush) my teeth and how
important it is; question 4: In order to maintain oral health,
I will consider carrying a cleaning (brushing) tool with me,
so that I can clean (brush) my teeth at any time after
eating; question 5: I think that it is important to have
regular oral health checks; question 6: I think that oral
health is important for overall health; and question 7: After
becoming a teacher, I will explain the importance of oral
health to my students in the class (Table 2).

The changes of students’ concepts of oral health
before and after the class

There were seven investigated items for analyzing stu-
dents’ cognition for the concepts of oral health related to
knowledge, behavior, and attitude before and after the
class (Table 2). Based on the postsurvey results, all re-
spondents regardless of gender found the learning unit of
oral health to be helpful in raising their concepts of oral
health. The degree of agreement for each item was high,
and all the mean scores for each item were between 3.84
and 4.72. Moreover, all 25 (100%) respondents agreed that I
understand the bacteria that cause dental caries and the



Table 2 Question content and question type used in the
surveys by the self-assessment of students’ cognition for the
concepts of oral health before and after the class.

Question content Question type

1. I understand the bacteria that
cause dental caries and the
pathogenic mechanism.

For knowledge,
multiple choice

2. I understand the bacteria that
cause periodontal diseases and the
pathogenic mechanism.

For knowledge,
multiple choice

3. I understand how to properly clean
(brush) my teeth and how
important it is.

For behavior,
multiple choice

4. In order to maintain oral health, I
will consider carrying a cleaning
(brushing) tool with me, so that I
can clean (brush) my teeth at any
time after eating.

For behavior,
multiple choice

5. I think that it is important to have
regular oral health checks.

For attitude,
multiple choice

6. I think that oral health is important
for overall health.

For attitude,
multiple choice

7. After becoming a teacher, I will
explain the importance of oral
health to my students in class.

For attitude,
multiple choice
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pathogenic mechanism, and I understand the bacteria that
cause periodontal diseases and the pathogenic mechanism.
Regarding carrying a cleaning (brushing) tool for cleaning
(brushing) my teeth at any time after eating, just 18 (72%)
of the 25 respondents agreed. Other concepts of oral health
were all well agreed. The data for questions on the con-
cepts of oral health in both the presurvey and postsurvey
are shown in Table 3.

For the concepts of oral health related to knowledge,
before the class, only 2 (8%) students agreed both questions
that I understand the bacteria that cause dental caries and
the pathogenic mechanism, and I understand the bacteria
that cause periodontal diseases and the pathogenic mech-
anism, and the agreed students increased to 25 (100%) for
both questions after finishing the class. The mean scores
Table 3 Presurvey and postsurvey results of repeated questions
and after the class (N Z 25).

Questions Presurvey

Mean � SD Number (rate) of respondents
who answered as agree

M

Question 1 2.64 � 0.70 2 (8%) 4
Question 2 2.68 � 0.63 2 (8%) 4
Question 3 3.88 � 0.83 17 (68%) 4
Question 4 2.28 � 0.74 0 3
Question 5 3.88 � 1.20 15 (60%) 4
Question 6 4.08 � 0.86 19 (76%) 4
Question 7 3.72 � 0.79 15 (60%) 4
Overall 3.31 � 0.60 4

**P < 0.01; ***P < 0.001.
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increased from 2.64 � 0.70 and 2.68 � 0.63 to 4.32 � 0.48
and 4.32 � 0.48 (both P-values < 0.001), respectively.

For the concepts of oral health related to behavior,
before the class, 17 (68%) students agreed that I understand
how to properly clean (brush) my teeth and how important
it is, and the agreed students increased to 22 (88%) after
finishing the class. The mean score increased from
3.88 � 0.83 to 4.56 � 0.71 (P < 0.01). Furthermore, before
the class, no student agreed that in order to maintain oral
health, I will consider carrying a cleaning (brushing) tool
with me, so that I can clean (brush) my teeth at any time
after eating, and the agreed students increased to 18 (72%)
after finishing the class. The mean score increased from
2.28 � 0.74 to 3.84 � 0.85 (P < 0.001) (Table 3).

For the concepts of oral health related to attitude,
before the class, 15 (60%) students agreed both questions
that I think that it is important to have regular oral health
checks, and after becoming a teacher, I will explain the
importance of oral health to my students in the class, and
the agreed students increased to 24 (96%) for both ques-
tions after finishing the class. The mean scores increased
from 3.88 � 1.20 and 3.72 � 0.79 to 4.72 � 0.54 and
4.56 � 0.58 (both P-values < 0.001), respectively. Also,
before the class, 19 (76%) students agreed that I think that
oral health is important for overall health, and the agreed
students increased to 23 (92%) after finishing the class. The
mean score increased from 4.08 � 0.86 to 4.64 � 0.64
(P < 0.01). Furthermore, for overall concepts of oral
health, the mean score increased from 3.31 � 0.60 before
the class to 4.42 � 0.47 after finishing the class (P < 0.001)
(Table 3).
The gender differences of the changes of students’
concepts of oral health before and after the class

Based on the postsurvey results, all students regardless of
gender found the learning unit of oral health to be helpful
in raising their concepts of oral health. Moreover, regard-
less of the presurvey and postsurvey by assessing students’
perceptions, the oral health concepts related to knowledge
of male students were better than those of female students
(Table 4). Conversely, the oral health concepts related to
behavior and attitude of female students were superior to
for students’ cognition for the concepts of oral health before

Postsurvey Significance

ean � SD Number (rate) of respondents
who answered as agree

t-value

.32 � 0.48 25 (100%) �10.47***

.32 � 0.48 25 (100%) �11.71***

.56 � 0.71 22 (88%) �3.78**

.84 � 0.85 18 (72%) �8.97***

.72 � 0.54 24 (96%) �4.26***

.64 � 0.64 23 (92%) �3.93**

.56 � 0.58 24 (96%) �5.63***

.42 � 0.47 �9.73***



Table 4 Gender differences of presurvey and postsurvey results by ManneWhitney U test.

Presurvey Postsurvey

Male (N Z 12) Female (N Z 13) Significance Male (N Z 12) Female (N Z 13) Significance

Median (mean) Median (mean) U-test Median (mean) Median (mean) U-test

Question 1 3 (2.75) 2 (2.54) 95.50 4 (4.33) 4 (4.31) 80.00
Question 2 3 (2.83) 2 (2.54) 99.00 4 (4.33) 4 (4.31) 80.00
Question 3 4 (3.83) 4 (3.92) 75.50 4.5 (4.25) 5 (4.85) 48.00
Question 4 2 (2.17) 3 (2.38) 64.00 4 (3.58) 4 (4.08) 56.00
Question 5 3.5 (3.58) 5 (4.15) 58.50 4.5 (4.42) 5 (5) 39.00*
Question 6 4 (4) 4 (4.15) 74.50 5 (4.42) 5 (4.85) 55.50
Question 7 4 (3.75) 4 (3.69) 84.00 4.5 (4.42) 5 (4.69) 61.00
Overall 23.5 24 77.00 29.5 32 52.50

*P < 0.05.
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those of male students. Overall, oral health concepts of
female students were better than those of male students.
In addition, for question 5 of postsurvey, the median
(mean) score of female students was significantly better
than that of male students (P < 0.01) (Table 4).
Discussion

Although the birth of microbiology is associated with the
observations of oral microbes within the dental plaque,
modern microbiology courses rarely discuss this historical
development. Around 1680, Antony van Leeuwenhoek
(1632e1723) observed and described the first microorgan-
isms in tartar from his teeth using his primitive micro-
scope.12 He recorded “I didn’t clean my teeth for three
days and then took the material that has lodged in small
amounts on the gums above my front teeth . I found a few
living animalcules” in his notebook. These oral microbes
sketched in his notebook are now known as the most
abundant bacteria in the oral cavity, including cocci, spi-
rochetes, and fusiform bacteria. These fascinating obser-
vations at the birth of microbiology have shown the
complexity of the oral microbial community.1

After more than 300 years of development, due to the
improvement of microscopy technology and the advance-
ment of research methods in biochemistry and molecular
biology, microbiology has accumulated a large number of
research outcomes, and has become a huge knowledge
system in the modern era. Microbiology knowledge is also
widely used in medicine, industry, and agriculture. In
addition to specialized and advanced microbiology courses,
undergraduate students who major in science are almost
always required to study general microbiology. It is a pity
that the teaching of oral microbiology knowledge seems to
be limited to dental students or graduate students in dental
schools, while the learning unit of oral microbiology
knowledge does not seem to be arranged for science stu-
dents in general universities. As a result, these numerous
students miss the opportunity to learn oral microbiology
knowledge, which can further enhance their oral health
knowledge.

Although students can obtain a lot of knowledge about
microbiology in traditional microbiology courses, including
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the physiological and biochemical characteristics of mi-
croorganisms, the utilization of microorganisms, and the
roles of pathogenic microorganisms. Especially in the
experimental courses, microorganisms can be directly
observed under a microscope, and the presence of micro-
organisms can be detected through specific detection
methods. However, the traditional microbiology courses
pay little attention to the introduction of oral disease-
causing bacteria. As a result, students have learned a lot of
microbiological knowledge, but they do not know that oral
pathogenic bacteria actually exist in their mouths, and are
undergoing the pathogenic process of dental caries and
periodontal diseases. That is the “real world” in their
mouths, neither the world under the microscopes nor the
reaction under the test reagents. We think that letting
students know this truth will help to improve their oral
health concepts, not only the acquisition of oral health
knowledge, but also the changes of oral health behaviors
and attitudes.

Oral health education has been not only historically
lacking in medical school curricula, but also severely lack-
ing in other professions.13,14 However, the separation of
oral health education and other professional education has
serious negative implications for the raising of oral health
awareness among the general public. Therefore, the
educational process should include a learning environment
that encourages interprofessional learning by applying
basic biomedical fundamentals and interdisciplinary clin-
ical knowledge to promote students’ health awareness,
including oral health.15 The results of this study confirmed
the possibility of this thoughts. To the best of our knowl-
edge, our study is a rare one focusing on oral health edu-
cation for non-medical professional students in a normal
university in Taiwan. The presurvey and postsurvey results
showed that the learning unit of oral health education in
the microbiology curriculum could result in an increase in
students’ cognition for the oral health concepts related to
knowledge, behavior, and attitude. It was also observed
that students expressed interest in understanding the
importance of oral health. This new initiative let the
second-year students of department of life science obtain
the basic knowledge of oral pathogenic bacteria, which are
related to the certain common oral diseases such as dental
caries and periodontal diseases. Moreover, these oral
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diseases do cause the deterioration of oral health due to
the role of oral pathogenic bacteria for causing the
impairment of the structure and physiological function of
the oral cavity.

In this study, the interprofessional oral health learning
related to oral pathogenic bacteria helped the students of
department of life science to acquire some basic knowl-
edge of oral health. To the questions asking that I under-
stand the bacteria that cause dental caries and the
pathogenic mechanism, and I understand the bacteria that
cause periodontal diseases and the pathogenic mechanism,
all 25 (100%) students responded positively for both ques-
tions after finishing the class, compared to only 2 (8%) of
the 25 students having the corresponding knowledge
before the class, respectively. Considering the reported
effectiveness of the interprofessional learning for
improving students’ basic knowledge of oral health, this
model shows a good outcome for further use in other in-
stitutions. Furthermore, to the question asking that after
becoming a teacher, I will explain the importance of oral
health to my students in the class, 24 (96%) of the 25 stu-
dents responded positively after the class, compared to 15
(60%) of the 25 students showing the same attitude before
the class (Table 3). In this study, 19 (73.08%) of the 26
students had a career plan to become a teacher in the
future. In fact, they have a very high chance of becoming a
high school teacher in the future. After the class of oral
microbiology learning unit, the number of participants who
are willing to explain the importance of oral health to their
students in the future has increased. If they pass the cor-
rect oral health knowledge to their students, it will have a
positive impact on raising public awareness of oral health.
Considering the reported effectiveness that will have
spillover benefits in the future, this model shows a more
valuable promise for further use in other institutions of the
teacher education.

In the previous studies in Taiwan, males were found to
pay more frequent emergency dental visits than females.
The common reasons for emergency dental visits in children
and adolescents are pulp and periapical diseases, gingivitis
and periodontal diseases, and dental trauma.16e18 In addi-
tion, adult males have higher prevalence of periodontitis
than adult females,19 because it is possible that the males
tend to be unaware of their oral health. However, our study
also had interesting findings. According to students’ self-
assessment, the cognition for the concepts of oral health
related to knowledge was better in male students than in
female students, while the cognition for the concepts of
oral health related to behavior and attitude was indeed
worse in male students than in female students. These re-
sults were consistent with the results of other dental clin-
ical studies.16e20 Therefore, it is necessary to give young
students, especially male students, oral health education in
various ways as early as possible to enhance their aware-
ness of oral health.

It is the real occasion that high school teachers can play
an important role for oral health care of their students. The
integration of oral health education related to oral patho-
genic bacteria into the general microbiology curriculum has
the advantage of enhancing students’ oral health concepts
related to knowledge, behavior, and attitude, and there-
fore increases their oral health. In addition, the students in
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this study are likely to become high school teachers in the
future. They can play an active role in the workplace in the
future, including implementing oral health education for
their students, assisting students in oral health care, pro-
moting the implementation of oral health checks for stu-
dents, and urging students to receive oral treatment,
thereby reducing future oral disease problems, promoting
the overall health, and reducing future dental expenses and
overall medical expenses. Therefore, it is of great benefit
to promote the integration of oral health education related
to oral pathogenic bacteria into the general microbiology
curriculum or related courses in the long run.

This study does not try to develop an independent oral
health education course in the normal university, but
merely to add the learning unit of oral health education to
the relevant existing basic courses, which is considered to
be an innovative beginning. The results of this study will be
used as a reference for the development of future courses
or educational activities for oral health education.
Furthermore, in this study, the learning unit of oral health
education related to oral pathogenic bacteria in the gen-
eral microbiology curriculum for students of department of
life science helped to increase their awareness and un-
derstanding of oral health. The future curricular directions
for students of department of life science should explore an
education model that incorporates oral health education
into their related curricula.
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