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Abstract 
This study aimed to examine teachers’ satisfaction with and needs for earth science model 
experiments science textbooks used in primary schools. To this end, 103 primary school teachers 
participated in an online survey, and five teachers with doctorates in science education theory 
were interviewed. The findings of the study were as follows. First, primary school teachers in South 
Korea were highly satisfied with earth science model experiments presented in science textbooks. 
Second, despite the high satisfaction, there were various reasons why model experiments were 
inappropriate and difficult to conduct. Third, the teachers wanted to replace the model 
experiments of earth science that could result in misconceptions, had low success rates, and were 
time-consuming to prepare. Fourth, when designing earth science model experiments, teachers 
felt the need to confirm the meaning and accessibility of the model experiments. This study 
confirmed that model experiments should have a meaning and emulate the facts to help students 
understand rather than merely imitate. 
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INTRODUCTION 
The curriculum is a big framework that shapes 

national education. The basic materials used to guide 
teaching and exploratory activities specified in the 
curriculum are science textbooks (Chiapetta & Fillman, 
2007; Hubisz, 2003; Leite, 1999; Liu & Khine, 2016; 
Stoffels, 2005). Despite many materials and textbooks for 
scientific learning, teachers have traditionally relied on 
science textbooks (Roseman et al., 2001). Therefore, 
science textbooks play a significant role in science 
education (Lim, 2019). 

Textbooks include the main activities designed to 
achieve such concepts as well as learning concepts 
defined in the curriculum. For example, Korean science 
textbooks consist of “achievement standards” stating the 
scientific concepts that students should acquire and 
“exploration activities” to assist the acquisition of 
concepts. As exploration activities in science textbooks 
are also a means of comprehending scientific concepts, it 
can be said that science textbooks have organized 
“science concepts” into specific activities. 

The exploration activities presented in science 
textbooks are among the most important areas of science 
education. Through exploration activities, students have 
the opportunity to understand the processes and 
methods of the construction of scientific knowledge, 
solve problems around them in scientific ways, and 
develop their scientific skills (Chinn & Malhotra, 2002; 
Hofstein, 2004; Wickman, 2004). In this regard, the 
question of “how to design specific exploration 
activities” related to the learning topics and concepts in 
textbooks is very important (Lim, 2020). 

When exploration activities are designed, the 
activities should be directly related to the scientific 
concepts students aim to learn and should be designed 
to make the learning process easier for students. To 
design for this purpose, one must first identify the 
properties of exploration activities according to scientific 
concepts (Lim, 2020). Merely imitating and experiencing 
science itself does not guarantee scientific understanding 
(Sadler et al., 2010; Schwartz et al., 2004). In other words, 
merely imitating and experiencing phenomena related 
to scientific concepts does not help students understand 
scientific concepts. In particular, the field of earth science 
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deals with concepts that are not only abstract but also 
represent large differences in time, distance, and size, 
thus making it difficult for students to directly observe 
such concepts (Duschl & Smith, 2001; Kim et al., 1996; 
Kusnick, 2002; Lim & Jeong, 1993; Wier et al., 2000). 
Various model experiments have been used in science 
textbooks to understand the concepts within earth 
science. However, if these model experiments stop at a 
level that mimics scientific phenomena, as discussed 
previously, or there is an error in such imitation, they can 
create another obstacle to learning as they may instill 
misconceptions among students. From this perspective, 
it is necessary to analyze experimental activities that 
model scientific phenomena designed in science 
textbooks. 

Meanwhile, as Lederman et al. (2002), and Ucar 
(2012) pointed out, teachers’ understanding of science 
has a significant impact on students’ understanding of 
science. Most primary school teachers are not as effective 
in teaching science as in teaching other subjects (Kim, 
2010), which means that they experience difficulties 
understanding science. In this regard, science textbooks 
need to be designed to be easy for teachers to understand 
and teach. In particular, if the exploration activities 
presented in science textbooks are not complicated or 
yield expected results, teachers will experience more 
difficulties in teaching science. Liu et al. (2012) reported 
that the self-efficacy and expectations of specific 
outcomes in science have a more significant influence on 
science professors’ capacity than their teaching 
experience in the field of science. To enhance teachers’ 
sense of self-efficacy in science, it is necessary to 
investigate and analyze what teachers think of science 
textbooks. From this perspective, this study is guided by 
the following questions based on what has been 
discussed above: 

Purpose of the Study 

- How satisfied are primary school teachers with 
the model experiments presented in science 
textbooks? 

- Why do primary school teachers think that the 
model experiments presented in science textbooks 
are inappropriate? 

- What kind of experimental activities do primary 
school teachers want in science textbooks? 

- What form should earth science model 
experiments take? 

Earth Science, Exploration Activities, and Model 
Experiments 

The scientific phenomena dealt with in earth science 
usually involve substantial discrepancies in time, 
distance, and size. For example, the geology-related 
areas of earth science deal with the earth’s history—that 
is, a timeframe of about 4.5 billion years. The research 
objects include the layers of soil accumulated during this 
period, ancient organisms, and changes in the 
atmosphere. For this reason, most scientific phenomena 
in the field of earth science include a variety of natural 
phenomena that are difficult to experience directly and 
are not possible to be recreated through controlled 
experiments (Gobert & Clement, 1999). 

Due to large discrepancies in time, distance, and size, 
the concepts covered in earth science are abstract and 
difficult to observe directly. In addition, repeated 
experiments are not possible (Lim & Jeong, 1993). This 
makes it difficult for students to understand their 
educational content; earth science most likely instills 
wrong concepts in students more than in other scientific 
areas (Myeong, 2001). 

On the other hand, Piaget’s theory states that most 
primary school students are at the concrete operational 
stage, which means that they can enhance their learning 
experience and develop awareness through hands-on 
activities. In this regard, science has developed and 
organized various exploration activities related to 
scientific concepts, allowing students to understand 
them through operational activities. In other words, 
exploration activities allow learners to understand the 
processes and methods of constructing knowledge, solve 
problems around us in scientific ways, and develop 
scientific skills (Chinn & Malhotra, 2002; Hofstein, 2004; 
Wickman, 2004). In particular, scientific exploration 
activities based on constructivist learning theory, a 
recent trend in education, including science education, 
can come in many forms but generally require students 
to learn concepts through practical experiences such as 
experiments (Suarez, 2011). Therefore, scientific 
exploration activities are essential. 

The field of earth science also designs exploration 
activities with specific operational activities to 
understand the concepts. However, as previously noted, 

Contribution to the literature 
• Primary school teachers in South Korea were highly satisfied with earth science model experiments 

presented in science textbooks. Despite the high satisfaction, there were various reasons why model 
experiments were inappropriate and difficult to conduct. 

• When designing earth science model experiments, teachers need to confirm the meaning and 
accessibility of the model experiments. 

• Merely imitating and experiencing science does not guarantee an understanding of science. 
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many exploration activities consist of model 
experiments because scientific phenomena addressed in 
earth science are often difficult to implement via real-
world processes (Gorbert, 2000). For example, 
experiments related to a sedimentary rock formation, the 
process of fossil formation, and the rotation and 
revolution of the earth are all model experiments. In 
response, this study investigates if such model 
experiments could help students understand scientific 
phenomena and find areas for improvement. 

The use of models to describe phenomena or 
processes that are difficult for students to experience in 
person increases their interest in their approach toward 
scientific concepts and is also useful in understanding 
such concepts (Grosslight et al., 1991; Kim & Kim, 2009). 
Recently, interest in models in the field of science 
education has surged, with models representing various 
scientific phenomena being used as essential teaching-
learning tools in scientific education (Gilbert et al., 2000). 
In this regard, teachers need to have the ability to design 
classes that can actively engage students in modeling 
(Acher et al., 2007; Akerson et al., 2009; Stylianidou et al., 
2005). Explaining or designing models of scientific 
phenomena occurring in nature through model 
experiments is “authentic practice” (Hodson, 1998; Justi 
& Gilbert, 2002). 

On the other hand, recent science education has 
emphasized models and modeling concerning science 
process skills, but the US science education standards 
have emphasized the need to practice forming their own 
models or theories along with other scientific capabilities 
(National Research Council, 1996). Students can gain a 
more comprehensive understanding of phenomena, 
experiences, and theories through using models. In 
addition, modeling provides students the opportunity to 
test and understand their own mental models of natural 
phenomena through communication (Windschitl et al., 
2008). Model experiment activity simplifies complex and 
large-scale natural phenomena and helps students 
understand natural phenomena through models. This 
process helps them form their own models of scientific 
phenomena to use for scientific reasoning. 

Science Textbooks in South Korea 

Textbooks are developed to ensure that teachers do 
not feel that the content and materials required to teach 
a given subject are lacking (Ball & Feiman-Nemser, 1988; 
Yager, 1996), considering the school grade. In addition, 
as teachers use textbooks to help students reach the 
national curriculum goals (Rillero, 2010), textbooks, as 
well as accompanying materials, must meet the 
standards. In this regard, teachers are highly dependent 
on science textbooks (Schwarz et al., 2008). This is no 
exception in South Korea, where South Korea is more 
dependent on textbooks than other countries. Currently, 
primary school science textbooks in South Korea are 
controlled through a state-operated system that 

develops and distributes only one type of textbook 
according to the national curriculum. Compared to other 
countries where various kinds of textbooks are 
developed and teachers are offered a wide variety of 
choices, the importance the importance of, and 
proportion of topics in science textbooks in South Korea 
is higher. Exploration is one of the learning methods 
strongly supported in scientific teaching-learning for a 
very long time (Constantinou et al., 2018). For this 
reason, many countries emphasize exploration in science 
education, and related content is also included in science 
textbooks. Many countries, including the United States, 
Singapore, and Canada, organize and provide students 
with workbook-type textbooks with content related to 
exploration activities. 

However, unlike other countries, although South 
Korea has a workbook, it was designed to be used only 
to note down the results of the exploration activities as 
the main content is presented in the textbooks. However, 
it can be said that South Korea places greater emphasis 
on exploration than other countries; for example, South 
Korean science textbooks note that one exploration 
activity is necessary per hour. Usually, in South Korean 
primary schools, science textbooks are composed of four 
units per semester, with one unit consisting of 12 hours. 
Therefore, approximately 10 exploration activities are 
organized per unit (Minister of Education, 2018). At the 
beginning of each school year, separate units were 
introduced and require scientific process skills before 
learning science-related content sections. Such 
composition is an example of the explicit emphasis on 
scientific exploration in science education and 
emphasizes the need for scientific process skills to 
understand scientific phenomena and acquire scientific 
concepts. Identifying the appropriateness and difficulty 
of experimental model activities in earth science in the 
Korean science textbook system, which emphasizes 
exploration activities, is a crucial part of successful 
scientific education. 

METHODS 

Research Design and Process 

The study was conducted in accordance with the 
research procedures in Figure 1 to investigate teachers’ 
satisfaction with and needs for earth science model 
experiments presented in science textbooks. 

Participants 

The study collected data through a survey using 
primary school teachers’ model experiments and 
interviews with primary school teachers who hold 
doctoral degrees in the science education field. First, 103 
primary school teachers were randomly sampled for the 
survey. Since the study used a survey program provided 
by an Internet portal site, the survey-related Internet 
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URL address (http://naver.me/x9QmTxSp) was sent to 
10 teachers across the country and via snowball 
sampling, those teachers sent it to nearby teachers. The 
103 teachers randomly sampled consisted of 51 males 
(49.5%) and 52 females (50.5%) and broad teaching 
experiences. Second, five primary school teachers with 
doctorates in science education were selected for 
interviews with the fourth research question: “What 
form should earth science model experiments take?” 

Instrument and Data Collections 

The questionnaire developed for the study included 
75 questions from 20 sections. Seven units dealt with 
earth science model experiments; there were a total of 18 
experiments, as shown in Table 1. As shown in Figure 2,  
for each of the 18 model experiments, a five-point Likert 
scale questionnaire was constructed for teachers to 
evaluate the inappropriateness and difficulty. There was  

 
Figure 1. Research procedure 

Table 1. List of earth science model experiments 
Number Grade Unit Model experiment  

1 3 Changes in the 
Earth’s Surface 

The process by which soil is created 
 

 
 

2 Changes in the ground surface due to 
flowing water 

 
3 4 Strata and 

Fossils 
The process of geological strata creation 

 

 
 

4 The process of sedimentary rock creation 
 

 
 

 

Textbook Analysis Model Experiment 
Extraction 

Questionnaire 
Composition 

Consultation of two 
scientific education 

experts 

Final Questionnaire 
Composition 

Upload on Survey 
Website

Random Sampling 
of Survey 

Respondents
Survey URL Delivery Survey Finalization Download Survey 

Content 

Interview of on-site 
science education

Confirm face 
validity of survey 

results (two scientifi
c education experts)

Survey Results Final 
Analysis Paper Composition
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Table 1 (continued). List of earth science model experiments 
Number Grade Unit Model experiment  

5 4  The process of fossil creation 
 

 
 

6 Volcanoes and 
Earthquakes 

Volcanic Activity Model 
 

 
 

7 The occurrence of an earthquake 
 

 
 

8 5 The Weather 
and Our Lives 

Dewdrop formation 
 

 
 

9 Fog formation 
 

 
 

10 Cloud formation 
 

 
 

11 Wind formation 
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Table 1 (continued). List of earth science model experiments 
Number Grade Unit Model experiment  

12 5 Solar System 
and Stars 

Comparison of the size of planets in the 
Solar System 

 

 
 

13 Comparison of distances from the sun to 
the planet 

 

 
 

14 6 Earth and Moon 
Movement 

Rotation of the earth 
 

 
 

15 Why light and night occur 
 

 
 

16 Why the constellations you see vary with 
the seasons 

 

 
 

17 Changes in 
Seasons 

Temperature variation according to the 
sun’s intermediate altitude 

 

 
 

18 Intermediate elevation of the seasonal sun 
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also a subjective questionnaire for teachers to respond to 
the difficulties in conducting the model experiment. 
After the 18 questions on the model experiments, we 
added a question asking teachers to select model 
experiments that needed to be replaced when 
developing new textbooks. The last question was a 
subjective question regarding the main points to 
consider when designing a new textbook. 

After a face validity test with two science education 
experts, 75 questions were pilot-tested on five field 
teachers. We completed the final survey by modifying 
the feedback on the questionnaire’s placement and 
readability identified through the face validity and pilot 
tests and uploaded it to the survey program. The survey 
program (http://naver.me/x9QmTxSp) was provided 
by the Korean portal site N, and it was convenient to 
respond to and collect surveys from teachers across the 
country. The survey period was from December 1 to 
December 15, 2020 (15 days). 

The second source of the study, interviews with an 
primary school teacher with a Ph.D. in science education 
theory were conducted from December 15 to December 
22, 2020 (8 days). The interview was semi-structured, 
focusing on five key questions on the topic “What form 
should earth science model experiments take?” The main 
questions were focused on the satisfaction with the 
model experiments presented in the current textbook, 
the proportion of model experiments in earth science, the 
effectiveness of model experiments, the reasons teachers 
find them difficult, and points to consider when 
designing model experiments. Interviews with the study 
participants lasted an average of 40 min. 

Data Analysis 

First, the collected data were compiled through 
technical statistics on the Likert scale of appropriateness 
and difficulty determined by teachers for each model 
experiment per the questionnaire. Second, questions on 
selecting model experiments that needed to be replaced 
when developing new textbooks were summarized 
using technical statistics. Third, the subjective 
questionnaire on why the model experiment was not 
appropriate, the difficulties in conducting the model 
experiment, the requirements for textbook development, 
and the interview data with primary school teachers 
were categorized through inductive content analysis 
used in qualitative research (Colaizzi, 1978). In 
particular, after all the interview data were transcribed, 
the transcribed data were read several times to select 
topics that were meaningful for this study, and the 
selected topics were read repeatedly to find topics and 
then categorized and organized (Huberman & Miles, 
1994). 

RESULTS 

Question 1. Appropriateness of the Model 
Experiments of Earth Science and Satisfaction 
Regarding the Difficulty of Conducting the 
Experiment 

Primary school teachers were generally content with 
the appropriateness of earth science model experiments 
presented in science textbooks. Figure 3 shows that the 
mean for appropriateness is 4.12, which is more than 4, 
corresponding to the “satisfied” response. The model 
experiment that showed the highest level of satisfaction 

 

The following are experimental model activities related to the “The 
process in which soil is made” in the unit Changes in the Earth’s 
Surface. Please check your level of satisfaction. 
 
Exploration activity: finding out the process of how soil is made 
 
* What do you need? 
- White paper, icing sugar, a transparent plastic box with a lid 
 
* What should we do? 
1. Leave the icing sugar on the white paper and observe. 
2. Put the icing sugar in the plastic box at the 1/3 level and close the 
lid. 
3. Shake the plastic box until you can see dust in the plastic box. 
4. Pour the icing sugar on the white paper and talk about what 
changes have occurred. 
 
Icing sugar 
Shaking the icing sugar 
 
@Do you think this is an appropriate activity related to the concept? 
@ Were there any difficulties in conducting the experiment? 
Very dissatisfied – somewhat dissatisfied – average – somewhat 
satisfied – very satisfied 

Figure 2. Example of survey questions 

http://naver.me/x9QmTxSp
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was on the process of making fossils (4.39 points); the 
model with the lowest level of satisfaction was “wind 
generation” (3.99 points). As mentioned previously, 
Korean primary school textbooks are designed for 
students to understand scientific concepts through 
simple hourly exploration activities. Therefore, the 
significance of exploration activities, that is, of model 
experiments, is very high (Gorbert, 2000). Teachers’ high 
level of satisfaction with model experiments is good 

evidence that model experiments are effective in 
scientific education. 

The survey results on the level of satisfaction with 
difficulties in conducting the model experiments are 
shown in Figure 4. Teachers generally do not find it 
difficult to conduct experiments. The average level of 
satisfaction with the experiment was 4.04 on average, 
indicating that participants were “satisfied.” In 
particular, earth science model experiments describe 

 
Figure 3. Appropriateness of the model experiment 

 
Figure 4. Difficulties of the model experiment 
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phenomena or processes that are difficult to directly 
experience (Grosslight et al., 1991; Kim & Kim, 2009), 
leading to complex and abstract experiments. It is 
challenging to complete the experiment successfully 
unless the teachers fully understand the content because 
the model experiment process requires experience or 
knowledge related to earth science phenomena. 
However, as the results show, the fact that teachers do 
not experience difficulties in the experimental process is 
a very positive science education indicator. 

Question 2. Reasons Why Model Experiments are 
Inappropriate and Complicated According to 
Teachers 

Students like to experiment with models (Dr. Han). 
There is a limit to which the concept can be explained using 

only the actual phenomenon due to the nature of earth science. 
Model experiments play an essential role in eliciting children’s 
understanding (Dr. Lim.) 

The above is a discussion on model experiments by 
on-site teachers (hereinafter referred to as “on-site 
education experts”) who have doctorates in science 
education theory. The importance of model experiments 
in science classes can be summarized as follows: Model 
experiments are essential in science classes as they are a 
way to elicit students’ interest and teach difficult and 
abstract concepts. However, unlike most responses that 
reflected high satisfaction levels, there were also 
responses on why the model experiment was not 
appropriate. We comprehensively analyzed the reasons 

for each of the 18 model experiments’ inappropriateness 
and inductively organized them (Table 2). 

The responses as to why the model experiments were 
inappropriate were summarized into four categories. 
First, teachers responded that the model experiment’s 
content was not appropriate, as it was different from the 
guidelines presented in the curriculum. In particular, 
there were many responses to the “cloud formation” 
experiment, and many teachers said that there were no 
guidelines for the curriculum to deal with the principles 
of cloud formation, claiming that it was not necessary to 
organize the experiment. Second, the teachers 
responded that the model experiment was not 
appropriate because it did not meet the students’ 
cognitive level. Many related responses were received in 
a unit related to the field of “astronomy.” Participants 
responded that primary school students did not 
understand the experiment’s process or results because 
it was difficult to understand the abstract concept of 
“space” at the cognitive level. Third, teachers responded 
that model experiments that lacked an association with 
concepts were not appropriate. For example, model 
experiments on the process of soil formation, such as 
weathering, are different from actual natural 
phenomena and are not appropriate because they do not 
accurately explain the process of soil formation. Fourth, 
they responded that the model experiments in textbooks 
were not appropriate because they differed from actual 
natural phenomena. They responded that model 
experiments did not encompass scientific concepts as 
they only imitated the external factors of the phenomena 

Table 2. Why the model experiments are inappropriate 
Category Topic 
Different from the 
guidelines given in the 
curriculum 

(Sedimentary rock creation) The concept of sedimentary rocks presented in the curriculum is not 
accurately described. 
 

(Cloud formation) The principles used in experiments are beyond the content and level of the 
curriculum. 
 

(Comparison of distances from the sun to the planet) The concept of “ratio” is taught in grades 
higher than the current grade, which causes problems in the linkage of curriculum and students’ 
understanding. 

Incompatible with 
students’ cognitive level 

(Occurrence of earthquakes) Students do not understand the experimental process and the 
meaning of the experiment.  
 

(Cloud formation) The principles used in experiments are beyond the content and level of the 
curriculum. 
 

(Comparison of planets in the Solar System) It is not easy to recognize the comparison in size.  
 

(Earth’s rotation) Students experience difficulty understanding the concept of space.  
Lack of connection to the 
concept 

(Formation process of soil) It does not accurately explain the process of the formation of soil.  
 

(Formation process of fossils) When made with alginate, the model fossils can become soft, 
instilling misconceptions.  

Different from real 
nature. 

(Process of soil formation) It is hard to say that this is a real weathering phenomenon. 
 

(Volcanic activity models) There is a limit to understanding the various substances that emerge 
when a volcano erupts. 
 

(Comparison of planets in the Solar System) As the planets are not spheres, misconceptions can 
be instilled.  
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that occur in real nature. In this regard, the on-site 
education expert Dr. Han said the same thing. 

I think that an inappropriate experiment can cause 
misconceptions (Dr. Han). 

The responses regarding the difficulty of teachers 
conducting model experiments were categorized into 
five groups: “Because it was difficult for teachers to 
understand the experiment,” “Because the experiment 
was not smoothly conducted,” “Because it was difficult 
to obtain definite results,” “Because it was difficult to 
find materials for the experiment,” and “Because the 
experiment was not safe” (Table 3). Five field education 
experts agreed on this aspect. As shown in the interview 
below, we found that the model experiments were 
difficult to conduct because they could not yield definite 
results that could explain the actual natural phenomena 
in relation to their meaning and be reproduced and 
because teachers did not fully comprehend the concept. 

In earth science model experiments, many large-scale 
experiments require much preparation or must be conducted 
by a class representative (teacher). On the other hand, there 
have often been cases where no visible results that students can 
easily understand could be obtained from the experiment. We 
also had many instances in which the experiment results were 
not apparent because of various variables (Dr. Lee). 

Teachers lack awareness of model experiments in textbooks. 
Many researchers believe that all experiments will yield perfect 
results. They believe the experiment is easily reproducible. 
However, in the case of model experiments in earth science, 
reproducibility varies depending on the situation. [omitted] 
We need to interpret the results of the experiment flexibly. 
Furthermore, there are cases in which the concept is not 
correctly explained when there is a lack of subject-specific 
knowledge related to experiments. I also think that teachers 

have a hard time due to their lack of understanding of science 
(Dr. Lim). 

Question 3. Earth Science Model Experiments that 
Teachers Want 

Teachers showed a high level of satisfaction with the 
model experiments presented in the textbook, but they 
also suggested proper geoscience model experiments, 
presenting various difficulties. In response, we analyzed 
what type of earth science model experiments the 
teachers preferred. To this end, we asked which of the 18 
model experiments in earth science needed to be 
replaced. The result was that teachers (excluding the 46 
who did not respond) mostly wanted the Volcanic 
Explosion Model Experiment replaced (17 people, 
16.5%). This is an experiment that shows the process of 
magma eruption rather than exploding. Learners can 
observe what happens when they put marshmallows 
and red pigments in silver foil, shape it into a volcano 
form, and heat it. 

For this experiment, many teachers responded that 
many variables affect the experiment and that it is not an 
appropriate reproduction of real-world phenomena. 
They also reported that there are various safety issues in 
this experiment. Figure 5 gives teachers’ responses to the 
model experiments they considered replacing. In 
addition, other experiments that teachers thought 
should be replaced were “wind formation,” “formation 
of sedimentary rocks,” and “the comparison of the size 
of planets in the Solar System.” 

The reasons why teachers wanted to replace certain 
model experiments were as follows: Some model 
experiments have low success rates, which can lead to 
misconceptions among students. Experiments such as 

Table 3. Why model experiments are difficult to conduct 
Category Topic 
Teachers have difficulty in 
understanding the 
experiment 

(Intermediate elevation of the seasonal sun) Even teachers find it difficult to understand the 
procedure.  
 

(Earth’s rotation) Even teachers find it difficult to understand the experiment. 
 

(Fog formation) Teachers find it hard to explain the role of the smoke. 
Execution of the 
experiment did not go 
smoothly 

(Changes in the ground surface due to flowing water) It is difficult to obtain good experimental 
results as there are many experimental variables.  
 

(Wind formation) The experiment does not work well.  
 

(Why the constellations you see vary with the seasons / Intermediate elevation of the seasonal 
sun) There is a high possibility of errors when moving the globe. 
(Cloud formation) Students find it difficult to operate laboratory instruments. 

Difficulty to obtain 
definite results 

(Formation process of sedimentary rocks) It takes too long (more than one day) to produce 
results. 
 

(Cloud formation) It is difficult to identify a significant temperature change.  
Difficulty to find 
materials for the 
experiment 

(Formation process of soil) It is not easy to find icing sugar.  
 

(Changes in the ground surface due to flowing water) It is challenging to conduct the 
experiment at a school without a field.  

Unsafe experiment  (Volcanic activity model) The experiment is dangerous because of the use of fire and the 
emission of hot substances.  
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“Comparison of the size of planets in the Solar System,” 
for example, can make it difficult for students to grasp 
the actual size of planets. To summarize: 

 Experiments can create misconceptions. 
The success rate of some experiments is low. 
The experiments differ significantly from real phenomena 

and do not enhance real understanding. 
The conditions on-site are not in place. 
There are safety issues. 
The results are not clear. 
They do not help us understand the concept. 
Preparing the experiment is too time-consuming. 

Question 4. Things to Consider When Designing a 
Model Experiment in Earth Science 

Compared to other subjects, earth science involves 
many concepts that are difficult to observe directly 
because these concepts are not only abstract but 
associated with large discrepancies in time, distance, and 
size (Duschl & Smith, 2001; Kim et al., 1996; Kusnick, 
2002; Lim & Jeong, 1993; Wier et al., 2000). For this 
reason, many model experiments have been organized 
in textbooks to enhance students’ understanding. 
However, as we have seen in this study, despite the high 
level of satisfaction of on-site teachers, there were 
various questions regarding the appropriateness and 
difficulty of the experimental process. To improve these 
model experiment problems, we surveyed on-site 
teachers, interviewed on-site teachers with doctorates in 
science education, and summarized the results. Based on 
the analysis, we organized the following: Teachers 
responded that experiments should meet the required 

conditions for model experiments and satisfy field 
application requirements. 

They should be similar to real phenomena. 
Students should be able to understand intuitively. 
The concept should be understood effectively. 
Students’ level of background knowledge and cognitive 

level should be considered. 
There should be fewer errors. 
It should be possible to conduct experiments on-site. 
Experimental activities should be easy. 
One must be able to obtain definite results from the 

experiment. 
The preparation of experimental materials should not be 

expensive. 
The experiment must be safe. 
The above opinions could be summarized into two 

main categories. The first was to reconfirm the meaning 
of the model experiment. The second involved the 
accessibility of the model experiment. First, model 
experiments should be structured to suit the meaning 
and purpose of model experiments that s reproduce 
scientific phenomena, that is, natural phenomena. In 
response, on-site education expert Dr. Lim pointed out 
that it is more important to reproduce only the important 
parts than to regenerate the entire natural phenomenon 
and that the teacher’s explanation should replace the 
remainder. 

I think that it is more important to focus and model the 
most important part of the phenomenon aimed to reproduce 
rather than trying to recreate the entire natural phenomena. 
In other words, it would be desirable to recreate only a part of 

 
Figure 5. Model Experiments that need to be replaced 



Yang & Lim / Earth Science Model Experiments in Science Textbooks 

 
12 / 15 

the phenomenon through selection and focus and to 
supplement the rest with theory or explanation (Dr. Lim). 

In particular, earth science model experiments show 
large discrepancies in scale to natural phenomena, 
making it difficult to convey the actual phenomenon 
realistically. Therefore, the guidelines according to 
which the experiments should be designed are clear. In 
other words, only a small part of the natural 
phenomenon should be reproduced to help students 
understand the concept. Teachers should also note this, 
and they should explain the scientific concepts 
associated with this phenomenon. When this happens, 
many teachers will realize the demand that “model 
experiments should be structured to understand 
concepts effectively.” 

The second point of consideration when designing 
the model experiments was the ease of the experiments. 
As mentioned in Dr. Moon’s interview: “It would be nice 
to organize an easy, fun, and intuitive experiment.” A model 
experiment should be interesting, easy, and not difficult 
for students to understand. Additionally, it should not 
be difficult for teachers to explain. These include the 
need to reflect students’ level of cognition and to achieve 
definite experimental results. 

DISCUSSION AND CONCLUSION 
Merely imitating and experiencing science does not 

guarantee an understanding of science (Sadler et al., 
2010; Schwartz et al., 2004). In this regard, model 
experiments should not simply imitate natural 
phenomena but must strategically imitate them to help 
students understand them. In other words, as teachers 
demanded in the research results, natural phenomena 
should not be reproduced as they are but should be 
configured after identifying important parts and 
reflecting their characteristics. In doing so, the 
experiment will clearly distinguish between what 
students need to observe and what teachers need to 
explain with regard to model experiments and allow 
students to understand natural phenomena 
comprehensively. However, mere imitation makes it 
difficult for teachers to explain. Students will lose 
interest and experience difficulties in understanding due 
to complex experimental processes. 

Compared to other countries, Korean primary school 
science textbooks emphasize exploration activities, and 
exploration activities account for most of the teaching 
(Lim, 2018). In these situations, exploration activities 
take up a very high proportion of the entire learning 
process. In addition, if exploration activities such as 
model experiments are not appropriate in 
understanding scientific concepts, students will 
experience difficulties in learning science. In this regard, 
exploration activities such as model experiments should 
consist of an easy experimental process that can lead to 
definite experimental results, as shown in this study. If 

the experimental process is complicated, and teachers do 
not fully understand the concept to help students, or if 
the experiment itself is not conducted properly, it may 
be difficult to satisfy the learning goals. 

Most teachers were satisfied with the earth science 
model experiments presented in South Korea’s primary 
school science textbooks. This is a very positive 
indicator, providing evidence that the model 
experiments presented in the textbook help students 
learn science. However, there were many problems 
despite the high levels of satisfaction. Therefore, it is 
very important to improve these aspects. In particular, 
as Lim (2015) pointed out, despite many revisions made 
to primary school science textbooks in South Korea over 
a long period of time, not many changes were made to 
the scientific concepts or exploration activities. In other 
words, the attitude toward developing new exploration 
activities has been very passive. There would be no 
problem if the present exploration activities were 
effective, but as many teachers pointed out in this study, 
there were various inappropriate aspects and difficulties 
in model experiments. This should be improved 
appropriately. Such efforts are also consistent with the 
direction in which recent science textbooks have 
designed and organized content focusing on exploration 
(Stoffels, 2005). 

As noted repeatedly in this study and prior studies, 
experiments related to earth science are difficult to 
design compared to other areas due to the characteristics 
of the field of earth science. Because of the extent of the 
timeframes and space and the abstract concepts 
involved, students experience difficulty understanding 
phenomena related to earth science. Model experiments 
are essential to compensate for this. When designing 
earth science model experiments in the future, we 
should not overlook the meaning of model experiments 
noted in this study’s results and the easy accessibility of 
experiments that can be conducted in science classes. As 
discussed previously, model experiments should not 
merely be imitations but must be meaningful imitations 
that enhance understanding. The purpose of the 
experiment, to enhance students’ understanding, should 
be reconsidered. 

Specifically, to simplify actual natural phenomena 
and organize them into experimental activities, the 
following conditions should be considered. First, the 
entire natural phenomena to be constructed is not 
modeled as an experimental activity but rather modeled 
by focusing on what students need to understand 
natural phenomena. Models should be understood as 
simplified representations of objects, realities, and 
phenomena to understand and explain scientific 
phenomena (Chamizo, 2013; Gobert & Buckley, 2000; 
National Research Council, 2012). Second, a sequence of 
imitations of the model experiment was presented. In 
other words, it is necessary to specify what the model 
experiment activity imitates among natural phenomena 
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such as time, shape, continuity, etc., and the sequence of 
the imitation. Third, the model activity is organized into 
a simple process so that students can understand it 
easily. That is, if the constructed model experiment is too 
complex or problematic, one cannot expect an effective 
learning outcome. Fourth, after the model experiment 
activity is completed, an activity to compare with actual 
natural phenomena is conducted. This is to help students 
understand that model experimentation is an inquiry 
activity to understand natural phenomena. In addition, 
through these activities, students can understand the 
scale of actual natural phenomena. 
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