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ABSTRACT

The primary goal of contemporary science education is to cultivate individuals capable of critical thinking and
scientific reasoning. Within this framework, conceptual understanding in chemistry extends beyond
algorithmic problem solving. It requires the ability to explain, relate, and justify chemical concepts across
different contexts. The present study aimed to examine the levels of conceptual understanding of fundamental
chemistry concepts among second-, third-, and fourth-year pre-service science teachers and to determine
whether these levels differ by grade level. The study was conducted using a quantitative, cross-sectional
survey design. Data were collected from 83 pre-service science teachers enrolled at a public university through
the Chemistry Concept Reasoning Test (CCRT). Descriptive statistics and non-parametric analyses were
employed to analyze the data. The findings revealed that the overall mean score was 9.30 (SD= 2.73) out of a
possible 38.5 points, corresponding to approximately 24% of the total score and indicating a low level of
conceptual achievement. The Kruskal-Wallis H test showed no statistically significant difference among grade
levels (H(2)=2.632, p=.268), and the effect size was negligible (n?, = .008). These results suggest that exposure
to chemistry coursework across grade levels does not automatically lead to meaningful improvements in
reasoning-based conceptual understanding. The study highlights the need for concept-based, model-oriented
instructional and assessment practices in teacher education programs.

Keywords: Chemistry education, conceptual understanding, fundamental chemistry concepts, pre-service
science teacher, reasoning
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Cagdas fen egitiminin temel amaci, elestirel distinebilen ve bilimsel akil yirtitme becerilerine sahip bireyler
yetistirmektir. Bu baglamda kimyada kavramsal anlama, algoritmik problem ¢dzmenin 6tesine gegmektedir.
Kavramsal anlama; kimyasal kavramlarin farkli baglamlarda agiklanabilmesini, iliskilendirilebilmesini ve
gerekgelendirilebilmesini gerektirmektedir. Bu galismada, fen bilgisi 6gretmenligi lisans programinda 6grenim
goren ikinci, Gglincl ve dordinci sinif 6gretmen adaylarinin temel kimya kavramlarina iliskin kavramsal anlayis
dizeylerinin incelenmesi ve bu diizeylerin sinif dizeyine goére farkhlagip farklilasmadiginin belirlenmesi
amagclanmistir. Arastirma nicel, kesitsel tarama deseninde yuritulmustar. Veriler, bir devlet Universitesinde
68renim goren 83 6gretmen adayindan Kimya Kavramlari Akil Yuritme Testi (CCRT) aracilhigiyla toplanmistir.
Verilerin analizinde betimsel istatistikler ve non-parametrik analizler kullanilmistir. Bulgular, 6gretmen
adaylarinin testten aldiklari ortalama puanin 38.5 lizerinden 9.30 (SS = 2.73) oldugunu ve bu degerin toplam
puanin yaklasik %24’tine karsilik geldigini géstermistir. Bu durum, kavramsal basari diizeyinin dusik oldugunu
ortaya koymaktadir. Kruskal-Wallis H testi sonuglari, sinif diizeyleri arasinda istatistiksel olarak anlaml bir fark
bulunmadigini gdstermistir (H(2)=2.632, p= .268). Etki biiyiikligii degeri ise ihmal edilebilir diizeydedir (n?, =
.008). Elde edilen sonuglar, sinif dizeyleri boyunca kimya derslerine maruz kalmanin akil yuriitmeye dayali
kavramsal anlayista kendiliginden ve anlamli bir gelisime yol agmadigini gostermektedir. Calisma, 6gretmen
yetistirme programlarinda kavram temelli, model odakli ve akil yuritmeye dayali 6gretim ve degerlendirme
uygulamalarinin gerekliligine dikkat gekmektedir.

Anahtar Kelimeler: Akil yuritme, fen bilgisi 6gretmen adayi, kavramsal anlayis, kimya egitimi, temel kimya
kavramlari
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Introduction

One of the primary goals of contemporary education
systems is to cultivate individuals who value scientific
knowledge, think critically, and are capable of generating
solutions to societal problems (Ayas & Ozmen, 2002; Ok,
2019; Yildinm & Dénmez, 2008). Within this framework,
science education plays a critical role in enabling
individuals to understand their environment, adapt to
scientific developments, and use technology effectively
(Calik, Ayas & Unal, 2006; Demirbas et al., 2011; Kunduz,
2013). Among the sub-disciplines of science, chemistry
stands out as a field that, despite its direct relevance to
everyday life, is difficult to learn due to its abstract and
multi-layered conceptual structure (Freire, Talanquer &
Amaral, 2019).

The goal of chemistry education extends beyond the
recognition of concepts, models, and theories; it requires
learners to construct meaning through reasoning,
modeling, and justification (Bodner, 1986; Bransford et
al.,, 1999). The nature of chemistry necessitates
understanding structures that cannot be directly
observed—such as atoms, molecules, and reactions—
thereby requiring learners to establish connections
among macroscopic, microscopic, and symbolic levels of
representation (Reid, 2000; Gkitzia et al., 2011; Kog,
2014). This representational complexity may lead to
fragmented and surface-level learning and may result in
persistent difficulties in understanding advanced topics
(Nakhleh, 1992; Demircioglu, Demircioglu & Ayas, 2006;
Yalgin-Celik et al., 2017).

In the chemistry education literature, conceptual
understanding is defined not merely as the ability to
define a concept or correctly apply a formula, but as the
capacity to explain and justify that concept across
different contexts (Nakhleh, 1992). Nurrenbern and
Pickering (1987) and Nakhleh (1992) demonstrated that
students may successfully solve quantitative problems
while failing to ground their solutions in conceptual
reasoning. This distinction has highlighted the difference
between  algorithmic  success and  conceptual
understanding. Traditional instructional approaches that
prioritize procedural knowledge may therefore limit the
development of conceptual reasoning (Nurrenbern &
Pickering, 1987; Nakhleh, 1992).

Such difficulties are not limited to students; they are
also evident among teachers and pre-service teachers.
The conceptual density of chemistry and the transitions
between macro- and micro-level representations require
strong chemical reasoning skills (Cardellini, 2012;
Kolomug & Tekin, 2011; Tlysiz et al., 2011). Teachers’
conceptual structures directly influence students’
learning processes (Wheeldon, 2012). For this reason,
the quality of conceptual learning within teacher
education programs is considered a critical determinant
of effective chemistry teaching.

Although numerous studies in the literature have
examined misconceptions and learning difficulties
related to fundamental chemistry concepts, relatively
few have investigated pre-service science teachers’

reasoning-based conceptual understanding of these
concepts across grade levels in a comprehensive manner.
In particular, evidence regarding how pre-service
teachers’ conceptual understanding evolves throughout
undergraduate education remains limited, pointing to an
important gap in evaluating the effectiveness of teacher
education programs. In this context, there is a need for
assessment tools capable of revealing conceptual
understanding not merely at the correct—incorrect level,
but in terms of reasoning and justification. Unlike
previous studies that primarily focused on students’
misconceptions or algorithmic performance, the present
study examines pre-service science teachers’ reasoning-
based conceptual understanding using a validated
instrument  specifically designed to  distinguish
conceptual reasoning from procedural success.
Furthermore, by comparing different grade levels within
a teacher education program, the study provides
empirical evidence regarding whether conceptual
understanding develops progressively throughout
undergraduate training. In this respect, the findings
contribute to the evaluation of teacher education
programs from a conceptual learning perspective and
offer implications for restructuring chemistry instruction
within such programs.

Purpose of the Study

The purpose of this study is to determine the levels of
conceptual understanding of fundamental chemistry
concepts among second-, third-, and fourth-year pre-
service science teachers enrolled in a science teacher
education undergraduate program. Conceptual
understanding was measured using a reasoning-based
assessment instrument, the Chemistry Concept
Reasoning Test (CCRT). In addition, the study aims to
examine whether these levels of conceptual
understanding differ significantly across grade levels.

1. What are the levels of conceptual understanding
of fundamental chemistry concepts among second-,
third-, and fourth-year pre-service science teachers
enrolled in a science teacher education undergraduate
program?

2. Is there a statistically significant difference in
the levels of conceptual understanding of fundamental
chemistry concepts among pre-service science teachers
at different grade levels?

Method

Research Design

This study was conducted to determine the levels of
conceptual understanding of fundamental chemistry
concepts, models, and theories among pre-service
science teachers enrolled in a science teacher education
undergraduate program, and to examine whether these
levels differ across grade levels. The study employed a
quantitative research approach using a descriptive
survey design with a cross-sectional comparative
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structure that allows for comparisons among grade
levels. Descriptive survey designs provide an appropriate
framework for studies that aim to describe existing
conditions as they occur and to examine differences
among variables within a defined population (Fraenkel &
Wallen, 2006). Accordingly, the pre-service teachers’
existing levels of conceptual understanding of chemistry
concepts were examined in their natural context,
without any experimental intervention.

Participants

The participants of the study consisted of a total of 86
pre-service science teachers enrolled in a Science
Teacher Education undergraduate program at a public
university in Turkiye during the spring semester of the
2024-2025 academic year. Of the participants, 36 were
second-year students, 22 were third-year students, and
28 were fourth-year students. Participation was
voluntary, and data were collected anonymously. To
ensure data confidentiality, participants were coded
using identifiers such as S-2-1, S-3-1, ..., S-4-12, where
the middle number indicates the participant’s grade
level. The research process was conducted in accordance
with ethical principles, ensuring the protection of
participants’ rights and the confidentiality of their data.
The sample size reflects the accessible population within
the teacher education program during the data collection
period, and all eligible pre-service teachers at the
relevant grade levels were invited to participate.
Although the study was conducted within a single
institutional context, such sampling is considered
appropriate for descriptive and non-parametric analyses,
which do not require large sample sizes or strict
distributional assumptions (Creswell, 2012; Fraenkel &
Wallen, 2006). Nevertheless, the findings should be
interpreted with caution regarding their generalizability
beyond similar institutional settings).

Data Collection Tools

The data collection tool used in this study was the
Chemistry Concept Reasoning Test (CCRT) developed by
Cloonan and Hutchinson (2011). The CCRT is designed to
assess conceptual understanding and scientific reasoning
related to fundamental concepts, models, and theories
commonly addressed in general chemistry courses. Rather
than measuring computation-based problem-solving skills,
the test consists of multiple-choice items that aim to
reveal students’ levels of logical justification, modeling,
and conceptual linkage in relation to chemical
phenomena. Although the CCRT employs a multiple-choice
format, it was specifically designed to assess a level of
thinking comparable to that measured by open-ended,
explanation-based questions (Cloonan & Hutchinson,
2011). In this respect, the instrument makes visible the
distinction between algorithmic success and conceptual
reasoning. The test covers core content areas in general
chemistry. These include atom—molecule theory and the
particulate nature of matter; atomic structure and periodic
trends; chemical bonding and molecular geometry; energy

and thermodynamic processes; gases and phase equilibria;
chemical equilibrium and reaction kinetics; and acid—base
and redox reactions. The reliability and validity of the test
were established through studies conducted at Rice
University. The Pearson correlation coefficients for the
two versions ranged from 0.639 to 0.717, indicating that
the test provides high validity and reliability in measuring
conceptual knowledge. The Turkish adaptation of Version
A of the original test was conducted with 368 university
students who had completed a General Chemistry course.
The results demonstrated a Pearson correlation coefficient
of .796, indicating a strong level of reliability. In addition to
this reliability evidence, the adapted version preserved the
original construct structure and the conceptual intent of
the items. Content and construct validity were supported
through expert review conducted by faculty members
specializing in chemistry education, as well as pilot
administration with university students who had
previously completed a General Chemistry course. These
procedures ensured that the adapted version adequately
represents reasoning-based conceptual understanding in
the Turkish higher education context.

Scoring. In the Chemistry Concept Reasoning Test,
each correct response was scored as 1 point, whereas
incorrect or unanswered items were scored as 0 points.
Iltem 6 of the test was evaluated using a partial credit
scoring approach, as it included two correct options (A and
B). Accordingly, selecting both correct options was
awarded 1 point; selecting only one of the correct options
(A or B) was awarded 0.5 points; and all other response
patterns received 0 points. Based on this scoring
procedure, the total possible score on the test ranged
from 0 to 38.5.

Data Analysis

The data obtained in the study were analyzed using
statistical software packages. First, descriptive statistics—
including the mean, standard deviation, minimum, and
maximum values—were calculated to describe pre-service
teachers’ levels of conceptual understanding of
fundamental chemistry concepts. These analyses were
conducted both for the total test scores and for the
predefined conceptual categories. To determine the
appropriate statistical tests for comparing achievement
scores across grade levels, the assumption of normality
was examined. The results of the normality analyses
indicated that the data did not follow a normal
distribution. Accordingly, the Kruskal-Wallis H test, which
is suitable for comparing three independent groups, was
employed to compare the achievement scores of second-,
third-, and fourth-year pre-service science teachers. In
cases where the Kruskal-Wallis test yielded a statistically
significant result, pairwise comparisons were conducted
using the Mann—-Whitney U test to identify the groups
between which the differences occurred. The level of
statistical significance was set at .05. In addition,
appropriate effect size measures were reported to
facilitate the interpretation of the magnitude of the
3
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observed differences. Effect size values were interpreted
following conventional guidelines for non-parametric
tests, with n?, values below .01 indicating a negligible
effect.

Findings

Following the data cleaning process, a total of 83 pre-
service science teachers were included in the analyses.

Of the participants, 35 were second-year students, 21
were third-year students, and 27 were fourth-year
students. Examination of the overall descriptive statistics
for the total scores obtained from the Chemistry Concept
Reasoning Test revealed a mean score of 9.30 (SD =
2.73). The scores ranged from 4 to 16, with a median
value of 9.00 (Table 1). The total possible score on the
test ranged from O to 38.5.

Table 1. Descriptive statistics for total scores on the chemistry concept reasoning test

N Mean

SD Median Min. Max.

83 9.30

Descriptive statistics for total scores by grade level
are presented in Table 2. The mean scores were 9.61 for
second-year, 9.48 for third-year, and 8.74 for fourth-year

Table 2. Descriptive statistics of total scores by grade level

2.73 9.00 4.00 16.00

pre-service teachers. Median values were 10.0 for
second- and third-year students and 8.0 for fourth-year
students.

Grade Level N Mean SD Median Min. Max.
Second Year 35 9.61 2.87 10.0 4.0 14.0
Third Year 21 9.48 1.90 10.0 5.5 11.5
Fourth Year 27 8.74 3.07 8.0 4.0 16.0

To examine whether total scores differed across
grade levels, non-parametric comparative analyses were
conducted.

Item-Based Descriptive Findings Related to
Fundamental Chemistry Concepts

The items of the Chemistry Concept Reasoning Test
(CCRT) were grouped into conceptual categories to
examine performance across grade levels. Mean correct

response rates were calculated for second-, third-, and
fourth-year pre-service teachers within each conceptual
domain. The results are presented in Table 3 according to
grade level.

Table 3. Item-based descriptive statistics by fundamental chemistry concept

Fundamental Chemistry Concept Related Test Items L BT AR G L CEE GG

v P of ltems Mean (%) Mean (%) Mean (%)
Atom—Molecule and Particulate $1, 52, 3, 526 4 17.9 226 18.5
Nature of Matter
Mole Concept and Gas Behavior S4, S5, S24, S25 4 28.6 22.6 31.5
Atomic Structure and Periodic $6, 57,58, 510 4 254 345 250
Trends
Chemical Bonding and Molecular S11,S12, S13, S14, S15,
Geometry S16, S17, S18, S29 ? 251 196 185

. S19, S20, S21, S22, S23,

Energy, Heat, and Thermodynamics 534, 535, 536 8 32.9 29.8 25.5
Chemical Equilibrium and Reaction 530, 531 5 20.0 21.4 16.7
Rate
Acid—Base and Redox S32, 533, S38 3 28.6 31.7 22.2

Note. Percentages were calculated by dividing the number of correct responses within each conceptual category by the total number of items in

that category and averaging across participants at each grade level.

An examination of Table 3 shows the mean correct
response rates for each conceptual category across grade
levels:

- Atom—molecule and particulate nature of matter.

The mean correct response rates were 17.9% for

second-year, 22.6% for third-year, and 18.5% for
fourth-year pre-service teachers.

- Mole concept and gas behavior. The mean correct
response rates were 28.6% for second-year, 22.6%
for third-year, and 31.5% for fourth-year pre-service
teachers.
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- Atomic structure and periodic trends. The mean
correct response rates were 25.4% for second-year,
34.5% for third-year, and 25.0% for fourth-year pre-
service teachers.

- Chemical bonding and molecular geometry. Correct
response rates ranged between 19.6% and 25.1%
across grade levels.

- Energy, heat, and thermodynamics. The mean
correct response rates were 32.9% for second-year,
29.8% for third-year, and 25.5% for fourth-year pre-
service teachers.

- Chemical equilibrium and reaction rate. The mean
correct response rates were 20.0% for second-year,

21.4% for third-year, and 16.7% for fourth-year pre-
service teachers.

- Acid—base and redox concepts. The mean correct
response rates were 28.6% for second-year, 31.7%
for third-year, and 22.2% for fourth-year pre-service
teachers.

Comparison of Total Scores by Grade Level

To examine whether total achievement scores
differed across grade levels, the Kruskal-Wallis H test
was conducted (Table 4).

Table 4. Kruskal-Wallis H test results for total scores on fundamental chemistry concepts by grade level

Grade Level n Mean Rank
Second Year 35 44,94
Third Year 21 43.07
Fourth Year 27 36.06
Test H sd p Effect Size (n%)

Kruskal-Wallis H 2.632

2 .268 .008

The Kruskal-Wallis H test showed no statistically
significant difference in total scores across grade levels
(H(2) = 2.632, p = .268). The mean ranks were 44.94 for
second-year, 43.07 for third-year, and 36.06 for fourth-
year pre-service teachers. The calculated effect size was
n?, =.008.

Discussion

This study examined the reasoning-based conceptual
understanding of fundamental chemistry concepts
among pre-service science teachers using the Chemistry
Concept Reasoning Test (CCRT). The findings revealed
low overall achievement and no statistically significant
differences across grade levels. These results are
consistent with prior research indicating that traditional
chemistry instruction may enhance procedural
performance without necessarily promoting conceptual
reasoning (Cloonan & Hutchinson, 2011).

Conceptual vs. Algorithmic Understanding

Conceptual understanding in chemistry extends
beyond recalling definitions or applying formulas; it
involves explaining concepts across contexts and
justifying reasoning (Nakhleh, 1992). Previous research
has shown that students may successfully solve
quantitative problems while failing to ground their
solutions in conceptual reasoning (Nurrenbern &
Pickering, 1987; Nakhleh, 1992).

The low performance observed in domains such as
atom—molecule relationships, particulate nature of
matter, the mole concept, and chemical bonding
suggests challenges in  constructing integrated
conceptual frameworks. These findings align with studies
emphasizing that conceptual development requires
representational diversity, explicit reasoning, and model-

based explanation rather than reliance on procedural
knowledge alone (Nakhleh, 1992; Cloonan & Hutchinson,
2011).

In comparison with previous research, the present
findings demonstrate a pattern similar to studies
reporting persistent conceptual difficulties among
university-level learners (Nakhleh, 1992; Nurrenbern &
Pickering, 1987). However, unlike some studies that
report gradual conceptual improvement across years of
study, the absence of statistically significant differences
across grade levels in this study suggests a lack of
progressive  conceptual restructuring within  the
examined teacher education context. This distinction
highlights the importance of examining not only whether
conceptual difficulties exist, but also whether
instructional structures effectively support long-term
conceptual development.

Lack of Conceptual Progress Across Grade
Levels

A notable finding of this study is the absence of
significant improvement in conceptual understanding as
grade level increases. Although students advance
through the teacher education program, their reasoning-
based performance does not demonstrate progressive
development.

Within the examined curriculum, fundamental
chemistry concepts are primarily addressed during the
first two years of undergraduate education, while upper-
grade coursework increasingly emphasizes pedagogical
knowledge. Consequently, opportunities for revisiting
and restructuring disciplinary conceptual understanding
appear limited.

Consistent  with  Nieswandt (2006), durable
conceptual understanding requires repeated
engagement with concepts across contexts and

opportunities for active reconstruction. The lack of
5
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significant differences across grade levels may therefore
reflect limitations in curricular continuity.

Instructional and Textbook
Structure

Difficulties observed in particulate nature of matter,
bonding, and molecular geometry may also be associated
with instructional approaches and textbook structures.
Research based on Bloom’s taxonomy and the work of
Niaz (2005) indicates that chemistry textbooks often
adopt a result-oriented and algorithmic presentation

Approaches

style. Such approaches may restrict learners’
opportunities to engage in explanatory reasoning.
Similarly, Cetin-Dindar and Geban (2016) and

Andayani et al. (2018) report that instructional materials
frequently fail to sufficiently activate higher-order

cognitive processes, potentially limiting conceptual
depth.
Conclusion

This study demonstrates that pre-service science
teachers’ reasoning-based conceptual understanding of
fundamental chemistry concepts remains limited and
does not significantly improve across grade levels. The
findings suggest that exposure to disciplinary content
alone is insufficient to promote conceptual restructuring
unless instructional practices explicitly target reasoning,
representation, and model-based explanation.

These results highlight the importance of integrating
sustained conceptual development opportunities within
teacher education programs to support the preparation
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Genisletilmis Ozet

Giris
GUnlmiz egitim sistemlerinin temel amaclarindan
biri; bilimsel bilgiye deger veren, elestirel diistinebilen ve

toplumsal  sorunlara ¢6zim  Uretebilen  bireyler
yetistirmektir. Bu baglamda fen egitimi, bireylerin
cevrelerini  anlamalari,  teknolojiyi  etkin  sekilde

kullanmalari ve bilimsel gelismelere uyum saglamalari
acgisindan 6nemli bir rol tstlenmektedir. Fen bilimlerinin
alt disiplinleri icinde kimya, soyut ve ¢ok katmanl yapisi
nedeniyle oOgrenilmesi gl¢ bir alan olarak 06ne
¢tkmaktadir.

Kimya egitiminin amaci yalnizca kavram ve teori
ogretimi degildir; 6grencilerin modelleme, akil yliritme
ve gerekcelendirme yoluyla bilgiyi yapilandirmasi
beklenmektedir. Buna karsin arastirmalar, 6grencilerin
makro, mikro ve sembolik diizeylerdeki temsilleri
eszamanl olarak anlamakta zorlandiklarini ve bu
durumun kavramsal 6grenmeye engel olusturdugunu
gostermektedir. Bu giigliikler yalnizca 6grencilerde degil,
O0gretmen ve 6gretmen adaylarinda da ortaya ¢ikmakta;
kavramsal yogunluk ve soyut temsillerin gerektirdigi
bilissel stiregler 6gretimi zorlastirmaktadir.

Bu nedenle 6gretmen adaylarinin kavramsal anlama
dizeyleri, 6gretim programlarinin etkililigi agisindan kritik
6neme sahiptir. Ancak mevcut literatiirde, 6gretmen
adaylarinin temel kimya kavramlarini sinif dizeyleri
boyunca nasil  gelistirdiklerine iliskin  kapsamli
calismalarin sinirh oldugu vurgulanmaktadir. Ozellikle

dogru-yanls temelli Olgcimlerin otesinde,
gerekcelendirmeye dayal kavramsal anlama dizeylerini
ortaya koyan araglara ihtiya¢ duyulmaktadir.

Yontem

Bu ¢alisma, fen bilgisi 6gretmenligi lisans
programinda 6grenim goéren 6gretmen adaylarinin temel
kimya kavramlarina iliskin kavramsal anlama diizeylerini
belirlemek ve sinif seviyelerine gore farklilasip
farkhlagsmadigini incelemek amaciyla yaritilmustir.
Arastirmada, sinif duzeyleri arasinda karsilastirma
yapilmasina imkan veren nicel, betimsel tarama tirinde
kesitsel karsilastirmali bir desen kullaniimistir (Fraenkel
ve Wallen, 2006). Veri toplama sirecinde herhangi bir
deneysel miidahaleye yer verilmemis; katiimcilarin
mevcut durumu dogal baglaminda incelenmistir.

Calisma Grubu

Calismaya 2024-2025 bahar déneminde Tirkiye’deki
bir devlet (niversitesinin fen bilgisi 6gretmenligi
programinda 6grenim goren toplam 86 6gretmen adayi
katilmistir. Katihmcilarin 36’s1 2. sinif, 22’si 3. sinif ve 28’i
4. sinif 6grencisidir. Katihm goénulludir, veriler anonim
olarak toplanmistir ve katilimcilar S-2, S-3 ve S-4 seklinde
kodlanarak gizlilik saglanmistir. Arastirma etik ilkeler
dogrultusunda gergeklestirilmistir.

Veri Toplama Araci

Veriler, Cloonan ve Hutchinson (2011) tarafindan
gelistirilen Kimya Kavram Akl YirGitme Testi ile
toplanmistir.  Test, islem becerilerinden ziyade
kavramlarin gerekgelendirilerek modellenmesi ve bilimsel
akil  yUrGtme sireglerini o6lgen ¢oktan segmeli
maddelerden olusmaktadir. icerigi atom—molekiil yapisi,
atom modeli ve periyodik ozellikler, baglanma ve
molekiler yapi, termodinamik, gazlar, denge ve kinetik
ile asit-baz ve redoks konularini kapsamaktadir. Testin
glvenilirligi orijinal uygulamalarda 0.639-0.717, Tirkce
uyarlamada 0.796 Pearson korelasyon katsayisi ile
dogrulanmistir. Uyarlama siirecinde uzman gorisleri ve
pilot uygulamalarla kapsam ve vyapi gecerliligi
saglanmistir.

Puanlama. Dogru maddeler 1 puan, yanhs ve bos
yanitlar 0 puan olarak degerlendirilmistir. Altinc
maddede iki dogru segenek bulundugundan, tam dogru
yanit 1 puan, tek dogru segenek 0.5 puan olarak
puanlanmistir. Toplam test puani 0-38.5 arasinda
degismektedir.

Veri Analizi
Elde edilen veriler istatistik paket programlariyla
analiz  edilmistir.  Oncelikle betimsel istatistikler

hesaplanmis; normal dagilim sartlari saglanmadigi igin
Kruskal-Wallis H testi ile sinif diizeyleri arasinda fark olup
olmadigi incelenmistir. Anlamli bulunmasi durumunda
farkhhgin kaynagini belirlemek Gzere Mann-Whitney U
testi yapilmistir. Anlamhlik diizeyi .05 olarak belirlenmis;
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etki blyukligu hesaplanmis ve non-parametrik esikler
dogrultusunda yorumlanmistir.

Sonuglar

Veri temizligi sonrasinda toplam 83 fen bilgisi
Ogretmen adayi analize dahil edilmistir (35 ikinci sinif, 21
Uglinch sinif, 27 dordinct sinif). Kimya Kavram Akil
Yliritme Testinden elde edilen toplam puanlarin
betimsel analizine gére 6gretmen adaylarinin ortalama
puani 9.30 (SS = 2.73) olup puanlar 4 ile 16 arasinda
degismistir. Testin maksimum puaninin 38.5 oldugu
disunildiginde, ogretmen adaylarinin genel basari
dizeylerinin sinirli oldugu belirlenmistir.

Sinif diizeyine gore ortalama puanlar ikinci sinifta
9.61, Gguincl sinifta 9.48 ve dordlncu sinifta 8.74 olarak
hesaplanmis; medyan degerler de benzer bir dagilim
gostermistir.  Bu betimsel bulgular, sinif duzeyleri
arasinda belirgin bir farklilik olmadigini géstermektedir.

Test maddeleri kimya kavram alanlarina gore
incelendiginde, tim sinif diizeylerinde basari oranlarinin
disuk oldugu gorilmistir. Higbir kavramsal alanda
ortalama dogru vyanitlama orani %35’i asmamistir.
Ozellikle;

e Atom—molekiil ve madde tanecikliligi,

e Kimyasal baglanma ve molekiiler geometri,

e Denge ve hiz,

e Asit-baz ve redoks alanlarinda basari oranlar
belirgin bigimde disiktir. Enerji ve termodinamik
konulari gorece daha yiiksek olmakla birlikte basari
diizeyleri yine orta diizeye yaklasmamaktadir.

Sinif diazeyleri arasindaki farklilklarin anlamhhgini
incelemek amaciyla uygulanan Kruskal-Wallis H testi,
toplam puanlarda istatistiksel olarak anlamli bir fark
bulunmadigini gostermistir (H(2)=2.632, p=.268). Etki
buyikliginin ¢ok kigik (n%,=.008) olmasi, sinif
diizeyinin kavramsal anlama Uzerinde anlamli bir
belirleyici olmadigini gdstermektedir.

Tartisma

Bu calismada fen bilgisi 6gretmen adaylarinin temel
kimya kavramlarina iliskin kavramsal anlamalari Cloonan
ve Hutchinson (2011) tarafindan gelistirilen Kimya
Kavram Akil Yiridtme Testi ile incelenmistir. Hesaplamaya
dayali basari yerine muhakeme, modelleme ve agiklama
gerektiren dlisinme slreglerini ortaya koyan test
bulgulari, 6gretmen adaylarinin kavramsal dizeylerinin
genel olarak dislik oldugunu ve sinif dizeyine bagh
anlamh bir artis gostermedigini ortaya koymustur. Bu
sonuglar, geleneksel kimya 0Ogretiminin algoritmik
performansi artirmakla birlikte kavramsal akil ylritmeyi
yeterince desteklemedigini gosteren literatirle
uyumludur (Cloonan ve Hutchinson, 2011).

Kimya egitiminde kavramsal anlama, yalnizca tanim
ezberleme vya da formil uygulama degil; farkl
baglamlarda agiklama yapma ve neden—sonug iliskileri
kurma yeterligi olarak tanimlanmaktadir (Nakhleh, 1992).
Ogrencilerin sayisal problemleri ¢ézebilmesine ragmen
kavramsal temellendirme yapamamalarini gosteren
calismalar (Nurrenbern ve Pickering, 1987; Nakhleh,

1992) ile paralel olarak, bu ¢alismada atom—molekdl, mol
kavrami ve kimyasal baglanma gibi temel alanlarda distik
basari, Ogretmen adaylarinin kavramsal semalarinin
bltlinlesmedigini gostermektedir.

Bulgular ayni zamanda sinif diizeyleri arasinda anlamli
fark olmamasinin, program vyapisindaki belirgin bir
ozellikten kaynaklanabilecegini gostermektedir. Temel
kimya konularinin g¢ogu programin ilk iki yilinda ele
alinmakta, st siniflarda ise pedagoji agirlikli dersler 6ne
¢ikmaktadir. Kavramlarin yeniden yapilandiriimasi ve
farkh baglamlarda ele alinmasi igin vyeterli firsat
sunulmamasi, Nieswandt (2006)'1n vurguladigi
“kavramsal 6grenmenin siireklilik gerektirdigi” gorusu ile
ortismektedir.

Literatlirde kimya ders kitaplarinin gogunlukla sonug
odakhh ve algoritmik bir anlatimla sunuldugu ve
ogrencilerin kavramsal sorgulama firsatlarini sinirladigi
belirtilmektedir (Niaz, 2005; Cetin-Dindar ve Geban,
2016; Andayani, Hadisaputra ve Hasnawati, 2018).
Benzer sekilde Heyworth (1999) ve Rempel vd. (2021),
kavramsal akil vyirGtmeyi degerlendirmeyen olgme
araglarinin  6grencilerin  6grenme  eksikliklerini  fark
etmesini engelledigini vurgulamaktadir. Bu agidan testin
ogrenenlerin  kavramsal bosluklarini  gériandr  kilmasi
onemli bir kazanimdir.

Sonug olarak calisma, 6gretmen adaylarinin temel
kimya kavramlarina iligkin kavramsal anlamalarinin sinirh
diizeyde kaldigini ve sinif diizeyi arttikga kendiliginden
gelismedigini  gostermektedir.  Bulgular, 6gretmen
egitiminde kavram temelli, model odakh 0Ogretim
yaklagsimlarinin ve kavramsal akil ylritmeyi Olgen
degerlendirme uygulamalarinin  gerekliligine  dikkat
¢ekmektedir (Cloonan ve Hutchinson, 2011; Heyworth,
1999; Nieswandt, 2006).

Oneriler

Gelecekte yapilacak arastirmalarin, farkh tniversite ve
daha genis orneklemler (zerinde  yirGtidlmesi
onerilmektedir. Fen bilgisi disindaki 6gretmen yetistirme
programlarinin da incelenmesi, alanlar arasi karsilastirma
firsati saglayacaktir. Bunun yani sira, acgik uclu sorular,
gorismeler ve sesli diusinme protokolleri gibi nitel
yontemlerin kullanilmasi,  O0gretmen  adaylarinin
kavramsal eksikliklerinin nedenlerini daha derinlemesine
ortaya koyabilir. Boylamsal ¢alismalarin  yapilmasi,
kavramsal gelisimin zaman icinde nasil ilerledigini ve
hangi 6gretim deneyimlerinin bu sireci destekledigini
gostermesi agisindan 6nem tasimaktadir. Ayrica, kavram
temelli ve modele dayali &gretim midahalelerini
degerlendiren deneysel c¢alismalar ile ders kitaplari,
O6gretim materyalleri ve 6lgme uygulamalarinin kavramsal
o6grenmeyi destekleme dizeyini inceleyen arastirmalar,
ogretmen vyetistirme programlarinin gelisimine 6nemli
katkilar saglayacaktir.

Arastirmanin Etik Taahhiit Metni
Yapilan bu c¢alismada bilimsel, etik ve alinti kurallarina

uyuldugu; toplanan veriler Gzerinde herhangi bir
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tahrifatin yapilmadigi, karsilasilacak tim etik ihlallerde
“Sivas Cumhuriyet Universitesi Egitim Bilimleri Enstitiisi
Dergisi ve Editoriiniin” hicbir sorumlulugunun olmadigi,
tim sorumlulugun Sorumlu Yazara ait oldugu ve bu
¢alismanin herhangi baska bir akademik yayin ortamina
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degerlendirme icin gonderilmemis oldugu sorumlu
yazarlar tarafindan taahhit edilmistir.
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