PADJADIJARAN JOURNAL OF DENTISTRY

D

ORIGINALARTICLE

A quasi-experimental study on the use of pop-up books to
improve dental caries knowledge among elementary school

students

Awa Faradiza®
Maria Ulfah Kurnia Dewi?

Nur Khamilatusy Sholekhah®*

Lpreclinical student, Faculty Of Dentistry,

Universitas Muhammadiyah Semarang,
Semarang, Indonesia

2Departement of midwifery, Faculty of
Nursing and Health Sciences, Universitas
Muhammadiyah Semarang, Semarang,
Indonesia

3Departement of dental public health,
Faculty of Dentistry, Universitas
Muhammadiyah Semarang, Semarang,
Indonesia

* Correspondence:

drg.tusy@unimus .ac.id

Received: 06 May 2025
Revised: 12 June 2025
Accepted: 26 July 2025
Published: 31 July 2025
DOI: 10.24198/pjd.vol37n02.59637

p-ISSN 1979-0201
e-ISSN 2549-6212

Citation:

Faradiza A, Dewi M, Sholekhah N. A
quasi-experimental study on the use of
pop-up books toimprove dental caries
knowledge among elementary school
students. Padj J Dent, July. 2025; 37(2):
171-178.

KEYWORDS

ABSTRACT

Introduction: Dental caries are caused by multiple factors, including
both internal and external influences on individuals. The Kedungmundu
Health Center area ranks first in the prevalence of dental caries among
elementary school students, with 3,739 affected children. If left
untreated, caries can lead to infection, spread to other teeth, and
negatively affect overall oral health. Based on this data, this study aims
to analyze the effectiveness of pop-up books in improving dental caries
knowledge among elementary school students. Methods: This study
employed a quasi-experimental design using a pre-post control group
approach. The sample consisted of 66 students aged 10-11 years from
SDN Sendangmulyo 01 Semarang, selected through simple random
sampling. The participants were divided into two groups: 33 in the
experimental group and 33 in the control group. Statistical analysis was
performed using a paired t-test. Results: The use of pop-up book media
significantly improved students” knowledge of dental caries. A
statistically significant increase in knowledge was observed in the
experimental group following the intervention (p-value=0.001).
Conclusion: Educational counseling using pop-up book media is
effective in increasing dental caries knowledge among elementary school
students in Semarang City.

School age children, dental health education, pop-up books

INTRODUCTION

Oral health plays a vital role in maintaining overall quality of life. According to
the Survei Kesehatan Indonesia (2023), the prevalence of dental caries reached
43.6%.* The survey also indicated that 57.6% of Indonesians experienced dental
and oral problems, yet only 10.2% received medical treatment. In Semarang City
specifically, 37.2% of residents were reported to have cavities, but only 6.46%
received treatment in the form of dental fillings.! Providing education about dental
caries should begin at an early age, as early childhood is crucial period when
children start to develop awareness of oral hygiene and adopt habits that can either
support or negatively impact their teeth.?3

Knowledge about dental and oral health should be introduced to elementary
school-age children, as this is ideal for addressing oral health problems. During this
period, children are still in a crucial phase of growth and development.*> A person's
awareness of the importance of oral health is often reflected in their level of
knowledge. The more comprehensive one’s knowledge, the more likely they are to
prioritize oral hygiene.®? Compared to adults, children tend to have poorer oral
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hygiene due to their higher consumption of sugary foods and beverages, which
increases their risk of developing cavities.8

Dental health education is one of the directed efforts aimed at changing
individuals’ or groups’ behaviors- from poor habits to healthier practices,
particularly in preventing dental caries. Elementary school students are considered
strategic targets for health program implementation. In addition to their large
number, they are easily accessible and well organized, making it easier to deliver
education and practical skills. Children at the elementary school age generally face
difficulties in understanding abstract learning materials. Learning media can help
bridge this gap and extend beyond conventional promotional methods.

Educational media include posters, game cards, pamphlets, pocket books,
pop-up books, lectures, and others. Pop-up books are unique and engaging
educational tools that can help students better understand health-related
content.%10 Studies have shown that pop-up book media are more effective than
leaflets in increasing dental caries knowledge among elementary school students.!!

Pop-up books are a type of educational material that, when opened, display
three-dimensional images, offering a more immersive and engaging learning
experience!2. It is hoped that the pop-up books can be integrated into students’
daily learning activities to enhance their oral health knowledge and ultimately help
prevent cavities.®!3 Pop up books provide a new learning experience, encourage
active student participation, and improve the effectiveness of the teaching and
learning process through visualized enriched materials.514

Pop-up book media creates an engaging and interactive educational
environment. These books contain entertaining illustrations that can be shaped or
moved, revealing vibrant, embossed images on each page.!*1> Enhancing
knowledge, attitudes, and behaviours related to dental and oral health requires
effective educational strategies, including comprehensive oral health programs.
Factors that influence oral health education include the learning environment,
student characteristics, educator approaches, teaching methods, and the choice of
instructional medialé

According to data from the Semarang City Health Service (2022), the
Kedungmundu Community Health Center ranked first in dental caries prevalence
among 37 community health centers, with a total of 3,739 elementary/MI students
affected by dental caries or cavities. This high prevalence highlights the urgent
need for increased oral health education to raise awareness and improve students’
health literacy, thereby helping them prevent caries.®17

Despite this concerning prevalence, there has never been an educational
program on dental and oral health-particularly dental caries-that utilizes
communication-based learning media. Survey results further indicate that limited
knowledge about dental caries stems from the lack of targeted dental health
education. Therefore, this study aims to analyze the effectiveness of pop-up books
in improving dental caries knowledge among elementary school students.

METHODS

The study employed a quasi-experimental design. 18A total of 196 students
from SDN Sendangmulyo 01 Semarang participated in this study. They were
randomly selected using a simple random sampling technique, ensuring each
student had an equal chance of being included.'® The sample size was determined
using the Slovin formula, resulting in 66 students from grades 4 and 5, aged 10-
11 years, who met the inclusion criteria: willingness to participate, proficient
reading ability, and high curiousity. Children aged 10-11 years are considered
capable of logical thinking and can categorize certain objects or situations.

The students’ knowledge levels were assessed using a questionnaire, which
was validated (p<0.05) and reliable (Cronbach’s alpha value > 0.07). The scores
were categorized as Good (=75%), Sufficient (56-74%), and Poor (<55%).20 The
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knowledge indicators included: the definition of dental caries, causes, formation
process, signs and symptoms, types, prevention methods, proper tooth brushing
techniques, and treatment of dental caries.

Data normality was tested using Kolmogorov-Smirnov test (p-value > 0.05).
To compare differences between and within groups, the independent t-test and
paired t-tests were employed respectively. This study was conducted in strict
adherence to ethical research principles.21:22

RESULTS

The frequency distribution of participants in the control and experimental
groups is presented in Table 1. In terms of gender, both groups had a comparable
proportion of males and female participants. Regarding age, most participants in
the control group were 11 years old, whereas the majority in the experimental
group were 10 years old.

Table 1. Respondent Characteristic

Group

Characterictics Control Experiment

N=33 % N=33 %
Gender
Male 15 45,5 16 48,5
Female 18 54,5 17 51,5
Total 33 100 33 100
Age
10 years 13 39,4 19 57,6
11 years 20 60,6 14 42,4
Total 33 100 33 100
Level of
Knowledge
Good 27 81,8 19 57,6
Moderate 3 9,1 9 27,3
Poor 3 9,1 5 15,2
Total 33 100 33 100

Table 2 presents the frequency distribution of dental caries knowledge levels
in the control and experimental groups, before and after receiving counseling
using pop-up book. In the control group, prior to the intervention, the majority of
participants demonstrated a good level of knowledge (n=27; 81.8%). However,
after counseling, the proportion of participants with good knowledge decreased to
20 participants (60.6%).

In contrast, the experimental group showed a positive change. Before the
intervention, 19 participants (57,6%) demonstrated a good level of knowledge.
Following the pop-up book counseling, this number increased to 27 participants
(81.8%). These findings indicate a notable improvement in knowledge following
the intervention, primarily among female participamnts aged 11 years.

There was a notable increase in knowledge about dental caries following an
intervention using pop-up books. The most significant improvement was observed
in knowledge related to the content of toothpaste that is beneficial for dental
health,where correct responses increased from 36% before the intervention to
75.8% after the intervention (Table 3).
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Table 2. Frequency distributionbased on level of knowledge of dental caries beforeand
after being given counseling

Group
Level of Knowledge of Dental Caries .
Control Experiment
N=33 % N=33 %
Pre Test
Good 27 81,8 19 57,6
Moderate 3 9,1 9 27,3
Poor 3 9,1 5 15,2
Post test
Good 20 60,6 27 81,8
Moderate 8 24,2 6 18,2
Poor 5 15,2 0 0
Table 3. Results of studentknowledge questionnaireanswerabout dental caries
No Question Mean
Pre 9% Post %
1 Definition of dental caries 26 79 31 939
2 Foodsthat cause dental caries 30 91 32 97
3 Impacts of consuming sweet and sticky foods 32 97 32 97
4 Onthesurface of the teeth thereis a buildup of food 28 8 29 879
debris that has not been cleaned
5 Early signs of dental caries 30 91 32 97
6 A personfeels whendental caries begins to appear 28 8 32 97
7 There are sweet and sticky food residues inthe 31 94 32 97
mouth that are fermented by germs
8 Types of dental caries 25 76 30 909
9 Habits that speed up the process of dental caries 25 76 27 818
10 The sequence of formation of dental caries 25 76 28 8428
11 If theinfectionfroma cavity has spread 29 88 30 909
causes brittle teeth
12 Dental cariesis found ononly one tooth surface 29 83 27 818
13 The contents of toothpaste are good for teeth 12 36 25 758
14 Foodsthat canprevent dental caries 20 61 28 848
15 Time foradental and oral health check 26 79 27 818
16 The right time to brush your teeth 28 8 31 939
17  Parts of the teeth that must be brushed when brushing 26 79 31 939
your teeth
18 Dental caries treatment 19 58 27 818
19 Dental caries cleaning 15 45 26 78,7
20 Treatment of dental caries 22 67 31 939

The increase in the average pretest and posttest scores in the control and
experimental groups was analyzed to determine whether a significant difference
in knowledge improvement existed between the experimental group, which
received pop-up book counseling, and the control group, which received leaflet-
based counseling (Table 4).

Table 4. Increase in average pretestand posttestscores in the experimental group and

controlgroup
Group Pretest Posttest Mean (SD) p value
Experiment 76,96 83,63 6,67 0.006
Control 79,67 77,63 -2,04 0.085

The results of the analysis in the Table 4 show that the control group had a
p-value of 0.085 in the independent t-test, which is greater than 0.05 (p>0.05).
This indicates that there was no significant difference in the pretest scores
between the control group and experimental group regarding their level of
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knowledge about dental caries. However, after the intervention, the post-test
results revealed a significant difference between the two groups, with a p-value
of 0.006 (p<0.05), indicating that the intervention using pop-up books was
effective in increasing students’ knowledge of dental caries.

Table 5. Analysis of the Effectiveness of Dental Caries Knowledge Levels Before and After
Giving Pop-up Books Media Education

Knowledge N Mean Asym. Sig (2 tailed)
Experiment 33 83,63

0.000
Control 33 77,63

The p-value obtained from the paired t-test in both groups was p=0.000,
which is less than 0.005 (p <0.05). Therefore, it can be concluded that there were
significant differences between the control group and the experimental group. The
level of knowledge about dental caries significantly differed between students who
received counseling using pop-up book media and those who received leaflet
media.

DISCUSSION

The results of the difference test in Table 4 indicate a significant difference
in post-test knowledge scores between the control and the experimental groups,
as shown by the independent t-test result (p=0.006). This difference is also
observed from the post-test scores presented in the table, with the experimental
group showing higher knowledge scores than the control group. These findings
suggest that the intervention using pop-up book media had a positive impact on
improving students’ knowledge of dental caries. This result is supported by other
studies, which have shown that pop-up books, as an engaging three-dimensional
(3D) learning medium, effectively captured children’s attention. When opened,
these books display illustrations in a dynamic and unique format, which can
stimulate children's imagination and enhance comprehension.

The results of this study are in line with previous studies demonstrating that
pop-up books focusing on dental health are effective in enhancing elementary
school students' knowledge.Z® This finding is supported by the increase in the
knowledge scores observed among students who received educational guidance
using pop-up books compared to those who did not. Pop-up books serve as an
educational medium that positively influences students’ learning outcomes.

Educational interventions using pop-up books are more engaging for children
because they provide clearer visual representations. Unlike traditional books, pop-
up books promote interaction with the learning material, enabling children to
actively engage with the content. These books use three-dimensional designs
created through techniques such as folding, rolling, and rotating. A key advantage
of this medium is its tactile and interactive features, allowing readers to touch,
open, and fold components of the book. This will help readers remember the
material being studied.2*

Pop-up books are a form of three-dimensional visual media that can serve as
an alternative educational tool. They are defined as animated books specifically
designed to form a three-dimensional structure when the book is opened. The
unique and engaging Visualization presented in pop-up books can stimulate
children’s interest in learning, enhance memory retention, and help develop their
cognitive abilities. In addition, pop-up books can also function as a bridge between
real-world situations and the symbols that represent them. The media images
presented in pop-up books are concrete so that it can overcome the limitations of
one's observation and clarify complex topic.2>

The frequency distribution of knowledge levels about dental caries before the
intervention in the control group showed that most participants had good level of
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knowledge, with 27 people (81.8%). After receiving counseling, the number of
students with good knowledge in the control group decreased to 20 people
(60.6%). In the experimental group, before receiving counseling treatment, 19
students (57.6%) demonstrated a good level of knowledge. Following the
counseling with pop-up book media, this number increased to 27 people (81.8%).
These results indicate an improvement in knowledge before and after the
intervention, particularly in the experimental group. The increase in knowledge
was most notable among female participants aged 11, who showed a higher
proportion of good knowledge after receiving the pop-up book intervention.

Previous research supports the findings of this study. The effectiveness test
comparing data before and after dental health education using pop-up books
showed that the p-value in the intervention group was 0.000 (p <0.05), while the
control group had a p-value of 0.182, indicating that pop-up books are effective
in improving dental health knowledge. Furthermore, based on the independent t-
test, the results of the knowledge difference test between the intervention group
and the control group yielded a p-value of 0.000 (p < 0.05), showing that the pop-
up book medium was significantly more effective in improving oral health
knowledge compared to the control group.26

Pop-up books are a type of book that contains three-dimensional (3D)
elements, allowing students not only to hear and read but also to be actively
involved in the learning process.>* Based on research conducted on respondents
aged 10-11 years, some students still lacked knowledge about the importance of
fluoride in toothbrushing. This was indicated by the low knowledge score related
to the use of fluoride. To overcome this, follow-up activities can be conducted to
help children reinforce the material they have learned. The term “fluoride” is not
well understood by children, as language acquisition depends heavily on the regular
use of words by people around them. The richer the language children are exposed
to, the faster their vocabulary develops.?”’

Children’s vocabulary development accelerates with increased language input,
which is closely tied to cognitive growth. This cognitive-linguistic connection directly
impacts how children process health information. When teaching complex health
concepts like fluoride use, educational strategies must account for both linguistic
accessibility and evidence-based content. The Cochrane Library confirms the
efficacy of fluoride toothpaste in preventing tooth decay compared to non-fluoride
toothpaste. Current Guidelines strongly recommend twice-daily brushing for two
minutes fluoride toothpaste to prevent dental caries and other oral health
complications.?*

At the beginning of elementary school, students learn around 2,500 words by
age 6-7expanding to approximately 50,000 words by age 11-12. Several studies
show that a 9-year-old child can speak a variety of different languages when
consistently exposed to them. Such findings underscore how children’s memory
and use of vocabulary depends heavily on routine conversational practice.*

These cognitive-linguistic development align with Jean Piaget’s psychological
theory, where, at the concrete operational stage, children have begun applying
logical thinking to physical objects and situations. It is within this psychological
framework that pop-up books prove particularly effective for children aged between
10 and 11 years old. The three-dimensional nature of pop-up books can provide a
strong visual-tactile stimuli that match children's developing concrete thinking
ability, and support their understanding of reversible transformations. 28

Based on the statistical test results in Table 5, there was a significant difference
in knowledge scores before and after the intervention, as shown by the higher
average knowledge score following the pop-up book intervention compared to
before. The paired t-test produced a p-value of 0.000 < a (0.05), indicating a
statistically significant effect of the pop-up book as a learning medium. This result
is supported by the increased knowledge scores among students who received
instruction using the pop-up book medium, which were higher than those of the
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group that did not receive the pop-up book intervention. Thus, the pop-up book
functions as an effective learning aid with a positive impact on students.

In other research, pop-up book learning media was shown to be effective in
supporting students' knowledge, with the percentage of students demonstrating
understanding increasing from 30% before the intervention to 92.5% afterward.?
There were notable differences between students who received the pop-up book
intervention and those who did not. Pop-up book allow students to interact directly
with the content or stories presented, providing a more engaging learning
experience. Furthermore, students' activeness can be assessed through
observation and tactile engagement, allowing them not only to read, but are also

to actively involved in the learning process.>’

Pop-up books introduce elements of surprise, which can foster students'
curiosity about the continuation of the material or story being presented. These
surprises make students more enthusiastic about reading activities.?® This medium
has a special appeal, as it can stimulate children's imagination and increase their
knowledge.?® One of the advantages of pop-up books media is that it is made using
durable, thick paper, making it less prone to damage such as tearing. Each page
of a pop-up book features engaging illustrations that can motivate students to be
more active and enthusiastic in participating in teaching and learning activities. 26:31

The limitation, observed in this study, based on the researcher's direct
experience, include the limited number of respondents and the insufficinet quantity
of printed pop-up book media. It is therefore recommended that future studies
increase the sample size and consider modifying or improving the educational media
used. Additionally, this research was limited to short-term outcomes, and the long-
term effects remain unknown.

CONCLUSION

Pop-up book media has been shown to improve knowledge about dental
caries among elementary school students. This type of media is particularly
suitable for children aged 10-11 years, as they are in the concrete operational of
cognitive development, specifically the reversible transformation phase, during
which they begin to understand the concept of change. By incorporating
interactive elements that can be transformed and then returned to their initial
form, pop-up books can enhance comprehension and make the learning process
more engaging and effective. The findings of this study suggest that pop-up book
can be used as effective medium for dental health education, helping to improve
knowledge, shape attitudes, and encourage positive behavior-particularly
regarding the prevention of dental caries.
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