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Abstract

Due to environmental pollution and habitat depletion, the frog population is endangered. Frogs, of which some species live in
the same environment with humans, need to be protected from human-caused negative effects. Therefore, this study aims to
determine students' thoughts, emotions, and perceptions about frogs. The research design followed in this study is
phenomenology design which belongs to the qualitative tradition. The study group was determined by the convenience
sampling method which belongs to the purposive sampling technique. This study was conducted with a total of 77 students (43
females, 34 males) ranging between 10-11years old. Participants are fifth-grade students at a secondary school in a town in the
Marmara region of Turkey during the spring semester of the 2018-2019 academic year. The data were obtained through the
Survey on Emotions and Thoughts prepared by the author. The results show that the majority of students think that frogs are
important creatures but they do not have enough information about the reasons behind this. Moreover, it has been discovered
that students have some knowledge about certain properties of frogs, however, they have misconceptions such as frogs breed
by birth, have five lives, are mammals and poisonous, and that they infect warts when touched. The research results indicate
that the majority of the students do not like frogs because of their slippery skin, nutrition with insects, googly eyes, and being
disgusting. It has been observed that students mostly emphasize fish and kangaroo metaphors in their perception of frogs. In
light of these results, live animals including frogs can be used in science classes, and students can get familiarized with them.

Keywords: Secondary school students, environmental pollution, metaphor, perception of frogs, misconceptions.

INTRODUCTION

Amphibians are among vertebrates whose population is rapidly decreasing (Hof et al., 2011). The
majority of amphibians are frogs. Frogs are highly susceptible to environmental changes as they need
both aquatic and terrestrial ecosystems to survive (Hamer & McDonnell, 2008; Hussain & Pandit, 2012).
Frogs are also threatened by factors such as environmental destruction and environmental pollution
(Blaustein et al., 2003; Deutsch, Grisolia, Bilenca, & Agostini 2021; Gascon, et al., 2007). Frogs are
mostly used in food or traditional medicine sectors and are widely commodified (Gascon et al., 2007;
Rios-Orjuela, Falcon-Espitia, Arias-Escobar, Espejo-Uribe & Chamorro-Vargas, 2020; Xie et al., 2007).
For this reason, frogs, whose population is dwindling and some species are at risk of extinction, have an
important role in the functioning of ecosystems (Lindemann-Matthies & Bose, 2008; Prokop et al.,
2016).

Some frogs share the same habitat with humans (Prokop et al., 2016). Therefore, frogs must be protected
against human-based adverse effects (Tomazi¢ & Sorgo, 2017). Therefore, individuals' emotions and
thoughts regarding animals are also effective in developing protecting behaviors towards animals
(Prokop etal., 2011; Vergara-Rios et al., 2021). Individuals' attitudes towards animals play an important
role in the fate of certain species (Fonseca, S&-Pinto, Dinis, & Vasconcelos, 2021; Moss, 2019). Because
individuals' negative emotions, thoughts, and perceptions about frogs cause the formation of negative
attitudes, behavior, and intolerance towards frogs (Prokop & Fancovi¢ova, 2012; Tomazi¢, 2008).
Individuals' improvement in knowledge, attitudes, and perceptions about frogs is regarded as necessary
for the protection of these creatures (Prokop et al., 2008; Robina-Ramirez, Merodio, & McCallum, 2020)

It is argued that the relevant studies are not sufficient on students' knowledge, thoughts, attitudes, etc.
about frogs. (Tomazi¢ & Sorgo, 2017). In this limited number of studies, for example, a study conducted
in Germany, it was stated that the knowledge of 9-11-year-old students was not sufficient about
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amphibians and they could not identify the amphibian species (Randler et al., 2005). In another study
conducted in Portugal, it was revealed that individuals exhibit negative behaviors towards frogs
(Ceriaco, 2012). Studies conducted in Slovenia, Ethiopia, Colombia, Brazil, and the USA, indicate that
individuals' attitudes towards frogs are negative (Jimenez & Lindemann-Matthies, 2015a; Kassie, 2020;
Moss, 2019; Pontes-da-Silva et al., 2016; Tomazi¢, 2008), and it is stated that people believe they are
poisonous and can spread warts when touched (Tomazi¢, 2008; Tomazi¢ & Sorgo, 2017). It has also
been asserted that individuals often perceive frogs as disgusting and tend to harm them (Tomazi¢ &
Sorgo, 2017). Oher studies also show that frogs are perceived as slimy, disgusting, and unpleasant
creatures (Davey, et al., 1998; Prokop & Fancovicova, 2012; Prokop et al., 2016; Randler et al. 2005).
However, some studies indicate that Chinese people think frogs are beautiful, useful, important, and
delicious, and it has been stated that they have a positive attitude towards frogs (Jimenez & Lindemann-
Matthies, 2015b). It is argued in the literature that individuals' emotions and thoughts about frogs are
rarely positive in research results, and the features of frogs mentioned by the individuals are generally
negative.

Features such as the size, appearance, and their phylogenetic relationship with humans, (Borgi & Cirulli,
2015; Herzog, 2010; Knight et al., 2003) families' emotions, thoughts, and information about frogs
(Brom, Anderson, Channing, & Underhill, 2020; Prokop et al., 2016), cultural beliefs and lack of
knowledge (Brom et al., 2020; Pontes-da-Silva et al., 2016; Tarrant et al., 2016), morphological features
and behaviors of the animals (Hillman, 1991), disgust from that animal (Prokop et al., 2016), harming
nature and danger to humans (Curtis et al., 2004; Loe & Roskaft, 2004; Schlegel & Rupf, 2010),
economic value are effective in shaping students' negative perceptions and attitudes towards animals or
frogs (Pontes-da-Silva et al., 2016; Serpell, 2004; Ceriaco, 2012). Moreover, individuals were found to
be afraid of getting harmed or infected by frogs, hence they dislike them (Prokop & Fancovi¢ova, 2013;
Prokop et al., 2016).

Individuals' emotions and thoughts towards animals during school age are effective in developing
behaviors to protect them (Prokop et al., 2011). Teaching about the life of frogs in school and learning
about them positively affect students' attitudes and knowledge towards them (Randler et al., 2005;
Tomazi¢, 2011b). A study conducted in China shows that the more information students have about
frogs, the more positive thoughts and protection behavior they exhibit as they think frogs are beautiful
(Jimenez & Lindemann-Matthies, 2015a). Thus, students' knowledge of frogs is considered influential
for the protection of frogs. However, it is also determined that students have misconceptions about frogs
(Pontes-da-Silva et al., 2016). For example, animals are thought to be hostile towards people (Pontes-
da-Silva et al., 2016), and it is also stated that frogs will infect warts when their slimy skin is touched or
people think they are poisonous (Tomazi¢, 2011b). Students' misconceptions might potentially affect
their emotions and thoughts towards frogs.

Students' perceptions, emotions, and thoughts about frogs are very significant (Prokop et al., 2011;
Tomazi¢ & Sorgo, 2017). Because young people who will become future adults will make decisions and
act according to their knowledge, perception, emotions, and thoughts regarding frogs. In addition, the
fact that students do not care, dislike or disgust a creature negatively affects learning the subjects that
contain these creatures in biology courses (Dervisoglu et al., 2009). Therefore, positive information,
emotions, thoughts, and attitudes of the students towards frogs can be enhanced with the education to
be given (Kellert, 1980; Moss, 2019). However, studies reveal that attitudes towards feared, disgusted
and disliked animal species are quite difficult to convert from negative to positive (Kaltenborn et al.,
2006). Additionally, Jimenez and Lindemann-Matthies (2015a) stated that people know little about
amphibians, especially their knowledge of frogs is limited. Information, emotions, and thoughts of
Turkish students for frogs are not available in the literature. This study is expected to contribute to the
reconstruction of teaching subjects that shall be provided regarding frogs with the data obtained in this
study results. Moreover, since the majority of studies in the literature on individuals' attitudes and
knowledge towards frogs are carried out with a quantitative approach it is thought that this study which
is based on the qualitative approach may provide significant findings to the literature.
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The study aims to determine students' emotions, thoughts, and perceptions about frogs. For this purpose,
answers to the following problems were sought: 1. What are the students' emotions and thoughts about
frogs? 2. What are the students' knowledge levels, and ways of obtaining information about frogs? 3.
What are the students' perceptions of frogs? 4. What are the misconceptions of secondary school students
about frogs?

METHOD

This study follows ‘phenomenology design' which is one of the qualitative research designs (Merriam,
2013). Phenomenology is applied in revealing experience, thought and perceptions, etc. related to the
cases that a study group may encounter in daily life but not fully understand (Creswell et al., 2007,
Yildinm & Simsek, 2016).

Study Group

The study group was determined by convenience sampling method which is one of the purposeful
sampling types (Biyukoztirk et al., 2011). This sampling method was preferred because it is suitable in
terms of time and cost (Merriam, 2013). This study was conducted with a total of 77 students (43
females, 34 males) who attended the fifth grade at a secondary school in a town center in the Marmara
region of Turkey during the spring semester of the 2018-2019 academic year. Participants’ ages vary
between 10-11 years old and they voluntarily participated in the study.

Data Collection and Analysis

A survey titled “Survey on Emotions and Thoughts” was applied to determine students' emotions,
thoughts, and perceptions about frogs (Appendix 1). Questions in the survey; I. Metaphor, 1l. Drawing
and writing, 1l1. 3 open-ended questions. The third question consists of four different sub-dimension
guestions. This questionnaire was applied one month later after the fifth-grade students were taught
about frogs with World of Creatures/ Creatures and Life units in the course. The science teacher
presented the subject to the students by using a slide show on frogs, had them watch some videos on the
subject, and ran a question-and-answer session at the end of the lesson.

Data acquisition techniques applied in the survey are as follows:

Metaphor: A metaphor is used to determine students' perceptions of frogs (Guerrero & Villamil, 2002;
Jensen, 2006). The Mental Metaphor Theory reveals that metaphors express the emotions, thoughts, and
perceptions of individuals about a concept (Fredriksson & Pelger, 2016; Lakoff, 1993; Lakoff &
Johnson, 1980). Thus, metaphors are used as a measure for perception determination (Arnett, 1999).
Driven by the literature, students were asked to complete sentences such as 'Frogs are similar with ....
/because ...."' to determine their metaphors regarding frogs.

Drawing-Writing technique: Drawing and writing technique is applied in determining individuals'
knowledge, misconceptions, thoughts, and beliefs (White & Gunstone, 1998). Studies that utilized the
drawing-writing technique have been recently grasping more attention in the literature. This technique
is also frequently used in studies in the field of biology education. Other studies apply this technigue on
subjects such as the human body (Bartoszeck et al., 2008; Pluhar et al., 2009), plants (Stagg & Verde,
2019; Villarroel et al., 2018), viruses (Hamdiyati et al., 2018), and health (Renslow & Maupinb, 2018).
Students were asked both to draw and to explain their drawings briefly about frogs in the questions
prepared with this technique.

Open-ended question technique: Open-ended questions were asked to reveal students' knowledge,
emotions, and thoughts about frogs. Open-ended questions were included so that students could answer
freely, authors can get unexpected answers, and have more detailed and elaborated information on the
subject (Blyukoztirk et al., 2011).

The survey was prepared after the literature review phase. The pilot study of the survey questions was
conducted with 10 students attending the fifth-grade science course. Questions that were not understood
and did not serve the study's purpose were revised. Additionally, two science teachers, an academic in
the field of biology education and a Turkish Language and Literature teacher were asked to examine the
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guestions in semantic terms and grammar during the preparation of the survey and for the final form.
Any uncertain guestion was modified and the survey was finalized.

The data were analyzed according to content analysis methods. The purpose is to reach the themes that
can explain the data, specify the relationships between them, and present the data to the scholars in an
organized manner. During the content analysis, the data similar to each other are coded primarily,
grouped, organized, and interpreted within the framework of certain themes (Y1ldirim & Simsek, 20006).
The data were analyzed on a singular question basis. The data were repeatedly controlled by the
researcher and brief notes were taken about coding before the analysis. Each different expression given
by students for a question is coded separately in the data analysis. The expressions for each question are
categorized by grouping them under certain themes and sub-themes. The coding was carried out
separately by a researcher and a Ph.D. student experienced in content analysis, then compared to discuss
the similarities and differences. Through a common decision, theme and sub-theme coding were
finalized and tables were formed. The reliability of the coding was calculated according to the formula
of Reliability=Consensus/(Consensus + Disagreement) X 100 based on the coding made by both coders
(Miles & Huberman, 2015). According to this formula, intercoder reliability was calculated as 89%.
This ratio was interpreted as adequately reliable for data analysis (Miles & Huberman, 2015). Besides,
students' remarkable arguments are presented by addressing student numbers in the study (as (K2o) with
the apostrophe sign. The codes, themes, and sub-themes obtained after the analysis were reviewed by
an academic studying biology education. All data tools, raw data, coding made during the analysis phase,
and all necessary documents related to the subject in this study are reserved for expert review.

RESULTS
Findings obtained from the survey on emotions and thoughts about frogs are presented in this section.

1. Sources of thought, information, and knowledge for frogs
The findings of students' opinions about the importance of frogs are illustrated in Table 1.

Table 1. The distribution of students' thoughts on the importance of frogs and its reasons into
categories.

Theme Codes Toft al

It is important for ecological balance. It's a part of the food chain.

It has a duty like every other creature

Itis a living being

Features (Amphibian, respiratory pattern, metamorphism ability, vertebrate)
Important It is an endangered species

Some frog's poisons are beneficial

It embellishes the nature

It's rare

It is not harmful

—

=N
o~

52

It has no function or contribution in nature

It has no benefit to people

Itis not liked
Not People cannot swim because they live in lakes
important It's poisonous

It's a scary creature

It's rare in the nature

There are other creatures in nature

24

PRRPRPPRPWODMNO RPREREPWOO

Students' thoughts on the importance of frogs are categorized under two themes: 'Important (52) and not
important (24)" in Table 1. In the theme of “important”, the students expressed that “It is important for
the ecological balance, it is a part of the food chain (27)”, “It has a duty like every other creature” (10),
“It is a living being (9) and Features (Amphibian, respiratory pattern, metamorphosis ability, vertebrate)
(9)”. In the category of “not important”, students expressed their thoughts as “It has no function or
contribution in nature” (8), “It has no benefit to people” (4), and “It is not liked” (3). Examples of these
findings are as follows:
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"Frogs are important creatures. Because they feed on mosquitoes.” (Kas)

"Frogs are important because they are important for the food chain and do not harm people.”
(K12).

“Frogs are not important. Because I don't like them, they are poisonous.” (Ks1)
“Frogs are not important. Because it has no contribution to people.” (Kxo)
The findings on the students' drawings about frogs are presented in Table 2.
Table 2. The distribution of the findings on students' drawings related to frogs into categories.

Total

Theme Sub-theme Drawing codes f

Similarity to soap
Slippery and moist skin
Skin structure Snake resemblance from the skin
Similarity to sponge
Green color of frogs

N e N S s
o

Bouncing frogs

Metaphor to kangaroo and rabbit
Jumping Bouncing crickets

Frogs similarity to balloons

10

PP NO

Features Frogs' ability for metamorphosis
Amphibian Nature
Metamorphism Frogs' similarity to fish
Frog larvae's resemblance to fish
Ability to evolve

14

P EFEPNRAO

Frog hunting a fly with its long tongue

Frogs sunbathing on stones and leaves
Living environment ~ Natural habitats of frogs in water and on land

Frogs in our pool

Forest habitat

Turtle metaphor (living on land and in water)

PN
W

48

PP Wwo

People’s love towards and friendship with frogs
They are sweet creatures

Emotions Positive Fear of unintentional harm
Protective superhero

13

= NN

Not sympathizing and dislike
Negative Disgust and loath (skin, eyes, etc.)
They are dirty creatures

11

= oo

Butterfly resemblance (amphibian living style) 3
Misconception Frogs taking care of their offspring 2 7
Tough shells of frogs 2

As illustrated in Table 2, students' drawings for frogs are categorized under 3 themes, being “feature,
emotion, and misconception”. Students expressed "Similarity to soap" (2) in the sub-theme of "Skin
structure (6)" under the theme of the "Feature” category, "Jumping Frog" (6) in the sub-theme of
"Jumping (10)", "metamorphism” (6) and "amphibian nature™ (4) in the sub-theme of "Metamorphism
(14)", "frogs hunting flies with a long tongue and sunbathing on stones and leaves™ (11) in the sub-theme
of "living environment (49)". Under the “Emotion” theme, students mentioned, “People's love towards
frogs and friendship with frogs” (7) in the “positive (13)” sub-theme while expressing ‘“Not
sympathizing and dislike” (5) and “Disgust and loath (skin, eyes, etc.)” (5) under the “Negative (11)”
sub-theme. Moreover, misconceptions were determined in ideas that there is a "butterfly resemblance
(amphibian nature)” (3), "frogs taking care of their offspring” (2), and "frogs' hard shells" (2). Examples
of these findings are presented in Appendix 2. Findings related to students' information on frogs and the
information sources are presented in Table 3.
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Table 3. Distribution of the findings on students' information on frogs and the information sources by
categories.

Theme Codes

—
—

Information Source f

Amphibian Nature

Vertebrate nature

Metamorphism

Breeding by eggs

Moist and slippery skin

Living in both water and land

Nutrition with insects and flies
Yes Breathing both through lung and skin

Some are poisonous

Jumping

Not caring for offspring

Long tongues

Resting on the leaves in the water

Tadpole shape in larvae phase

PEREMNN W
oOrPRPLPWO

Science teacher
Family
Documentaries
Cousins
Science books

|l o2
6 ]

60

P NN WD U1 o ©
=N

| am afraid of them

No Not specified 10  Nobody told me. 6

Breeding by birth

Mammal

Adopting to five separate
environments

Infecting warts when touched

Misconception

P, N W ©O© -

As illustrated in Table 3, students' knowledge of frogs is divided into 3 categories as "Yes (60), No (10),
and Misconception (6)". In the “Yes” category, it was determined that students mostly had knowledge
of “amphibian nature” (36), “vertebrate nature” (23), and “Metamorphism” (21). Besides, it was stated
that some of the students did not know about frogs (10). The information source was determined to be
mostly science teachers (60) and families (15). In addition, several misconceptions (7) were observed
in student statements. Student misconceptions regarding frogs such as “breeding by giving birth” (3),
“being a mammal” (2), “adopting to five-living environments” (1), and “infecting warts when touched”
(1) were observed. Examples of these findings are as follows:

“I learned these from my teacher and my family. Frogs are amphibians creatures, their bodies
are moist.” (Ko)

“I learned this from our teacher. Frogs are vertebrate animals, adult frogs inhale through skin
and lungs.” (Ka1)

"As | learned from my teacher, frogs are amphibians, they breed by birth, metamorphose, and
some are poisonous.” (Kss)

2. State of emotions for frogs
Findings on the state of students' emotions towards frogs are demonstrated in Table 4.

As shown in Table 4, the emotion types of students about frogs are divided into three categories as “I
sympathize (22), | Don't Like (55) and Misconception (10)”. Students mentioned "Jumping" (4),
"Interesting and beautiful sounds" (2), and "Slimy and soft skin" (2) under the " | sympathize " theme
of frogs within the "physical properties” sub-theme. In the "Thought" sub-theme, the students
mentioned, "Sweet and cute creatures” (7) and "Love for animals” (4) while. ""Playing with them as a
kid" (1) and “having some in the garden” (1) seem to be effective in sympathizing with them under the
"Interaction” sub-theme.
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Table 4. Distribution of the findings on the state of students' emotions towards frogs into categories

Total

Theme Sub-theme Codes P

Jumping

Interesting and beautiful sounds
Slimy and soft skin

Non-toxic nature

Long tongues

Physical
features

P EFRPNND =

| sympathize with

them. Sweet and pretty creatures

Animal love

Thought Benefit to nature
Water reminding nature
Harmless nature

22

(I SR NN

[y

Playing with them as a kid

Interaction Having some in the garden

[EEN

[uny
N

Their skin is runny, moist, and slippery.
Nutrition with insects
Having googly eyes
Feature Ugly appearance
Jumping
Annoying sounds

N NN DN ol

I don't like it. 54
Disgusting and loathing nature
Scary nature
Thoughts and Disgusting nature
emotions Strange nature

No encounter
Dislike

=
o~

N S )

Poisonous nature

Having hard shells

Not benefit to nature
Leaving paint on our hands
Being non-essential creatures
Rare encounters

Misconception 10

A e e

The reasons for students not to like frogs in the “Feature” sub-theme under the “I don't sympathize”
category are the “Runny, moist and slippery skin” (12) and “Nutrition with insects” (5), while under
“emotions and thoughts” sub-theme it was determined that they did not like them because of frogs'
"Disgusting and loathing nature (17) and “scary nature (10)". Besides, students' misconceptions such as
“poisonous nature” (5), “having hard shells” (1), “no benefit to nature” (1), “leaving paint on our hands”
(1), “being non-essential creatures” (1) were identified. Examples of these findings are as follows:

"l don't sympathize with frogs because | am disgusted and scared from them." (K1)
"I like frogs and | like to follow them while they are jumping.” (Ko)
"I don't like frogs because some of their species are poisonous.” (Ksy)
"I love frogs and animals.” (Kss)
3. Perception of frogs

Findings regarding students' perceptions of frogs are detailed in Table 5.
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Table 5. The distribution of the findings on students' metaphoric perceptions of frogs into categories.

Rank Rank

Number Metaphor f Number Metaphor f
1 Fish 18 17 Fly 1

2 Kangaroo 6 18 A dirty animal 1

3 Crocodile 6 19 Reptile 1

4 Cricket 4 20 Caterpillar 1

5 Soap 3 21 Flower 1

6 Bounce ball 3 22 Sweet a little 1

7 Butterfly 3 23 Life 1

8 Bunny 2 24 Animal 1

9 Monster 2 25 Balloon 1

10 Human 2 26 Bad 1

11 Turtle 2 27 Water 1

12 Flower 2 28 A swimming creature 1

13 Snake 2 29 Mud 1

14 Jumping creature 2 30 Sponge 1

15 Bugs 2 31 Runny creature 1

16 Lake 1 32 Green paint 1
TOTAL 77

Table 5 indicates that the students used a total of 77 frog metaphors of which 32 are unique. In these
metaphors, students mostly emphasized fish (18), kangaroo (6), crocodile (6), and cricket (4) metaphors.
Examples of these findings are as follows:

Frogs look like soap. Because they are very slippery. (Kas)

Frogs look like crickets. Because they jump. (Kss)

Frogs look like monsters. Because its eyes are so big. (Ks7)

Frogs look like snakes. Because both are disgusting and frightening. (Kro)

Frogs look like fish. Because frogs live in water when they are babies. (Kzs)

The distribution of the findings on students' perceptions of frogs into categories is presented in Table

6.

Table 6. The distribution of students' metaphors towards frogs into categories.

Theme

Sub-theme

Codes

Total

Feature

Living environment

Jumping

Similarity

Mud
Lake
Water

Kangaroo
Cricket

Bounce ball
Bunny

Very bouncy
Jumping creature

Fish
Crocodile
Turtle
Human
Monster
Animal
Wood
Fly
Reptile
Insect
Balloon

A swimming creature
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Soap 3
Skin structure Sponge 1 6
Runny creature 1
Green paint 1
Fish 7
. Butterfly 3
Metamorphism Caterpillar 1 12
Flower 1
Flower 2
Positive Emotion Sweet a little 1 4
Emotion Life 1
Snake 2
Negative Emotion A dirty animal ! 5
Bugs 1
Bad 1
Total 77 77

As illustrated in Table 6, the metaphors students used for frogs are categorized into two themes, as
“Feature and Emotion”. In the "jumping (17)" sub-theme, the students mostly refer to the metaphors of
"Kangaroo" (6), "Cricket" (4) and "Bouncy ball" (3), and mostly "Fish" (11), "Alligator" (6) and "Turtle"
(2) in the "Similarity (29)" sub-theme. For the sub-theme of "Metamorphism (12)", they mentioned
mostly "Fish" (7) and "Butterfly" (3) metaphors. The metaphors used in the “Positive Emotion” (4) sub-
theme under the “Emotion” theme are the “Flower” (2) and “Sweet a little” (1). The metaphors used in
the “Negative Emotion (5)” sub-theme are “Snake” (2), “A dirty animal" (1), and "Bad" (1).

DISCUSSION AND CONCLUSION

This study aims to determine students' emotions, thoughts, and perceptions about frogs. The research
results show that the majority of students thought that frogs were important animals. These results are
in line with Jimenez and Lindemann-Matthies's study (2015b), which determined that Chinese
individuals consider frogs important. Moreover, students emphasized the nutrition of frogs with insects
in their knowledge and drawings. With these results, it can be asserted that students think that frogs are
important creatures in terms of ecological balance and food chain. These results were found positive in
terms of students' disposition towards frogs. Because there is a positive correlation between the students'
awareness of the importance of frogs and their tolerance towards them (Jimenez & Lindemann-Matthies,
2015b; Prokop & Fancéovicova, 2012). Thus, when students think that frogs are important creatures, they
have higher tolerance towards frogs living in their environment.

Other findings on the reasons why frogs are important creatures indicate some students think that frogs
have a function in the ecosystem like any creature. This result may reveal that some students think that
frogs are important, but they do not have enough information about its reasons. Moreover, several
students stated that frogs are not important creatures, they don't have a function in nature and a benefit
to humanity. These results predict that some students do not have sufficient information regarding the
importance of frogs and its reasons in a holistic manner. The results that individuals do not have enough
information about frogs are in line with other studies in the literature (Jimenez & Lindemann-Matthies,
2015a; Randler et al., 2005). This shows that students have difficulties in understanding the importance
of frogs and therefore an elaboration in education is needed (Jimenez & Lindemann-Matthies, 2015a;
Prokop & Fancovicova, 2012). This situation is worrisome for the protection of frogs, whose population
is in arapid decline, and some species are at risk of extinction. Considering these results, more emphasis
can be put on the importance and function of frogs for the ecosystem, and their benefits to humanity as
well as other creatures, in teaching students the subject of frogs in the science course.

The research revealed that the majority of students have certain information about frogs. The majority
of students stated that they have information about frogs as they are vertebrate animals, amphibians,
breed by eggs, have metamorphosis and moist and slippery skin. Besides, it was observed that students
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mostly emphasized the skin structure, metamorphism, and living environments in their drawings for
frogs. This indicates that students have information about the properties of frogs. This result contradicts
the results of a previous research in the literature arguing that German students do not have sufficient
knowledge about amphibians (Randler et al., 2005). The fact that fifth-grade students in Turkey who are
included in the study have certain knowledge about frogs, may be caused by the short period of time
between the research and the time that the science teachers have taught them about frogs in the class. It
is important that students have information about frogs. Because it has been determined that there is a
positive correlation between students' knowledge about frog features and their attitudes towards them.
The more students know about frogs, the more they perceive them as beautiful and exhibit protective
behavior (Jimenez & Lindemann-Matthies, 2015b; Prokop et al., 2008). In addition, it was stated that
the majority of students obtained their knowledge about frogs from science teachers. This situation has
been interpreted as a positive factor. Because the literature points that the main source of information
for students about frogs is family (Pontes-da-Silva et al., 2016) or social environments and this
information may be false (Fagundes, 2001). Thus, students’ correct information about frogs learned from
science teachers was interpreted positively regarding students' knowledge, attitude, and behavior
towards them.

The research also revealed that students also have misconceptions about frogs. Findings on the students
about the information and emotions about frogs indicated to misconceptions such as frogs breed by birth,
infect warts or leave paint when touched, are mammals, poisonous, not beneficial to nature and have
five-living environments, hard shells. Moreover, misconceptions such as frogs are similar to butterflies,
they care for their offspring, and have hard shells were observed in the drawings of frogs. These findings
are in line with the study which argued that Chinese students have misconceptions about frogs (Pontes-
da-Silva et al., 2016). The findings are also similar to the misconceptions such as frogs infect warts and
poison when their slimy skin is touched (Tomazi¢, 2011b). A significant proportion of students in
Turkey also thinks that frogs are poisonous animals. In addition, the findings regarding the importance
of frogs and the reasons why they do not like frogs indicate that the idea that frogs are poisonous is a
particular factor. However, there are no poisonous frog species detected as of now in Turkey (Mature,
2018). Thus, these results are considered noteworthy. It is thought that the reason for these results may
stem from the information obtained from the family and social environment. As it is stated that students'
misconceptions and misinformation about frogs may be caused by family and social environment
(Fagundes, 2001; Pontes-da-Silva et al., 2016). Therefore, students' misconceptions on frogs and
whether frogs are poisonous or not may be elaborated in science classes while teaching relevant sections.
Students' knowledge will be increased, their emotions and thoughts will be positively developed through
this method.

The research results show that the majority of students do not sympathize with frogs. The reasons why
students don't like frogs include frogs' runny, moist and slippery skins, their nutrition on insects, googly
eyes, and appearance. Besides, students' emotions that frogs are frightening, disgusting, and loathing
animals are among the reasons why they don't like them. Moreover, it was determined that students
highlighted metaphors such as snakes, dirty animals, monsters, and bad in their metaphorical perceptions
about frogs. The findings of not sympathizing, dislike, disgust, and loath from frogs were observed.
Piecing these results together, it can be argued that students' emotions towards frogs are mostly negative.
These results coincide with researches conducted in Slovenia, Brazil, Colombia, and the USA indicating
that individuals' attitudes towards frogs are negative (Jimenez & Lindemann-Matthies, 2015a; Moss,
2019; Pontes-da-Silva et al., 2016; Tomazi¢, 2008), frogs are generally perceived as disgusting by
humans (Tomazi¢ & Sorgo, 2017), and perceived by people as slimy-bodied, disgusting and unpleasant
creatures (Davey et al., 1998; Prokop & Fancovic¢ova 2012; Prokop et al., 2016; Randler et al., 2005).
These conditions are caused by frogs' appearance (Borgi & Cirulli, 2015; Herzog, 2010; Knight et al.,
2003), cultural beliefs (Pontes-da-Silva et al., 2016; Tarrant et al., 2016), frogs' morphological features
(Hillman, 1991) and disgust from frogs (Prokop, et al., 2016). It has also been determined that
individuals fear and disgust potential damage by frogs and associate them with factors such as disease
(Prokop & Fancovicova, 2013; Prokop et al., 2016). However, another study indicates that Chinese
individuals have a positive attitude towards frogs (Jimenez & Lindemann-Matthies, 2015b).
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Individuals' emotions and thoughts towards frogs being generally negative is a widely accepted
argument. Thus, the emotional orientation of students towards animals is considered important in
developing behaviors towards animals and their protection (Prokop et al., 2011). Also, individuals’
attitudes towards animals play an important role in the fate of a species (Moss, 2019). Besides, disgust
towards frogs increases people's intolerance to frogs, reduces their desire to protect and push frogs out
from their environment (Jacobs et al., 2014; Prokop & Fancovicova, 2012; Prokop & Fancovicova,
2013; Prokop et al., 2016). Students' lack of sympathy, as well as their disgust or dislike of a creature
negatively affects their learning about the subjects that contain these creatures in biology courses
(Dervisoglu et al., 2009). After all, students' emotions and thoughts about frogs may affect them
negatively in decisions they will make in the future, behavior development, and science learning towards
these creatures. These negative emotions and thoughts need to be transformed in a positive direction.
Hence, more emphasis should be placed on the subject of frogs in science courses. The habitats of frogs,
wetlands, and zoos can be visited through nature trips and students can get to know frogs more closely.
The research results reveal that some students sympathized with frogs because of their jumping ability,
interesting and beautiful sounds, sweet and cute looks, playing with them as a child, and having some
in the garden. Students' drawings about frogs revealed that the students found frogs cute and that they
thought frogs were good friends, as well. Considering these results, jumping movements, sounds, and
interacting with them can have positive effects on students' learning about frogs. It is stated that students'
direct contact or experience with live animals in the lessons where frogs are taught will improve their
attitudes and knowledge (Fazio & Zanna, 1981; Yore & Boyer, 1997). Besides, teaching with live
animals can reduce disgust against them, increase awareness, willingness to learn and attendance
(Killerman, 1998; Tomazi¢, 2008; Tomazi¢ & Sorgo, 2017). Live animals can be used in science classes
including frogs and students can get familiarized with them.

The research results showed that students mostly emphasize fish metaphor in their perceptions of frogs
and they are mostly compared to fish. It was determined that the reason behind this result was that frogs
were similar to fish during the larva state, they also live in aquatic ecosystems when fully grown and
their skin was slippery. It was also observed that students compared frogs to crocodiles and turtles.
Besides, it was determined that students emphasized metaphors mostly about their similarities to other
creatures in frog perceptions. These results show that frogs are compared to other creatures with their
habitat and appearance. Thus, the similarities and differences of frogs and animals such as fish,
crocodiles, and turtles should be highlighted in the subject of frogs in science classes. Misconceptions
and misperceptions that may occur can be prevented in this way.

Research results revealed that students emphasized metaphors about jumping, skin structure, and
metamorphosis in their perceptions of frogs. Students' drawings about frogs focused on frogs' slippery
and moist skin structure, long tongues, jumping movements, and metamorphism. It can be argued that
students pay more attention to their features such as long tongues, jumping, and metamorphosis, which
are different and interesting from other creatures. Therefore, students' interests and curiosities can be
further improved by highlighting the features of frogs in the science course. In addition, it can be useful
to bring a live sample to the class on frogs and enable students to experience these mentioned features.
The disgust and negative emotions of students towards frogs can be reduced. Moreover, it was observed
that students' drawings emphasized hunting with the long tongue, frog's environment, and conditions.
This result suggests that students perceive frogs mostly in their natural habitats. In light of these results,
visiting frogs' natural habitats such as pools and gardens may benefit students' positive emotions and
thought development. Because students' direct experience with frogs has been asserted to increase their
positive attitude towards these creatures (Ballouard et al., 2013; Tomazi¢, 2008; Tomazié¢ & Sorgo,
2017).

Within the scope of the research, the following recommendations can be made for educators and
researchers. Live animals can be used in the classroom while teaching the subject of frogs. Students can
be provided opportunities to interact with frogs, get to know them better, and create a life. Students can
visit places such as lakes and puddles from the habitats of frogs. Teachers can emphasize more the
known misconceptions about frogs. Teachers can use different methods and techniques in teaching the
topic of frogs, and the activities can be improved by including visuals such as documentaries, pictures,
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and videos about frogs. Students' knowledge, attitudes, and perceptions about frogs can be improved,
their tolerance for frogs may increase, protective behaviors may occur and potential misconceptions may
be prevented. Scholars can study with larger samples using different quantitative and qualitative data
collection tools on different grade levels to determine students' knowledge, emotions, thoughts,
perceptions, and attitudes towards frogs. Factors affecting these variables can be explored in detail. The
impact of using frogs and other creatures in science education classes on students' learning, emotions,
thoughts, and perceptions can be investigated.
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APPENDIX
Appendix 1. Survey on Emotions and Thoughts towards frogs
Female - [] Male- [] Grade:

Dear Students,

This survey was prepared to determine your emotions and thoughts about frogs.

* Your answers will not be evaluated as marks.

** Your answers will be strictly confidential and will not be shared with anyone.

*** |f there are disturbing statements in the sentences below, you may stop answering and submit the
form.

1. Fill in the blank spaces in the sentence below, as appropriate.
Frogs are like/resemble ................. Because...........ccccovevveieiii..

2. What are the first things that comes to your mind when you think of frogs? Draw a
picture that reflects your emotions and thoughts about frogs. Describe your drawing briefly.

3. Please answer the following questions briefly according to your own opinion.
Are frogs important creatures? Why?

Do you sympathize frogs? Why?

Do you know about frogs? If yes, what are they?

Who told you about frogs? What did they say?

COw>
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APPENDIX 2.
Students' drawings of frogs

b

) )

|/ 0 O

Figure 1. Drawing that compares frogs to a turtle Figure 2. Drawing about the life cycle of frogs (Kas)
(Kaz)

Figure 3. Drawing about frogs' nutrition (K1e) Figure 4. Drawing about not sympathizing/disliking
frogs (Kss)
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Oz

Bu aragtirmanin amacti, ortaokul 7. sinif 6grencilerinin “Isigin Madde ile Etkilesimi” {initesine yonelik kavramsal anlayislarini
ve sahip olduklar: alternatif kavramlari belirlemek i¢in gegerligi ve giivenirligi saglanmis iki asamali kavramsal anlama testi
geligtirmektir. Calismada Treagust (1988) ve Baykul’un (2015) onerdigi asamalara uygun olarak test gelistirme siireci
izlenmis; igerik belirleme, kavram yanilgilarinin tespiti, madde yazimi, uzman goriisii, pilot uygulama ve istatistiksel analizler
gerceklestirilmistir. Arastirma, 2023-2024 egitim-6gretim yilinda Manisa ilindeki ortaokullarda 6grenim goren 107 6grenci ile
yiirtitiilmiistiir. Testin yap1 gegerliligi dogrulayici faktor analizi (DFA) ve agimlayici faktor analizi (AFA) ile incelenmis, ii¢
faktorli bir yapiya ulasildigr belirlenmistir: “Isigin Sogurulmasi”, “Aynalar” ve “Isigin Kirilmas: ve Mercekler”. DFA
sonuglari, modelin yiiksek uyum degerlerine sahip oldugunu gostermistir (CFI =.989; RMSEA = .016; y*sd = 1.027). Rasch
analizi bulgularina gére madde giivenirligi oldukga yiiksek diizeyde (.94), kisi giivenirligi ise orta diizeyde (.69) bulunmustur.
Olgegin genel Cronbach’s Alpha katsayisi .739 olup kabul edilebilir diizeyde i¢ tutarlilik gdstermektedir. Sonuglar, gelistirilen
testin 6grencilerin kavramsal anlama diizeylerini ve kavram yanilgilarini gegerli ve giivenilir bir sekilde 6l¢ebildigini ortaya
koymustur. ki asamal1 yapist sayesinde 6grencilerin yalnizca dogru bilgiye ulasip ulasmadiklar: degil, ayn1 zamanda bilgiyi
nasil yapilandirdiklar1 da degerlendirilebilmistir. Bu baglamda test, fen bilimleri dgretmenlerine ve arastirmacilara kavram
yanilgilarinin tespiti, 6gretim siireglerinin diizenlenmesi ve 6grencilerin biligsel gelisimlerinin izlenmesi agisindan énemli
katkilar saglayabilecek bir 6lgme araci niteligindedir

Anahtar Terimler: Kavramsal anlama, kavram yanilgilari, iki asamali test, 1s1gin madde ile etkilesimi, Rasch analizi.
Abstract

The aim of this study is to develop a valid and reliable two-tier conceptual understanding test to determine 7th grade middle
school students’ conceptual understanding and alternative conceptions regarding the unit “Interaction of Light with Matter.”
Following the stages suggested by Treagust (1988) and Baykul (2015), the test development process included content
determination, identification of misconceptions, item writing, expert review, pilot implementation, and statistical analyses.
The research was conducted with 107 students studying in public middle schools in Manisa during the 2023—-2024 academic
year. The construct validity of the test was examined through Confirmatory Factor Analysis (CFA) and Exploratory Factor
Analysis (EFA), revealing a three-factor structure: “Absorption of Light,” “Mirrors,” and “Refraction of Light and Lenses.”
CFA results showed that the model had high goodness-of-fit values (CFI = .989; RMSEA = .016; x*sd = 1.027). According
to Rasch analysis, item reliability was found to be quite high (.94), while person reliability was moderate (.69). The overall
Cronbach’s Alpha coefficient of the scale was calculated as .739, indicating an acceptable level of internal consistency. The
findings revealed that the developed test can measure students’ conceptual understanding and misconceptions in a valid and
reliable way. Thanks to its two-tier structure, the test not only evaluates whether students arrive at the correct answer but also
how they justify and construct their reasoning. In this context, the test provides science teachers and researchers with a
diagnostic assessment tool that can contribute significantly to the identification of misconceptions, the regulation of
instructional processes, and the monitoring of students’ cognitive development.

Keywords: Conceptual understanding, misconceptions, two-tier test, interaction of light with matter, Rasch analysis.
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GIRIS

Fen egitimi, bireylerin cevrelerindeki diinyay1 anlamalarma ve bilimsel siiregleri kavramalarina
yardimei1 olma agisindan 6nemli bir rol oynamaktadir. Ancak fen 6gretimi siirecinde, 6zellikle soyut
kavramlarin 6grenilmesinde dgrenciler birgok kavramsal zorlukla karsilagmaktadir. Soyut kavramlarin
yaygmligi, 6gretim siirecinde bu kavramlarin somutlagtirilmasini zorunlu hale getirmektedir ve bu
stirecte ¢esitli yanlis anlamalar ortaya ¢ikmaktadir (Bakire1 vd., 2016; Uysal & Bostan Sarioglan, 2020).
Yapilan arastirmalar, 6grencilerin bilimsel kavramlari anlamada zorluk yasadiklarini ve kavram
yanilgilar sergilediklerini ortaya koymaktadir (Akyildiz, 2020; Alkis Kiigiikaydin, 2020; Cetinkaya &
Tas, 2016; Kocakiilah & Turan, 2019).

Kavram, bireylerin diinyay1 anlamlandirmalarinda temel bir yapi1 tasidir. Cepni (2019), kavrami bir
nesne, olgu veya olayla ilgili olarak ortaya ¢ikan ilk terim olarak tanimlarken, Novak (2010), belirli bir
isimlendirme altinda kategorize edilen nesnelerin, olaylarin veya olgularin toplami olarak ifade
etmektedir. Fen egitiminde kavramlarin dogru bir sekilde Ogretilmesi ve dgrenilmesi, 6grencilerin
bilimsel siirecleri anlamalar1 agisindan kritik 6neme sahiptir. Bu siirecte her birey kavram semalarin
olusturmada bilimsel dogrulara ulasamamaktadir (Kocakilah & Turan, 2019). Bilimsel dogrunun
disinda yer alan ifadeler kavram yanilgist ya da alternatif kavram olarak adlandirilmaktadir. Ancak
ogrencilerin bilimsel kavramlar1 nasil 6grendikleri ve ne tiir kavramsal yanilgilara sahip olduklarini
belirlemek, 6gretim siirecinin etkililigini artirmak i¢in gereklidir (Yagbasan & Gllgicek, 2003).
Ogrencilerde ortaya c¢ikan bu kavram yanilgilarn giderilmesi sonucunda ancak Ogrenme
gerceklesebilir. Kalict1 ve anlamli 6grenmenin saglanabilmesi i¢in, 6grencilerin mevcut biligsel
semalarinin belirlenmesi (Alkis Kiiciikaydin, 2020) alternatif kavramlarin tespit edilmesi biiylik 6nem
tasimaktadir (Kocakiilah & Turan, 2019).

Bilimsel agiklamalara dayali dogru kavramsal anlamalara ulasma siirecinin, 6ncelikle 6grencilerde var
olan alternatif kavramalarin belirlenmesiyle basladigi ve bu siirecte s6z konusu yanilgilarin en aza
indirilerek kavramsal anlayisin gelistirilmesiyle devam ettigi sdylenebilir. Bu baglamda, 6grencilerin
alternatif kavramalarmin ve kavramsal yapilanma siirecindeki anlamalarimin tespit edilmesi dnemli bir
adim olarak goriilmektedir. Ogrencilerde alternatif kavramalarin olusumuna sebep olan etmenler
farklilik gdsterse de fen egitiminin temel amaglarindan biri, 6grencilerin bu tiir kavram yanilgilarindan
arindirilmis, bilimsel dogrulara dayali anlamli 6grenmeler gerceklestirmesini saglamaktir (Ausubel,
1968). Yapilan aragtirmalar, d6grencilerde gozlemlenen alternatif kavramalarin gesitli kaynaklardan
tiredigini ortaya koymaktadir. Bu kaynaklar arasinda giinliik deneyimler (Smith vd., 1994; Kaltak¢1 &
Eryilmaz, 2010; Widarti vd., 2016; Widiyatmoko & Chimizu, 2018), dil kullanim1 (Osborne, 1983;
Tyson vd., 1999; Erman, 2017), 6gretmen davraniglar (Kaltakgt & Eryillmaz, 2010; Erman, 2017) ve
ders kitaplar1 (Kaltak¢1 & Eryilmaz, 2010; Widarti vd., 2016; Erman, 2017) yer almaktadir. Alternatif
kavramalarin kaynaklarinin belirlenmesi, bu faktdrlerden kaynaklanabilecek kavram yanilgilarinin
Oniine gegilmesini saglayabilir. Bu arastirmada Ogrencilerin 151k konusundaki yaygin olarak
karsilastiklar kavram yanilgilarindan dolay1 ele alinmistir. Isik konusundaki alan yazina bakildiginda
tespit edilen kavram yanilgilar aynalar (Kocakiilah & Demirci, 2010; Anil & Kiigiikozer, 2017), 15181n
rengi yansimasi ve sogurulmasi 1sik renkleri ve cisimlerin renkli goriilmesi (Bacanak vd., 2012, Sahin
Akyliz & Cil, 2013), 151810 kirilmasi (Kaewkhong vd., 2010), merceklerdeki goriintii olusumu (Blizak
vd., 2009; Galili & Hazan, 2000) arastirmalarinda 6grencilerde kavram yanilgilarinin yer aldigini tespit
etmislerdir. Bu ¢aligmalardan elde edilen bulgular, birgok 6grencinin temel optik kavramlarimi farkli
baglamlarda tutarli bir sekilde uygulayamadigini ortaya koymustur. Alan yazinda, 6grencilerde yaygin
olarak gozlemlenen alternatif kavramalar belirlendiginde, bu kavram yanilgilarin1 gidermeye yonelik
Ogretim stratejileri gelistirilebilir. Bu kapsamda, etkili 6gretim materyallerinin olusturulabilmesi i¢in
alternatif kavramalar1 ortadan kaldirmaya yonelik etkinlikler, modeller, goésterimler ve deneyler
tasarlanabilir. Ayrica, gelistirilecek kavramsal anlama testleri ve alternatif 6lgme-degerlendirme
araglarinda, alan yazinda tespit edilen kavram yamlgilarinin sistematik bir sekilde ele alinmasi,
arastirmacilar i¢in 6nemli bir kaynak olusturacaktir.

Ogrencilerin 151k ile ilgili kavram yanilgilarmin tespit edilmesine yonelik olarak farkli egitim
diizeylerinde cesitli kavramsal anlama testleri gelistirilmistir. Bu testler, 6grencilerin konuya iligkin

International Journal of New Trends in Arts, Sports &Science Education 35



}\ 5 I TASE ISSN: 2146 - 9466
AT J WWW.ijtase.net

International Journal of New Trends in Arts, Sports &Science Education — 2025, volume 14, issue 2

kavramsal anlayislarii  degerlendirmek ve olast kavram yanilgilarimi belirlemek amacryla
tasarlanmustir. Gelistirilen testlerin igerigi, ilgili 6gretim programlarmin kazanimlar1 dogrultusunda
olusturulmustur. Fen Bilimleri Dersi Ogretim Programlarinda yapilan degisiklikler (Milli Egitim
Bakanligi [MEB], 2013; MEB, 2018; MEB, 2024), iinite konularinin kapsamini ve kazanimlarin1 da
etkilemektedir. Bu baglamda, 6gretim programlarindaki giincellemeler, kavramsal anlama testlerinin
yapilandiriimasinda dikkate alinmakta ve 6lgme araglarinin giincel miifredatla uyumlu olacak sekilde
gelistirilmesi hedeflenmektedir. Bu baglamda aragtirmada, 7. sinif Is1§in Madde ile Etkilesimi iinitesini
(MEB, 2018) temel almakta olup, Tiirkiye Yiizyili Maarif Modeli’'ne (MEB, 2024) kademeli gegis
siirecini de dikkate alarak tasarlanmistir. Caligmanin, konu igeriginin yeni maarif modeline uyum
saglamasi da amaglanmaktadir.

Ogrencilerin kavramsal diizeydeki 6grenmelerini degerlendirmek ve kavram yanilgilarini belirlemek,
etkili bir Ogretim siirecinin ayrilmaz bir parcasidir. Bu baglamda, kavramsal anlama testleri,
Ogrencilerin bilimsel kavramlari ne derece dogru anladiklarim1 degerlendirmek ve olast kavram
yanilgilarini tespit etmek amaciyla yaygin olarak kullanilmaktadir. Fen egitiminde 6grencilerin
alternatif kavramalarini belirlemek icin gesitli tanilayici degerlendirme yontemleri gelistirilmistir.
Onceki yapilan galigmalarda, ii¢ farkli tanilayict degerlendirme tiirii kullanildigini gdstermektedir.
Bunlar ¢oktan segmeli kagit-kalem testleri (Artdej vd., 2010; Damanhuri vd., 2016; Demircioglu vd.,
2005), acik uglu sorular (Kousathana vd., 2005) ve goriismelerdir (Orwat vd., 2017). Son yillarda, iki
asamali (two-tier) ¢oktan se¢meli tanilayict degerlendirmeler, 6grencilerin kavramsal anlayiglarini
6lgmek igin yaygin olarak kullanilan yontemler arasina girmistir (Soeharto, Csapd, Sarimanah, Dewi,
& Sabri, 2019).

Kavram yanilgilarinin tanimlanmasi i¢in kullanilan iki asamali degerlendirmeler iki farkli bilesenden
olusur. Bu degerlendirmeler akademik s6ylemde “coktan segmeli iki agamali degerlendirmeler”, “agik
uglu iki asamal1 degerlendirmeler” ve “smiflandirmayi gerektiren iki asamali degerlendirmeler” olarak
da tanimlanmistir (Karatas, Kose, & Costu, 2003). Iki asamali degerlendirmelerin ilk bileseni tipik
olarak geleneksel coktan segmeli ve smiflandirmaya dayal degerlendirmeleri yansitir. ki asamali
degerlendirmeleri geleneksel goktan se¢meli sinavlardan ayiran sonraki bilesendir. Ikinci bilesende,
Ogrencinin birinci agamada belirtilen secenegi secme gerekcesini dile getirmesi beklenmektedir
(Karatag vd, 2003). Bununla birlikte ikinci asama, bu asamanin Ogrencilerin yanlig anlamalarin
kapsadigi ¢oktan se¢meli bir formatta da tasarlanabilir veya alternatif se¢enekler ¢oktan se¢cmeli bir
cercevede formiile edilebilir. Alternatif olarak, bu boliim 6grencinin akil yiirlitme yeteneklerini
yeterince degerlendirmek ve sadece kavramsal yanlisliklarin 6tesinde gesitli yanlis anlamalarin ortaya
¢ikmasini kolaylastirmak icin agik uclu bir formatta da yapilandirilabilir (Demirci & Efe, 2007; Karatas
vd., 2003).

Iki asamali kavramsal anlama testlerin gelistirilmesi, titizlik, zaman ve emek gerektiren karmasik bir
stirectir. Ancak bu siirecin sonunda 6gretmenler, gecerliligi ve giivenirligi kanitlanmis, geleneksel
Olgme araglarina alternatif olusturan ve derslerinde kolayca uygulanip analiz edilebilen bir 6lgme
aracina sahip olurlar. Bu tiir testler, 6gretmenlerin konuya baslamadan 6nce 6grencilerin 6n bilgilerini
degerlendirmelerine veya konu islendikten sonra Ogrencilerin kavramsal anlama diizeylerini
belirleyerek 6gretim siirecinde gerekli diizenlemeleri yapmalarina olanak tanir (Karatas vd., 2003). Bu
nedenle, gecerli ve giivenilir iki agamali testlerin gelistirilerek 6gretmenlerin ve Ogrencilerin
kullanimina sunulmasi biiyiik 6nem tagimaktadir. Yapilan literatiir incelemesinde, 6zellikle ortaokul
seviyesinde Isigin Madde ile Etkilesimi Unitesine yonelik gegerligi ve giivenirligi kanitlanmms iki
asamali bir kavramsal anlama testinin bulunmamasi dikkat ¢ekmektedir. Bu durum, 6grencilerin bu
iiniteye iligkin kavram yanilgilarinin tespit edilmesi ve giderilmesi amaciyla iki asamali kavramsal
anlama testlerinin gelistirilmesini zorunlu kilmaktadir. Bu baglamda, bu ¢alismada gelistirilen “Isigin
Madde ile Etkilesimi” {initesine yonelik kavramsal anlama testinin, alanyazindaki bu eksikligi
gidermede 6nemli bir katki saglayacagi diistiniilmektedir.
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Problem Cumlesi

Bu ¢alisma, ortaokul 6grencilerinde 15181n madde ile etkilesimi iinitesine yonelik olarak 6grencilerin
alternatif kavramalarin1 degerlendirmek i¢in iki asamali bir tanilayici test gelistirmeyi amaglamaktadir.
Bu amag dogrultusunda aragtirmanin problem ciimlesi “ortaokul 7. sinif 6grencilerinin “Isigin Madde
ile Etkilesimi” {initesine yonelik gelistirilen iki asamali kavramsal anlama testi gegerli ve giivenilir
midir?” seklindedir. Bu problem ciimlesi paralelinde arastirmanin alt problemleri su sekilde
belirlenmistir:

1. Ortaokul 7. smif “Is1igin Madde ile Etkilesimi” {initesine yonelik gelistirilen kavramsal anlama testi
gecerli midir?

2. Ortaokul 7. sinif “Isigin Madde ile Etkilesimi” iinitesine yonelik gelistirilen kavramsal anlama testi
gavenilir midir?

YONTEM
Arastirmanin Modeli

Bu arastirmada, tarama modeli benimsenmistir. Tarama modeli, belirli bir ¢alisma grubunun
Ozelliklerini, tutumlarini veya davraniglarini betimlemek amaciyla nicel verilerin sistematik bir sekilde
toplanmasina ve analiz edilmesine dayanmaktadir (Yin, 2009). Bu model kapsaminda, c¢aligma
grubunun mevcut durumu nicel veriler araciligiyla ortaya konulmus ve elde edilen bulgular,
genellenebilir sonuglara ulagsmak amaciyla istatistiksel yontemlerle degerlendirilmistir. Bu kapsamda
Treagust(1988) ve Baykul’un (2015) gelistirdigi arastirmaya dayali tasarim siireci, iki asamali ¢oktan
secmeli tanilayici testlerin olusturulmasinda saglam bir ¢ergeve sunmaktadir. Bu siire¢ dort asamadan
olugmaktadir: icerik alanmin belirlenmesi, 6grencilerin alternatif kavramalarma iliskin verilerin
toplanmasi, iki agamali1 tanilayici testlerin gelistirilmesi ve analizlerin yapilmasi. Bu gerceve, bir¢ok
farkli ¢aligmada basartyla kullanilmis ve dogrulanmistir (Adadan & Savasgi, 2012; Lu & Bi, 2016; Tan
vd., 2002, Peterson ve digerleri, 1989; Sahin & Cepni, 2011). Calismamizda ise oncelikle test
sorulariin olusturulmasi, ardindan pilot uygulama, gegerlik ve giivenirlik analizlerini iceren bir test
gelistirme siirecine odaklanilmistir (Burns Okey & Wise, 1985; Kurtoglu-Giildali ve Karsli-Baydere,
2023; Sahin & Cepni, 2011).

Calisma Grubu / Katihmcilar

Arastirma, 2023-2024 egitim-6gretim yilinin ikinci doneminde, Manisa ilinde bulunan ve Milli Egitim
Bakanligi'na (MEB) bagli resmi ortaokullar arasindan uygun Ornekleme yontemi ile belirlenen bir
ortadgretim kurumunda gerceklestirilmistir (Biiylikoztiirk vd., 2013). Calisma, Manisa ilinde erisilebilir
ve arastirma kriterlerine uygun okullarda, MEB tarafindan saglanan resmi izinler dogrultusunda ve
goniillii katilim esasina dayali olarak yiiriitiilmiistiir. Testte sorular iki agamali olarak hazirlanmis ve
orneklem biiyiikliigli, aragtirma hedefleri ve mevcut kaynaklar g6z oOniinde bulundurularak
belirlenmistir. Arastirma, toplam 150 6grenciye uygulanmig ancak eksik veri igeren yanitlar analiz dig1
birakilmistir. Sonug olarak, 43 tane veri ¢alismaya dahil edilmemis ve analiz, yedinci sinif (n=49) ve
sekizinci smif (n=58) Ogrencilerinin yanitlar1 {izerinden gerceklestirilmistir. Etik standartlara bagh
olarak, cinsiyet gibi 6grencilere ait kisisel bilgiler toplanmamustir.

Veri Toplama Araci

Bu calismada, ortaokul Ogrencilerinin 15181n madde ile etkilesimi konusundaki kavramsal anlama
diizeylerini belirlemek amaciyla "Isigin Madde ile Etkilesimi iki Asamali Kavramsal Anlama Testi"
gelistirilmistir. Test, Bloom taksonomisinde yer alan 6grenme seviyelerine uygun olarak hazirlanmig
ve bu dogrultuda sorular tasarlanmugtir.

Kavramsal anlama testinin gelistirilmesi siirecinde, Baykul (2015) ve Treagust (1988) tarafindan
Onerilen test gelistirme basamaklar1 temel alinarak bir uyarlama gercgeklestirilmistir. Bu dogrultuda,
kavramsal anlama testinin olusturulmasina yonelik olarak dort temel asama izlenmistir: (a) konu
iceriginin belirlenmesi, (b) 6grencilerde mevcut olan kavram yanilgilarinin tespit edilmesi, (c)
kavramsal anlama testi i¢in madde yazimi, gelistirilmesi ve testin pilot uygulamasinin yapilmasi (d) test
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maddelerine iliskin analizlerin gergeklestirilmesi. Bu asamalar, testin gegerli ve giivenilir bir dlgme
araci olarak gelistirilmesini saglamustir.

a) Konu igeriginin belirlenmesi

Arastirmanin konu igeriginin belirlenmesi siirecinde ilk olarak, ulusal ve uluslararasi alanyazin
taranarak 151k konusuyla ilgili temel bilgi Onermeleri olusturulmustur. Bu Onermeler, konunun
kavramsal g¢ercevesini belirlemek amaciyla kullanilmistir. Ardindan, kavram testinin gelistirilmesine
yonelik 6n ¢aligmalar kapsaminda, 7. siif 15181n madde ile etkilesimi iinitesine iliskin kavram haritasi
hazirlanmigtir (Ek 1). Kavram haritasi, kavramlar arasindaki iligkileri biitiinciil bir sekilde ortaya
koyarak, testin yapisal tutarliligini saglamada ve artirmada onemli bir rol oynamistir. Son olarak,
kapsam gecerliligini saglamak amaciyla, gelistirilen 6nermeler ve kavram haritalari fen egitimi alaninda
uzman akademisyenler ve 6gretmenler tarafindan incelenmis uzman goriisleri dogrultusunda gerekli
diizenlemeler yapilmistir. Bu siireg, testin hem kavramsal hem de metodolojik acidan gegerli ve
giivenilir olmasini desteklemistir.

b) Ogrencilerin Mevcut Kavram Yamilgilarinin Belirlenmesi

Isik konusuna yonelik alanyazin incelendiginde, bireylerde oldukc¢a yaygin alternatif kavramlarin
bulundugu goriilmektedir. Bu kapsamda, 6grencilerin sahip oldugu kavram yanilgilar1 derlenmis ve bu
derleme, test maddelerinin gelistirilmesi siirecinde rehber olarak kullanilmistir. Alanyazindan elde
edilen ve 6grencilerde siklikla gézlemlenen kavram yanilgilari, Ek 2°de detayli bir sekilde sunulmustur.
Bu adim, testin kavramsal gegerliligini saglamak ve 6grencilerin anlama diizeylerini dogru bir sekilde
Olcebilmek agisindan biiyiik 6nem tagimaktadir.

c) Testin Gelistirilmesi

Arastirma kapsaminda gelistirilen iki asamali kavramsal anlama testi, 6grencilerin kavramsal anlama
diizeylerini ve olast kavram yanilgilarini tespit etmek amaciyla iki agamall bir yapida tasarlanmugtir.
Testin birinci asamasi, her biri {i¢ segenekli coktan se¢meli sorulardan olusmaktadir. ikinci asamas ise,
birinci agamada segilen cevabin gerekcesini sorgulayan ve yine ii¢ segenekli olarak hazirlanan
sorulardan olusmaktadir. Bu yapi, 6grencilerin hem bilgi diizeylerini hem de bu bilgiyi nasil
yapilandirdiklarini anlamaya olanak tanimaktadir.

Testin gelistirilmesi siirecinde, oncelikle “i1s1gin madde ile etkilesimi” iinitesine yonelik kavram
yanilgilarin1 belirlemek amaciyla kapsamli bir literatlir taramas1 yapilmistir. Literatiirde belirlenen
kavram yanilgilarinin, ortaokul 7. stmif Fen Bilimleri Dersi Ogretim Programi (FBDOP) kazanimlari ile
uyumlu oldugu tespit edilmis ve bu yanilgilarin hangi ¢alismalarda rapor edildigi Ek 1’de detayli bir
sekilde sunulmustur. Testin birinci agamasini olusturan ¢oktan se¢meli sorular, literatiirde tespit edilen
kavram yanilgilar1 dikkate alinarak literatiirde tespit edilen yaygin yanilgilar temelinde 20 tanilayici
soru hazirlanmistir (Galili ve Hazan 2000; Chu vd., 2009; Sahin-Akyiiz ve Cil 2013;). Ayrica, testin
kapsam gegerliligini artirmak amaciyla her bir kazanim i¢in en az iki soru olusturulmasina 6zen
gOsterilmistir.

Bu baglamda gelistirilen iki agamali kavramsal anlama testindeki her bir sorunun ait oldugu Ek
3 de belirtke tablosu hazirlanmistir. Ayn1 zamanda test maddelerinin yenilenen Bloom taksonomisi
boyutlarina gére dagilimi Tablo 1°de gosterilmektedir.

Tablo 1. Kavramsal anlama testindeki sorularin yenilenen bloom taksonomisine yonelik dagilimi

Bilissel Siire¢ Boyutu

- - < . Yeniden
Bilgi Boyutu Hatirlama Anlama Uygulama Cozimleme Degerlendirme Olusturma/Yaratma
Olgusal
Kavramsal 1,2,6,9 10,11 19 8,
islemsel 3,4,5 7 12,13, 14 18
Ustbilissel 15, 16, 17 20
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c.1) Uzman Goriisiintin alinmast

Iki asamali kavramsal anlama testi hazirlandiktan sonra, testin kapsam gegerligi ve giivenirligini
saglamak amaciyla uzman goriislerine bagvurulmustur. Bu dogrultuda, test maddeleri; 6grencilerin
biligsel gelisim diizeylerine uygunluk, “Isigin Madde ile Etkilesimi” {initesinin kazanimlarin1 kapsama
durumu, kazanimlar1 6lgme yeterliligi, soru koklerinin ve ¢eldiricilerin bilimsel dogrulugu ve tutarlilig:
acisindan degerlendirilmistir. Test, 10 yillik mesleki deneyime sahip iki fen bilimleri 6gretmeni ile iki
farkli devlet iiniversitesinde gorev yapan iki fen egitimi alan uzmani tarafindan incelenmistir.
Uzmanlardan elde edilen veriler dogrultusunda gerekli diizenlemeler yapilmis ve test maddeleri hem
O0grenme kazanimlariyla olan uyum hem de anlagilirlik diizeyi acisindan revize edilmistir. Uzman
goriisleri arasinda %90 oraninda uyum yiizdesi saglanmis olup bu durum, testin kapsam gecerligi
acisindan yeterli diizeyde oldugunu gostermektedir. Ayrica, testin dilsel dogrulugu ve anlasilirligint
degerlendirmek amaciyla bir Tirkge egitimi uzmanmnin gorisiine basvurulmus ve Oneriler
dogrultusunda dilsel diizenlemeler gergeklestirilmistir.

Uzman goriisleri sonrasinda iki asamali kavramsal anlama testi yeniden diizenlenmis ve yapilan
degisikliklerden bazi 6rnekler asagida verilmistir.

151k kaynag

gozlemci

Sekilde gibi giin boyu 1sik acik birakiliyor ve durum sonucunda 1sik isinlartile ilgili asagidakilerden
hangisi soylenebilir?
A) Isik Isinlar ampuliin (zerinde kalir.
B) Resimdeki cocuga kadar gelehilir daha fazla ilerleyemez.
*C) Isik 1sinlari bir cisme carpana kadar ilerler.
Cevabi se¢gmemin sebebi su:
*1. Isik 1sinlart ampulden her yone dogru hareket eder.
1. Istk gtin boyunca hig hareket etmez. (Kagan, 2008}
11l Isik geceleri glindiuze gore daha uzaga gider. (Kacan, 2008)

Sekil 2. Ornek uzman gériisii sonras diizeltme.

Resimde yer alan ¢ocugun da bir cisim olarak kabul edilebilecegine yonelik olas1 kavram yanilgilarini
onlemek amaciyla, gorsele ek olarak bagka bir sekil daha eklenmis ve boylece dgrencilerin ‘cisim’
kavramini yalnizca canli varliklarla sinirli diislinmelerinin 6niine gecilmek istenmistir. Uzman gorisleri
dogrultusunda revize edilen iki agamali kavramsal anlama testinin son hali, pilot uygulama asamasina
gecilmeden Once 7. smif diizeyindeki 10 6grenciye uygulanmistir. Bu uygulama, test maddelerinin
anlagilabilirligi, yazim hatalar1 ve uygulanabilirligi agisindan 6grenci geri bildirimlerinin alinmasini
amaclamustir. Ogrencilerden alman geri bildirimler dogrultusunda, testteki sorularin genel olarak
anlagilir oldugu, 6grencilerin sorular1 okurken herhangi bir zorluk yasamadiklar1 ve anlamadiklari bir
nokta olmadigi tespit edilmistir. Bu bulgular, testin dilsel agidan uygun ve &grencilerin bilissel
diizeylerine uygun oldugunu goéstermektedir.

¢.2) Pilot uygulamanin gergeklestirilmesi

Geligtirilen iki asamali kavramsal anlama testi, gegerlik ve giivenirlik analizlerinin yapilabilmesi
amaciyla belirlenen bir 6rneklem grubuna uygulanmistir. Uzman goriisleri dogrultusunda revize edilen
test, 2023-2024 egitim-6gretim yilinin ikinci doneminde toplam 150 yedinci ve sekizinci sinif 6grencisi

International Journal of New Trends in Arts, Sports &Science Education 39



}\.. ‘?I TASE ISSN: 2146 - 9466
AT J WWW.ijtase.net

International Journal of New Trends in Arts, Sports &Science Education — 2025, volume 14, issue 2

tizerinde pilot uygulamaya tabi tutulmustur. Uygulama sonrasinda elde edilen veriler (izerinde
istatistiksel analizler gerceklestirilmis ve testin gecerlik-giivenirlik katsayilar1 hesaplanmistir.

Verilerin Analizi

Iki asamal1 kavramsal anlama testinin giivenirlik ¢alismalar1 kapsaminda, testin iki asamali yapis1 goz
onlinde bulundurularak 6ncelikle birinci asamadaki ¢oktan se¢meli sorulara iliskin madde analizi ve
KR-20 i¢ tutarlilik glivenirlik katsayis1 hesaplanmistir. Test maddelerinin giicliik indeksleri birbirinden
farklilik gosterdiginden, klasik test kuramina dayali i¢ tutarlilik analizinde KR-20 degeri tercih
edilmistir (Can, 2017). Bunun yan sira, testin birinci ve ikinci agamalart birlikte degerlendirilerek elde
edilen veriler {izerinden Cronbach Alpha giivenirlik katsayis1 hesaplanmis ve iki agamali yapimnin genel
tutarliligt incelenmistir. Arastirma kapsaminda gelistirilen Kavramsal Anlama Testinin yap1
gecerliligini degerlendirmek amaciyla dogrulayici faktoér analizi (DFA) uygulanmistir. Analizler
AMOS 17 programi kullanilarak gergeklestirilmis ve testin kuramsal olarak ongorilen (¢ faktorli
yapisal modelinin veriyle uyum diizeyi incelenmistir. Ayrica, testin O0lgme giivenirligini daha
derinlemesine degerlendirmek amaciyla, madde diizeyindeki uygunluk ve ayirt edicilik diizeylerini
ortaya koymak (izere Rasch modeli ile analiz gergeklestirilmistir. Rasch analizi, testin yapisal gegerligi
ve maddelerin dlgege uygunlugu agisindan ek bulgular sunarak, testin psikometrik 6zelliklerinin daha
kapsaml1 sekilde degerlendirilmesine katki saglamustir. Iki asamali kavramsal anlama testinin birinci
asamasindan elde edilen verilerin analizinde, dogru yanitlar 1 puan, yanlis ve bos yanitlar ise 0 puan
olarak kodlanmustir.

Tablo 2. Kavram 6grenme diizeyi degerlendirme kriterleri ve puanlama sistemi.

Puan Kategori Degerlendirme Kriterleri

0 Cevap Yok Katilimei herhangi bir cevap vermemistir

0 Isaretleme Yapilmamis/Gegersiz Coklu secenek isaretlenmistir (gegersiz cevap)
1 Tek Dogru Cevap Yalnizca bir dogru cevap verilmistir

1. Rasch Analizi ile Yapisal Degerlendirme

Olgme aracinin psikometrik dzelliklerini incelemek amaciyla Rasch analizi uygulanmistir. Bu analiz
kapsaminda, testin tek boyutlulugu gesitli istatistiksel yontemlerle incelenmis ve 6l¢iim modeline
uygunlugu degerlendirilmistir. Kisi-madde uyum istatistikleri, givenilirlik analizleri ve gérsellestirme
teknikleri kullanilarak elde edilen bulgular sunulmustur. Ayrica, standartlastirilmis analizler yardimiyla
6lgegin ¢ok boyutlu yapist arastirilmstir.

2. Olgegin Gegerliligine iliskin Bulgular

Olgegin gecerligini incelemek iizere kapsamli faktdr analizleri gerceklestirilmistir. A¢imlayici faktor
analizi sonuglari, 6lgegin temel yapisini ortaya koymak i¢in kullanilmigtir. Verilerin analize uygunlugu
cesitli istatistiksel testlerle dogrulanmus ve faktor yapisi detayli sekilde incelenmistir. Faktorler
arasindaki iligkiler, korelasyon analizleriyle degerlendirilerek Olgegin yapisal biitlinliigli hakkinda
bilgiler sunulmustur.

3. Olgegin Giivenirligine fliskin Bulgular

Olgegin giivenilirligini belirlemek amaciyla i¢ tutarhilik analizleri yapilmistir. Farkli istatistiksel
yontemler kullanilarak hem Olgegin geneli hem de alt boyutlart icin giivenilirlik degerleri
hesaplanmugtir. Ayrica, dogrulayici faktor analizi ile 6nerilen modelin uyum degerleri incelenmis ve
0lcegin gegerli yapisi ¢esitli uyum indeksleriyle desteklenmistir.

Bu sistematik sunum, Olgme aracimin psikometrik Ozelliklerinin  kapsamli bir sekilde
degerlendirilmesine olanak saglamis ve arastirma bulgularinin agik ve anlagilir bir bigimde
aktarilmasin1 desteklemistir. Her bir analiz yontemi, 6lgegin farkli boyutlarimi incelemek amaciyla
0zenle secilmis ve titizlikle uygulanmistir. Toplanan veriler oncelikle Rasch analizine tabi tutulmus,
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boylece 6lcegin boyutsal yapisi degerlendirilmistir. Ardindan, veriler SPSS 20 programina aktarilmis
ve gerekli istatistiksel igslemler i¢in hazir hale getirilmistir. Elde edilen bulgular, aragtirmanin amacina
uygun olarak {i¢ alt baglik altinda sistematik bir bi¢imde sunulmustur.

Pilot uygulamadan elde edilen veriler tizerinde madde analizi yapilarak, testteki maddelerin madde
giicliik indeksi (p) ve madde ayirt edicilik indeksi (d) degerleri hesaplanmistir. Bu hesaplamalar igin
Ogrenci puanlar biiyiikten kiigiige dogru siralanmis ve 6grenci sayisinin %27’si kadar alt ve iist gruplar
olusturulmustur. Alt ve iist gruplar belirlendikten sonra, madde gii¢liigii (p = (Dii + Da) / 2N) ve madde
ayirt ediciligi (d = (Dii - Da) / N) formiilleri kullanilarak analizler ger¢eklestirilmistir. Bu formiillerde;
p: madde gii¢liigii, d: madde ayirt ediciligi, Dii: maddeyi dogru cevaplayan iist grup 6grenci sayisi, Da:
maddeyi dogru cevaplayan alt grup Ogrenci sayist ve N: toplam 6grenci sayisini ifade etmektedir
(Baykul, 2021; Gonen, Kocakaya, & Kocakaya, 2011; Ozgelik, 2010).

Tiim bu analizlerin yani sira, testin dl¢tiigli yapinin tek boyutlu olup olmadigini belirlemek ve dlgme
aracinin madde performanslarint daha ayrtili bi¢imde degerlendirmek amaciyla Rasch modeline
dayali boyut analizi gerceklestirilmistir. Bu analiz ile testin yapisal gecerligi desteklenmis ve madde
uyum indeksleri incelenerek 6lgme aracinin psikometrik 6zellikleri giiglendirilmistir.

BULGULAR
Calismanin bulgulari ii¢ temel boliim halinde yapilandirilarak sunulmustur:
1) Rasch ile boyut analizi

Bu ¢aligmada, kavramsal anlama testinin boyutlarini incelemek amaciyla Rasch modeli temel alinarak
cok boyutlu analiz yontemleri kullanilmistir. Rasch analizi, verilerde gdzlemlenen yanit deseninin,
modelin bekledigi teorik desene karsilik gelip gelmedigini degerlendirerek verilerin modelle uyusup
uyusmadigini test etmektedir (Tennant ve Conaghan, 2007). Ayni1 zamanda analiz siirecinde, testin tek
boyutlu olup olmadigi veya birden fazla boyuta sahip olup olmadigi, standartlagtirilmis artik varyans
ve temel bilesenler analizi (PCA) ile incelenmistir.

Rasch analizinden elde edilen sonucglara gére model veri uyumunun saglanmasi ile ilgili olarak iki
asamali kavramsal anlama testinde bulunan 20 maddeyi cevaplayan 107 6grenci igin Ozet istatistikler
Tablo 3’te gosterilmektedir.

Tablo3. Kisi ve madde olgtimlerine iliskin betimleyici istatistikler ve rasch analizi sonuglari.

o - Ham Rasch Uyum Uyum Ayiricihk Guvenilirlik
Olglim Tard Puan SD Puam 4 ici Dis1 (S) (R)

Kisi

Olgumleri 60.0 9.2 54.53 5.40 1.02 0.99 1.49 .69
(N=107)

Madde

Olgumleri 320.9 52.6 50.00 4.32 1.01 0.99 4.12 .94

(N=20)

Tablo 3’te goriildiigii gibi Rasch kisi giivenirligi .69 olarak hesaplanmigtir. Rasch kisi giivenirligi,
kisilerin 6l¢iim siireci boyunca tahmini konumlarma (lokasyonlarina) dayali olarak hesaplanir. Bu
deger, Cronbach’s Alpha katsayisina benzer bir sekilde 6l¢tim tutarliligini gdsterir; ancak genellikle
Cronbach’s Alpha'dan daha diisiik ¢ikar. Bunun nedeni, Rasch giivenilirlik hesaplamalarinin ug
degerleri (asir yiiksek veya diislik puanlar) igermemesidir. Bu durum, 6l¢iimiin daha hassas ve gergekgi
bir sekilde degerlendirilmesini saglar (Bond & Fox, 2007; Linacre, 2014).

Madde giivenirligi ise .94 olarak hesaplanmistir. Bu yiiksek deger, maddelerin i¢ tutarliliginin ¢ok iyi
oldugunu ve 8lgme aracinin giivenilir bir sekilde ¢aligtigin1 gosterir. Ig tutarlilik, maddelerin ayn1 yapiy1
ol¢tiigiinti ve birbiriyle uyumlu oldugunu ifade eder (Bond & Fox, 2007).
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Uyum ig¢i (infit) ve uyum dis1 (outfit) istatistikler incelendiginde, bu degerlerin 1'e yakin olmasi, veri
toplama aracinin uygulandigi 6rneklemle uyumlu oldugunu gosterir. Ayrica, bu durum tiim maddelerin
ve yanitlayicilarin tek bir yapiy1 6l¢tiigiinii ve lgme aracinin gegerli oldugunu desteklemektedir (Bond
& Fox, 2007).

Kisi ve madde haritas1 (Wright Map), Rasch analizinde kisilerin yetenek seviyeleri ile maddelerin
zorluk seviyelerini aym &lgek lizerinde gosteren bir gorseldir (bkz. Sekil 2). Bu harita, kisilerin ve
maddelerin 6lgek iizerindeki konumlarini anlamak i¢in kullanilir. Bu ¢alismada, 107 kisi (person) ve 20
madde (item) iizerinde Rasch analizi gerceklestirilmistir. Analizler, WINSTEPS 4.8.2.0 yazilimi
kullanilarak yapilmistir. Kisi-madde haritas1 (Wright Map), 6l¢iim 6lgegi boyunca kisilerin yetenek
seviyeleri ile maddelerin zorluk seviyelerini ayni Olgek iizerinde gorsellestirmektedir. Bu harita,
kisilerin ve maddelerin Olgek iizerindeki konumlarini anlamak ve o6lgme aracinin gecerliligini
degerlendirmek i¢in kullanilmigtir (Bond & Fox, 2007).

Wright Map Haritasinda Kisi ve Madde Dagilinm

Wright Map haritasinda Kisi-madde haritasinda, 6l¢iim degeri (Measure) yiiksek olan kisiler ve
maddeler Ustte, diisiik olanlar ise altta yer almaktadir. Bu dagilima gore:

Yiksek ol¢iim degerine sahip kisiler (0rnegin, 60 ve iizeri), daha yetkin veya giiclii yanitlar vermis
olarak degerlendirilmistir. Bu kisiler, 6lgegin iist kisimlarinda yer alan daha zorlu maddelere basariyla
yanit verebilmistir.

Diisiik 6l¢iim degerine sahip kigiler (6rnegin, 50 ve alt1), gorece daha az basarili veya diisiik yeterlilik
diizeyine sahip olarak degerlendirilmistir. Bu kisiler, genellikle 6l¢cegin alt kisimlarinda yer alan daha
kolay maddelere yanit verebilmistir.

Wright Map Haritasinda Maddelerin Zorluk Seviyeleri

Maddeler, S1, S2, ..., S20 seklinde kodlanmustir ve Olgiim Slgegi boyunca belirli degerlerde
yerlestirilmistir. Ornegin:

S15 ve S17 maddeleri, 58 oOlgim degerinde yer alarak goérece daha zorlu maddeler olarak
siniflandirilmigtir.

S9 maddesi, 48 ol¢lim degerinde yer alarak orta diizeyde bir zorluk seviyesine sahiptir.
S1 maddesi, 43 dl¢lim degerinde yer alarak daha kolay bir madde olarak degerlendirilmistir.

Kisi-madde haritas1 (Sekil 2), maddelerin zorluk seviyeleri hakkinda net bir fikir verirken, 6l¢me
aracinin farkli yetenek diizeylerindeki kisileri ayirt etme konusunda etkili oldugunu gostermektedir.
Haritaya gore, daha istte yer alan kisiler (yiiksek yetenek seviyesine sahip olanlar) zorlu maddelere
basariyla yanit verebilirken, daha altta yer alan kisiler (diisiikk yetenek seviyesine sahip olanlar)
genellikle daha kolay maddelere yanit verebilmistir. Bu uygunluk, 6lgme aracinin gegerli ve kullanisl
oldugunu desteklemektedir.

Rasch analizinde, olgegin tek boyutlu olup olmadigmi test etmek i¢in standartlastirilmis artik
varyans analizi (standardized residual variance analysis) yapilir. Bu analiz, 6lgegin tek bir yapiy1 dl¢iip
6lcmedigini belirlemeye yardimci olur. Yapilan analiz sonucunda, toplam varyansin %30.1'i dlgtimler
tarafindan acgiklanmistir. Bu, 6lgegin 6lgmek istedigi yapiy1 kismen agikladigini gostermektedir. Ancak,
aciklanamayan varyansin %69.9 olmasi, Glgegin tek boyutlulugunu sorgulatmaktadir. Bu durum,
Olcegin birden fazla boyutu oOlgliyor olabilecegine isaret etmektedir. Ayrica, PCA (Principal
Component Analysis) kontrastlar1 kullanilarak, 6lgegin tek boyutlulugu daha detayli incelenmistir. ik
kontrastta acgiklanamayan varyansin %8.2 olmasi, 6lgegin tek boyutlulugunu destekleyen bir bulgu
olarak yorumlanabilir. Ancak, ikinci ve {iglincii kontrastlarda a¢iklanamayan varyansin artmasi, 6lgegin
birden fazla boyutu 6lgiiyor oldugunu gostermektedir.
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a. Birinci Faktor

Birinci faktor, 6l¢egin ana boyutunu temsil eder. Bu faktorde, agiklanamayan varyansin %8.2 olmasi,
6l¢egin ana boyutunun gii¢lii oldugunu gostermektedir. Ancak, bu varyansin %11.8'e kadar ¢ikmasi,
6lcegin tek boyutlulugunu sorgulatmakta birden fazla boyutunun olabilecegini gostermektedir.

b. ikinci ve Uciincii Faktiorler

Ikinci ve {iciincii faktdrlerde agiklanamayan varyansin sirasiyla %6.4 ve %S5.7 olmasi, dlcegin ek
boyutlarinin da 6nemli oldugunu gdstermektedir. Bu bulgular, dlgegin birden fazla boyutu 6l¢iiyor
olabilecegine isaret etmektedir. Ozellikle, ikinci ve iigiincii kontrastlarda yiiksek korelasyonlarin
bulunmasi, bu boyutlarin dlgegin yapisinda 6nemli bir rol oynadiginmi diisiindiirmektedir. Bu verilere
gore kavramsal anlama testi 6l¢ceginin birden fazla boyuta sahip oldugunu elde edilen PCA analizlerine
gore Olgegin 3 boyutta oldugunu gostermektedir. Bu dogrultuda kavramsal anlama testi 6lgeginin 3
boyutta incelenerek 3 faktor altinda sorular analiz edilmistir. 1. Faktor Isigin sogurulmasi 2. Faktor
Aynalar 3. Faktor ise 1s18in kirilmasi ve mercekler olarak agiklanmustir.

2) Olgegin Gegerligine iliskin Bulgular

Bu boliimde iki asamali kavramsal anlama testi 6lgeginin gelistirilmesi siirecine iliskin agimlayici ve
dogrulayici faktor analizleri ile giivenirlik analizlerinin bulgular1 sunulmustur.

Acimlayict faktor analizinde 6nce, orneklem biiyiikliigliniin faktorlestirmeye uygun olup olmadigin
belirlemek igcin KMO (Kaiser-Meyer-Olkin) testi uygulanmistir. Analiz sonucunda KMO
degerinin .695 ¢iktig1 goriilmiistir. KMO katsayisinin .60 ile .70 arasinda olmasi, Orneklem
biiyiikliigliniin "orta diizeyde uygun" oldugunu gostermektedir (Sencan, 2005; Tavsancil, 2005). Diger
yandan, verilerin faktor analizine uygun kabul edilebilmesi i¢in Bartlett testi sonucunun anlamli olmasi
gerekmektedir (Blyiikoztiirk, 2003; Field, 2005; Sencan, 2005; Tavsancil, 2005). Olgegin Bartlett
kiiresellik testi sonuglari (¥*(91) =250.563; p <.001) anlamli bulunmustur. Elde edilen bu degerler, veri
setinin faktorlestirmeye uygun oldugunu gostermektedir. Bu sonuglara gore, 6rneklem biiyiikliigiiniin
faktor analizi i¢in orta diizeyde uygun oldugu ve verilerin faktor analizi yapmaya elverisli oldugu
sonucuna varilmustir.

Faktor analizi, birbirleriyle iligkili ¢ok sayida degiskeni daha az sayida yeni faktorler altinda
gruplayarak, degisken sayisini azaltmayi amaglayan bir istatistiksel tekniktir (Ural & Kilig, 2006;
Cokluk, Sekercioglu, & Biiyiikoztiirk, 2010). Bu analiz, 6l¢ek maddelerinin altinda yatan temel yapiy1
ortaya ¢ikarmak ve bu yapiyr daha anlamli ve yorumlanabilir hale getirmek icin kullanilir. Bu
calismada, faktor analizi Temel Bilesenler Analizi (Principal Component Analysis- PCA) ve Varimax
Dondurme (Varimax Rotation) teknikleri kullanilarak gergeklestirilmistir. Temel Bilesenler Analizi,
degiskenler arasindaki varyansi maksimize ederek, veri setinin temel bilesenlerini ortaya gikarmay1
hedefler. Varimax dondurme ise, faktor yuklerini daha net ve yorumlanabilir hale getirmek igin
kullanilan bir déndiirme teknigidir. Bu teknik, faktorlerin birbirinden bagimsiz olmasini saglayarak, her
bir maddenin hangi fakt6ére daha giiclii bir sekilde yiliklendigini belirlemeye yardimei olur (Field, 2005;
Tavsancil, 2005).

Faktor yiikleri .40'n tizerinde olan maddeler dikkate alinmis ve bu kriteri karsilamayan maddeler
analizden ¢ikarilmistir. Faktor yiik degerinin 0.40 ve iistii olmas1 madde se¢imi igin iyi bir olgiit kabul
edilmektedir (Nunnally ve Bernstein, 1994. Baz1 maddelerin bilesenler matrisindeki faktor yiiklerinin
0.30°dan kiiciik olmas1 veya farkli faktdrlerde yer alan yiiklerinin arasindaki farkin 0.10’dan kiigiik
olmasindan dolay1 bu maddeler ¢ikarilmis ve analiz tekrar edilmistir (Cokluk, Sekercioglu ve
Biiyiikoztiirk, 2012). Elde edilen faktor yiikleri, .508 ile .637 arasinda degismekte olup, bu degerler
Olcek maddelerinin faktorlere yeterli diizeyde yiiklendigini gostermektedir (Nunnally ve Bernstein,
1994). Yap1 gegerliligini bozan maddeler atildiktan sonra faktor yiikleri tekrar hesaplanmis, elde
edilen dik dondiiriilmiis (varimax) bilesen matrisi (faktor analizi sonuglar1) Tablo 4’te sunulmustur.
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Tablo 4. Olgegin faktdr analizi sonuglar1 ve aciklanan varyans degerleri.
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Rlﬂoadde Faktorl  Faktor2  Faktor3 \O/;i‘,';ns géger ‘(f;j;)kla“a“ Varyans
S1 .566 - - .360 3.338 23.844
S2 701 - - 574 1.450 10.358
S3 .628 - - .570 1.368 9.770
S6 .589 - - 497 1.073 7.665
S7 .528 - - .397 0.994 7.101
S8 - .613 - 478 0.952 6.798
S10 - 441 - .266 0.915 6.536
S12 - 529 - 440 0.779 5.563
S14 - .613 - 434 0.605 4.319
S19 - 537 - .322 0.356 2.543
S13 - - .640 470 0.721 5.149
S15 - - .802 .659 0.549 3.923
S16 - - 447 .316 0.464 3.314
S20 - - 579 372 0.436 3.115
Toplam Aciklanan Varyans: %43.973

Faktor analizi sonucunda, 6z degeri 1’den biiyiik ii¢ faktdr altinda toplandigi, bu faktorler toplam
varyansin %43.973'linl agiklamaktadir. Cok boyutlu 6l¢eklerde varyansin %40 ile %60 arasinda olmasi
yeterli goriilmektedir (Tavsancil, 2005). Bu sonuglar 6lgek icin toplam varyansin yeterli oldugunu
gostermektedir. Yapilan analizler sonucunda faktor yiikleri, 6zdegerler ve varyanslar dikkate
alindiginda, 6lcegin 3 faktorlii bir yapiya sahip oldugu sonucuna varilmistir. Her bir faktor i¢in Tablo
2’de verilen madde ifadeleri g6z 6niine alinarak Faktor 1: Isigin Sogurulmasi, Faktor 2: Aynalar, Faktor

3: Is1gin Kirilmasi ve Mercekler olarak isimlendirilmistir.

Faktorlerin birbirleriyle ve olgegin kendisiyle iliskilerini incelemek i¢in Pearson Kolerasyonu
degerlerine bakilmistir (Tablo 5).

Tablo 5. iki asamali kavramsal anlama testi faktorleri arasindaki pearson korelasyon katsayilari.

Degiskenler Olgek Falftérl:“ Faktor:2 Fatdbr 3:
Isigin Sogurulmasi Aynalar Isigin Kirilmasi ve Mercekler
Olgek — .154* .703*
Isigin Sogurulmasi .154* — .343*
Aynalar .688* .365* .322*
Isigin Kirillmasi ve Mercekler .703* .343* —

Not. *p < .01
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Tablo 5’te goriildiigii gibi, tiim faktorlerin birbirleriyle ve 6lgegin geneliyle anlamli diizeyde pozitif
yonde iliskili oldugu goriilmektedir (Biiyiikoztiirk, 2002). Faktorler arasindaki korelasyon
degerleri .322 ile .754 arasinda degismektedir.

3) Olgegin Giivenirligine Iliskin Bulgular

Bu boliimde, gelistirilen dlcegin giivenirlik analizlerine iliskin bulgular sunulmustur. Olgegin
giivenirligini degerlendirmek amaciyla Cronbach’s Alpha i¢ tutarlilik katsayis1 hesaplanmis ve madde
analizleri yapilmustir.

Asagida, 14 maddelik kavramsal anlama testine ait giivenirlik analizi sonuglar1 Tablo 6 da sunulmus ve
yorumlanmistir. Analizler, testin i¢ tutarliligini degerlendirmek amaciyla Cronbach's Alpha katsayisi
kullanilarak gergeklestirilmistir.

Tablo 6. 14 Maddelik kavramsal anlama testinin giivenirlik analizi sonuglari.

Olgek/Faktorler Cronbach's o Madde Sayisi Yorumlama

Tum Test (14 Madde) 0.739 14 Kabul edilebilir diizeyde giivenilir (a > .70)
Isigin Sogurulmasi 0.640 5 Sinirda kabul edilebilir (a = .60)

Aynalar 0.581 5 Diisiik giivenilirlik (o < .60)

Isigin Kirilmasi ve Mercekler 0.566 4 Disiik giivenilirlik (o < .60)

Olgegin psikometrik 6zelliklerini degerlendirmek amaciyla yapilan i¢ tutarlilik analizleri sonucunda,
14 maddeden olusan Glgegin tamami icin Cronbach's alpha katsayisi .739 olarak hesaplanmistir. Bu
deger, ol¢egin genelinde kabul edilebilir diizeyde bir i¢ tutarliliga sahip oldugunu goéstermektedir (o >
.70).

Faktor bazinda yapilan analizlerde ise su sonuglar elde edilmistir:

Faktor 1 (S2, S3, S6, S1, S7 maddelerinden olusan "Isigin Sogurulmasi" alt boyutu) i¢in hesaplanan
Cronbach's alpha degeri .640 olarak bulunmustur. Bu sonug, alt boyutun sinirda kabul edilebilir diizeyde
bir i¢ tutarliliga sahip oldugunu gostermektedir (Tabachnick ve Fidell, 2007).

Faktor 2 (S14, S8, S19, S12, S10 maddelerinden olusan "Aynalar" alt boyutu) i¢in i¢ tutarlilik katsayisi
.581 olarak hesaplanmistir. Bu deger, alt boyutun i¢ tutarlilik diizeyinin kabul edilebilir sinirlarin altinda
kaldigimi gostermektedir.

Faktor 3 (S15, S13, S20, S16 maddelerinden olusan "Isigin Kirilmasi ve Mercekler" alt boyutu) igin
ise Cronbach's alpha degeri .566 olarak bulunmustur. Bu sonug, alt boyutun da yeterli i¢ tutarlilik
diizeyine ulasamadigin1 gostermektedir.

Arastirma kapsaminda gelistirilen Kavramsal Anlama Testinin yap1 gegerliligini belirlemek amaciyla
dogrulayici faktor analizi (DFA) uygulanmistir. DFA sonuglari, 6lgme aracinin "Isigin Sogurulmasi”,
"Aynalar" ve "Isigin Kirllmasi ve Mercekler" olmak iizere {i¢ faktérden olusan yapisal modelinin
veriyle istatistiksel olarak anlamli ve uyumlu oldugunu gostermektedir (Sekil 3) Analizler AMOS 17
programi aracilifiyla gergeklestirilmistir ve bu analiz yontemi, gézlenen degiskenler ile kuramsal olarak
ongoriilen yapilar arasindaki iligkiyi test etmede etkili bir tekniktir (Brown, 2015).
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Sekil 3. Kavramsal anlama testine ait dogrulayici faktor analizi modeli.

Tablo 7. DFA’ya gore kavramsal anlama testi faktor yapisi ve standartlastirilmis yiik degerleri.

. Yik Ortalama Agiklanan
Faktor Maddeler Arahg Yuk Varyans
Is1gin Sogurulmasi S1, S2, S3, S6, S7 .62-.78 71 %58.3
Aynalar S8, S10, 512, 814, 5 g3 69 %52.7

S19
Isigin Kirilmast ve S13, S15, 516, 520 58-.81 72 %60.1

Mercekler

Not: Tiim yiik degerleri p <.001 diizeyinde anlamhdir.

Model yapisi ve faktor yiikleri incelendiginde (Tablo 7) Isigin Sogurulmasi faktorii S1, S2, S3, S6 ve
S7 maddelerinden; Aynalar faktorii S8, S10, S12, S14 ve S19 maddelerinden; Isigin Kirtlmasi ve
Mercekler faktorii ise S13, S15, S16 ve S20 maddelerinden olugmaktadir. Her bir madde, ait oldugu
faktore yiiksek ve anlamli faktor yiikleriyle baglanmis, ¢apraz yiiklenme gézlenmemistir. Bu durum,
her bir maddenin 6zgiil kavramlari temsil etme giiciiniin yiiksek oldugunu ve gecerliligini destekledigi
gostermektedir (Brown, 2015; Byrne, 2016).
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Tablo 8. Model uyum istatistikleri.

Uyum Indeksi Deger Kabul Kriteri Yorum

%2 (sd) 70.867 (69) p> .05 Uyumlu

¥/sd 1.027 <2 Mikemmel
RMSEA .016 <.08 Mikemmel
SRMR .013 <.08 Mikemmel
CFI .989 >95 Mukemmel
TLI .986 >95 Mukemmel
GFlI .920 >.90 Kabul edilebilir
AGFI 879 >.85 Kabul edilebilir

Modelin uyum iyiligi indeksleri incelendiginde (Tablo 8), Ki-kare degerinin anlamli olmadigi
goriilmektedir (y* = 70.867, sd = 69, p = .415). Ki-kare/serbestlik derecesi orani (3*/sd = 1.027) <2
kriterini karsilamakta ve bu durum modelin miikemmel uyum gosterdigine isaret etmektedir (Kline,
2016). RMSEA = .016 ve RMR = .013 degerleri, hata terimlerinin ¢ok diigiik oldugunu gostermekte;
GFI = .920, AGFI = .879, CFI = .989, TLI = .986 ve IFI = .990 degerleri ise modelin genel yapisal
uyumunun oldukga yiiksek oldugunu ortaya koymaktadir. Ozellikle CFI ve TLI gibi goreli uyum
indekslerinin .95 iizerinde olmasi, modelin gii¢lii bir yapiya sahip oldugunu gostermektedir (Hu ve
Bentler, 1999).

Modelin sadelik diizeyini yansitan PNFI = .555 ve PCFI = .750 degerleri, yapinin agiklayiciligr ile
ekonomiklik arasinda uygun bir denge sagladigin1 gostermektedir. Ek olarak, ECVI = 1.348; AIC =
142.867, BCC = 154.735 ve BIC = 239.089 degerleri, test edilen modelin daha az karmasik ve tercih
edilebilir oldugunu gostermektedir (Schumacker ve Lomax, 2010). Orneklem biiyiikliigiiniin
yeterliligini gosteren Hoelter indeksi, .05 diizeyinde 134 ve .01 diizeyinde 149 olarak bulunmustur. Bu
degerler, 6rneklem sayisinin modelin genel giivenilirligi acisindan yeterli oldugunu gostermektedir
(Hoelter, 1983).

Elde edilen bulgular, Kavramsal Anlama Testinin ii¢ boyutlu yapisinin kuramsal temele dayali olarak
gelistirildigini ve psikometrik agidan gegerli bir yap1 sundugunu ortaya koymaktadir. Dolayisiyla, testin
"Isigin Sogurulmasi”, "Aynalar" ve "Is1gin Kirilmasi ve Mercekler" kavramlarini biitiinciil ve giivenilir
bir sekilde 6l¢tiigli sdylenebilir.

TARTISMA, SONUC ve ONERILER

Bu aragtirmada, ortaokul 6grencilerinin “Isigin Madde ile Etkilesimi” (nitesine ydnelik kavramsal
anlamalarin1 ve sahip olduklar1 kavram yanilgilarim belirlemeye yonelik gecerli ve giivenilir bir iki
asamali kavramsal anlama testi gelistirilmistir. Testin gecerlik ve giivenirlik analizleri, 6l¢gme aracinin
fen egitimi alaninda kullanilabilecek nitelikte oldugunu ortaya koymustur. Elde edilen bulgular, testin
ii¢ faktorlii bir yapiya sahip oldugunu gostermektedir: "Isigin Sogurulmasi”, "Aynalar" ve "Isigin
Kirllmas1 ve Mercekler". Bu faktorler, 6grencilerin kavramsal anlayiglarini biitiinciil bir sekilde
degerlendirmeye olanak saglamistir. Gelistirilen kavramsal anlama testinin fen egitiminde 6grencilerin
kavramsal anlayislarini tanilamak ve Olgmek igin yeterli gegerlik ve giivenirlige sahip oldugunu
gostermektedir.

Bu ¢alismada gelistirilen iki asamali kavramsal anlama testinin gecerlik ve giivenirlik analizleri, 6lgme
aracinin psikometrik agidan giiclii bir yapiya sahip oldugunu ortaya koymustur. Rasch analizi
sonuglarina gére madde giivenirligi .94 gibi oldukcga yiiksek bir diizeyde bulunmus, bu durum test
maddelerinin i¢ tutarliliginin yiiksek oldugunu gostermistir. Bu bulgu, Bond ve Fox’un (2007) belirttigi
gibi, maddelerin dl¢tiigii yapiyla tutarli sekilde davrandigini ve testin glivenilir bir 6lgme araci oldugunu
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gostermektedir. Kisi giivenirliginin .69 diizeyinde kalmasi ise, Linacre’in (2014) vurguladig gibi,
bireyler arasi ayirt ediciligin daha fazla maddeyle gelistirilebilecegine isaret etmektedir.

Rasch analizinden elde edilen tek boyutluluk verileri, testin kismen bu varsayimi sagladigini ancak ii¢
ayr1 kavramsal boyutun “Isigin Sogurulmasi”, “Aynalar” ve “Isigin Kirilmasi1 ve Mercekler” daha
aciklayici bir yap1 sundugunu ortaya koymustur. Bu bulgu, 151k konusundaki kavramlarin birbirinden
bagimsiz degilse de pedagojik olarak ayri alt yapilar halinde ele alinmasi gerektigine iligkin alanyazinla
(Galili ve Hazan, 2000; Anil ve Kiigiikozer, 2017) ortiismektedir.

Acimlayict Faktor Analizi (AFA) ve Dogrulayict Faktor Analizi (DFA) sonuglari da testin i¢ faktorlii
yapisini giiclii bir sekilde destekleyerek, toplam varyansin %43.97sini agiklamigtir. Bu oran egitim
bilimleri alanindaki literatiirde yapisal gecerlilik agisindan yeterli kabul edilmektedir (Tavsancil, 2005).
Faktorler su sekilde adlandirilmstir:

1. Isigin Sogurulmasi (%23.84),
2. Aynalar (%10.36),
3. Isigin Kirilmasi ve Mercekler (%9.77).

Dogrulayic1 Faktor Analizi (DFA) bulgular ise, her bir maddenin yalnizca ait oldugu faktore yiiksek
ve anlamh yiiklerle baglandigi, ¢apraz yiiklemelerin gozlenmedigi ve bu durumun modelin teorik
yapisiyla Ortiistiigii tespit edilmistir. Bu baglamda, Acimlayici Faktdr Analizinde diisiik yiik degerine
veya ¢ift faktore yakin yiiklenen maddelerin elenmesiyle elde edilen daha net faktor yapisi, DFA
sonuglarinin gii¢lii uyum indeksleriyle (CFI = .989, RMSEA = .016, ¥*/sd = 1.027) desteklenmis ve
6lcegin ii¢c boyutlu yapisinin gegerli oldugu sonucuna ulasilmistir. Bu degerler, modelin teorik yapi ile
yiiksek diizeyde ortiistiigiinii ve 6lgegin gecerligini giiglii bicimde destekledigini ortaya koymaktadir
(Hu & Bentler, 1999; Brown, 2015).

Olgegin genel Cronbach's Alpha degeri .739 olup, kabul edilebilir bir i¢ tutarliliga isaret etmektedir.
Ancak alt boyutlara ait giivenilirlik degerleri daha diisiik ¢ikmustir (Aynalar: .581; Isigin Kirillmasi:
.566). Bu durumun baglica nedeni, her bir alt faktdrde yer alan madde sayisinin sinirli olmasi olabilir.
Literatiirde, ¢cok boyutlu yapilarda alt 6l¢eklerin giivenilirlik katsayilarinin daha diisiik olabilecegi
bildirilmistir (Tabachnick & Fidell, 2007).

Gelistirilen iki asamali yap1, 6grencilerin sadece dogru cevaba ulagsmalarini degil, ayn1 zamanda bu
bilgiye nasil ulastiklarini, sahip olduklar1 gerekgeleri ve akil yliriitme siireclerini de ortaya koymaktadir.
Bu yaklagim, Treagust (1988) ve Karatas, Kose ve Costu (2003) tarafindan gelistirilen iki asamali
testlerin iglevselligine yonelik bulgularla ortiismekte; tanilayici degerlendirme siireclerinde 6grencilerin
kavramsal yapilarinin daha derinlemesine analizine olanak tanimaktadir.

Ayrica, testin ¢ok boyutlu yapisinin teorik temellere dayanmasi ve bu yapinin empirik verilerle
desteklenmesi, kavramsal ogrenmenin alanlara 6zgli sekilde yapilandirilmasi gerektigi yoniindeki
yaklagimlar1 (Chi, Slotta & de Leeuw, 1994; Duit & Treagust, 2003) giiclendirmektedir. Ozellikle 15181n
sogurulmasi, yansimasi ve kirtlmasi gibi kavramlarin 6grenciler tarafindan farkli baglamlarda farkli
sekilde anlagildigi, 6nceki aragtirmalarda da rapor edilmigtir (Bacanak et al., 2012; Sahin Akyiiz ve Cil,
2013). Bu baglamda gelistirilen test, bu tiir kavram yanilgilarini tanimlama ve egitim siirecine yon
verme agisindan onemli bir arag islevi gérmektedir.

Sonug olarak, gelistirilen testin 6grencilerin kavramsal yanilgilarim tespit etmek, biligsel diizeylerini
anlamak ve fen dgretim programina uygun bir degerlendirme araci olarak kullanilmak agisindan etkili
oldugu ortaya konulmustur. Iki asamali yapisi sayesinde, yalnizca dogru bilgiye ulasilip ulasilmadigin
degil, ayn1 zamanda 6grencilerin bu bilgiyi hangi mantikla yapilandirdiklarini da belirlemeyi miimkiin
kilmaktadir. Bu 6zellikleriyle test, 6gretmenlerin egitim siire¢lerini daha nitelikli hale getirebilmelerine
onemli katkilar saglayabilecek niteliktedir.
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Sonug

Bu calisma kapsaminda, ortaokul 7. smif diizeyindeki &grencilerin "Isigin Madde ile Etkilegimi"
iinitesine iliskin kavramsal anlamalarini ve olasi kavram yanilgilarin1 belirlemek amaciyla iki agamali
bir kavramsal anlama testi gelistirilmistir. Testin gecerlik ve giivenirlik analizleri, 6lgme aracinin fen
egitimi alaninda kullanilabilecek nitelikte, giivenilir ve gegerli bir degerlendirme araci oldugunu ortaya
koymustur.

Gergeklestirilen kapsaml istatistiksel analizler sonucunda, testin ii¢ faktorli bir yapiya sahip oldugu
belirlenmistir. Bu faktorler “Isigin Sogurulmasi”, “Aynalar” ve “Isigin Kirllmas1 ve Mercekler” olarak
tamimlanmig; hem Acimlayic1 Faktor Analizi (AFA) hem de Dogrulayici Faktoér Analizi (DFA)
bulgulari, bu yapinin teorik temele uygun ve veriyle tutarli oldugunu gostermistir. DFA sonuglari,
modelin yiiksek diizeyde uyum sagladigint (CFI = .989, RMSEA = .016, y*/sd = 1.027) ve yapi
gecerliginin giiglii oldugunu ortaya koymustur.

Bununla birlikte, Rasch analizi testin madde gilivenirligini oldukea yiiksek diizeyde (.94) gostermis; kisi
giivenirligi ise orta diizeyde (.69) bulunmustur. Bu durum, testin maddelerinin kavramsal yapiy1
basariyla temsil ettigini, ancak bireysel ayirt ediciligin artirilabilmesi i¢in daha fazla madde ile
desteklenebilecegini gostermektedir.

Gelistirilen testin iki asamali yapisi, 6grencilerin yalnizca dogru bilgiye ulagsmalarimi degil, ayni
zamanda bu bilgiyi nasil yapilandirdiklarini da degerlendirme imkani1 sunmaktadir. Bu yoniiyle test,
ogretmenlere hem 6gretim oncesinde 6grencilerin 6n bilgilerini belirlemede hem de 6gretim sonrasinda
ogrenme eksiklerini tespit etmede islevsel bir tanilayici degerlendirme araci sunmaktadir. Ayrica,
Ogretim programlarinin degerlendirilmesi, kavram 6gretim stratejilerinin planlanmasi ve 6grencilerin
biligsel gelisim siireclerinin izlenmesi agisindan da 6nemli bir potansiyel tasimaktadir.

Sonug olarak, gelistirilen bu 6lgme araci, kavramsal anlama diizeylerini tanilamaya yonelik gecerli ve
giivenilir bir ara¢ olarak fen bilimleri Ogretmenleri ve arastirmacilari igin giliclii bir kaynak
niteligindedir. Ozellikle kavram yanilgilarinin erken tespiti ve giderilmesine yonelik siireglerde, testin
egitim-6gretim ortamina anlaml katkilar sunacagi degerlendirilmektedir.

Oneriler

1. Ogretim Siirecinde Kullamim: Gelistirilen test, fen bilimleri 6gretmenleri tarafindan 6gretim
oncesi ve sonrasinda tanilayici degerlendirme araci olarak kullanilabilir. Bu sayede 6grencilerin
On bilgileri ve kavram yanilgilari tespit edilerek 6gretim siireci buna gore sekillendirilebilir.

2. Madde Sayisimin Artirilmasi: Ozellikle "Aynalar" ve "Isigin Kirilmasi ve Mercekler" alt
boyutlarina ait madde sayis1 artirilarak giivenilirlik diizeyleri iyilestirilebilir. Ayrica, testin
bireysel ayirt ediciligini artirmak i¢in yeni maddeler eklenebilir.

3. Farkli Konu Alanlarina Uygulanmasi: Benzer iki agsamali testler, fen egitimindeki diger konu
alanlari i¢in de gelistirilebilir. Bu, kavram yanilgilarinin belirlenmesine yonelik sistematik bir
6lcme-degerlendirme yaklasimi sunacaktir.

4. Ogretmen Egitiminde Kullanim: Test, 6gretmen adaylarmin kavram yanilgilarini tanima ve
giderme becerilerini gelistirmek amaciyla hizmet dncesi egitim programlarinda kullanilabilir.

5. Uygulamanin Yayginlastirilmasi: Testin farkli 6rneklem gruplarina uygulanarak gecerlik ve
giivenirlik caligmalarinin tekrarlanmasi, 6lgme aracinin genellenebilirligini artirabilir.

Sonug olarak, bu galigma ile gelistirilen iki agamali kavramsal anlama testinin hem aragtirmacilar hem
de uygulayicilar i¢in etkili ve islevsel bir tanilayici 6lgme araci oldugu sdylenebilir. Kavram
yanilgilarinin belirlenmesi ve giderilmesine yonelik ¢abalarin, dgrencilerin fen okuryazarligina ve
bilimsel diisiinme becerilerine dogrudan katki sundugu goéz 6niinde bulunduruldugunda, bu tiir 6lgme
araglarinin egitimde yayginlagtirilmasi biiyiik nem tasimaktadir.
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Etik ve Cikar Catismasi

Bu calisma, Dokuz Eyliil Universitesi Egitim Bilimleri Enstitiisii Matematik ve Fen Bilimleri Egitimi
Anabilim Dali Fen Bilgisi Ogretmenligi doktora programinda yapilan “Yansitic1 Diisiinme ve Yazma
Uygulamalarinin Ortaokul Ogrencilerinin Kavramsal Anlamalarina, Ust Bilis ve Elestirel Diisiinme
Becerilerine Etkisi” baglikli tezden Uretilmistir. Yazarlar arastirmanin tiim slreclerinde etik kurallara
uygun davranildigini ve yazarlar arasinda herhangi bir ¢gikar ¢atismasinin olmadigini beyan eder.
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EXTENDED ABSTRACT

The purpose of this study is to develop a valid and reliable two-tier conceptual understanding test for
the 7th grade science unit “Interaction of Light with Matter” in order to assess middle school students’
conceptual understanding and identify their alternative conceptions. Science education plays a crucial
role in enabling students to make sense of the natural world, yet many abstract concepts, particularly
those related to light and optics, present persistent learning difficulties and misconceptions. The
literature indicates that students often struggle with concepts such as absorption, reflection, and
refraction of light, as well as image formation by mirrors and lenses, and they frequently demonstrate
alternative frameworks that hinder meaningful learning. For this reason, it is necessary to construct
diagnostic assessment tools that can systematically reveal these misconceptions and guide both
instructional practices and future research. In this study, the test development process was carried out
by adapting the stages proposed by Treagust (1988) and Baykul (2015), including the determination of
the content domain, identification of misconceptions from literature and student responses, item
construction, expert review, pilot implementation, and psychometric analyses. The research was
conducted with 107 students from public middle schools in Manisa, Turkey, during the 2023-2024
academic year. The test was designed in two tiers: the first tier consisted of multiple-choice items
measuring factual and conceptual knowledge, while the second tier required students to justify their
answers, thereby allowing an evaluation of both the correctness of their responses and the reasoning
underlying their choices. Statistical analyses were carried out using both classical and modern test
theories. Confirmatory Factor Analysis (CFA) and Exploratory Factor Analysis (EFA) indicated a
three-factor structure consisting of Absorption of Light, Mirrors, and Refraction of Light and Lenses.
Goodness-of-fit indices showed that the model provided a strong fit to the data (CFI = .989; RMSEA =
.016; ¢*/df = 1.027). In addition, Rasch analysis results revealed a high level of item reliability (.94) and
a moderate level of person reliability (.69). The overall Cronbach’s Alpha coefficient was calculated as
.739, indicating acceptable internal consistency. These findings demonstrate that the developed two-
tier test is a psychometrically sound instrument that can be used to measure students’ conceptual
understanding and to diagnose misconceptions with a high degree of accuracy. Unlike traditional
multiple-choice tests, the two-tier format not only identifies whether students select the correct answer
but also provides insight into how they structure and justify their reasoning, thereby offering richer
diagnostic information. The test is therefore valuable for teachers who aim to identify students’
preconceptions prior to instruction, to evaluate the effectiveness of teaching interventions, and to make
informed pedagogical adjustments. Moreover, it offers researchers a validated tool that can contribute
to the literature on diagnostic assessment, misconception research, and the development of reflective
teaching practices. By providing empirical evidence regarding the test’s validity and reliability, this
study fills an important gap in the field, as few conceptual understanding tests focusing specifically on
the “Interaction of Light with Matter” unit at the middle school level exist in the literature. In
conclusion, the test developed in this research provides both a theoretical and practical contribution to
science education by equipping educators and researchers with an effective instrument to identify
misconceptions, support meaningful learning, and enhance the quality of instruction in the teaching of
light-related concepts.
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Ek 1. 7. sinif “Isigin Madde ile Etkilesimi” iinitesine yonelik kavram haritasi.

401200

Saynkog W
unqing Jipsep \1 / aprep
doxsosin \ //

ACHFRLLILRUD) DLy »oouaW flJeusy uney
doysa)al / \

MNGe10
/ BR3P0 4pqei0

ApPWIO \
IpPWQ
f anjo dages
1pAe) yuay
lioyouxay a8163q
Hueua} 13 doxsajal \
/ Jnpounin \ angeynuminio s /
\ anpuenny ILep

1RO

\ \ 1zZiy 5|
injo asuisiBag
RUIO ey YUY //

Vi A

1Aek
euke Jmind weyo anpieh @)

\ 1seule ogeaen P e /

A an8NNo NoNUoS

anked apudy
ADRWIO D /.

nuky
g Iapjuay

P

1Isewninbos ubis)

v/ \ SN0 NOUOS 4NjO UBPRU BUISBUNIIS,  jninetenssey o)

A0p0JNL
1RO ARIO / / \ \
appep

I Uapan - isewisueA UG 4« o uspan

/I\
thsuz

55

International Journal of New Trends in Arts, Sports &Science Education



* “IJTASE

International Journal of New Trends in Arts, Sports &Science Education — 2025, volume 14, issue 2

ISSN: 2146 - 9466
Www.ijtase.net

Ek 2. Isigin madde ile etkilesimi tinitesi konulari ile ilgili literatiirde tespit edilen kavram yanilgilar

Bilimsel Alan/Konu

Alternatif Kavramlar (Yamlgilar)

Referanslar

Duzlem Aynalar

- Diizlem aynadaki goriintiide sag-sol degisimi olur.

- Goriintiiniin aynaya uzaklig1, cismin uzakligindan daha
buyuktar.

- Goriintli aynanin o6niinde olusur.

- GOruntl gergektir.

- Sanal gorintl duzdir ve cisimle ayn1 boydadir; gercek
goriintii ters olmalidir.

- Aynanin arkasinda goriintii olusmaz.

- GOriintii ters olusur.

- Gorlintli aynanin yiizeyindedir.

- Aynadan uzaklaginca goriintii kii¢iiliir, yaklaginca biiyiir.
- Ayna buytdikgce gorunti bayar.

- Gozlemci hareket edince gériintiiniin yeri ve boyu degisir.
- Gozlemci olmasa bile goriintii her zaman aynada vardir.
- Goriintliniin tiim 6zellikleri cisimle aynidir.

- Ayna boyutu biytikse cisim daha biylk gérunar.

Anil ve Kii¢iikozer
(2017, 2010);
Kocakiilah ve Demirci
(2010); Hapkiewicz
(1992); Unsal ve
Giines (2003);
Bouwens (1987);
Galili, Goldberg ve
Bendall (1991);
Osborne vd. (1993);
Topkaya (1996); Sen
(2003); Tashdere ve
Eryilmaz (2015);
Aydin (2007);
Kocakdilah (2006)

Cukur Aynalar

- Cukur aynalarda olusan goriintiiler daima gergektir.

- Sanal goriintii i¢in cisim tepe noktasi ile odak arasinda ve ters
olmalidir.

- Gorlintli aynanin yiizeyindedir.

Anil ve Kiiciikozer
(2017); Degirmenci,
Bacanak ve
Karamustafaoglu
(2012); Hapkiewicz
(1992)

Isigin Yayilmasi ve Gérme

- Gorme, 151k 1g1larinin cisimleri aydinlatmasiyla gerceklesir.
- Goriintii olusumu igin sadece ayna yeterlidir.

- Gozlemci olmasa bile goriintii aynada vardir.

- Isik kaynagindan ¢ikan 1ginlar cismin iizerine diiser ve
gerisinde goriintii olusur.

- Goriinti ile golge olay: karistirtlir.

Cokelez ve Ciftci-
Yasar (2015); Galili ve
Hazan (2000);
Kocakiilah ve Demirci
(2010); Anil ve
Kuglkozer (2010)

Renk ve Isik

- Beyaz renk, gozde 151n olusturdugu igin goriiniir.

- Acik renkli cisimler 15181 sogurdugundan karanlikta goriiliir.
- Prizma 15181 renklendirir.

- Renk, nesnelerin 6zelligidir; 1s1kla iliskisi yoktur.

- Renkli 151k nesnelerin goriiniimiinii etkilemez.

- Siyah ve beyaz birer renktir.

- Tiim renklerin birlesmesi siyahi olusturur.

- Cisimler sogurduklart 15181n renginde goriiniir.

- Beyaz cisimler renksizdir.

Uzoglu vd. (2013);
Unal Coban (2009);
Valanides ve Angeli
(2008); Feher ve
Meyer (1992); Sahin
Akyiiz ve Cil (2013)

- Isik hava olmayan ortamda yatay ilerler.

- Isik havadan cama gegerken kirilmaz.

- Sividaki kalemin kirik gériinmesi yansima nedeniyle olur.
- Is181n saydam ortamda yon degistirmesi yansimadir.

Blizak vd. (2009);
Srisawasdi ve

Isigin Kirilmasi ve . Kroothkeaw (2014);
Yansimasi Az kiricr ortamdan ¢ok kirici ortama gegen 151k normalden Tortop vd. (2007);
uzaklagr. Kaewkhong vd
- Kirilma indisi 151k hizina bagl degildir. (2010): A ?1111 ('2007)
- Isik hiz1, siddeti ve dalga boyu ortam degisse de sabittir. > Ay
- Is1gin frekansi ortamla degisir.
- Gokkusagi, Giines 15181n1n bulutlara diismesiyle olusur
(bulutlar prizma gibi davranir).
Gokkusag Olusumu - Yagmur damlalari plazma gibi davranir ve gokyiiziinde Bacanak vd. (2012)

yansir.
- Hava yogunlugunun degismesiyle olusur.
- Her yagmur damlasinin kiricilik indisi farklidir.
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Bilimsel Alan/Konu

Alternatif Kavramlar (Yamlgilar)

Referanslar

Is1gin Dogasi1 ve Yayilimi

- Isik sadece parcacik veya dalga-pargacik karigimudir.
- Isik dalgalari ile radyo dalgalar: farklidir.
- Isik hiz1 gece ve giindiiz farklidir.

- Isik hareketi, kaynagin hareketidir.

- Isik giindiiz/gece yayilmaz.
- Isik boslukta veya suda yayilmaz.
- Hava olmayan ortamda 151k yayilmaz.

Kagan (2008); Gilines
(2015)

Ek 3. Kavramsal anlama testi sorularinin konu, kazanim ve biligsel diizey dagilimi belirtke tablosu.

Kazamim - Soru .- ..
Kodu Ilgili Konu Kazanim Aciklamasi No Bilissel Diizey
Isi81m Isigin madde ile etkilesimi
F.7.5.1.1. Ssog“ rulmast sonucunda madde tarafindan 1 Anlama
gt sogurulabilecegini kesfeder.
Bevaz Isioin Beyaz 15181n tiim 151k renklerinin
F.7.5.1.2. cyaz i§1g bilesiminden olustugu sonucunu 2 Anlama
Bilesimi
cikarir.
. . Gozlemleri sonucunda cisimlerin
Cisimlerin siyah, beyaz ve renkli gériinmesinin Anlama
F75.13.  Renkli yah, beyaz | g 3,15 ¢
- . nedenini, 15181n yansimasi ve Cozumleme
Gorunmesi N Y A .
sogurulmasiyla iligkilendirir.
Giines Eneriisi Giines enerjisinin gilinliikk yasam ve
F.7.5.14. 3 BNel] teknolojideki yenilikgi 4 Anlama
Uygulamalar . .
uygulamalarina 6rnekler verir.
Giines Enerjisi Giines enerjisinden gelecekte nasil
F.7.5.1.5. Gelecek yararlanilacagina iligkin tirettigi 16 Goziimleme
Projeksiyonu fikirleri tartisir.
Ayna Cesitleri ve  Ayna ¢esitlerini gozlemleyerek Anlama
F.7.5.2.1. - . 6, 14
Kullanim kullanim alanlarina ornekler verir. Uygulama
A)ll/n_z_ila_r'da Diiz, gukur ve tumsek aynalarda 57, Anlama
F.7.5.2.2. Goruntl e et -
olusan goriintiileri karsilastirir. 18 Cozimleme
Olusumu
Ortam degistiren 15181n izledigi yolu
< gozlemleyerek kirilma olayinin 8,17, Degerlendirme
F.753.1 Isgm Kinlmast oy o ini ortam degisikligi ile 19 Coziimleme
iligkilendirir.
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Kazanim - Soru - ..
Kodu Ilgili Konu Kazanim Aciklamasi No Bilissel Diizey
Is1gin kirilmasini, ince ve kalin
F.7.5.3.2. Merceklerde kenarli mercekler kullanarak 9,10 Anlama /
Kirilma " Uygulama
deneyle gozlemler.
Merceklerin Ince ve kalin kenarli merceklerin
F.7533. Odak Noktas1 odak noktalarini deneyerek belirler. 1 Uygulama
Merceklerin Merceklerin giinlilk yasam ve 12 Uvaulama ve
F7534.  Teknolojik teknolojideki kullanim alanlarina ' Y9
.. . 20 Yaratma
Kullanimi ornekler verir.
Optik Arag Ayna veya mercekleri kullanarak bir 13, Uygulama
F.7.5.3.5. o
Tasarimi goriintiileme araci tasarlar. 20 Yaratma
International Journal of New Trends in Arts, Sports &Science Education 58



