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ABSTRACT
The aim of this study was to determine the ability of physics teacher candidates’ to read a concept map previously prepared by the
researchers about a light topic and then convert the concept map into the appropriate text. The study was carried out in the form of case
study method in a Turkish University in the Black Sea Region with 32 physics teacher candidates in the 2016–2017 academic years.
To collect data, the concept map about light was given to the physics teacher candidates and they were asked to convert this concept
map into meaningful text. The meaningful texts that teacher candidates tried to transform according to the concept map were evaluated
according to a reference text. The reference text was prepared by experts. When the findings obtained from the study were examined
in general, it was concluded that 78.123% of these physics teacher candidates could read the concept map related to light subjects and
concepts at medium level. According to the results of this study, it is recommended that studies related to reading concept maps should
be studied for different subjects and concepts.
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INTRODUCTION

A

s in every field, developments in education in recent
years have made some changes mandatory. One of the
most important of these changes is the focus of teaching
on concepts because research has been shown that students may
be able to solve very complex science problems but they may
not be able to explain the concepts (Case and Fraser, 1999;
Masson and Vazquez-Abad, 2006; Dönmez Usta and Ültay,
2015; Ültay and Can, 2015; Ültay, 2017). This situation has
led to a focus of teaching on the teaching of concepts and at
the same time has given rise to new fields of study about how
concept teaching should be done effectively. One of the results
of this effort has seen an increase in the learning of concept
teaching with concept maps. Concept maps are two-dimensional
diagrams showing the concepts about a topic and relationships
between concepts. In other words, concept maps are concretized
through schemas of people’s knowledge on a particular subject
(Kaya, 2003). Kaptan (1998) explained concept maps as a
learning-teaching strategy that shows a bridge between how
people realize learning and meaningful learning.
When the use of concept maps in science education is examined,
it is seen that concept maps are preferred for various purposes.
They have been used to improve students’ conceptual learning
and to increase their success (e.g., Okebukola, 1990; Güneş et al.,
2006) as well as they are also frequently used in the evaluation
of conceptual understandings (e.g., Şahin, 2002; Kaya and
Ebenezer, 2003). The concept maps of Uzuntiryaki and Geban
(1998) and Uzuntiryaki et al. (2001) were used to improve the
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conceptual learning of their students. According to Novak and
Gowin (1984), concept maps are one of the most powerful
evaluation tools that investigate conceptual learning changes
in cognitive structure. Concept maps have been referred to as a
“conceptual graph” for conceptual learning (Wu, 2007). Concept
maps are one of the most powerful graphical tools for knowledge
acquisition (Shieh and Yang, 2014). It has been ragued that
concept maps could be a key for observing conceptual learning
and the deep understanding that students are gaining (Vodovozov
and Raud, 2015). Thanks to concept maps, educators or teachers
are able to quickly observe the improvements in conceptual
learning based on the knowledge, understanding, and problemsolving ability of their students (Kilic and Cakmak, 2013). For
instance, linkages are drawn between two unrelated concepts
could expose students’ conceptual learning. The concept maps
used by Horton et al. (1993), Bayram et al. (1999), Sarıçayır
(2000), and Öztürk (2003) increased the success of their students.
Regardless of the purpose, students need to be taught how to
draw concept maps (Kaya, 2003; Dönmez Usta and Ültay, 2016).
Although the level of education that students need to draw a
concept map can vary according to age and level, it has been
reported that 3–4 h is needed for university students (Kaya and
Ebenezer, 2003). This is a very time-consuming education for
students (Chang et al., 2002).
There have been many tools developed to document and
analyze changes in cognitive structure. One of the most
important of these tools is the concept map (Novak and Gowin,
1984). Concept maps can be created based on the strategies
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developed by Novak and Gowin (Şahin, 2002) or using
different techniques. Turan (2016) summarized these methods
as novak, numbering, and gap filling type. The gap filling type
has two versions which are conceptual and relationship. It was
noted that problems do arise in the Turkish application of the
Novak type (Bağcı, 2003; Turan, 2016). However, given the
advantages provided by concept maps, it is understood why
it is preferred despite these problems.
When the literature is examined, it is seen that three different
methods are used to evaluate concept maps. The first one is the
evaluation of the concept map as content (White and Gunstone,
1992). In this method, link words or propositions are given
one point, five points for placement according to hierarchy, ten
points for cross-links, and one point for each example (Kaya,
2003; Bak and Ayas, 2008). In the second approach, an expert
or the teacher who prepared the map creates a reference map in
accordance with the first approach, and then the map drawn by
the student is compared with this reference map (Bak and Ayas,
2008). The third approach is a combination of the first two
approaches. First, the expert or the teacher creates a reference
concept map and scores it according to the first approach, then
the student’s score is calculated according to the score of this
reference concept map and the total score is calculated (Bak
and Ayas, 2008; Dönmez Usta and Ültay, 2016; Turan, 2016).
This study aimed to determine if the student teachers were able
to read a concept map based on light and then convert this into
appropriate text.
The subject of light has been the subject of much research in
terms of abstract concepts. One of the most important reasons
for this is the excess of alternative concepts that students have
in this regard (Maurines, 1993; Wittmann et al., 2003; Çil,
2010). For example, it has been reported that students have
difficulty in understanding the concept of light, diffusion of
light, vision and image formation, as well as many alternative
conceptions of these topics (Osborne et al., 1990; Büyükkasap
and Samancı, 1998; Toh and Boo, 1999). Considering that
concept maps not only embodies the concepts students have
but also the relationships between concepts, it is thought that
the concept of light taught through concept maps and the
reinforcement or evaluation of this information would be very
effective in terms of students’ conceptual learning.
The aim of this study was to determine the ability of physics
teacher candidates’ to read a concept map previously prepared
by researchers about a light topic and then convert the concept
map into appropriate text.

METHODOLOGY
Research Design

This study was suitable for a case study because it was
conducted to elucidate a situation and to make evaluations
and it was done to investigate the characteristics of the sample
group (Çepni, 2005). One of the most important features of
this method is that one aspect of the research problem can
be studied in depth and in a short time. The most important
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advantage of this method is that it gives the opportunity to
concentrate on a particular situation of a problem (Wellington,
2000; Çepni, 2007).

Research Group

In this study, the reason for choosing the case study method
was to conduct the study in a state university in the Black Sea
Region with 32 physics teacher candidates in the 2016–2017
academic year and to determine whether these teacher
candidates could convert a concept map prepared by experts in
light to text. Twenty of the 32 teacher candidates were female,
12 were male, and the teacher candidates’ ages ranged from
22 to 32. To differentiate the participants in this study, the
teacher candidates who participated in this research within the
framework of research ethics were coded as T1, T2, T3,…, T32.

Data Collection Tool

To collect data, the concept map about the subject of light from
Fencebilim (2016) was taken, after making the necessary minor
arrangements by the researchers, 32 physics teacher candidates
were asked to convert this concept map into meaningful text. The
texts from these teacher candidates were evaluated according to
a reference text. Figure 1 is both the concept map that was given
to the teacher candidates and the reference text that was prepared
by the experts used for scoring the teacher candidates’ texts.

Data Collection

To determine the ability of physics teacher candidates to
convert a concept map prepared by the researchers, they were
asked to convert a concept map related to light into meaningful
text. These teacher candidates were provided instruction in
creating concept maps by the first researcher for 2 weeks using
four-course hours (4 × 50 = 200 min) to prepare them for this
study. In addition, information was given about how to create
concept maps with different approaches and critical points of
creating concept maps. Two weeks after the class discussion,
teacher candidates were given a concept map about the subject
of light, which was edited and finalized by the researchers, and
they were asked to convert this concept map into meaningful
text within a class hour (50 min).
It was taken under consideration that these teacher candidates
had completed their undergraduate education in physics and/
or departments related to physics. Therefore, they had taken
several physics courses before, and they may have more
theoretical knowledge about the subject that was included in
the concept map. For this reason, it was anticipated that while
converting the concept map into a meaningful text, some
student teachers may include theoretical information beyond
the scope of the concept map providing data that exceeded the
purpose of the study. To address this issue, teacher candidates
were especially instructed by the first researcher to create
their text using only the information provided in the current
concept map.

Data Analysis

As stated, there are three different approaches to assess
concept maps (Kaya, 2003). The first one is to evaluate the
15
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Reference text
The light that emitted with the speed of light, a kind of energy, and the light emitted in the medium, may encounter to the matter and the absorption
of the light causes the matter to warm. In addition, the substance may cause a reflection of light and absorption of light. Colors are the result of
light reflection and light absorption. Color filters, which are technology products, can change colors.
The refraction of light happens if the medium changes and the speed of light changes. The refraction of light, the resulting color spectrum like
a rainbow next to the eye, can cause optical illusion, such as may occur in the event of a mirage. Prisms can also cause light refraction, with
concave lenses and convex lenses which have focal points that are capable of forming the color spectrum. Lenses and prisms are also used in
technologies where telescope, binoculars, microscope, magnifying glass, and glasses can be given.

Figure 1: Concept map which was given to the teacher candidates and the reference text prepared by the experts used for scoring the teacher
candidates’ texts

content of concept maps (White and Gunstone, 1992). In this
evaluation approach, four criteria have been identified such
as propositions (one point), placement according to hierarchy
stage (five points), cross-links (10 points), and examples
(one point) (Kaya, 2003; Bak and Ayas, 2008). In the second
approach, an expert or the teacher who prepared the map creates
a reference map in accordance with the first approach, and the
map drawn by the student is compared with this reference map
(Bak and Ayas, 2008). The third approach is a combination of
the first two approaches. First, the expert or the teacher creates
a reference concept map and scores as in the first approach, then
the student’s score is calculated according to the score of this
reference concept map and the total score is calculated (Bak
and Ayas, 2008; Dönmez Usta and Ültay, 2016; Turan, 2016).
In this study, when the concept map was examined, it was seen
that there was no hierarchy. Therefore, this step has not been
taken into account when scoring. According to the criteria (one
point), cross-links (10 points) and samples (one point), it was
determined that the maximum score that could result from
converting the concept map into meaningful text was 40. After
16

evaluating the meaningful texts formed by teacher candidates
according to these criteria, statistical data were obtained and
necessary comments were made on this data. Based on the
arithmetic average (27.28) of teacher candidates’ scores, they
were categorized according to the standard deviation (9.94).
These categories are given in Table 1.

Quality in the Research

The reference concept map text of the study was developed and
scored by the researchers. However, to ensure the reliability
of the comparative agreement between the two raters, it was
requested that a different field education expert evaluate the
data, then the results of the researchers were compared with
the results of IBM SPSS v.22 and Cohen’s Kappa Coefficient
was calculated. The calculated Cohen’s Kappa (κ) was found
to be 0.89, and it was observed that Landis and Koch (1977)
classifications were almost perfect. After this stage, the
researchers evaluated the concept maps. The expert was an
active faculty member with 11 years of academic experience,
and his expertise area is context-based learning approach and
conceptual learning.
Science Education International ¦ Volume 31 ¦ Issue 1
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In addition, a language expert had checked the developed
reference concept map text in terms of grammar and
comprehensibility. After the necessary final arrangements were
made, the reference text was finalized. This language expert
was a professor who had 17 years of academic experience
and was an expert and actively working in the field of new
Turkish literature.
Before the data collection process started, teacher candidates
were provided with information such as “these data will not be
used as an assessment for your lessons,” and “data will be used
for research purposes only.” The purpose of this information
was to improve the credibility of teacher candidates in this
process by making them comfortable and transparent. In
addition, to increase the credibility and consistency of the
study, data were evaluated twice at different times and places
during the analysis of texts developed by teacher candidates.
In non-quantitative research, it is possible to transfer the
results of the research rather than the generalization of the
research results (Yıldırım and Şimşek, 2011; Creswell, 2013).
In this study, data obtained to increase the transferability
are presented. Miles and Huberman (1994) highlighted that
results should be supported by data. This is an indication of the
confirmability. In this research, some parts of the meaningful
texts of the teacher candidates are presented in the results to
support discussion and conclusions.

Ethics in the Research

First, consent for research publication to include some data
of the teacher candidates who were included in this study
was obtained. In addition, it was stated that while some
demographic information of the teacher candidates may be
published it was highlighted that they would in no way be
identified in the data and no harm would come to them because
of participation in this study (Cohen and Manion, 1989; Drew
et al., 1996). As a result, teacher candidates who participated
Table 1: Teacher candidates’ categories and their points
range
Categories

Points range

Weak
Medium
Good

0–17.34 points
17.34–37.22
37.22–40

in the research within the framework of research ethics were
coded as T1, T2, T3,…, T32.

FINDINGS AND DISCUSSION
This section of the study includes the findings and the
discussion based on the findings. The scores of the physics
teacher candidates, according to the reference text, are
presented in Table 2.
The arithmetic average, the highest, the lowest scores, and
the standard deviations of the scores of the physics teacher
candidates were calculated by the IBM SPSS v22 package
program and presented in Table 3.
As shown in Table 3, the arithmetic average of the points
received by the teacher candidates was 27.28. The standard
deviation of the scores was 9.94. The lowest score was 2 and
the highest score was 39. The text of T23 which had the highest
score according to the reference text is presented in Figure 2.
As evident in Figure 2, the native language of the teacher
candidate was Turkish, T23’s reference text has been translated
into English for this article:
Lenses and prisms can cause light refraction. Lenses can be thin
and thick-edged. Thin and thick-edged lenses have focal points.
Prisms can be used in technology, for example, telescope,
binoculars, microscope, magnifying glass, and glasses. Lenses
are also used in technology. Lenses can also form the color
spectrum. The color spectrum may occur as a result of the
refraction of light such as rainbow. The refraction of light can
cause an optical illusion, for example, mirage. Light speed
changes with light refraction. If the medium changes, the light
is refracted. Light is emitted in the medium. Light is a kind
of energy. The matter may encounter with light. Matter may
cause light absorption. Light absorption may cause the matter
warms. Matter may cause a reflection of light. Colors occur as
a result of absorption and reflection of light. Color filters can
change the colors. Color filters are the products of technology.
Considering that the highest score that could be achieved
according to the reference text was 40 points, 39 points
achieved by T23 indicates they were able to read the concept
map. This situation could be explained by the fact that physics
teacher candidates can read the concept map correctly and can
understand the concept map correctly. In addition, the fact that

Table 2: The scores of physics teacher candidates according to the reference text
Teacher candidates
T1
T2
T3
T4
T5
T6
T7
T8

Score

Teacher candidates

Score

Teacher candidates

Score

Teacher candidates

Score

28
27
6
19
37
36
22
11

T9
T10
T11
T12
T13
T14
T15
T16

35
37
36
29
32
31
35
34

T17
T18
T19
T20
T21
T22
T23
T24

17
33
23
35
35
12
39
26

T25
T26
T27
T28
T29
T30
T31
T32

12
26
37
36
29
2
30
26
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the physics teacher candidates were able to read the concept
map correctly which may be related to the adequate level of
field information associated with the subject of light. Sufficient
knowledge of the relevant field is expected to allow the teacher
candidates to read the concept map almost correctly.
The text belonging to T30, which received the lowest score,
is presented in Figure 3.
Similar to T23 this has also been translated into English for
this article:
The refraction of light occurs when the light changes direction
as it passes through different environments. Color spectrum
occurs as a result of light rays refracting from the prism. When
we drop the color of the light onto the color filter, we have the
ability to observe the resulting colors. Colors occur as a result
of absorption of light. The lenses are also transparent media
with at least one surface spherical. Light prism is a transparent
environment consisting of triangular surfaces.
Considering that this physics teacher candidate obtained only
two points, it can be stated they were barely able to read the
concept map. In this case, it can be interpreted that the teacher
candidate prioritized the existing field information rather than
reading the concept map. Although the direction concepts did
not exist in the concept map, the fact that the teacher candidate
made such an introduction supports this interpretation. In
addition, the teacher candidate wrote that:
We have the ability to observe the colors that occur when
we drop the colors of the light onto the colored filter. The
lenses are also transparent media with at least one surface
Table 3: Distribution of scores of physics teacher
candidates
n

Lowest score

Highest score

Arithmetic
average

Standard
deviation

32

2

39

27.28

9.94

spherical. Light prism is a transparent environment consisting
of triangular surfaces.
These statements clearly showed that they interpreted
the concept map based on the field information. In the
implementation process of the study, teacher candidates were
warned by the researchers, although they were asked to create a
text within the scope of the current concept map. This situation
can be explained by the fact that the teacher could not read the
concept map correctly, did not understand the concept map, and
could not express themself correctly. In addition, it is thought
that the field information available in the teacher candidate
was not sufficient to read the concept map. Since the subject
of light contains abstract concepts, it is hard to understand for
many students and so students have alternative concepts as it
is stated in the relevant literature (Bendall et al., 1993; Toh
and Boo, 1999; Wittmann et al., 2003). This situation supports
the relevant interpretation.
The distribution of the scores of the teacher candidates
according to the weak, medium, and good categories is
presented in Table 4.
As shown in Table 4, when we look at the scores of the teacher
candidates according to the reference text, there were six
physics teacher candidates in the weak category of 0–17.34
points. These teacher candidates constituted 18.75% of the
sample. Teacher candidates who were located in the category
of weak had difficulty in establishing relationships between
concepts and it could be explained that alternative concepts
were resistant to change (Berquest and Heikkinen, 1990). In
addition, as Aktaş and Güler (2011) and Dönmez Usta and
Ültay (2016) mentioned in their studies, giving the concept map
in the research may cause the teacher candidates difficulty in
establishing relations between concepts. When the advantages
of concept maps were taken into consideration, students could
consider the relationship between learned science concepts,
visualize the relations between the key concepts in a systematic
way, and reflect their understanding through the regulation of

Figure 2: Text generated by T23 with the highest score (in Turkish)
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Figure 3: Text generated by T30 with the lowest score (in Turkish)

Table 4: Distribution of the scores of the physics teacher
candidates by category
Categories
Good
(37.22–40)
Medıum
(17.34–37.22)

Weak
(0–17.34)

Mean

Frequency Percentage

T23

1

3.125

T1, T2, T4, T5, T6, T7, T9,
T10, T11, T12, T13, T14,
T15, T16, T18, T19, T20,
T21, T24, T26, T27, T28,
T29, T31, T32
T3, T8, T17, T22, T25, T30

25

78.125

6

18.75

thoughts (Vanides et al., 2005). Thus, the concept map should
be read easily for those who have sufficient knowledge of the
subject. This situation again brings to mind that the knowledge
of the area is not sufficient.
There were 25 physics teacher candidates in the medium
category in the 17.34 and 37.22 points range, and there was
one in the 37.22 and 40 points range. The teacher candidates
in the medium category constituted 78.125% of the teacher
candidates who participated in the study, while the teacher
candidate in the good category accounted for only 3.125%.
From this finding, it could be said that the vast majority of
teacher candidates were able to read the concept map at a
medium level. The ability to read concept maps at a medium
level could be related to their use of the information contained
therein and their preference to read the map. The fact that
teacher candidates had forgotten the information they had about
light could have made it difficult to read concept maps. This
situation could be interpreted as a result of abstract concepts.
Students’ not being able to make sense of concepts were also
related to abstract concepts in science classes (Duit and von
Rhöneck, 1997). This relationship is compatible with the
abstract concepts of light (Maurines, 1993; Wittmann et al.,
2003). It was found that a total of 3–4 h of education was
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sufficient for teacher candidates to draw and/or read concept
maps (Kaya and Ebenezer, 2003) and that they were given
adequate training in this study; it is also possible for teacher
candidates to not fully understand the concept map reading.

CONCLUSION AND RECOMMENDATIONS
When the findings obtained from the study were examined, it
is concluded that 78.123% of these physics teacher candidates
could read the concept map related to light subjects and
concepts at a medium level. Considering the necessity of
correct structuring of the relations between concepts and
concepts in science education (Ayas, 2005); the importance of
the use of concept maps in the learning process is understood.
In this case, it is recommended that concept maps be used
frequently in learning environments because they are a
qualifying tool that helps students to learn more meaningfully
(Kinchin et al., 2000). However, considering the studies on
the concept map in the literature, it is seen that concept maps
are generally used to: Discover the effect of concept maps on
science attitudes (Barenholz and Tamir, 1992; Evrekli et al.,
2007); eliminate the conceptual misconceptions (Uzuntiryaki
and Geban, 1998; Çardak, 2002); investigate the information
structures (Ünlü et al., 2006); discover the effects on academic
achievement (Ekmekçioğlu, 2007; İnce et al., 2010; Sarıca and
Çetin, 2012); and create a concept map (Dönmez Usta and
Ültay, 2016). As in this study, it is recommended that studies
related to reading concept maps should be studied for different
subjects and concepts.
Although the concept map related to light subjects and concepts
was used in this study, it was noted that some student teachers
did not have enough knowledge of the field to be able to read
the map at the medium level. In this case, it is recommended
that the concepts related to the subject of light should be
increased using different teaching methods and techniques in
learning environments.
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