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2013). A review of the literature leads to the conclusion that most of the studies on the topics covered by the "Mystery 
of Earth's Crust" unit focus on identifying students’ misconceptions (Blake, 2004; Dal, 2007; Ford, 2005; Reinfried 2006; 
Rosenberg, Hammer & Phelan 2006; Dove, 1997; Blake, 2005; Dal, 2007; Dal, 2009; Özgen, 2013; Turan & Kartal, 
2012), while those studies which delve into the question of how to eliminate such conceptions (Blake, 2004) did not 
exist. Furthermore, the samples used in the studies make it clear that various misconceptions exist among students from 
primary school (Bozkurt, Salman Akın & Uşak 2004; Ford, 2005) to university level (Dal, 2007; Dal, 2009; Özgen, 
2013).  

The efforts to find a study which employed the 5E model on the 5th year of primary education with respect to the "What 
is the Earth's Crust Composed of?" topic covered in the “Mystery of Earth's Crust" unit, investigating the effectiveness 
of the said model, did not yield any results. The present study utilizes the conceptual change texts, case studies, and 
worksheets entailed in the 5E model. The case study method refers to the establishment of a link between the concept 
being learned and the situation the concept arises in. This method makes it possible to find solutions at the classroom 
level, for problems faced in real life (Demirel, 2014). Case studies may refer to real life events, or be figments of 
imagination. Regardless, a useful case to be studied should reflect reality (Küçükahmet, 2000) and attract the attention 
of students (Chambers & Andre, 1997). Conceptual change texts are among the pedagogical tools employed to replace 
students' misconceptions with scientific truths. Conceptual change texts contribute to meaningful learning on the part of 
the student (Duit, 1991). Worksheets, on the other hand, are written materials covering the activities the students will 
engage in during the teaching of a given topic, as well as the written statements regarding those activities (Harlen, 1996), 
and can be used in the teaching of concepts. It is evident that the science curriculum emphasizes the students' ability to 
provide explanations for cases they come across in their daily lives (MoNE, 2013). That is why the materials to be 
developed within the framework of the 5E model will be crucial for both teachers and students. 

There is limited research in the literature regarding the topic “What is the Earth's Crust Composed of?" in terms of 
investigating the impact on the conceptual understanding on the part of the students. This study will help cover a gap in 
the literature. Furthermore, the guidance materials to be developed in line with the 5E model are expected to provide 
guidance for science teachers. It is well known that non-scientific knowledge acquired in early life has a negative 
impact on future learning and intervention early on at the primary school level could be particularly effective in terms of 
overcoming misconceptions. This study will contribute to the elimination of the misconceptions students harbor with 
respect to the new topic "What is the Earth's Crust Composed of?" which is new to them. It is believed that the students 
would therefore be able to base their future learning on solid grounds.  

The aim of this study is to develop guidance materials based on the 5E model, for the topic "What is the Earth's Crust 
Composed of?" and to investigate the impact of such guidance materials on students’ conceptual understanding. 

2. Method  

A quasi-experimental method (“pre-test-post-test” with control group) was used for the study. This method is the 
preferred method in educational research. The groups were established using non-random selection (Tharenou, 
Donohue & Cooper, 2007). With the quasi-experimental method, students were grouped into experimental and control 
groups after being assigned in an equitable way (Büyüköztürk, 2004).  

2.1 Sample 

The population consisted of 5th grade students from Trabzon city in Turkey. The sample size was 40 students. There 
was one control group of 20 students - 11 girls and 9 boys, with a mean age of 11.74 years, and one experimental group 
of 20 students - 12 girls and 8 boys with a mean age of 12.06 years. Two voluntary teachers in the same school - 
graduates of Karadeniz Technical University - participated in the research. The experimental group teacher had 6 years’ 
experience and the control group teacher had 10 years’ experience. The materials which were used in the experimental 
group was introduced to the teacher by the researchers prior to the intervention. Each teacher completed the application 
process in their classes in 8 lesson hours. 

2.2 Data Collection Tools  

A concept test, an interview consisting of semi-structured questions, and a drawing test were utilized to collect data. 
Students were asked three open-ended questions in the concept test as follows: 

1. How would you define the concepts of rock and mine? Please explain. 

2. How would you define the concept of a fossil? Please explain. 

3. How would you define the concept of natural monument? Please explain.  

To enhance the content and validity of the tests, data were evaluated by one science educator and two science teachers. 
To measure the reliability of the concept and drawing tests, the tests were implemented by 12 grade 6 students who 
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learned these concepts in the 5th grade. The concept test was administered one week prior to the intervention as a 
pre-test to both the experimental and the control groups. The pre-test was employed as a post-test, immediately after the 
intervention. 

The first version of the concept test included 4 open-ended questions. The second question is related to the definition of 
the concept of fossil, while the third question is related to the formation of the fossil. Students gave similar answers to 
these questions. The second and third questions in the concept test were combined as follows: “How would you define 
the concept of a fossil? Please explain”. 

Drawings make very few restrictions on the responses of the students (White & Gunstone, 1992). Therefore, besides a 
concept test, a drawing test was used in this research. Drawings can be much more valuable than words by providing 
detailed information information (Sheppard, 2006). The tasks given to the students were as follows: 1. Please draw a 
figure to describe what the concept of fossil means for you. 

2. Please draw a figure that describes what natural monuments mean to you. 

To measure the reliability of the drawing test, it was implemented with 12 6th grade students who had learned these 
concepts in the 5th grade. The drawing test was administered one week prior to the intervention as a pre-test to both the 
experimental and the control groups. The same test was employed as a post-test immediately after the intervention with 
these groups.  

The interviews were conducted with semi-structured questions. Participants were interviewed individually with 10 of 
the experimental group (E2, E3, E6, E8, E10, E13, E14, E16, E17, and E19) to investigate the effectiveness of the 
materials on the students’ conceptual understanding of the new topic. The same questions used in the concept test were 
used in this part of the study. Semi-structured interview questions were administered one week prior to the intervention 
as a pre-interview to 10 of the experimental group students. The same questions were used immediately after the 
intervention. The questions were evaluated by one science educator and one science teacher to enhance their validity. To 
measure the reliability of the questions, the questions were developed with 2 6th grade students. The interviews were 
recorded. Each interview lasted approximately 8-12 minutes in the pre-intervention and 10–15 minutes in the 
post-intervention.  

2.3 Data Analysis 

Marek’s (1986) categorization was used to analyze the concept test and interview responses. (see Table 1). 

Table 1. Categories using in the analysis of the concept test and interviews  

Categories Code Point
Complete understanding A 3
Partial understanding B 2
Alternative concept C 1
No response or irrelevant responses D 0

The data obtained from the experiment and control groups were compared by utilizing the Mann–Whitney U-test. The 
drawing test was analyzed using content analysis. The students’ drawings were examined in detail and categorized. 
Categories with their frequency values were presented in a table form. Also, samples from student drawings were 
presented in the tables. Students were coded in line with research ethics. For instance, student number 1 from the 
experimental group has been shown as E1PT in the pre-test and as E1LT in the post test. Student number 2 from the 
control group was coded similarly as C2PT and C2LT. 

2.4 Material Application Process 

The guidance material developed based on the 5E model (Engage, Explore, Explain, Elaborate, and Evaluate) for the 
concepts covered by the topic "What is the Earth's Crust Composed of?" in the science curriculum, and applied to the 
experimental group, is described below. The application process was completed within 8 hours of classroom activity, as 
provided in the curriculum. The control group, on the other hand, made use of the existing textbook in a process also 
completed in 8 hours (Bayram & Kibar, 2014). The work carried out with regard to each step of the material based on the 
5E model, and applied to the experimental group, were summarized below. The images used in the materials were 
downloaded from the Google.  

One of the materials used in the Engaged step was a case study entitled "Mines". The aim of the case study was to 
attract the students' attention to the topic.  
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TRAVERTINES OF PAMUKKALE ARE IN DANGER! 

 

 
When watching TV, Zeynep Elvin noticed a news item. The headline was “Travertines of 

Pamukkale are in Danger!”. The news item reported that tourists visiting the travertines 

have inadvertently polluted them. In particular, the report stated that visits by tourists 

caused damage to the lime surfaces of the travertines, while the waste left by tourists 

contributed to the pollution of the waters. Zeynep Elvin turned to her father and asked 

"What can we do to prevent damage to the travertines?". His father, in turn, gave her a 

detailed answer. 

What do you think Zeynep Elvin's dad recommended to prevent further damage to the 

travertines? 

Figure 4. Material used in the Elaborate step 

One of the materials used in the Evaluate step was the concept map. The students were asked to fill out the relevant 
fields on the concept map. The aim with regard to using the concept map was to evaluate the level of achievement on 
the part of the students with respect to the learning outcomes envisaged in the course. 

2.5 Control Group Application Process 

The control group used the existing textbook developed on the basis of the inquiry which was based on the instruction 
strategy as noted in the science curriculum. The control group also dealt with the topic “What is the Earth's Crust 
Composed of?" for 8 hours. Let us try and summarize the process of teaching the "Get to know the earth’s crust and 
rocks" sub-topic as an example. In this context, what a rock meant was first described, followed by the activity "Let's 
examine the stones". The activity was followed in turn by a news item in the "Information Column". The students 
learned about minerals, fossils and natural monuments. Finally, the "Let's Research and Learn" section asked students to 
obtain information about mines, fossils and natural monuments. Students prepare and present their findings to the class. 
Discussions were held on “What's the importance of mines in terms of a country’s economy and development?” and 
“Why is it important for natural monuments to be recognized as part of our cultural heritage?” in the classroom.  

3. Result 

The findings from the concept test, drawing test, and interview questions were resented below. The Mann Whitney 
U-Test results were presented in Table 2.  

Table 2. Results of the Mann Whitney U-test 

Test Groups n Mean Rank Sum of Rank U p 

Pre test Experiment 20 23,70 474,00 
136,00 0,081 

Control 20 17,30 346,00 

Post test Experiment 20 26,70 534,00 
76,00 0,001 

Control 20 14,30 286,00 

The study results indicated that there was no significant difference between the pre-test scores of the concept test 
conducted on the experiment and control group (U=136,00 p>.05). There was a significant difference between the post 
test scores conducted on experiment and control groups in favour of the experiment group (U=76,00, p<.05). Table 3 
shows analysis of the questions in the concept test.  
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Table 3. Frequency distribution of the responses in the concept test 
R

oc
k 

co
nc

ep
t 

 
Test 

Experiment Group Control Group

A B C D A B C D
PT 1 3 - 16 1 4 - 15

LT 7 9 - 4 1 7 - 12

Sa
m

pl
e 

St
at

em
en

ts
  A Large masses of stones comprising the earth's crust are called rocks. E2LT 

B They are structures which are larger than boulders.C3PT

Rocks are composed of minerals. E13LT

D A rock is a rock. C5PT  

M
in

e 
co

nc
ep

t 

 
Test 

Experiment Group Control Group

A B C D A B C D
PT - 9 8 3 2 - 6 12
LT 14 1 - 5 6 2 5 7

Sa
m

pl
e 

St
at

em
en

ts
 A The rocks which command certain economic value, and obtained from various depths of the earth's 

crust, are called mine. C11PT

B It is the substance obtained from the soil, and processed thereafter. It refers to coal mined underground. 
E5PT  
It refers to substances such as gold. C3LT

 
C 

It is the place where the miners go under the ground, and take coal out. C16LT  

Mine refers to everything taken from under the ground. C3PT

D Mine is the substance. E17PT

Fo
ss

il
 c

on
ce

pt
 

 
Test 

Experiment Group Control Group
A B C D A B C D

PT 2 9 4 4 1 4 11 4

LT 5 15 - - 3 7 4 6

Sa
m

pl
e 

st
at

em
en

ts
 

A Remnants of living things dating back millions of years are called fossil. E7LT  
B It is the remnants of plants and animals. E9PT

They are the remnants of animals. E3PT

They are the bones under the ground. E4LT

 
C 

They are mines under the ground. C14PT

It is fuel obtained from under the ground. E12PT

They are the materials left under the ground. C9PT 

They are stones under the ground. C17PT

D I don’t know. E13PT 

N
at

ur
al

 m
on

um
en

t 
co

nc
ep

t 

 
Test 

Experiment Group Control Group

A B C D A B C D
PT 6 - 6 8 6 - 5 9
LT 18 - 1 1 12 - 2 6

Sa
m

pl
e 

st
at

em
en

ts
 A It is the name referring to the naturally occurring entities. C9LT

 
C 

It is the name used for mausoleums. C16LT

It is the name referring to the remnants of the old. E10PT

D Natural monument is natural. E1PT

PT: Pre-test, LT: Post-test, A: Complete understanding, B: Partial understanding; C: Alternative concept, D: No 
response or irrelevant responses 

In the pre-test, 3 students from the experimental group and 4 from the control group provided partial definitions of the 
concept of rocks. In the pre-test, the number of students who failed to provide an answer to the question, or who 
provided unrelated answers, were very high. The review of the post-test results revealed that the vast majority of the 
students in the experimental group had provided correct or partly-correct answers to the question. In the post-test, 12 
students from the control group did not answer the question, while 8 provided correct or partly-correct answers.  

In the pre-test, 8 students from the experimental group and 6 from the control group provided alternative definitions of 
the concept of mine. A review of Table 3 revealed that the misconceptions about the term mine are "Place where 
miners go under the ground and take coal out", and "Everything taken from under the ground" branches. Table 3 
revealed that the most widely-voiced misconception among the students about the concept of fossils was worded as 
"the fuel obtained from under the ground."  

During the pre-test, that misconception was voiced by 4 of the students in the experimental group, and 11 from the 
control group. The misconceptions voiced by the students were worded as "They are the materials left under the 
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ground", "They are mines under the ground", and "They are stones under the ground". The review of the responses 
students provided in the post-test with regard to this question showed that the experimental group enjoyed better 
results in terms of the number of students in the complete and partial-understanding categories.  

Table 3 showed that, in the pre-test, 6 students from the experimental group and 6 from the control group provided 
complete understanding responses related to the natural monument concept. In both groups, the number of students 
who failed to provide an answer was significant. The misconceptions voiced by the students were found to converge in 
the forms “It is the name used for mausoleums” and “It is the name referring to the remnants of the old”. In the 
post-test, on the other hand, 18 students from the experimental group and 12 from the control group provided complete 
understanding responses to the question about the concept, noting "It is the name referring to the naturally occurring 
entities". The data regarding the interview questions were presented in Table 4.  

Table 4. Categorization of the responses to the interviews 

Ct. Concepts Sample Statements 

A Rock Large masses of stones comprising the earth's crust are called rocks. 
E2LI (E3, E6, E8, E13, E16, E17LI) 

Mine The name used to denote substances of economic value, obtained 
from under the ground. E16LI (E2, 3, 6, 8, 10, 13, 17LI) 

Fossil They are remnants of living things which had remained under the 
ground millions of years ago, to reach us. E6PI (E6,17PI-E3, 6, 13, 14, 
16, 17, 19LI) 

Natural 
monument 

It is the name referring to naturally occurring structures. E3PI (E17PI) 

B Rock The structures composed of minerals are called rocks. E8PI (E6, 10, 
13, 19PI - E10, 14, 19LI) 

Mine The coal taken from under the ground. E13PI (E2, 6, 8PI-E14,19LI) 

Fossil It refers to the case where dinosaur bones are preserved at the site 
where they died. E14PI (E16PI) 

It refers to the remnants formed after the death of animals and plants. 
E8PI (E2, 8, 10LI) 

C Rock  They are small pieces of stone. E14PI (E16, 17PI)  

Mine  It refers to everything taken from under the ground.  

E3PI (E16PI)  

The place where laborers work under the ground, and get their faces 
black in an effort to get coal. E14PI (E10, 19PI) 

Fossil  Non-living things also can turn into fossils. E13PI (E3PI) 

It is petroleum. Petroleum is obtained from under the ground. 
Petroleum is a type of fossil. E2PI (E10PI) 

Natural 
monument 

They are places of immense value for us, such as the Anıtkabir.  
E16PI 

It is the name referring to the remnants of the old. E10PI (E19PI) 

D Rock  No idea (E2,3PI) 

Mine  I think of water when someone says mine. E17PI 

Fossil  I don't know. E19PI 

Natural 
monument 

I don't know. (E2, 6, 8, 13,14,8PI) 

PI: Pre Interview; LI: Post Interview; Ct:Categories 

Table 4 depicted that in the preliminary interviews, 3 students indicated misconceptions in terms of considering rocks as 
being small pieces of stone. In the post-interviews, the students were observed to have eliminated such misconceptions, 
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a significant difference among the concept test scores of each group, in turn, can serve as proof that the students had 
similar levels of preliminary information on the topic "What is the Earth's Crust Composed of?". On the other hand, the 
post-test results exhibited a significant difference favoring the experimental group (U=76.00 p<.05). Students’ scores in 
the post-test suggested that the teaching with regard to the experiment group was more effective as it contributed to the 
conceptual understanding of the students. This is deemed to be related to the favorable effect of the enriched learning 
environment provided within the framework of the 5E model.  

The teaching materials used with the experimental group were worksheets, case studies, and conceptual change texts. 
The case studies provided with reference to issues such as mines are believed to have contributed to the establishment 
of links between concepts and their daily lives. Burbules and Linn (1991) associated the students' inability to decipher 
the contexts they face in their daily lives with an inability to relate the knowledge learned at school to daily life 
applications and to different cases. Among the guidance materials, case studies are deemed to be particularly effective in 
terms of associating concepts with daily life. Özkan and Azar (2005) noted that a true story from daily life, discussed as 
a case, could facilitate the transfer of learning to daily life issues. Campbell and Lubnen (2000) emphasize the need to 
establish a link between the concepts and current events, in order to make a permanent mark with regard to the concepts 
taught, on students' minds. The conceptual change texts used within the framework of the study contributed to 
conceptual development on the part of the students. For instance, some students believed that only animals were able to 
fossilize. The conceptual change texts used to relay the concept had perhaps contributed to the elimination of such 
misconceptions among the students. The existing literature is not bereft of studies revealing the effectiveness of 
conceptual change texts in terms of doing away with the misconceptions harbored by the students (Cerit, Berber & Sarı 
2009; Uzuntiryaki & Geban 2005; Chambers & Andre 1997). The earth's crust is composed of rocks, stones and soil. 
Rocks are the large masses of stone that constitute the earth's crust. As rocks become eroded due to a number of factors, 
boulders and stones are formed. The statements along the lines of "they are small pieces of stone" provided by the 
students in the preliminary interviews suggested the existence of confusion with regard to the terms rock and stone. 
However, the post-test showed that such misconceptions were eliminated. In a similar fashion, the students in the 
experimental and control group were found to refer exclusively to coal mines when it came to describing the concept of 
mines in the pre-test (Tables 3). The statement provided by student E14, "The place where laborers work under the 
ground, and get their faces black in an effort to get coal" is evidence of this tendency. The association students made 
between the concept of a mine and the place where coal is mined, has perhaps something to do with Turkey being one 
of the top ten countries in terms of coal reserves. Coal mines are pretty widespread in Turkey.  

The review of the responses provided by the students from the experimental and the control groups, about the concept 
of fossils revealed that, in the pre-test, the students exhibited some misconceptions, using the terms "fossil" and "fossil 
fuel" interchangeably. The answers provided by the students in the interviews presented some misconceptions, worded 
as “non-living things can turn into fossils as well” and “It is petroleum. Petroleum is obtained from under the ground. It 
is a kind of fossil”. The results of the post-test, on the other hand, showed that the vast majority of the students were 
free of such misconceptions. The drawings provided by the students about the concept of fossils show that most focused 
on the animal category (Table 5). The detailed review of the drawings in that category, in turn, revealed a preference for 
dinosaur illustrations. This may be associated with the fact that dinosaur fossils are frequently used as examples of 
fossils shown in books. The views voiced, and the drawings provided by the students with respect to the concept of 
natural monuments (Tables 4, 6), reveal that the students were not very familiar with the concept of natural monuments. 
Guidance material is deemed to be effective in terms of the significant difference observed between the conceptual 
comprehension levels of the experimental group and those of the control group.  

Conceptual change text studies helped in eliminating misconceptions among the students (Er Nas, Çalık & Çepni, 2012; 
Beerenwinkel, Parchmann & Grasel, 2011; Sarı Ay & Aydoğdu, 2015). Case studies relating to the association of 
concepts with daily life contributed students’ conceptual understanding (Dori, Tal & Tsaushu 2003; Özkan & Azar, 2005; 
Hartfield, 2010). Worksheets helped in the reinforcement of learning among students working in groups, This is why the 
inclusion of case studies, worksheets, and conceptual change texts in textbooks is expected to contribute significantly to 
conceptual comprehension on the part of the students. Research results have demonstrated that, guidance material have 
a positive effect in the learning associated with the topic "What is the earth’s crust composed of?". The learning 
environment should have been enriched with conceptual understanding text, worksheets, and case studies. The drawings 
provided by the students about the concept of fossils showed that most of them focused on the animal category in this 
study. Therefore textbooks should have included different fossil examples in addition to animals.  
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