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ABSTRACT ARTICLE
The present study aims to find out the agreement rates of students on non-scientific ideas INFORMATION
concerning the concept of magnet with a cross sectional survey. A total of 436 students gef;i;’g;(;
studying in the final years of elementary (n=113), middle (n=110), high school (n=105) and Aé:ceiate i@

university (n=108) participated in the study. Data were collected with the help of a concept 12.02.2021
test. Quantitative methods were utilized in data analyses. According to the results, students
were found to agree with non-scientific ideas in different percentages in each educational ~ KEYWORDS: Cross-

level. Most of those non-scientific ideas were prevalent misconceptions in the literature. sectional survey
The least percentages of agreements were detected among university students. Besides, model,
five different mental models were presented to explain the cognitive structures of the misconceptions,

magnetism.

students related to their agreements. Several recommendations were provided to consider
in future studies at the end of the study.

Introduction

In Turkey, it is seen that concepts are given to the students with a spiral curriculum regarding
science teaching program (MEB, 2018a). Spiral curriculum means that concepts are addressed in a basic
way in elementary levels and details are added to the instruction in the subsequent grades. The subject,
magnetism is also addressed in a spiral way in different grades of elementary and high school regarding
the teaching programs. Magnets, the sources of magnetic field, magnetic field lines, right hand rule,
magnetic flux, magnetic force, induction and inductance might be asserted among the concepts which
make up the subject of magnetism. This paper considers the concept of magnet. At this respect, the
units, subjects and concepts which take place in elementary science (MEB, 2018a) and physics teaching
programs (MEB, 2018b) related to magnetism are displayed in Table 1.

As can be seen in Table 1, teaching of the subjects related to magnetism starts with magnets in
the elementary level. The subject is attractive for young children (Kalogiannakis, Nirgianaki &
Papadakis, 2018). This introduction in elementary level provides students the basis for their further
learning in high school. Students expand their knowledge on this subject in case they take university
education in related departments. Thus, they might realize that our modern ideas about magnetism did
not come from a linear progression but it was a result of huge work based on observing, experimenting,
modeling, explaining and reworking on the phenomena (Binnie, 2001).
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Table 1
The Distribution of the Subjects and Concepts related to Magnetism in Elementary Science and Physics

Teaching Programs

Grade Unit Subject Subject/Concepts
e Magnets
e The poles of magnets

The effects Force exerted by

4 of force magnets o The fields of use of magnets
The Properties e Attraction of magnets
properties qualifying matter
of matter
¢ Magnetic fields produced by magnets
Magnet and o The variables that affect magnetic field
magnetic field ¢ Magnetic field lines
Electricity e Attraction of magnets
10 and e The magnetic field produced by a straight wire
magnetism carrying an electric current
Current and ¢ Right hand rule
magnetic field ¢ Electromagnets
¢ Magnetic field of the World and its consequences
o The use of compass
e The magnitude of magnetic field around a
straight wire carrying an electric current and in
the central axis of a loop and coil. The variables
which affect the magnitude of those magnetic
fields.
Electricity Magnetism and e Right hand rule
and electromagnetic e Magnetic force exerted by a straight wire carrying
11 magnetism induction an electric current and a rectangular frame in a

magnetic field

e The movement of charged particles in magnetic
field

e Magnetic flux

¢ The induced current

e The self-induced current

e Electromotive force (electric generator, dynamo)

The discovery of the first magnet was known to be made by the Greek in the western Anatolia
around the rocks called “magnesia” and the word; “magnet” was known to stem from this fact (Heyl,
1941; Serway & Beichner, 2002). Additionally, it was reported legendarily that this discovery was made
by a Greek shepherd who realized that the iron tips of his shoes were attracted by the rocks. When the
situation is considered from the Ancient ages to the present day, it is seen that magnets are utilized in
various fields of daily life; from high-speed trains to magnetic resonance (MR) devices, generators and
earphones. As well as the mentioned items, magnets are among the materials which are used in scientific
research. So, the concept of magnet constitutes an indispensable part of daily life and scientific field.
Also, the subjects of electricity and magnetism are closely related to each other (Scaife & Heckler, 2011).
Due to those reasons, teaching of magnets is believed to have an important place in science and physics
education.

One of the biggest challenges of learning physics is learning concepts (Koponen & Huttunen,
2013). Kinik Topalsan and Bayram (2019) stated that students often have difficulty in understanding the
higher levels when they do not make sense of a basic concept in physics. Also, it is seen that children
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generally gain conceptions which contradict with scientific facts as a result of their experiences to make
discoveries around them (Smolleck & Hershberger, 2011). Students are expected to learn scientific
conceptions. However, students’ conceptions might be different from the scientific conceptions. The
term, misconceptions will be used to indicate such conceptions of the students in this study.
Misconceptions can be defined as conceptions that are wrong from the scientific point of view
(Kokkonen, 2017). They cause problems for students and often lead to misunderstanding and
misconstruction (Kaniawati et al., 2019). However, all of students’ non-scientific concepts might not
refer a misconception. Although misconceptions and erroneous responses are confused with each other
from time to time, instant cases such as inattention, hurrying might cause an erroneous response (Cavus
Erdem & Giirbiiz, 2017). On the other hand, misconceptions show a continuous structure. They are
difficult to eliminate or they might reappear despite using various strategies (Ozgiir, 2013).

Magnetism is perceived as one of the most difficult, abstract and irrelevant subjects among the
physics course subjects (Coramik, 2012; Giiler & Sahin, 2017). The reason of the fact that magnets cannot
be fully understood especially by younger children might be due to the invisibility of the causal
elements whereas their actions are observable (Preston, 2016). At this point, mental models play a
significant role while students make inquiries about scientific phenomena and try to comprehend them
(Yuksel, 2011).

The development of correct mental models about the basic concepts about magnetism is
significant for the students to understand the concepts such as right-hand rule, magnetic force, magnetic
flux and electric current in high school and university level (Ozdemir & Coramik, 2018). However,
misconceptions stemming from elementary levels make student learning harder at this respect and
those misconceptions tend to appear in the subsequent grades. Deeply rooted opinions of students
provide barriers for their learning (Yuksel, 2011). Such kind of opinions might continue in the entire
academic life of a student if they are not dealt with in the earlier grades (Cepni & Keles, 2006).

The analysis of the literature reveals a number of non-scientific ideas concerning the concept of
magnet (Bar, Zinn & Rubin, 1997; Burgoon, Heddle & Duron, 2011; Giilgigek, 2004; Hickey & Schibeci,
1999; Lemmer, Kriek & Erasmus, 2018; Smolleck & Hershberger, 2011; Tanel & Erol, 2005). Several
studies focused on students” opinions about the interaction between a magnet and a material. The study
of Smolleck and Hershberger (2011) revealed that children aged 3-8 carried the misconception that
magnets attracted all materials. In addition, they believed that magnets attracted all metals (Smolleck &
Hershberger, 2011). The same misconception was also prevalent among elementary students
(Karabacak, 2014), high school students (Giilgigek, 2004; Lemmer et al., 2018), university students
(Hickey & Schibeci, 1999; Ince & Yilmaz, 2012) and teachers (Burgoon et al., 2011; Hickey & Schibeci,
1999) as well. Also, Giines (2017) explained the reasons of the misconceptions in the form of “magnets
only pull” and “magnets push non-metals” among students in his book. The misconception, “magnets
only pull” was also determined among high school students by Lemmer et al. (2018).

It is also seen that the conception of the poles of a magnet constitutes a problem for Turkish
students because the poles of a magnet are shown with letters, “N” and “S” which are different from
the initial names of the poles in Turkish language. The study of Karabacak (2014) indicated that middle
school students had problems related to the naming of the poles of a magnet. The students were
determined to name the poles of a magnet as K-M, +/- and in several other ways. Likewise; Giilgigek
(2004) determined that high school students believed that there were single poles on magnets. In
addition, the same misconception was addressed in the study of Giines (2017). The literature also
revealed that students carried misconceptions related to the interaction between the poles of magnets.
The misconceptions, “opposite poles of magnets push each other” and “the same poles of magnets
attract each other” were determined in Karabacak’s (2014) study which is conducted with middle school
students.

The abovementioned literature addresses the conceptions concerning the interaction between a
magnet and a material as well as the poles of a magnet. Another characteristic of magnets is related to
their natural/artificial structure. This characteristic is explained in the learning objectives in elementary
(MEB, 2018a) and high school program (MEB, 2018b). In her study, Karabacak (2014) determined the
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misconception as “a material could not gain magnetic characteristic later” among middle school
students.

Students also possess misconceptions related to the comprehension of cutting magnets. For
example, middle school (Karabacak, 2014) and high school students (Lemmer et al., 2018) were found
to believe that a magnet lost its magnetic property if it was divided into smaller parts. In addition, they
were determined to think that a magnet lost its poles if it was divided into smaller parts (Giines, 2017;
Lemmer et al., 2018). Furthermore, high school students were found to assert that if a magnet was
separated in its center, new magnets had one pole (Coramik, 2012).

The literature also points out misconceptions of the students on the comprehension of the effect
of the magnetic force produced by magnets. “Bigger magnets are stronger than smaller magnets” is a
popular misconception among all grade level students (Giilgigek, 2004; Lemmer et al., 2018; Smolleck &
Hershberger, 2011; Tanel & Erol, 2005) as well as the teachers (Burgoon et al., 2011). The opinion, “a
magnet has to touch a material in order to attract it” was detected among students aged 9-18 (Bar et al.,
1997) in addition to the university students and teachers (Hickey & Schibeci, 1999). Similarly, high
school students believed that magnetism did not go through the objects (Lemmer et al., 2018). The
studies also revealed misconceptions about the distance that magnets can attract materials in all grade
level students (Bar et al., 1997; Bar & Zinn, 1998; Hickey & Schibeci, 1999) and teachers (Hickey &
Schibeci, 1999).

As can be seen, there are misconceptions about magnetism issue both in students in different
grade levels and in teachers. When the research is analyzed, it is realized that non-scientific ideas about
magnetism were generally detected with the help of the studies focusing on students at a definite age
(Christidou, Kazela, Kakana & Valakosta, 2009; Colak, 2014; Coramik, 2012; Giilgicek, 2004; Ince &
Yilmaz, 2012; Karabacak, 2014; Kartal Tasoglu & Bakag, 2014; Okulu & Oguz Unver, 2018; Yuksel, 201 1).
Few studies deal with children aged 3-8 (Smolleck & Hershberger, 2011) and 9-18 (Bar et al., 1997).
However, conceptions show a dynamically emergent structure and they might change with time
(Lemmer et al., 2018). So, their structure with respect to grade level might provide insights for the
educators. For example, the idea that “magnets could attract all metals” was identified among
preschoolers and elementary graders (Smolleck & Hershberger, 2011), middle graders (Yuksel, 2011),
university students (Ince & Yilmaz, 2012) as well as science teachers (Burgoon et al., 2011). So, it might
be required to investigate the conceptions of the students with a cross sectional survey.

The Aim and Significance of the Study

Depending on the reasons mentioned above, this study targets to investigate different grade
level students’ agreement rate on non-scientific ideas concerning the concept of magnet. Thus, it is
aimed to determine the mental models of the students to explain their responses.

Magnetism is one of the physics topics which has a wide range of content and it involves
different sub-topics such as the production of magnetic field, magnetic induction and electromagnetic
radiation (Guisasola, Almudi, & Zubimendi, 2004). This situation is thought to make it difficult to
conduct a cross-sectional survey on magnetism. In the literature, there are limited number of studies
dealing with magnetism considering students’ ideas from elementary level to university level.
Therefore, the study is believed to carry significance in terms of carrying a cross-sectional approach.
Also, the study tries to investigate whether students” agreements on non-scientific ideas change in time
by determining their tendencies. Thus, it is intended to make contribution to the research concerning
misconceptions about magnetism with a different perspective. Therefore, the study is expected to
provide beneficial results in terms of developing activities and materials to improve students’
conceptual understandings.

The research questions are as follows:

1) What are the agreement rates of elementary school, middle school, high school and university
students on non-scientific opinions concerning the concept of magnet?
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2) Is there a significant relationship between the educational level and non-scientific opinions of
the students concerning the concept of magnet?

Methods

Research Design

The study was conducted with a cross-sectional survey model which was one of the general
survey models. Cross-sectional surveys are utilized when the study sample is larger and involves
groups with different characteristics (Biiyiikoztiirk, Kili¢ Cakmak, Akgiin, Karadeniz & Demirel, 2010).
In such cases, this model allows the researchers to measure the variables at a single time and to
determine whether the variables show differentiation with respect to other variables. In the present
study, the size of the sample is large enough to include students in different educational levels. In the
study, addressed non-scientific ideas were measured through a concept test at a single time with the
application of it to each student group. Afterwards, it was tried to figure out whether agreements on
each non-scientific idea showed a statistically significant differentiation with respect to educational
level.

The Study Group

A total of 436 students from four different educational levels (elementary school, middle school,
high school and university) were included in the study. All of the students were studying their final
year at the governmental schools in the west part of Turkey in the fall term of the 2019-2020 academic
year. One-hundred and thirteen (25.9%) of the participants were fourth graders, 110 (25.2%) of them
were eight graders, and 105 (24.1%) of them were twelfth graders. Besides, 108 (24.8%) of them were
fourth year science teaching and fifth year physics teaching students.

The study group was formed via stratified sampling model. This approach intends to make
descriptions and comparisons when the study group involves definite sub-groups (Biiyiikoztiirk et al.,
2010). As mentioned above, the present study group includes students attending their final years in
different educational levels. The reason of the participation of final year students in the study was to
determine the reflection of their educational status on their responses. Thus, it was tried to figure out
the appearance of their non-scientific ideas.

Data Collection Tool

Data were collected with the help of a concept test. The data collection tool was developed by
the researchers as a result of the analysis of the literature (Bar et al., 1997; Bar & Zinn, 1998; Barrow,
2000; Burgoon et al., 2011; Coramik, 2012; Giilgicek, 2004; Giines, 2017; Hickey & Schibeci, 1999; Ince &
Yilmaz, 2012; Karabacak, 2014; Okulu & Oguz Unver, 2018; Preston, 2016; Smolleck & Hershberger,
2011; Tanel & Erol, 2005). Firstly, a pilot test was developed. The test involved statements which
indicated misconceptions identified in the literature. Also, several statements which reflected non-
scientific concepts based on the learning objectives related to magnetism were included in test (MEB,
2018a; 2018b). The students were asked whether they agreed or disagreed with each statement in the
test. Thus, it was intended to provide the distribution of their non-scientific ideas for each educational
level.

The literature includes several surveys which examine the misconceptions of students on
different subjects by utilizing agreement-disagreement items (Ozgiir, 2013; Sak, 2011). After developing
the items, the test was presented to three field experts” opinion in order to check its content validity.
Next, it was applied to 35 students from each educational level in a pilot application. Thus, the final
version of the test which consisted of 19 items was obtained. Table 2 shows the details of the concept
test.
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Table 2

The Items in the Concept Test

Themes Item No. Conceptions
, 1 Magnets attract all materials.

Interaction
12 Magnets attract all metals.

between a magnet

. 16 Magnets only pull.

and a material
17 Magnets push non-metals.
2 All magnets are natural.

Magnetic materials 7 A material cannot gain magnetic characteristic later.
8 All magnets are artificial.
3 N is the south pole of a magnet.

Poles of magnets 4 There are magnets with single pole.
9 S is the north pole of a magnet.

Interaction 5 Opposite poles of magnets push each other.

between poles of 11

P The same poles of magnets attract each other.

magnets

6 A magnet loses its magnetic property if it is divided into smaller
arts.
Cutting magnets P . e ge .
gmag 10 A magnet loses its poles if it is divided into smaller parts.

13 If a magnet is separated in its center, new magnets have one pole.
14 Magnets can attract materials at all distances.

The effect of . g

. 15 Bigger magnets are stronger than smaller magnets.
magnetic force - .
duced b 18 A magnet has to touch a material in order to attract it.
roduce a . o
riagnet Y 19 There has to be no material between a magnet and an object in

order for a magnet to attract the object.

Table 2 introduces the items in the concept test structured under proper themes as shown by
Lemmer et al. (2018). Most of the items (items 1, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19) indicate
popular misconceptions from the literature. Also, four items (items 2, 3, 8 and 9) were based on the
learning objectives in science and physics program. The concept test is presented in the Appendix.

Data Analysis

Data analysis was conducted with the help of quantitative approaches. Firstly, the responses of
the participants were examined. The responses which indicated agreement for each item were scored
with “0”. Such responses asserted non-scientific concepts of the students. On the other hand, the
disagreements were scored with “1”. Those responses indicated scientific concepts. The scores of the
participants were transferred to computer and analyzed by using IBM SPSS 21. The Cronbach’s Alpha
coefficient was calculated to be 0.714. This value indicated the reliability of data analysis since it was
higher than 0.70 (Cepni, 2018).

After conducting reliability analysis, the frequency and percentage distributions were provided
for the responses to each item in the test. Also, Chi Square tests were performed to compare their
responses with respect to educational levels. Chi Square tests are one of non-parametric tests which
make comparisons among the groups when the dependent variable is in nominal scale (McHugh, 2013).
As in the present study (when the number of cells is more than 2x2), it is important to consider that no
cells (0%) should have expected count less than 5 while using this test (Chan, 2003). Thus, the validity
of data analysis was provided by considering this rule for each item. However, the first item in the test
was observed not to fit this rule. At this point, it is specified to use Fisher’s Exact test (Chan, 2003). So,
p value determined for Fisher’s Exact test was considered as a result of the analysis of the first item. On
the other hand, p values determined for Pearson’s Chi Square test were presented as a result of the
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analysis of the other items in the test. The p values which indicated a significant differentiation with
respect to educational level were marked with * in the findings.

In the final stage of data analysis, mental models of the students were presented. In this process,
the distribution of non-scientific conceptions of the students for each item was examined in a detailed
way. The items which displayed a similar tendency were collected together. As a result, the students’
responses were found to demonstrate in five different tendencies and they were presented with five
different models. While developing the models, the average of the percentages of students” agreements
was calculated for the items in the model at each educational level. Thus, the tendencies of their non-
scientific conceptions were depicted in line graphs to demonstrate the transition from one educational
level to another.

Findings

Table 3 introduces the frequency and percentages of agreements (A) and disagreements (DA)
of the participants for each item in the test in addition to Chi Square test results.

Table 3

The Results of the Analysis of the Concept Test

Ite n (%)

m Elementary S. Middle S. High S. University 5 p
No DA A DA A DA A DA A

L osn a0 G o an eon oy P
2w en M s e an een oy U 0T
3 (5553) 55(48.7)  57(518) (4?2) (552?4) (457(.)6) (8?:3) (115?7) o887 00T
! (6?2) LE8) @D (5%?9) (771?4) (238(.)6) (82(;)?6) (129%4) 26833% oot
° (7875.59) HEzl) 8176 (226?4) (8??9) (113?1) (918.71) (0?9) 28840° 0001
6 (91%) (8?0) 101 01.8) (8?2) (992?4) (7?6) (91231) (5?6) 0.697 o7
’ (45;1) 2649 600 (5%?0) (6614.10) (349?0) (8?50) (112%0) P0447h oo
i (8?51) 180159) 8 (77.3) (222?7) (8?9) (1172.;1) (913.71) (0%9) 23.180% 00017
’ (45;6) o704 G (6%?9) (459%5) (5?)?5) (8974.10) (1134.10) P8727b o00m
" (895?8) 16047 N6E1H (1?3(.)2) (8?8) (116?2) (912%3) (3%7) 1esar 008
" (891%4) 2rasey 7o (33(,)4.19) (8?8) (116?2) (912.61) (1%9) 529087 o001
2 (5?59) LD 60 (45) (455(.)5) (5353) (4456.;7) (7726.;2) (237(.)8) 105> 01
o (566%6) LUy  71(E) (3?5) (771?4) (238(.)6) (913.13) (6?5) #0406% 0001
14 (894?1) 18159 192027) (72.%3) (9?3) (6?7) (918.71) (0%9) 177t oo
® (114f2) 7858 38 B4 (675%5) (31?3) (665?7) (5?;.10) (5%%0) s2442t ooor
16 (7875.;9) 25221 87(79.1) (2%)?9) (896%7) (1?3) (91;61) (1%9) 22750% 0001
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85

20

86

19 102

b *
17 7aay  BEEY 0L o g0 81 o) 15.232 .002
48 23 88 17 105
b *
18 s OO7H SN oo ee a6z (@72 98.106 .0001
75 43 78 27 95
b *
19 6 F (33.6) 67 (60.9) (91) (43 (57) (880) 22,519 .0001

Note. a 4 cells (50.0%) have expected count less than 5.; b 0 cells (0%) have expected count less than 5.; * Differentiation is significant at

p=.05.

According to Table 3, Chi Square test analysis indicates statistically significant results for all the
items except the first and sixth items in the test. In another words, there is a significant relationship
between students’ responses and their educational level for most of the items in the test. Also, Table 3
implies the tendencies of students’ conceptual structure from item to item. As a result of the analyses,
five models were constructed to explain the mental structure of the students concerning their responses.
Figure 1 depicts those models.

Figure 1

Mental Models of The Students According to The Trends of Their Responses

Model-1 Model-2
30,0 40,0
25,0 S
20,0 > 30,0
15,0 20,0
13'8 ] - agreements 10,0 - — agreements
0,0 : (%) items 1- 0,0 ‘ (%) items 8-
o o 2-4-5-11-19 o o o 9-10
& FOANON & RIS
S & T & & T
3 3
\6@ \e((\
Q Q
Model-3 Model-4
%8
30,0 40,0
20,0 30,0 y—
20,0
10:0 T agreements 10,0 agreements
0,0 T (%) items 7- 0,0 T (%) items
. 13-14-16-18 . Y 15-17
Q7 @ @\6 N -¢‘§6 &
& & ¢ @ \bb A2
S & S & L S
\?}0 \Q/(Q
Q Q
Model-5
40,0
30,0 0 e N
20,0 NS
10,0 === agreements
0,0 (%) items 3-6-
o . . . 12
Q/Q \Q/(’ . \\‘9 (—)\6
S F ¢ ¢
> L S

Model 1 explains students” mental structures related to their agreements for the items 1, 2, 4, 5,

11 and 19. According to this model, students’ agreements make an increase while passing from
elementary to middle school. On the other hand, they show a decrease while passing from middle to

225



Journal of Turkish Science Education

high school. In high school level, the proportion of their agreements is seen to stay below the elementary
level. Similarly, they show a decrease while passing from high school to university.

Model 2 considers the tendency of their agreements for the items 8, 9 and 10. In this model,
agreements of the students also make an increase from elementary to middle school. Afterwards, they
show a decrease while passing from middle to high school level. The proportion of their agreements in
high school level stays close to the elementary level. In the university level, they decrease again and get
the lowest percentage.

Model 3 considers the distribution of students’ agreements concerning the items 7, 13, 14, 16
and 18. This model explains that students’ agreements show a decreasing trend with increasing
educational level.

Model 4 displays the tendency for the items 15 and 17. In this model, students’ agreements
display a decrease while passing from elementary to middle school and they take the same value in
high school as in the middle school level. Afterwards, students’ agreements show a decrease as they
pass from high school to university and take their lowest value.

The final model, model 5 considers the items 3, 6 and 12. According to this model, students’
agreements stay in the same value during elementary, middle and high school years. However, there is
a decrease in students’ such ideas with their transition to the university.

Discussion and Conclusions

The general results obtained from the study showed that the students from all educational levels
agreed with non-scientific ideas concerning the concept of magnet. Most of those non-scientific ideas
were prevalent misconceptions in line with the studies concluding misconceptions determined at
different grade levels (Ince & Yilmaz, 2012; Lemmer et al., 2018; Okulu & Oguz Unver, 2018; Preston,
2016; Yuksel, 2011). Also, there was a significant relationship between students’ responses and their
grade levels for all the items except the first and sixth item. This finding highlighted the importance of
concept teaching concerning the subject of magnetism.

When the responses of the students were examined, it was seen that students’ agreements on
non-scientific ideas took their least value in the university level. This finding showed parallelism with
the research which reported more correct responses from teacher candidates as a result of the given
instruction (Ince & Yilmaz, 2012; Okulu & Oguz Unver, 2018). Teacher candidates become experts in
their field with the help of the university education. So, the reflection of this situation on their academic
performance might produce such a positive consequence.

The results also indicated that students showed much more agreements on several conceptions.
Items 3 and 9 were among five items which reached the highest percentages among university students.
Those items considered the use of letters, N and S to indicate the poles of a magnet. Despite the fact that
children could recognize the existence of two poles of a magnet from an early age (Kalogiannakis et al.,
2018), the university students seemed to fail at this respect. Their failure to determine the meanings of
N and S correctly might stem from the fact that it required memorization rather than inquiry. In his
study, Coramik (2012) also determined that university failed to know the meanings of N and S.
Likewise; Tanriverdi (2001) showed the existence of this conception among high school students.

The item which was determined to reach the highest agreement among all educational levels
was item 15. It described a misconception about the relationship between the size of a magnet and its
magnetic field strength. This view was also common among high school students (Lemmer et al., 2018)
as well as the elementary school teachers (Burgoon et al., 2011). In the present study, it might be
indicated that elementary level students had a belief as “the bigger, the stronger”. Similarly, in another
study, preschoolers believed that there were “imaginary elements” which were responsible for the
attraction of the magnets (Kalogiannakis et al., 2018). In addition, absence of those concepts in middle
school science program (MEB, 2018a) and no conduction of experiments in high school level to remove
this concept might be stated as the causes of this response in such a high percentage. Besides, this
response was common among the university students (50%). Presentation of theoretical knowledge
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during the courses without relevant applications in laboratory practices might explain this situation.
This result was supported by the study findings of Yener, Koklii, Yama¢ and Yalgin (2020). The
researchers reported that the subjects held in the laboratories were mostly about electricity and heat-
temperature in the scope of physics. On the other hand, magnetism was not determined to be a subject
addressed in the laboratory at this respect. So, conduction of experiments and proper learning activities
with different size magnets at all grade levels to observe magnetic field’s strength is expected to be
beneficial at this respect.

Items 4 and 13 were related to each other and they were also found to be among the items which
got relatively a high percentage of agreements from the participants. Item 13 described the existence of
single pole magnets. The decreasing trend of this concept with increasing educational level was an
expected result. Explanations at this respect are given almost at all educational levels and the poles of a
magnet are demonstrated with figures in textbooks (Barrow, 2000). When the results obtained from item
4 were considered, it was realized that a relatively high percentage of agreements were obtained from
university students (19.4%). This is also in line with the literature (Okulu & Oguz Unver, 2018). The
researchers underlined the conduction of proper learning activities during courses and utilization of
scientific inquiry for the elimination of those misconceptions.

Initem 12, it was stated that all metals were attracted by the magnets. The research showed that
teacher candidates (Ince & Yilmaz, 2012) and teachers (Burgoon et al., 2011; Hekkenberg, Lemmer, &
Dekkers, 2015) also believed that all metals were attracted by the magnets as well as the students
(Lemmer et al., 2018; Yuksel, 2011). The present study indicated about half of the elementary, middle
and high school students agreed on this misconception in addition to nearly one quarter of the
university students. The reason of obtaining this misconception in such a high percentage among the
students might be due to the insufficiency of the students related to the properties of the metals. It might
be stated that high school chemistry program has a superficial approach concerning magnetic properties
of the metals (MEB, 2018c). Besides, overgeneralization of elementary and middle school students might
be effective at this point. They might attribute the characteristics of iron to all metals. The literature
showed that students aged 3-8 indicated metals such as silver (Smolleck & Hershberger, 2011), copper
and gold (Christidou et al., 2009) could be attracted by magnets. Classroom activities where students
deal with different kind of metals’ interaction with a magnet are expected to be useful.

Another result of the study was the introduction of mental models of the participants related to
their responses. From those models, model 3 depicted that students” agreements had a decreasing trend
with increasing education level. This was an expected outcome which might mean that students’
conceptual structures developed as a result of education that they received. Model 4 also included a
decreasing trend however students’ agreements were steady at middle and high school levels. Besides,
such conceptions of them were also seen to stay steady in elementary, middle and high school levels in
model 5. Those outcomes supported the fact that misconceptions had a resistance towards change
despite the changing educational level (Ozgiir, 2013). However, it can be concluded that university
education is effective in terms of breaking this resistance as can be understood from declining
percentages in the study.

Model 5 which considered three items depicted that students’ agreements stayed in the same
percentages in elementary, middle and high school level. In this model, a significant differentiation was
determined in the distributions of students’ responses for two items (items 3 and 12). On the other hand,
no significant relationship was determined between students’ responses and their educational level for
the item 6. Item 6 yielded percentages of responses which were close to each other at all levels. This
might stem from the fact that almost all textbooks visualize the separation of a magnet at its center into
two parts to produce two new magnets (Barrow, 2000). On the other hand, the significant differentiation
for the items 3 and 12 might be due to the sharp decline in the agreements of the students in university
level due to the objective in their subject matter knowledge as mentioned in the earlier researches (Ince
& Yilmaz, 2012; Okulu & Oguz Unver, 2018).

The first two models in the study depicted an increase in students’ agreements when passing
from elementary to middle school. This finding was obtained from almost half of the items. It is thought
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that science teaching program is effectual at this point. Students learn magnetism in the fourth grade of
elementary level. On the other hand, it was remarkable that this subject did not take place in the
program of middle school (MEB, 2018a). So, this situation might cause this negative reflection as on the
study findings.

According to the study, it is clear that all models display a common decline in students’
agreements with their transition to the high school except model 4 and 5. This was an expected outcome
as it showed parallelism with their cognitive development. However, when the percentages of their
agreements in high school level were compared to the elementary level, two cases were seen to emerge:
(i) A lower percentage of misconceptions (Models 1, 3 and 4). (ii) Almost the same percentage of
misconceptions as in the elementary school (Models 2 and 5). The first outcome was expected and
parallel to students’ cognitive development. The second outcome also supported the resistant
characteristic of misconceptions (Ozgiir, 2013).

Items 5 and 11 in model 1 considered the interaction between the poles of magnets. Gathering
both items under the same model can be an indication of students’ association of the concepts of
magnets’ pull and push generally as a single case in their minds. It was determined that appropriate
activities were conducted for teaching magnetism to the students at elementary level (Karadas, Yasar &
Kirbaglar, 2012). In addition, it was reported that the use of science diagrams was beneficial at this point
(Preston, 2016). However, the absence of those subjects and activities in the middle school science
program (MEB, 2018a) might explain the reason of the increase in their non-scientific responses from
elementary to middle school level. In high school level, it could be stated that there was a decline in
their agreements as they learnt the subject in the tenth grade. In the university level, such responses
were determined to be 1-2% since they experienced the interaction of the poles of magnets with each
other in a detailed manner.

Item 19 was another item under model 1 and stated that there had to be no matter between the
magnet and the object in order for the magnet to attract that object. Likewise; in another study it was
indicated that the percentages of scientific responses of the second- and third-year university students
were higher than their non-scientific responses at this respect (Giiler & Sahin, 2017). This finding is in
line with the present study. However, the percentage of non-scientific responses in Giiler and Sahin’s
(2017) study were determined to be higher than the non-scientific responses in the present study. This
outcome also supported the decreasing trend of the misconceptions with increasing grade level.

Items 14 and 18 in model 3 referred to the distance required for a magnet to be attractive on the
objects. The collection of both items under the same model might be due to the fact that they were
related to each other. In this model, students’ agreements demonstrated a decrease as their educational
levels increased. In item 16 of model 3, it was stated that magnets only pulled. The research showed
similar misconceptions also among high schoolers (Lemmer et al., 2018).

Items 6 and 10 considered the magnetic characteristics of new magnets which were obtained
due to cutting a bigger magnet into smaller parts. The findings obtained from those items showed that
they took place under separate models. Item 10 was determined to get higher agreements than item 6
in elementary, middle and high school levels. This outcome might stem from the fact that the concept
of “magnetism” in item 6 might be easier for the students than the concept of “pole” in item 10. In their
studies, Coramik (2012) and Yuksel (2011) also determined that students could explain the poles of a
magnet which was divided into two parts by using different models. The poles of a magnet cannot be
observed with naked eye. However, the magnetic characteristics of them can be experienced easily in
the form of pull and push when they interacted with proper objects.

Limitations and Recommendations
In this study, the mental structures of the students were determined with the help of various
statements with which students were asked to agree or disagree. The students were not asked to explain

their reasons for their responses. Also, no interviews were conducted with them due to the relatively
large sample size and limited data collection period as it was close to the end of the term. This point
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might be asserted a limitation of the study. However, the study gave beneficial data with the help of a
cross sectional survey which was expected to provide insights for the researchers. In the future studies,
this limitation can be eliminated by asking explanations from the students to reduce the risk of chance
on their agreements.

In the literature, it is seen that preschoolers’ views were also analyzed at this respect. It was not
possible to include preschool children in the present study since written responses were collected from
the participants. However, conducting interviews with preschoolers as well as collecting drawings
concerning the studied concepts might make it possible to make comparisons among different
educational levels in a study which involves qualitative approaches also.
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Appendix
The Concept Test

]
[

Items | Conceptions § g”

<8

1 Magnets attract all materials.

2 All magnets are natural.

3 N is the south pole of a magnet.

4 There are magnets with single pole.

5 Opposite poles of magnets push each other.

6 A magnet loses its magnetic property if it is divided into smaller parts.

7 A material cannot gain magnetic characteristic later.

8 All magnets are artificial.

9 S is the north pole of a magnet.

10 A magnet loses its poles if it is divided into smaller parts.

11 The same poles of magnets attract each other.

12 Magnets attract all metals.

13 If a magnet is separated in its center, new magnets have one pole.

14 Magnets can attract materials at all distances.

15 Bigger magnets are stronger than smaller magnets.

16 Magnets only pull.

17 Magnets push non-metals.

18 A magnet has to touch a material in order to attract it.

19 There has to be no material between a magnet and an object in order for a

magnet to attract the object.
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