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This research investigates the impact of augmented reality technology on students'

DOI: 10.14812/cufej. 1731032 misconceptions in the “Sound and Its Properties” unit. In this study, an augmented
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Marmara Region. The research was conducted using a quasi-experimental design.
During the implementation, the experimental group used the augmented reality
materials, while the control group utilized the existing instructional materials, such as
the textbook, videos, animations, and similar resources. Data for the study were
collected using a conceptual understanding test. Mixed measures ANOVA and
descriptive statistics were used in data analysis. The research findings indicated that
students in the experimental group, who used augmented reality materials, exhibited
fewer misconceptions compared to those in the control group. Additionally, it was
found that the formation rate of new misconceptions was lower and the rate of
elimination of misconceptions was higher in the experimental group.
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Kavram Yanilgilarinin Giderilmesinde Artirilmis Gergeklik
Uygulamalarinin Etkisinin incelenmesi: Ses ve Ozellikleri Unitesi Ornegi

Makale Bilgisi 0z

Bu arastirmanin amaci, “Ses ve Ozellikleri” tnitesinde artirilmis gerceklik teknolojisi

DOI: 10.14812/cufej.1731032 uygulamalarinin 6grencilerin kavram yanilgilarina etkisini incelemektir. Bu amagla 6.

Makale Gegmisi: sinif fen bilimleri dersi, “Ses ve Ozellikleri” Unitesinde kullaniimak tizere, SesAR adli
Gelis 01.07.25 artirilmis gergeklik uygulamalarini iceren 6grenme materyali gelistirilmistir. Arastirma
Dizeltme 01.12.25 nicel arastirma yontemlerinden biri olan yari deneysel desenle yuritilmustir. Bu
Kabul 17.12.25 arastirmanin galisma grubunu, Marmara Bolgesi’'nde yer alan orta 6lgekli bir ilin merkez

ilgesindeki iki devlet okulunda 6grenim goren 155 altinci sinif 6grencisi olusturmaktadir.
Uygulama suresince, deney grubunda artirilmis gergeklik materyali, kontrol grubunda
ise ders kitabi, video, animasyon vb. gibi mevcut ders materyali kullaniimistir.
Arastirmaya ait veriler kavramsal anlama testi kullanilarak toplanmistir. Verilerin
analizinde karigik olglimler ANOVA ve betimsel istatistik tercih edilmistir. Arastirma
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bulgularina gore, artirilmis gerceklik materyalinin kullanildigi deney grubundaki
ogrenciler, kontrol grubundaki 6grencilere kiyasla daha az kavram yanilgisina sahip

Arastirma Makalesi oldugu tespit edilmistir. Ayrica deney grubunda bulunan 06grencilerin yeni kavram
yanilgilarinin olugma oraninin daha disiik, kavram yanilgilarinin giderilme oraninin ise
yiksek oldugu tespit edilmistir.

Introduction

In recent years, the integration of technology into educational processes has gained increasing
importance. Technological tools not only facilitate access to information for students but also help them
construct knowledge more meaningfully and support the development of affective skills. Especially,
digitally enriched multimedia learning environments have the potential to enhance academic
achievement by providing learners with safe, engaging, and realistic experiences (Bursali, 2022).
Compared to traditional methods, technology-supported approaches expand the boundaries of learning
and make learning processes more effective. The advantages of educational technologies are generally
categorized into two main groups: teacher-centered benefits and student-centered outcomes. The
integration of digital tools into instructional settings has reduced the workload of teachers, particularly in
lesson planning, assessment design, and the development of teaching materials (Alpar et al., 2007). Along
with rapid technological advancements and the transformation of modern lifestyles, it has become
essential for educators to keep pace with these changes by adopting contemporary instructional
strategies and effectively incorporating innovations into classroom environments (Glner, 2018). Factors
such as increasing student populations, the growing variety of digital tools, and the strong connection
between younger generations and technology have made the integration of information and
communication technologies into education inevitable (Yiicer, 2011).

There is a strong interrelationship between science and technology disciplines. While science aims to
understand and explain nature, technology focuses on applying scientific laws to facilitate life. Hence,
these two fields should no longer be considered independently (Cepni, 2014). Science courses, by their
nature, form the foundation of technological development and are particularly suited to the use of
educational technologies due to the abundance of abstract and scientific concepts they include (Ayas et
al.., 2001; Dogru & Kiyici, 2005). However, a lack of integration of instructional technologies may reduce
learning efficiency (Fidan, 2018). For this reason, the incorporation of innovative tools and methods that
enhance learning is of particular importance in science education.

One such emerging technology is Augmented Reality (AR), which blends real-world visuals with virtual
contentin an interactive manner (Azuma, 1997; Schrier, 2006). AR enables learners to experience abstract
concepts visually and tangibly, thereby reinforcing their sense of realism and supporting more effective
and lasting learning (Cai, 2014; Warkentin et al., 2025). Numerous studies have demonstrated the positive
impact of AR applications on academic achievement (Abdisselam & Karal, 2012; Fleck & Simon, 2013;
Sirakaya, 2015; Yen et al., 2013; Zhang et al., 2014). Furthermore, AR facilitates the safe simulation of
hazardous or complex experiments, helps concretize abstract concepts, and reduces misconceptions in
science learning (Fleck et al., 2013; Mansour et al., 2025). In addition to these pedagogical benefits, AR
provides enjoyable and engaging learning experiences, promotes classroom interaction, enhances social
development, and increases student motivation and attention (Azuma, 2004; Dunleavy et al., 2009;
Sumadio & Rambli, 2010). Accordingly, AR creates an interactive and meaningful learning environment in
science education, enabling students to explore concepts in depth and simulate real-world applications
visually.

Particularly in physics topics such as the unit “Sound and Its Properties,” abstract concepts require
visualization and concretization. The abstract nature of such topics, which involve understanding complex
physical phenomena and natural laws, may hinder students' learning processes. Students may struggle to
reconcile these concepts with their everyday experiences, belief systems, and learning environments,
leading to misconceptions about the nature of science and scientific knowledge (Gédek et al., 2018). In
such cases, students tend to rely on memorization rather than comprehension, which increases the risk
of conceptual misunderstandings (Akkus, 2013). In the science education literature, terms such as
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alternative conceptions, intuitive knowledge, and misconceptions are used to describe these inaccurate
cognitive structures, which differ from scientifically accepted knowledge (Driver & Easley, 1978).

Two primary factors contribute to the formation of misconceptions: personal experiences and
instructional practices. Individuals construct ideas based on everyday observations, but these ideas are
often inconsistent with scientific reality. Instructional factors such as teachers' subject-matter knowledge,
pedagogical competence, teaching methods and techniques, student familiarity, choice of instructional
materials, language use, and textbook content (including visuals and analogies) also play a crucial role in
shaping misconceptions (Lagin Simsek, 2019). Various assessment tools are used to identify students'
knowledge levels and misconceptions, including concept maps, predict-observe-explain activities,
interviews, and two- or three-tier diagnostic tests (Bolat & S6zen, 2009; Orduhan & Cakir, 2023; Sar1 &
Cakir, 2024; Sahin & Cepni, 2011; Wu & Tsai, 2007).

In the science education literature, it has been observed that students hold various misconceptions
regarding the nature and propagation of sound (Eshach & Schwartz, 2006; Eshach, 2014; Hrepic et al.,
2010; Linder, 1992; Wittmann, 1998). For example, many students perceive sound as a substance or an
energy carrier, believing that the movement of matter is necessary for sound to propagate (Eshach, 2014;
Linder, 1992). Misconceptions also frequently arise regarding the propagation of sound in a vacuum or
the belief that sound is transmitted only through air, and therefore travels more slowly in solid and liquid
media (Eshach & Schwartz, 2006; Hrepic et al., 2010). Another common misconception involves students’
inability to accurately distinguish between sound intensity, pitch, and frequency. For instance, some
students assume that higher-frequency sounds travel faster or that intensity is related solely to the “pitch”
of sound (Wittmann, 1998). Similarly, students often fail to understand the energy transformation
processes involved in sound reflection, echo, and absorption, leading them to scientifically inaccurate
explanations, such as believing that sound “disappears” or is “consumed” (Hrepic et al., 2010; Linder,
1992). These misconceptions cause students to construct new knowledge on top of erroneous cognitive
structures, thereby hindering long-term learning. For this reason, it is critical to concretize such concepts
(Cepni, 2014).

Research indicates that the “Sound and Its Properties” unit is one of the most challenging topics for
students (Atasoy et al., 2013; Gok Altun, 2006; Kiiglikdzer, 2009). Studies have shown that AR applications
can help eliminate misconceptions in this unit (Fleck & Simon, 2013; Mansour et al., 2025; Sirakaya, 2015;
Yen et al., 2013) and are effective in visualizing complex concepts (ibili & Sahin, 2015). A review of the
literature reveals that the contribution of AR to conceptual learning has mostly been addressed in the
context of general science topics, while applications targeting abstract subjects, such as “Sound and Its
Properties,” where misconceptions are common among students, remain limited. Moreover, existing
studies have generally examined the effects of AR on concept teaching at a descriptive level and have not
experimentally investigated the relationship between the formation of students’ misconceptions, the
extent of their resolution, and the cognitive change process. To fill this gap, the present study
experimentally examines the effect of the AR instructional material, SoundAR, specifically developed for
the “Sound and Its Properties” unit, on reducing students’ misconceptions, thereby providing an empirical
and original contribution to both the application of AR technology in science education and the conceptual
learning process.

The purpose of this research is to examine the impact of AR technology applications on students'
misconceptions in the “Sound and Its Properties” unit. To this end, the following research questions will
be addressed:

e Does the use of AR applications in teaching the “Sound and Its Properties” unit in science classes
create a statistically significant difference in the levels of students' misconceptions?

e How does the use of AR applications in teaching the “Sound and Its Properties” unit affect the
existing levels of students' misconceptions?
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Method
Research Model

This study, a quasi-experimental design, a common quantitative method, was employed. In quasi-
experimental designs, researchers cannot create experimental and control groups or apply interventions
to certain participants. As a result, participants in quasi-experimental designs are not randomly selected
or assigned (Karasar, 2014). Unlike true experimental designs, quasi-experimental designs do not allow
for random selection of participants for intervention or random assignment to control and experimental
groups (Blylkoztirk et al., 2015). In this study, classes from schools affiliated with the Ministry of National
Education (MoNe) were pre-established, and due to the inability to fully control experimental conditions,
a quasi-experimental design was selected. When selecting the existing classes for the experimental and
control groups, care was taken to ensure similar characteristics (such as class size and academic
achievement). In the experimental group, lessons were conducted using materials prepared with AR
applications, while the control group used standard teaching materials (printed materials, textbooks,
animations, videos, etc.) within MoNe curriculum framework.

Study Group

The study group comprised 155 sixth-grade students enrolled in two public schools located in the
central district of a mid-sized city in the Marmara Region. There were 82 students (51 girls, 31 boys) in
the experimental group and 73 students (37 girls, 36 boys) in the control group. Classes with no significant
differences in science achievement scores from previous terms were selected for the groups.

The schools where the research will be conducted were chosen using the convenience sampling
method. This approach is often utilized in situations where accessibility is a priority and when data
collection needs to be carried out efficiently with limited resources (McMillan & Schumacher, 2010).
During the selection process, factors such as proximity to transportation networks, the distribution of
classes across different grade levels, and the adequacy of existing facilities were carefully considered.

Data Collection Tools

In the study, the voluntary participants selected from the sample group were informed about the
research and signed a consent form. All principles outlined in the Directive on Scientific Research and
Publication Ethics of Higher Education Institutions were followed, and ethical approval for the study was
obtained with the decision dated 21.06.2021 and numbered 85906.

In this study, the three-stage Conceptual Understanding Test (CUT) developed by Efe and Demirci
(2007) was used to identify students’ misconceptions about sound. The test consists of three stages:
multiple-choice questions in the first stage, justifications for the choices in the second stage, and
confidence levels regarding the justifications in the third stage. Items unrelated to the 6th-grade
curriculum were removed based on expert opinions. The test was revised after a pilot application with 40
students. It was reorganized into 21 items, including eight core questions, and administered to 173
seventh-grade students. Some Likert-scale questions measuring confidence levels were excluded from the
analysis.

For each item in the first stage of the three-tier test, difficulty and discrimination values were
calculated, and the results are shown in Table 1.

Table 1
Difficulty and Discrimination Values of Items in the Three-Tier CUT (For Stage 1)
Question . . Question . .
Number Pl x Number Pl i
1 0.63 0.65 13 0.67 0.58
4 0.56 0.81 16 0.60 0.58
7 0.58 0.54 19 0.50 0.50
10 0.48 0.73
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Upon examining the table, it is noted that the difficulty indices of the items in the first stage range
from .48 to .63, while the discrimination indices span from .50 to .81. The difficulty and discrimination

values for each item in the second stage have been calculated and are presented in Table 2.

Table 2
Difficulty and Discrimination Values of Items in the Three-Tier CUT (For Stage 2)
Question . . Question . .
Number Pl X Number P X
2 0.50 0.50 14 0.66 0.68
5 0.61 0.71 17 0.50 0.50
8 0.50 0.71 20 0.43 0.50
11 0.54 0.57

Upon examining the table, it is observed that the difficulty indices of the items range from 0.43 to
0.68, while the discrimination indices range from 0.50 to 0.71. The difficulty index of an item ranges from
0 to 1; approaching 0 indicates higher difficulty, while approaching 1 indicates lower difficulty, with 0.50
suggesting moderate difficulty (Atilgan et al., 2009). According to the analysis results, it is found that there
are no items that are very easy or very difficult, with an average difficulty value determined as 0.54. Item
discrimination, where indices of 0.40 and higher are considered “very good,” those between 0.30 and
0.39 are “good,” those between 0.20 and 0.29 need correction before inclusion in the test, and those
below 0.20 should be corrected or ideally removed from the test (Tekin, 2016). All items in the conceptual
understanding test were found to have discrimination indices above 0.38, indicating good item quality.
Consequently, no item was removed from the test, as the test analysis results were deemed satisfactory.
Item analysis results for Stage | questions in the CUT have been calculated and presented in Table 3.

Table 3

Item Analysis Results for Stage | Questions in the CUT

Item Number Item-Total Average Score p
Correlation %27 upper group %27 lower group
1 0.571 0.96 0.31 6.538 .00
4 0.713 0.96 0.15 9.878 .00
7 0.438 0.62 0.23 2.988 .00
10 0.582 0.85 0.12 7.582 .00
13 0.540 0.96 0.38 5.514 .00
16 0.530 0.88 0.31 5.139 .00
19 0.479 0.77 0.23 4.518 .00

The item-total correlations for the questions in Stage | of the scale ranged from 0.479 to 0.713. ltem
discriminations were found to be statistically significant at the 0.05 level. Item analysis results for Stage Il
guestions in the CUT have been calculated and presented in Table 4.

Table 4

Item Analysis Results for Stage Il Questions in the CUT

ltem Number Item-Total Average Score t b
Correlation %27 upper group %27 lower group
2 0.295 0.75 0.25 4.243 .00
5 0.603 0.96 0.25 7.878 .00
8 0.484 0.86 0.14 7.500 .00
11 0.304 0.82 0.25 5.136 .00
14 0.476 1.00 0.32 7.550 .00
17 0.355 0.75 0.25 4.243 .00
20 0.299 0.68 0.18 4.302 .00
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It has been determined that the item-total correlations for the questions in Stage 2 of the scale range
from 0.295 to 0.603. Item discriminations were found to be statistically significant at the 0.05 level.

The reliability (KR-20) of the CUT was found to be 0.70 for Stage 1 questions. When considering both
Stage 1 and Stage 2 questions together, the overall reliability of the study was determined to be 0.84.

Application Process

In this study, instructional materials were designed and developed prior to the implementation phase,
taking into account the characteristics of the unit and the learning objectives. The AR cards were
specifically created to address the “Sound and Its Properties” topic in the sixth-grade curriculum. These
cards were produced over a period of eight months by a software company, ensuring alignment with
predetermined learning goals and technical specifications. Throughout the development process, experts
reviewed the content of the cards, and necessary modifications were made accordingly. The 36 AG cards
prepared were made available for use with the SesAR application on a phone or tablet without requiring
an internet connection. These applications conveyed the unit’s learning objectives and subject matter
through audio, video, and image-based formats. In addition, in the worksheets, informative texts and
symbols on how to hold the pointers with the tablet or phone were recorded in the form of visual and
written text. A selection of the prepared markers is illustrated in Figure 1.

Figure 1
Some Markers Used in AR Applications and the Resulting Images Upon Scanning
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topic through a three-stage process. (Cepni, 2014). During the prediction stage, students are presented
with an experiment, an event, or a situation and asked to make predictions. In the prediction stage of this
research, open-ended questions, consisting of up to three questions related to the specific learning

objective, were included. These questions were designed to determine the students' prior knowledge and
conceptual misconceptions (Figure 2).

Figure 2
Example of the Prediction Stage in the Worksheet

Tahmin Edelim

@ Sesiniz duvardan gecebilir mi? Nedenini
yaziniz.

—p

In the observation stage, the situation described in the previous stage is carried out. During the
explanation stage, students are asked to compare their predictions and observations and resolve any
discrepancies if present (Lagin Simsek, 2019). In the observation stage of this research, students were
asked to make observations by scanning the AR marker images based on the questions from the prediction
stage (Figure 3).
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Figure 3
Example of the Observation Stage in the Worksheet

Gozlem Yapahm

?Sizce kavanozun icindeki ¢alar saatin
duyulmasinda kavanozun nasil bir etkisi oldu?

In the explanation stage, students are asked to compare their predictions and observations and
provide explanations. At this stage, AR marker images are included to help explain the information related
to the learning objective (Figure 4).

Figure 4
Example Of the Explanation Stage in the Worksheet

Sesin bir engelden yansiyarak tekrar duyulmasina yanks ad: verilir. Okulunuzun uzun koridorunda ses
gikardiginizda sesinizin yankisinin duyulma ihtimali, sinifta sesinizin yankisinin duyulma ihtimalinden
daha fazladir. Clinkii sesin yankisinin duyulabilmesi icin ses kaynag ile sesin yansidig) engel arasinda
belirli bir mesafe olmas) gerekir.

Asagida gunluk hayatta sesin yansimasiyla agklayabilecegimiz durumlara ve teknolojik uygulamalara
Srnekler verilmistir. inceleyelim.
While preparing the worksheets, resources from MoNe's 6th-grade science lesson textbook and
workbook were utilized. Colorful images that would capture students' attention were selected. The final
version of the worksheets was evaluated by experts, and the final worksheets were created.

6th grade science course curriculum programme, within the scope of the unit ‘Sound and Its
Properties’. Before starting the study, the necessary ethics committee permission and research
permission for the application were obtained from the relevant institutions. The implementations were
conducted over seven weeks, corresponding to a total of twenty-eight lesson hours. Before commencing
the study, pre-tests were administered to both the experimental and control groups. In the experimental
groups, instruction was carried out using AR applications, while the control groups used regular teaching
materials (printed materials, textbooks, animations, videos, etc.). The experimental group was briefed on
the study's objectives and details, followed by an introduction to AR applications and technology for the
students. In the experimental group, students were organized into groups of 4-6, and each student was
assigned specific tasks within their group. The groups received tablets, phones, and worksheets aligned
with the learning objectives, and the implementation process was initiated in an organized fashion. The
prepared groups were regularly monitored by the teacher, who provided guidance during the
implementation process. Activities were carried out by the instructions in the worksheets. Images related
to the implementation are presented in Figure 5.
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Figure 5
Images Related to the Implementation

The control group lessons were conducted according to the planned curriculum. Using an inquiry-
based learning approach, students’ readiness and prior knowledge were activated through questions such
as “Why don’t we hear explosions in space?”, “Why do we hear thunder after lightning?”, and “How do
bats find their way?” Students researched these questions, made predictions, and compared them with
data. Additionally, experiments from textbooks were performed, videos and visuals were shown via
smartboard, and social education platform and MoNe workbooks were used to reinforce learning.

Data Analysis

In the study, appropriate statistical analyses were conducted to determine the effect of AR-supported
science applications on the correction of conceptual misconceptions. The distribution characteristics of
the dataset were evaluated to ensure the applicability of these tests. Parametric tests require data to be
at least interval or ratio scale, normally distributed, and have homogenous variances (Can, 2014).
Normality was assessed by examining median, mode, mean, skewness, and kurtosis. Skewness and
kurtosis coefficients divided by their standard errors (Z-scores) between -1.96 and +1.96 indicate normal
distribution (Can, 2014). Additionally, according to Tabachnick and Fidell (2007), skewness and kurtosis
values between -1.5 and +1.5 and closely aligned central tendency measures support normality.
Descriptive statistics were calculated for each test to evaluate adherence to normality criteria.

Table 5 provides the descriptive statistics for the CUT. Table 6 presents the Z scores for skewness and
kurtosis for the tests.

Table 5
Descriptive Statistics of Pre-test and Post-test Results for the CUT Scale
Group Test N Average Median Mode S Skewness  Kurtosis
Control Pre-test 73 4.63 5 5 1.65 -.387 -.624
cuT Group Post-test 73 4.55 5 5 1.65 -.344 .663
Experiment Pre-test 82 5.01 5 6 1.50 -.267 -.284
al Group Post-test g 2.43 2 3 1.77 407 -.507

When examining Table 5, it is observed that the mean, mode, and median values are close to each
other for each test, and the skewness and kurtosis values fall between -1.5 and +1.5. Furthermore, the Z
scores for skewness and kurtosis of the tests range between -1.96 and +1.96, as indicated in Table 6.

Table 6
Skewness (Z Skewness) and Kurtosis (Z Kurtosis) Statistics of the CUT Scale Pre-test and Post-test

Tests Group Z skewness Z kurtosis
Control Pre-test -.387/-.281 -1.64 -.624/.555 0.01

CUT Group Post-test -.344/.281 0.66 .663/.555 -1.58
Experimental Pre-test -.267/.266 1.57 -.284/.526 -0.91
Group Post-test .407/.266 -1.68 -.507/.526 -1.74
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As a result of the analyses, It was determined that the groups adhered to a normal distribution. A
parametric test called Repeated Measures ANOVA was performed to compare the scores between the
groups.

For the analysis of the test conducted in three stages, the categorized table taken from the study by
Arslan et al. (2012) based on responses given to the three stages is used, as shown in Table 7.

Table 7

Categorized Conditions for All Responses
First stage Second stage Third stage Categories
Correct Correct Certain Scientific Knowledge
Correct Incorrect Certain Conceptual Misconception
Incorrect Correct Certain Conceptual Misconception
Incorrect Incorrect Certain Conceptual Misconception
Correct Correct Uncertain Guessing, Lack of Confidence
Correct Incorrect Uncertain Lack of Knowledge
Incorrect Correct Uncertain Lack of Knowledge
Incorrect Incorrect Uncertain Lack of Knowledge

According to Table 7, to determine if students are experiencing conceptual misconceptions, they need
to provide correct answers in the first stage, incorrect answers in the second stage and indicate that they
are certain about these incorrect answers in the third stage. This also applies to situations where a student
provides incorrect answers in the first stage, correct answers in the second stage, and is certain in the third
stage. Additionally, even if a student provides incorrect answers in the first two stages but indicates
certainty in the third stage, this can also be considered a conceptual misconception. In cases outside of
these possibilities, the student's answers are analyzed according to other categories (scientific knowledge,
guessing, lack of confidence, lack of knowledge).

Validity and Reliability in Research

Validity and reliability are fundamental concepts that enhance the quality of research and ensure the
trustworthiness of findings. Validity refers to the extent to which an instrument measures the intended
construct independently from other variables (Yildinm & Simsek, 2013), while reliability indicates the
consistency of the data. In this study, data collection tools and analysis procedures were thoroughly
described, and method selection was supported by the literature (Balat et al., 2019). Attention was paid
to balancing the groups during sampling, obtaining necessary permissions before implementation, and
ensuring participants’ voluntariness. The extended duration of the application aimed to reduce threats to
internal validity. Expert opinions were consulted, pilot studies were conducted, and reliability coefficients
were reported (Topu et al., 2013). Furthermore, raw data, codings, and documents were archived to
guarantee confirmability. Throughout the process, approaches supporting both validity and reliability
were rigorously followed.

The individuals who voluntarily participated in the study were informed about the research and signed
a consent form prior to data collection. All procedures were conducted in accordance with the rules set
forth by the Directive on Scientific Research and Publication Ethics of the Higher Education Institutions
(Decision No. 85906, dated 21.06.2021).

Findings
Findings of the CUT

The first research question is stated as follows: “Does the teaching of the Sound and Its Properties unit
in the Science course using AR applications create a statistically significant difference in students' levels of
conceptual misconceptions?” The normal distribution data for the CUT scores relevant to the research
guestions are presented in Tables 5 and 6. Based on these data and the research question, the “Repeated
Measures ANOVA Test” was conducted among the parametric tests. The conditions required to perform
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the test include homogeneity of variances among the groups and the absence of significant differences
between the covariances of the pairwise combinations of the measurement groups. In this context, the
Levene Test (Table 8) and the Box’s Test of Equality of Covariance Matrices were performed.

Table 8
Homogeneity of Variance for Pre-test and Post-test Results of CUT
Levene Statistic dfl df2 p
Conceptual Pre-test 1.673 1 153 .198
Understanding Post-test 431 1 153 .513

Test

Upon examining the table, it is observed that the pre-test result of CUT (p= 0.198, p> 0.05) and the
post-test result (p=0.51, p> 0.05) indicate that the variances are distributed homogeneously. Additionally,
the Box’s test (p= 0.73, p> 0.05) concludes that the covariances of the groups are equal. Initially, Table 9
displays the mean scores and standard deviation (SD) values for both the pre-test and post-test of the
experimental and control groups in the study.

Table 9
Mean and Standard Deviation Values of CUT
Group Test N X SD
Pre-test 73 4.63 1.65
Control Group
Post-test 73 4.54 1.65
Experimental Pre-test 82 5.01 1.50
Group Post-test 82 2.43 1.77

An analysis of Table 9 reveals that the mean CUT score of students in the experimental group was 5.01
prior to the AR application, which subsequently declined by 2.58 points to 2.43 after the intervention. In
contrast, students in the control group had a pre-test mean score of 4.63, which experienced a 1414in6r
reduction of 0.09 points, resulting in a post-test mean of 4.54. Given the differing degrees of decline
between the groups, it was noted that students in the experimental group who utilized AR applications
exhibited a more substantial decrease in CUT scores compared to their counterparts in the control group.
The mean and SD values of the pretest and posttest scores of the experimental and control groups from
the conceptual understanding test are shown in Table 10.

Table 10

ANOVA Results of Pre-test and Post-test of CUT for Experimental and Control Groups
Source of Variance KT df KO F p n2
Between groups 383.839 154
Group(Experimental/Control) 58.399 1 58.399 27.46 .000 .152
Error 325.440 153 2.127
Within groups 765.102 155
Measurement (Pre-test-Post-test) 137.405 1 137.405 41.49 .000 213
Group Measurement 120.992 1 120.992 36.53 .000 .193
Error 506.705 153 3.312
Total 1.148.941 309

Upon examining Table 10, it is determined that when considering the repeated measures factors across
different groups together, there is a statistically significant difference in the levels of conceptual
misconceptions from pre-test to post-test in the experimental group where AR applications were used
[F(1,153)= 36.53, p< .05]. This finding indicates that AR applications and the current teaching methods
have different effects on addressing students' conceptual misconceptions. The changes in the pre-test and
post-test means of the CUT according to the control and experimental groups are shown in Figure 6.
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Figure 6
Changes in CUT Pre-test and Post-test Means According to Control and Experimental Groups
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Upon examining Figure 6, it is observed that the CUT pre-test and post-test means for the experimental
group where AR applications were used are 5.01 and 2.43, respectively, while for the control group, the
CUT pre-test and post-test means are 4.63 and 4.54, respectively. The effect size of AR applications on
reducing conceptual misconceptions has been determined based on Eta-squared values. The effect size
values for the current study are calculated as 0.15 for between-groups, 0.21 for within-groups, and 0.19
for the interaction effect between Group and Measurement.

Findings Regarding Changes in Conceptual Misconception Levels

The second research question is stated as follows: “How do AR (Augmented Reality) applications in the
Science course affect changes in students' existing levels of conceptual misconceptions?” In this section,
the percentages of correct responses to CUT questions and each stage from pre-test to post-test were
analyzed for students in both the experimental and control groups. Based on the obtained data, the groups
were compared. Additionally, conceptual misconceptions identified based on the results of the pre-test
applications of students in the experimental and control groups were examined by comparing them with
the results of the post-test. Figure 7 presents the analyses of responses given by students in the
experimental group to the pre-test questions at each stage.

Figure 7
Percentage of Correct Answers at Each Stage of Pre-test for Experimental Group Students
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Upon examining Figure 7, it was observed that in the analysis of pre-test results for the experimental
group students, the percentage of correct answers decreased as the stages of test questions increased.
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The average percentage of correct answers for Stage 1 was 40%, while for the first two and first three
stages, these percentages were determined as 20% and 9%, respectively.

Figure 8 provides the analyses of responses given by students in the experimental group to the post-
test questions at each stage.
Figure 8
Percentage of Correct Answers at Each Stage of Post-test for Experimental Group Students
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Upon examining Figure 8, it is observed that in the analysis of post-test results for the experimental
group students, the percentage of correct answers decreased as the stages of test questions increased.
The average percentage of correct answers for Stage 1 was 83%, while for the first two and first three
stages, these percentages were determined as 75% and 70%, respectively. Considering all questions and
stages, it was found that in the experimental group, the percentage of correct answers increased by 43%
(83% - 40%) from Stage 1 pre-test to post-test, by 55% (75% - 20%) in Stage 2, and by 61% in Stage 3. It
was observed that the response rate to the first three stages was above 50%.

Figure 9 presents the analyses of responses given by students in the control group to the pre-test
questions at each stage.
Figure 9
Percentage of Correct Answers at Each Stage of Pre-test for Control Group Students
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Upon examining Figure 9, it is observed that in the analysis of pre-test results for the control group
students, the percentage of correct answers decreased as the stages of test questions increased. The
average percentage of correct answers for Stage 1 was 33%, while for the first two and first three stages,
these percentages were determined as 20% and 10%, respectively. It is noted that all three stages are
similar to the pre-test data of the experimental group students.
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Figure 10 presents the analyses of responses given by students in the control group to the post-test
questions at each stage.

Figure 10
Percentage of Correct Answers at Each Stage of Post-test for Control Group Students
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Upon examining Figure 10, it is observed that in the analysis of post-test results for the control group
students, the percentage of correct answers decreased as the stages of test questions increased. The
average percentage of correct answers for Stage 1 was 69%, while for the first two and first three stages,
these percentages were determined as 56% and 49%, respectively. Considering all questions and stages,
it was found that in the control group, the percentage of correct answers increased by 36% (69% - 33%)
from Stage 1 pre-test to post-test, by 36% (56% - 20%) in Stage 2, and by 40% in Stage 3. While success
rates were above 50% for all questions in Stage 1, it was found that questions 3, 4, 6, and 7 achieved
success rates below 50% in Stage 2. Similar observations were made in Stage 3, where success rates were
also below 50% for the same questions.

In both groups, the percentage increase in correct answers from the pre-test to the post-test differed
based on the number of stages. However, it was observed that after the implementation, students in the
experimental group outperformed those in the control group at every stage of the test. Based on the
results of Stage 1, the experimental group had an average increase of 43%, while the control group had an
average increase of 36%. Likewise, the experimental group showed increases of 55% and 61%, whereas
the control group demonstrated increases of 36% and 40% for the first two and three stages, respectively.

Figure 11. Percentages of Students in Control and Experimental Groups Providing Correct Answers to
All Three Stages in CUT Post-test.

Figure 11
Percentages of Students Providing Correct Answers to All Three Stages in CUT Post-test
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For the analyses to be conducted, the students' conceptual misconceptions identified through the pre-
test and post-test were numerically coded. A situation where a conceptual misconception is identified in
the relevant question in either the pre-test or post-test is coded as 0, while other situations where no
misconception is identified are coded as 1. To determine the change in students' conceptual
misconceptions, pre-test scores were subtracted from post-test scores. The results obtained from these
calculations regarding changes in conceptual misconceptions are presented in Table 11.

Table 11
Procedures for Determining Changes in Students' Levels of Conceptual Misconceptions
Pre-test Score Post-test Score Post-test - Pre-test Conceptual Misconception Change
Difference Status

0 0 0 No change
0 1 1 Misconception resolved
1 0 -1 New misconception formed
1 1 0 No change

Descriptive statistics related to the change in conceptual misconceptions in the control and
experimental groups are presented in Table 12.
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Descriptive Statistics of Conceptual Misconception Changes in Control and Experimental Groups

Experimental Group

Control Group

QueNs: on Conceptual Misconceptions o §° g Ny ;o g
f % f % f % f % f % f %
Vocal cords produce sound by colliding. 24 49 60.4 30 37.2 9 12.3 50 68.4 14 19.1
1 Sound is produced by molecules reflecting off a surface.
Objects that absorb surrounding molecules produce sound.
2 Sound travels in a vacuum and stops when it hits an obstacle. 4 49 48 59.2 29 35.8 10 13.6 52 712 11 15.1
Sound travels faster in the air if it does not encounter an obstacle. 8 9.8 51 629 22 27.1 18 246 47 643 8 10.9
3 Because the density of solids is lower, sound travels faster in solids.
Sound travels faster in solids because there is no air in the atmosphere.
The speed of sound depends on its intensity, pitch, and timbre. 10 123 46 56.7 25 30.8 13 17.8 49 67.1 11 15.1
4 If the sound is loud, it travels faster.
The pitch of the sound makes windows vibrate and break.
The reflection of sound after a lightning strike causes it to be heard later. 9 11.1 54 66.6 18 22.2 20 27.3 40 54.8 13 17.8
5 Sound waves wear out as they spread, and there is nothing left as
sound. Confusion between the speed of sound and the reflection of
sound.
6 Sound is not heard with double glazing because there are two panes. 12 148 52 649 17 209 12 16.4 52 712 9 12.3
7 The chime produced by the collision of bells helps bats find their way. 8 9.8 45 55.5 28 346 17 23.2 42 573 14 19.1
Because bats' eyes do not see, they use the intensity of sound.
AVERAGE 7,8 9.1 492 60.9 241 298 14.1 193 474 649 114 156

* -1: New misconception formed, ** 0: No change, *** 1: Misconception resolved
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As shown in Table 12, the rate of emergence of new misconceptions was 9.1% in the experimental
group, where AR applications were implemented, whereas this rate was higher in the control group, which
used the existing course materials, at 19.3%. This result indicates that AR applications are more effective
in reducing the formation of misconceptions compared to the existing course materials.

Figure 12 graphically shows the rates of conceptual misconceptions for each question in both the
experimental and control groups.

Figure 12
Rates of Conceptual Misconception Formation for Each Question in the Experimental and Control Groups
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When Figure 12 was examined, it was seen that the rate of misconception formation was lower in each
guestion in the experimental group than in the control group and the difference in the percentage of
misconception formation between the groups was the highest in questions 3, 5 and 7.

Question 3 queries about the propagation speed of sound in different environments (corresponding to
the seventh question in the test due to its three stages), the eighth question inquires about the reasons
behind this issue, and the ninth question explores the certainty of responses. The percentages of
responses provided by students in the control group for these questions are depicted in Figure 13.

Figure 13
Percentages of Responses by the Control Group Students to Questions 7, 8, and 9 in the CAT
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In Figure 13, it was determined that 59% of students correctly answered Question 7 by selecting option
C, while the remaining 41% answered incorrectly. However, the majority of incorrect responses 32% were
associated with option A. The percentage of correct answers decreased to 38% when asked about the
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reason for Question 7 in Question 8. From these findings, it can be inferred that 59% of the students
grasped the concept of sound propagation speed. Conversely, 32% of students exhibited misconceptions.
These students chose the answer stating that sound travels fastest 'in the atmosphere' and explained it as
'Sound travels faster in the air when not encountering an obstacle.' In Question 9, which asked about their
certainty, 71% of students indicated they were certain. Their certainty about the incorrect answer can be
attributed to conceptual misunderstandings in this question.

Regarding Question 5 (the thirteenth question in the test with three stages) comparing the speeds of
light and sound, Question 14 which queried the cause of this problem and the certainty of the answers
given in Question 15 is given in Figure 14 for students in the control group.

Figure 14
Percentages of Responses by the Control Group Students to Questions 13, 14, and 15 in the CAT

70
60 68
50
40 M| am sure
I am not sure
30 W | guessed
20
10
0 . . 21
Question 13 Question 14

mA 32 40 11

5 10

60 42

3 8 .

Question 15

In Figure 14, it was determined that 60% of the students chose option C, 'speed of sound,' as the
correct answer for the thirteenth question, while the remaining 40% of students who selected option A,
'reflection of sound,' constituted 32%. The correct answer rate for the fourteenth question, which sought
to explain the reason for this, decreased to 42%. The rate of choosing option A increased to 40%. It can be
stated that students who chose 'reflection of sound' explained the fourteenth question by saying 'The
sound reflected after the lightning makes it heard later.' Furthermore, it was observed that some of the
students who initially answered 'speed of sound' also shifted their explanation towards sound reflection.
Regarding the fifteenth question about their certainty, 68% of the students expressed that they were
certain. Students were unable to distinguish between the concepts of sound reflection and the speed of
sound.

The percentages of responses given by the control group concerning the seventh question (nineteenth
guestion in the three-stage test) regarding bats flying without colliding with anything, the twentieth
guestion questioning the reason for this, and the twenty-first question asking about the certainty of the
given answers are shown in Figure 15.
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Figure 15
Percentages of Responses by the Control Group Students to Questions 19, 20, and 21 in the CAT
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In Figure 15, it was found that 62% of the students chose option C, 'echo of sound,' as the correct
answer for the nineteenth question, while the remaining 38% of students selected option D, 'absorption
of sound,' constituting 30%. The correct answer rate for the twentieth question, which sought to explain
the reason for this, decreased to 46%. In contrast, the rate of choosing option D increased to 32%. It can
be said that students who chose 'absorption of sound' in explaining the twentieth question, regarding bats
finding their directions, and some students who initially answered 'echo of sound' in the first question,
continued with the explanation 'The sound absorbed by the walls of the room helps bats find their way.'
Regarding their certainty in the twenty-first question, 75% of the students stated that they were certain.
It can be concluded that students have difficulty distinguishing between the concepts of sound echo and
sound absorption, leading to a misconception in this regard.

In the experimental group, where AR applications were implemented, the rate of elimination of
existing misconceptions was found to be 29.8%, whereas in the control group, which used the existing
course materials, this rate remained at 15.6%. This result indicates that AR applications are more effective
than existing course materials in addressing students’ pre-existing misconceptions. Furthermore, an item-
level analysis revealed that misconceptions related to sound formation (questions 1 and 2), the speed of
sound propagation (question 5), and sound reflection (question 7) were significantly reduced in the
experimental group. In contrast, students in the control group were observed to show a tendency to
develop new misconceptions on similar questions (3, 5, 6, and 7).

Discussion & Conclusion

The findings of the study indicate that AR applications are significantly effective in reducing students’
misconceptions in the “Sound and Its Properties” unit. In the experimental group, the rate of
misconception elimination increased to 29.8%, while the emergence of new misconceptions was reduced
by half compared to the control group, indicating that AR-supported instruction strongly promotes
conceptual change. In particular, the meaningful improvement in students’ understanding of abstract
processes such as sound reflection and absorption demonstrates that AR contributes to reorganizing
students’ mental structures by making abstract concepts visible. The continued emergence of new
misconceptions in the control group indicates that the existing course materials are insufficient for
properly structuring abstract concepts.

The study findings are consistent with a broad literature highlighting the positive effects of AR on
conceptual learning (Altintas, 2018; Fleck et al., 2013; lordache et al., 2012; Liu et al., 2024; Mansour et
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al., 2025; Sirakaya, 2015; Tas, 2025). For instance, Sirakaya (2015) reported that AR applications
significantly reduce students’ misconceptions, while Altintas (2018) emphasized that AR is effective in
transforming alternative conceptions in environmental topics. Liu et al. (2024) demonstrated that AR-
based games support deep conceptual learning and enhance knowledge retention. Fleck and Simon
(2013) stated that in astronomy topics, AR promotes conceptual understanding more effectively than
physical materials. A common aspect of these studies is that AR not only provides students with an
engaging experience but also facilitates the restructuring of misconceptions by creating learning
environments that induce cognitive conflict. In the present study, the three-stage test (KAT) revealed
increases of 43%, 55%, and 61% in the first, second, and third stages for the experimental group,
respectively, indicating that AR supports learning not only at the surface knowledge level but also at the
level of reasoning and explanation. Presenting abstract processes such as sound propagation, reflection,
and absorption through three-dimensional, interactive models helped students recognize inconsistencies
in their thinking. This finding supports the results of Parwati and Suharta (2020) and Bagdat and Sezen
Yiksel (2025), emphasizing the importance of cognitive conflict for conceptual change.

The simultaneous use of AR with the TGA technique provided a significant advantage in the study.
Students made predictions based on their prior knowledge, conducted real observations through AR, and
subsequently produced reasoned explanations. In this process, students not only identified the correct
answers but also sought to understand the underlying physical mechanisms of the concepts. This is an
important indicator of students’ development at the reasoning level. Additionally, the structured inquiry
environment provided by TGA allowed students to recognize their misconceptions and begin questioning
them. In this respect, the study aligns with the findings of Ozkan (2021), highlighting the positive impact
of TGA-supported AR applications on conceptual learning.

A particularly noteworthy finding of the study is that some misconceptions related to the topic of
sound were not completely eliminated despite AR applications. The abstract and unobservable nature of
sound frequently leads to resistant misconceptions in students, as highlighted in the literature (Hrepic et
al., 2010; Lagin Simsek, 2019). For example, students’ belief that sound can propagate in a vacuum
(Kiiclikdzer, 2009) or the confusion between echo and absorption (Oztiirk & Atalay, 2012; Zeybek, 2007)
are among the most commonly observed misconceptions. In this study, the intuitive belief that “sound
travels fastest in air” was only partially reduced in the experimental group. Hrepic et al. (2010) explain
that this misconception stems from students’ reliance on air as a fundamental reference point in their
daily experiences, making it one of the most resistant concepts. Similarly, the continued confusion
between reflection and absorption at the reasoning level is noteworthy. Zeybek (2007) and Oztirk &
Atalay (2012) note that these processes occur at a microscopic level and students cannot directly observe
them, which often leads to conceptual confusion. Furthermore, the failure to completely eliminate
students’ intuitive belief that increased sound intensity leads to increased speed, as noted by Lagin Simsek
(2019), stems from students’ tendency to derive incorrect proportional reasoning from daily life
experiences.

Although AR applications are effective, misconceptions are not entirely eliminated, indicating that
such misunderstandings cannot be easily changed with short-term interventions. Studies show that
misunderstandings related to abstract science concepts can be more permanently addressed through
learning experiences supported by augmented reality and modeling-based instruction, the use of multiple
representations, and interactive experimental engagement (Ainsworth, 2006; Mansour et al., 2025; Sivri
& Eroglu, 2022). Therefore, AR plays an important role as a tool that initiates and supports conceptual
change, but it should be reinforced with repeated and long-term instructional practices, particularly when
targeting intuitively derived daily-life beliefs.

In conclusion, this study demonstrates that AR holds significant potential in science education,
especially for learning processes involving abstract and hard-to-observe concepts. AR applications reduce
students’ misconceptions, enhance conceptual understanding, and improve their ability to provide
reasoned explanations. Additionally, by promoting active engagement, reducing cognitive load through
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concretization, and making the learning process more motivating, AR becomes a powerful tool in the
context of 21st-century science education.

Limitations and Recommendations for Future Research

This study demonstrates the effectiveness of AR applications in reducing students’” misconceptions in
the “Sound and Its Properties” unit. However, it was conducted in a single province, with a limited number
of students and within the scope of a single unit, limiting the generalizability of the findings. Future
research should involve larger, more diverse samples from different regions and socioeconomic
backgrounds to allow for comparative analyses of results.

The AR applications in this study were implemented according to the available school infrastructure
and device performance. Some students experienced delays, connectivity issues, or differences in image
quality, which may have indirectly affected their engagement and conceptual understanding. Future
studies should consider standardized hardware and software environments to minimize the impact of
technological variability and to evaluate AR’s effects more reliably.

Extending the intervention duration and including follow-up tests for retention could help determine
the long-term effects of AR. Additionally, mixed-method and longitudinal studies, not limited to
guantitative data, can provide deeper insights into students’ conceptual change processes. Research in
different science topics and age groups would also contribute to understanding the generalizability of AR-
supported instruction in reducing misconceptions.

This study identified certain resistant misconceptions. Therefore, future research should focus on
interventions targeting intuitive misconceptions such as “sound travels fastest in air,” “confusion between
reflection and absorption” and “relationship between sound intensity and speed.” Combining AR with
TGA, argumentation, concept maps, and conflict-creation strategies could be more effective in addressing
resistant misconceptions. Furthermore, future studies should examine “deep-structured misconceptions”
where students continue to provide incorrect reasoning despite selecting correct answers.
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Turkce Suriimii

Giris

Son yillarda egitim-06gretim sureglerinde teknolojinin kullanimi giderek 6nem kazanmistir. Teknolojik
araglar, 6grencilere bilgiye kolay erisim saglamanin yani sira, bu bilgileri daha anlamli hale getirerek
duyussal becerilerin gelisimine katkida bulunur. Ozellikle coklu ortamlarla zenginlestirilmis dijital 5grenme
ortamlari, 6grencilere hem glivenli hem de gergek yasami andiran 6grenme deneyimleri sunarak akademik
basariyl artirma potansiyeline sahiptir (Bursali, 2022). Geleneksel yontemlerle karsilastirildiginda,
teknoloji destekli yaklasimlar, egitsel sinirlari genisletmekte ve 6g8renme sirecini daha etkili hale
getirmektedir. Egitimde teknolojinin sundugu faydalar genel olarak 6gretmen merkezli ve 6grenci merkezli
kazanimlar seklinde iki ana baslk altinda toplanabilir. Dijital araglarin ders siireglerine dahil edilmesi,
O0gretmenlerin ders hazirlik yukini azaltmakta, sinav ve materyal gelistirme sireglerinde zamandan
tasarruf etmelerine olanak tanimaktadir (Alpar vd., 2007). Teknolojik gelismelerle birlikte degisen yasam
bicimleri, 6gretmenlerin bu yeniliklere ayak uydurmalarini zorunlu kilmis; glincel 6gretim yaklasimlarinin
bilinmesi ve teknolojinin etkili entegrasyonu dnemli hale gelmistir (Giiner, 2018). Ogrenci sayisindaki artis,
dijital arag cesitliligi ve 6grencilerin teknolojiyle giicli baglari gibi etkenler, bilgi ve iletisim teknolojilerinin
egitim sistemine entegrasyonunu kaginilmaz kilmistir (Yiicer, 2011).

Fen ve teknoloji disiplinleri arasinda gli¢li bir iliski bulunmaktadir. Fen egitimi dogayl anlamayi ve
actklamayi, teknoloji ise doga yasalarina uygun ¢ézimler tGretmeyi hedefler. Bu nedenle, fen ve teknoloji
ginimiizde birbirinden bagimsiz distnilmemelidir (Cepni, 2014). Fen bilimleri dersi, teknolojik
gelismelerin temelini olusturan yapisi ve soyut kavramlar icermesi nedeniyle teknolojinin entegrasyonu
icin oldukga elverislidir (Ayas vd., 2001; Dogru & Kiyici, 2005). Ancak 68retim teknolojilerinin etkili sekilde
kullanilmamasi, 6grenme slreglerinde verimliligi azaltabilir (Fidan, 2018). Bu noktada, 6grencilerin
ogrenmesini destekleyecek cagdas teknolojilerin, 6zellikle de gorsellestirmeyi destekleyen uygulamalarin
kullanimi biyik 6nem tasimaktadir.

Bu teknolojilerden biri olan Artiriimis Gergeklik (AG), gercek diinya goruntdleri lizerine sanal nesnelerin
entegre edildigi, fiziksel ve dijital unsurlarin bir araya getirildigi etkilesimli bir teknoloji olarak
tanimlanmaktadir (Azuma, 1997; Schrier, 2006). Egitimde AG kullanimi, 68rencilerin soyut kavramlari
gorsel olarak deneyimlemelerine, gerceklik algilarini gliclendirmelerine ve 6grenmeyi daha kalici hale
getirmelerine katki saglar (Cai vd., 2014; Warkentin vd., 2025). AG uygulamalarinin akademik basari
Uzerinde olumlu etkileri oldugu cesitli arastirmalarda ortaya konmustur (Abdisselam & Karal, 2012; Fleck
& Simon, 2013; Sirakaya, 2015; Yen vd., 2013; Zhang vd., 2014). Ayrica tehlikeli ya da uygulanmasi zor
deneylerin givenli bicimde gerceklestiriimesine olanak sunmasi ve kavram yanilgilarini azaltmasi, bu
teknolojiyi 6zellikle fen dersleri icin degerli kilmaktadir (Fleck vd., 2013; Mansour vd., 2025). Eglenceli ve
ilgi cekici deneyimler sunmasi, sinif ici etkilesimi artirarak sosyal gelisimi desteklemesi ve 6grencilerin
motivasyonunu ylikseltmesi de (Azuma, 2004; Dunleavy vd., 2009; Sumadio & Rambli, 2010) bu
teknolojinin egitimdeki roliina gliclendirmektedir. Bu baglamda AG, fen egitiminde 6grencilerin konulari
daha derinlemesine, etkilesimli ve anlamli bicimde 6grenmelerini saglayan etkili bir aractir.

Ozellikle “Ses ve Ozellikleri” Unitesi gibi soyut kavramlar iceren fizik konularinda, AG uygulamalari
onemli bir rol oynamaktadir. Bu konular doganin temel yasalarini anlamayi gerektirdiginden, 6grenciler
soyut yapilarla karsilastiklarinda kavramlari zihinsel olarak canlandirmakta zorlanabilmekte ve ezbere
dayali 6grenmeye yonelebilmektedir (Akkus, 2013; Godek vd., 2018). Bu durum kavram yanilgilarina
zemin hazirlamakta, 6grencilerin bilimsel bilgiyle celisen bilissel yapilar gelistirmelerine neden olmaktadir
(Glnes, 2021). Fen egitimi literatliriinde bu tir hatal yapilanmalar icin “alternatif kavramlar”, “yanhs
kavramlar” gibi cesitli terimler kullaniimaktadir (Driver & Easley, 1978). Bu kavramlar bireyin kendi

mantigiyla olusturdugu ancak bilimsel gerceklerle 6rtiismeyen yapilar olarak tanimlanir.

Kavram yanilgilarinin olusumunda bireysel deneyimler ve 6gretim sirecleri temel etkenlerdir. Glnlik
yasam deneyimlerinden edinilen bilgiler cogu zaman bilimsel dogruluk tasimaz. Bunun yani sira,
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O0gretmenin alan bilgisi, pedagojik yeterliligi, yontem sec¢imi ve kullanilan materyaller de kavram
yanilgilarinin olusmasinda belirleyici rol oynar (Lagin Simsek, 2019). Bu nedenle, &grencilerin bilgi
diizeylerini ve kavram yanilgilarini belirlemek igin gesitli lgme araglari kullanilmaktadir. Bunlar arasinda
kavram haritalari, tahmin-gézlem-agiklama, milakatlar ve iki/Ug asamali teshis testleri gibi teknikler 6ne
¢ikmaktadir (Bolat & Sézen, 2009; Orduhan & Cakir, 2023; Sari & Cakir, 2024; Sahin & Cepni, 2011; Wu &
Tsai, 2007).

Fen egitimi literatUriinde 6grencilerin sesin dogasi ve yayllmasi hakkinda gesitli yanlis inanislara sahip
olduklari tespit edilmistir (Eshach & Schwartz, 2006; Eshach, 2014; Hrepic, Zollman & Rebello, 2010;
Linder, 1992; Wittmann, 1998). Ornegin, bircok égrenci sesi bir madde veya enerji tasiyicisi olarak
algilamakta; sesin yayilabilmesi icin bir ortamda madde hareketi gerektigini diisinmektedir (Eshach, 2014;
Linder, 1992). Ayrica sesin boslukta yayilabilecegi veya sadece hava araciligiyla iletilebilecegi, dolayisiyla
kati ve sivi ortamlarda daha yavas yayildigi gibi yanilgilar da sikga gérilmektedir (Eshach & Schwartz, 2006;
Hrepic vd., 2010). Ogrencilerin bir diger kavram yanilgisi, sesin siddeti, yiiksekligi ve frekansi arasindaki
farki dogru bicimde ayirt edememeleridir. Ornegin, yiiksek frekansli seslerin daha hizli yayildigini veya
siddetin yalnizca sesin “yiiksekligi” ile iliskili oldugunu dusiinmektedirler (Wittmann, 1998). Benzer
sekilde, sesin yansima, yanki ve sogurulma siireglerinde enerji donliisimini dogru sekilde kavrayamayan
ogrenciler, sesin “kayboldugu” veya “tiiketildigi” gibi bilimsel olmayan agiklamalara yonelmektedirler
(Hrepic vd., 2010; Linder, 1992). Belirtilen yanilgilar, 6grencilerin kavramsal 6grenme slrecinde yeni
bilgileri mevcut hatali bilissel yapilar izerine insa etmelerine neden olmakta; dolayisiyla kalici 6grenmeyi
engellemektedir. Bu nedenle bu tir kavramlarin somutlastiriimasi biytk 6nem tasimaktadir (Cepni, 2014).

Arastirmalar, “Ses ve Ozellikleri” konusunun &grenciler agisindan zor anlasilan konular arasinda yer
aldigini ortaya koymustur (Atasoy vd., 2013; Gok Altun, 2006; Kugukozer, 2009). Bu dogrultuda yapilan
¢alismalar, AG uygulamalarinin kavram yanilgilarinin giderilmesine katki sagladigini (Mansour vd., 2025;
Sirakaya, 2015; Yen vd., 2013) ve soyut kavramlarin daha anlasilir hale getirilmesinde etkili bir yontem
oldugunu gdstermektedir (ibili & Sahin, 2015). Literatiirdeki calismalar incelendiginde, AG’nin kavramsal
ogrenmeye olan katkisinin ¢ogunlukla genel fen konulari lzerinden ele alindigi, 6zellikle “Ses ve
Ozellikleri” gibi 6grencilerde kavram yanilgilarinin sik goriildiigii soyut konulara yonelik uygulamalarin
sinirli oldugu dikkat cekmektedir. Ayrica mevcut ¢alismalar genellikle AG’nin kavram 6gretimi tGzerindeki
etkisini betimsel diizeyde incelemis, 6grencilerin kavram yanilgilarinin olusumu, giderilme diizeyi ve
bilissel degisim slreci arasindaki iliskiyi deneysel olarak ortaya koymamistir. Bu arastirma, s6z konusu
boslugu doldurmak amaciyla, “Ses ve Ozellikleri” tinitesine 6zel olarak gelistirilen SesAR adli AG dgretim
materyalinin 6grencilerin kavram yanilgilarini azaltmadaki etkisini deneysel olarak incelemekte; boylece
AG teknolojisinin fen egitimi alanindaki uygulama boyutuna ve kavramsal 6grenme siirecine ampirik ve
6zgln bir katki sunmaktadir.

Bu arastirmanin temel amaci, “Ses ve Ozellikleri” tinitesinde AG uygulamalarinin égrencilerin kavram
yanilgilari Gzerindeki etkisini incelemektir. Bu dogrultuda su arastirma sorulari ele alinmistir:

e Fen bilimleri dersi “Ses ve Ozellikleri” Unitesinin AG uygulamalari ile &gretimi, 6grencilerin
kavram yanilgisi diizeylerinde anlaml bir degisiklik yaratmakta midir?

e  Fen bilimleri dersi “Ses ve Ozellikleri” tnitesinin AG uygulamalari ile 6gretimi, 6grencilerin var
olan kavram yanilgi seviyelerinde nasil bir degisime neden olmaktadir?

Yontem
Arastirma Modeli

Arastirmada nicel yontemlerden yararlanilarak 6n test-son test kontrol gruplu yari deneysel desen
kullanilmistir. Yari deneysel desenlerde, arastirmacilarin deney ve kontrol gruplarini tamamen rastgele
olusturma ya da bazi katilimcilara miidahale uygulama imkani bulunmamaktadir (Karasar, 2014). Bu
nedenle, katiimcilarin rastgele secilmesi veya rastgele gruplara atanmasi genellikle muamkin
olmamaktadir (Blyukoztirk vd., 2015). Mevcut ¢calismada, Milli Egitim Bakanligi (MEB)’e bagli okullarda
onceden olusturulmus siniflar kullanilmis ve deneysel kosullar tam olarak kontrol edilemedigi icin yari
deneysel desen tercih edilmistir. Calisma gruplari belirlenirken, sinif mevcudu ve basari gibi bazi
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ozelliklerin benzer olmasina 6zen gosterilmistir. Deney grubunda dersler, AG uygulamalariyla desteklenen
materyallerle yiuritulirken; kontrol grubunda ise MEB 6gretim programi kapsaminda yer alan mevcut
materyaller (ders kitaplari, basili materyaller, videolar, animasyonlar vb.) kullaniimistir.

Calisma Grubu

Arastirma, 2022-2023 egitim-6gretim yilinin bahar déneminde gergeklestirilmistir. Calisma grubunu,
Marmara Bolgesi’'nde orta 6lgekli bir ilin merkez ilgesinde bulunan iki devlet okulunda 6grenim goren
toplam 155 altinci sinif 6grencisi olusturmustur. Bu 6grencilerden 82’si (51 kiz, 31 erkek) deney grubunda,
73’0 ise (37 kiz, 36 erkek) kontrol grubunda yer almistir. Gruplarin belirlenmesinde, 6nceki dénemlerde
fen bilimleri dersindeki basari puan ortalamalari arasinda anlamli fark bulunmayan siniflar tercih edilmistir.

Uygulamanin yapilacagl okullar, uygun érnekleme yontemi kullanilarak segilmistir. Uygun 6rnekleme
yontemi, erisimin kolay oldugu durumlarda tercih edilmekte olup, sinirh kaynaklarla daha etkili veri
toplama sireci saglama amaciyla da kullanilabilir (McMillan & Schumacher, 2010). Okullarin
belirlenmesinde, cografi yakinliklari, sinif diizeyindeki sube sayisi ve 6grenci mevcudunun uygunlugu gibi
kriterlere dikkat edilmistir.

Kullanilan Veri Toplama Araglari

Arastirmada, 6rneklem grubundan veri toplamak amaciyla segilen gonilli bireyler, konu hakkinda
bilgilendirilmis ve onay formu imzalatilmistir. Arastirma sirecinde, Yuksekogretim Kurumlari Bilimsel
Arastirma ve Yayin Etigi Yonergesinde belirtilen tiim ilkelere uyulmus olup, ¢alisma icin 21.06.2021 tarihli
ve 85906 sayili etik kurul onayi alinmistir.

Bu ¢alismada, 6grencilerin ses konusundaki kavram yanilgilarini belirlemek icin Efe ve Demirci (2007)
tarafindan gelistirilen ¢ asamali Kavramsal Anlama Testi (KAT) kullaniimistir. Testin ilk asamasi ¢oktan
secmeli sorulardan, ikinci asamasi bu seceneklerin gerekcelerinden ve lgilincli asamasi ise gerekceye
yonelik given dizeyinden olusmaktadir. 6. sinif miifredatina dahil olmayan kazanim disi sorular uzman
gorisuyle gikariimis, pilot uygulamada 40 6grenciyle test revize edilmistir. Test, sekiz temel sorudan olusan
21 maddeye dizenlenmis ve 173 yedinci sinif 6grencisine uygulanmistir. Glven diizeyini 6lgen baz likert
tipi sorular analiz disinda birakilmistir.

Ug asamali KAT pilot uygulamasindan elde edilen veriler, madde analizi igin istatistiksel programlar
kullanilarak degerlendirilmistir. KAT'in birinci asamasina ait her madde i¢in gligliik ve ayirt edicilik indeksleri
hesaplanmis ve Tablo 1’de sunulmustur.

Tablo 1
KAT’ta Yer Alan Maddelerin Giigliik ve Ayirt Edicilik Dederleri (Birinci Asama icin)
Soru . . Soru . .
Numarasi Pl Rix Numarasi Pl e

1 0.63 0.65 13 0.67 0.58
4 0.56 0.81 16 0.60 0.58
7 0.58 0.54 19 0.50 0.50
10 0.48 0.73

Tablo incelendiginde, birinci asamada yer alan maddelerin glglik indeksleri .48 ile .63 arasinda
degistigi gortulmistir. Maddelerin ayirt edicilik indeksleri ise .50 ile .81 arasinda bulunmustur.

ikinci asamaya ait her bir madde icin giicliik ve ayirt edicilik degerleri hesaplanmis ve Tablo 2’de
sunulmustur.
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Tablo 2
KAT'ta Yer Alan Maddelerin Giigliik ve Ayirt Edicilik Degerleri (ikinci Asama igin)
Soru . . Soru . .
Numarasi Pl X Numarasi P X

2 0.50 0.50 14 0.66 0.68
5 0.61 0.71 17 0.50 0.50
8 0.50 0.71 20 0.43 0.50
11 0.54 0.57

Tablo 2 incelendiginde, maddelerin gligliik indekslerinin 0.43 ile 0.68 arasinda degistigi gorilmektedir.
Madde ayirt edicilik indeksleri ise 0.50 ile 0.71 araligindadir.

Madde guigliik indeksi O ile 1 arasinda degerler almakta olup, 0’a yakin degerler maddenin zor
oldugunu, 1’e yakin degerler ise maddenin kolay oldugunu gostermektedir. Ayrica 0.50 degeri maddenin
orta glgclukte oldugunu ifade eder (Atilgan vd., 2009). Analizler sonucunda ¢ok kolay veya ¢ok zor
maddelerin olmadigl belirlenmis ve ortalama gig¢lik indeksi 0.54 olarak hesaplanmistir. Madde ayirt
ediciliginde ise, 0.40 ve Uzeri degerler “cok iyi”, 0.30-0.39 arasi “iyi”, 0.20-0.29 arasi ise “dlzeltme
gerektiren” maddeler olarak kabul edilmektedir. 0.20’nin altindaki maddelerin ise mutlaka dizeltilmesi
veya mimkuinse testten gikarilmasi onerilmektedir (Tekin, 2016). KATta yer alan tiim maddelerin ayirt
edicilik indeksleri 0,38’in lizerinde olup, iyi madde niteligi tasidig tespit edilmistir. Bu dogrultuda, testten
madde gikariimamis ve test analiz sonuglari uygun bulunmustur.

KAT’ta birinci asamasina ait madde analiz sonuglari hesaplanarak Tablo 3’te sunulmustur.

Tablo 3
KAT’ta Yer Alan 1. Asama Sorularina iliskin Madde Analizi Sonuglar
Madde Madde-Toplam Ortalama Puan t degeri b
Numarasi Korelasyonu %27 Ust grup %27 alt grup

1 0.571 0.96 0.31 6.538 0.00
4 0.713 0.96 0.15 9.878 0.00
7 0.438 0.62 0.23 2.988 0.00
10 0.582 0.85 0.12 7.582 0.00
13 0.540 0.96 0.38 5.514 0.00
16 0.530 0.88 0.31 5.139 0.00
19 0.479 0.77 0.23 4.518 0.00

KAT’ta yer alan birinci asama sorularinin madde-toplam korelasyon katsayilarinin 0,479 ile 0,713
arasinda degistigi belirlenmistir. Maddelerin ayirt edicilik degerleri ise %5 anlamllik dizeyinde anlamli
bulunmustur. KATin ikinci asamasina iliskin madde analiz sonuglari hesaplanmis olup, Tablo 4'te
sunulmustur.

Tablo 4
KAT’ta Yer Alan 2. Asama Sorularina iliskin Madde Analizi Sonuclari

Madde-Toplam Ortalama Puan

Madde Numarasi Korelasyonu %27 Ust grup %27 alt grup t degeri P
2 0.295 0.75 0.25 4.243 0.00
5 0.603 0.96 0.25 7.878 0.00
8 0.484 0.86 0.14 7.500 0.00
11 0.304 0.82 0.25 5.136 0.00
14 0.476 1.00 0.32 7.550 0.00
17 0.355 0.75 0.25 4.243 0.00
20 0.299 0.68 0.18 4.302 0.00
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Olgekte yer alan ikinci asamaya ait sorularin madde-toplam korelasyonlarinin 0.295 ile 0.603 arasinda
degistigi tespit edilmistir. Maddelerin ayirt edicilik degerlerinin %5 anlamhlik diizeyinde anlamli oldugu
bulunmustur. KAT'iIn KR-20 glivenirligi, birinci asama sorulari igin 0.70; ilk iki asamanin birlikte
degerlendirilmesi sonucunda ise 0.84 olarak belirlenmistir.

Uygulama Siireci

Uygulama surecinde oncelikli olarak ders planlari ve kazanimlar gergevesinde materyaller planlanmis
ve gelistirilmistir. AG kartlari, 6. sinif “Ses ve Ozellikleri” Gnitesini kapsayacak sekilde tasarlanmistir. Bu
kartlar, belirlenen 6grenme hedeflerine ve teknik gerekliliklere uygun olarak yazilim sirketi tarafindan 8 ay
icinde tamamlanmistir. Kartlarin igerigi slirecin bir pargasi olarak uzmanlar tarafindan degerlendirilmis ve
gerekli revizeler yapilmistir. Hazirlanan 36 adet AG kartlari telefon veya tablet kullanilarak SesAR adli
uygulama ile internet baglantisi gerektirmeden kullanilir hale getirilmistir. Bu uygulamalarla, “Ses ve
Ozellikleri” Ginitesinin kazanimlari ve konu bilgisi ses, video ve goriintii formatlarinda sunulmustur. Ayrica
¢alisma kagitlarinda, tablet veya telefonla isaretgilere nasil tutulacagina dair bilgilendirme metinleri ve
sembolleri gorsel ve yazi metin seklinde kaydedilmistir. Sekil 1'de kullanilan isaretgilerden bazilan
gosterilmistir.

Sekil 1
AG Uygulamalarinda Kullanilan Bazi saretgiler ve Okutunca Olusan Gériintiiler
= & B =2 | |

00
o

C © s C <
29,5 co oo 2’3
P 5 bow
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@99 325 392
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Calisma kagitlari hazirlanirken, 6grencilerin kendi 6grenme siireglerini desteklemek ve kavramlarlailgili
on bilgileriile yanilgilari ortaya koymak amaciyla “Tahmin-Gozlem-Agiklama” (TGA) teknigi tercih edilmistir.
TGA teknigi, lic asamali bir stirecle 6grencilerin belirli bir konu hakkindaki bilgilerini aciga ¢ikarmak igin
kullanilan bir tekniktir (Cepni, 2014). Tahmin asamasinda, 6grencilere bir deney, olay veya durum
sunularak kendi tahminlerini yapmalari istenmistir. Arastirmanin bu asamasinda, ilgili kazanimlara yonelik
olarak en fazla Ug acik uglu soru yer almis olup, bu sorular 6grencilerin 6n bilgilerini ve kavram yanilgilarini
belirlemeye yonelik hazirlanmistir (Sekil 2).

Sekil 2
Calisma Kagidi Tahmin Asamasi Ornegi

Tahmin Edelim

@ Sesiniz duvardan gecebilir mi? Nedenini
yaziniz.

— N

Gozlem asamasinda, 6nceki asamada betimlenen durum uygulanmistir. Aciklama asamasinda ise
ogrencilerden, tahminleri ile gézlemlerini karsilastirmalari ve varsa celiskileri gidermeleri beklenmistir
(Lagin Simsek, 2019). Arastirmanin bu asamasinda, 06grencilerin tahmin asamasindaki sorular
dogrultusunda AG isaretgi gorsellerini kullanarak gozlem yapmalari saglanmistir (Sekil 3).
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Sekil 3
Calisma Kagidi Gézlem Asamasi Ornedi

Gozlem Yapalhm

-@ Sizce kavanozun igindeki c¢alar saatin
duyulmasinda kavanozun nasil bir etkisi oldu?

AR  wygwlamasinr

cive dogru

caligirp.

T 15
o ¥
rabletinizin arka kame

Acgiklama asamasinda, 6grencilerden tahminleri ile gézlemlerini karsilastirmalari ve bu dogrultuda
actklama yapmalari istenmistir. Bu asamada, kazanimlara iliskin bilgilerin agiklanmasi amaciyla AG isaretgi
gorsellerine yer verilmistir (Sekil 4).

Sekil 0
Calisma Kagidi Agiklama Asamasi Ornedi

Tabler bilgisayarmizdan
vanda &

rablennizin arka kamer:

calizte

Sesin bir engelden yansiyarak tekrar duyulmasina yanks ad: verilir. Okulunuzun uzun koridorunda ses
gikardiginizda sesinizin yankssinin duyulma ihtimali, sinifta sesinizin yankisinin duyulma ihtimalinden
daha fazladir. Cunki sesin yankisinin duyulabilmesi icin ses kaynag ile sesin yansidig engel arasinda
belirli bir mesafe olmas: gerekir.

Asagida gunluk hayatta sesin yansimasiyla agklayabilecegimiz durumlara ve teknolojik uygulamalara
ornekler verilmistir. inceleyelim.

Calisma kagitlar hazirlanirken MEB 6. sinif fen bilimleri ders ve ¢alisma kitabi esas alinmis, 6grencilerin
ilgisini cekebilecek renkli gorseller tercih edilmistir. Hazirlanan materyaller alan uzmanlari tarafindan
degerlendirilmis ve son halleri olusturulmustur.

Arastirma, 6. sinif fen bilimleri mifredatindaki “Ses ve Ozellikleri” Unitesi kapsaminda yiriitiImis;
uygulama oncesinde ilgili kurumlardan etik kurul onayi ve arastirma izinleri alinmistir. Uygulamalar, yedi
hafta siiresince toplam 28 ders saati boyunca gerceklestirilmistir. Calisma 6ncesinde deney ve kontrol
gruplarina 6n test uygulanmistir. Deney grubunda AG destekli 6gretim, kontrol grubunda ise mevcut ders
materyalleri (ders kitabi, basili icerikler, video, animasyon vb.) kullaniimistir. TUm gruplarda kazanimlarin
pekistiriimesi amaciyla EBA icerikleri ve  MEB calisma kitaplarindan yararlanilmistir. Deney grubuna
calismanin amaci ve kullanilan teknoloji hakkinda bilgi verilmis, ardindan 4-6 kisilik gruplar olusturularak
her 6grenciye gorev dagihmi yapilmistir. Gerekli araglar (tablet, telefon, calisma kagitlari) 6grencilere
saglanmis ve uygulamalar esgiidiim|ii olarak yiritilmustir. Ogretmen sireci diizenli olarak takip etmis ve
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ihtiya¢ duyuldugunda rehberlik etmistir. Etkinlikler, calisma kagitlarindaki yonergeler dogrultusunda
gergeklestirilmistir. Uygulama siirecine ait gorsellere Sekil 5’'te yer verilmistir.

Sekil 5
Uygulamaya Ait Gériintiiler

Kontrol grubundaki dersler belirlenen plan dogrultusunda yiritidlmstir. Sorgulamaya dayali 6grenme
yaklasimiyla, 6grencilerin hazirbulunusluklarini ve 6n bilgilerini ortaya ¢ikarmak igin “Uzaydaki patlamalari
neden duymuyoruz?”, “Gok giriltiisini neden simsekten sonra duyariz?” ve “Yarasalar yonlerini nasil
bulur?” gibi sorular sorulmustur. Ogrenciler bu sorulari arastirarak tahminlerde bulunmus ve verilerle
karsilastirmistir. Ayrica ders kitaplarindaki deneyler yapilmis, akilli tahta ile videolar ve gorseller
gosterilmis, EBA platformu ve MEB c¢alisma kitaplar kullanilarak 6grenme pekistirilmistir.

Veri Analizi

Arastirmada, AG destekli fen uygulamalarinin kavram yanilgilarinin giderilmesine etkisini belirlemek
icin uygun istatistiksel analizler yapilmistir. Bu testlerin uygulanabilmesi icin veri setinin dagilim ozellikleri
degerlendirilmistir. Parametrik testler icin verilerin en az aralik veya oransal 6l¢cekte olmasi, normal
dagilmasi ve varyanslarin homojen olmasi gereklidir (Can, 2014). Analiz strecinde 6ncelikle normallik
varsayimi test edilmis; medyan, mod, aritmetik ortalama, carpiklik ve basiklik katsayilari incelenmistir.
Carpikhk ve basiklik katsayilarinin standart hata degerine oranla hesaplanan Z puanlarinin -1.96 ile +1.96
arasinda olmasi durumunda dagilim normal kabul edilmistir (Can, 2014). Ayrica Tabachnick ve Fidell’e
(2007) gore, carpiklik ve basiklik degerlerinin -1.5 ile +1.5 araliginda bulunmasi ve merkezi egilim
Olgltlerinin birbirine yakin olmasi da normalligi desteklemektedir. Her bir test icin betimsel istatistikler
hesaplanarak normallik kriterlerine uygunluk degerlendirilmistir.

Tablo 5'de KAT betimsel istatistik verileri Tablo 6’da ise testlerin Z g¢arpiklik ve basiklik puanlari
verilmistir.

Tablo 5
KAT Sonuglarina Ait Betimleyici Istatistik
Grup Test N Ort. Medyan Mod Ss Carpikhk  Basikhk
Kontrol  On test 73 4.63 5 5 1.65 -.387 -.624
KAT Grubu Son test 73 4,55 5 5 1.65 -.344 .663
Deney On test 82 5.01 5 6 1.50 -.267 -.284
Grubu Son test 82 2.43 2 3 1.77 .407 -.507

Tablo 5 incelendiginde her bir test icin ortalama mod medyan degerlerinin birbirine yakin oldugu,
carpiklik ve basiklik degerlerinin -1.5 ile +1.5 arasinda yer aldig1 gérilmektedir. Ayrica testlere ait Z carpiklik
ve Z basiklik puanlari 1.96 ile +1.96 arasinda yer almistir (Tablo 6).
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Tablo 6
KAT Z Carpiklik ve Z Basiklik Istatistigi Sonuglari
Testler Grup Z garpikhk Z basikhk
Kontrol On test -.387/-281 -1.64 -.624/.555 0.01
KAT grubu §.on test -.344/281 0.66 .663/.555 -1.58
Deney On test -.267/.266 1.57 -.284/.526 -0.91
grubu Son test .407/.266 -1.68 -.507/.526 -1.74

Yapilan analizler sonucunda deney ve kontrol grubu KAT 6n test-son testlerin normal dagilim gosterdigi
belirlenmistir. Deney ve kontrol grubu puanlarinin karsilastirilmasi amaciyla parametrik testlerden Tekrarli
Olgiimler ANOVA testi kullaniimistir.

Testin G¢ asamali yapisina iliskin analiz strecinde, katiimcilarin her bir asamaya verdikleri yanitlar
Arslan ve digerleri (2012) tarafindan olusturulan ve Tablo 7’de yer alan kategorik tablo temel alinarak
degerlendirilmistir.

Tablo 7
Tiim Yanitlar icin Kategorilendirilmis Durumlar
Birinci asama ikinci asama Uglincii asama Kategoriler

Dogru Dogru Emin Bilimsel Bilgi
Dogru Yanlis Emin Kavram Yanilgisi
Yanhs Dogru Emin Kavram Yanilgisi
Yanhs Yanlis Emin Kavram Yanilgisi
Dogru Dogru Emin degil Tahmin Etme, Giliven Eksikligi
Dogru Yanlis Emin degil Bilgi Eksikligi
Yanls Dogru Emin degil Bilgi Eksikligi
Yanls Yanlis Emin degil Bilgi Eksikligi

Tablo 7’'ye gore, 6grencilerin kavram yanilgisi tasidiklarinin belirlenebilmesi icin; ilk asamada dogru,
ikinci asamada ise yanlis cevap vermeleri ve (glincli asamada bu yanlishk konusunda kendilerinden emin
olduklarini belirtmeleri gerekmektedir. Bu durum, birinci asamada yanlis, ikinci asamada dogru cevap
veren ve Uglincl asamada emin olduklarini belirten 6grenciler icin de gecerlidir. Ayrica 6grenci ilk iki
asamada yanlis cevap verse bile l¢lincli asamada kendinden emin oldugunu ifade ediyorsa, bu durumda
kavram yanilgisi olasiligi glindeme gelmektedir. Bu durumlar disindaki cevaplar ise bilimsel bilgi, tahmin
etme, gliven eksikligi ve bilgi eksikligi gibi diger kategorilere gére analiz edilmistir.

Gegerlilik ve Giivenirlik

Gegerlilik ve guvenirlik, arastirmanin kalitesini artiran ve bulgularin glvenilirligini saglayan temel
kavramlardir. Gegerlilik, 6lcme aracinin hedeflenen 6zelligi diger degiskenlerin etkisinden bagimsiz olarak
Olcebilme dizeyidir (Yildirm & Simsek, 2013). Glivenirlik ise verilerin tutarliligina isaret eder. Bu ¢calismada,
veri toplama araclari ve analiz slireci ayrintili bicimde tanimlanmis, yontem secimi literatirle
iliskilendirilmistir (Balat vd., 2019). Orneklem seciminde gruplar arasinda denge saglanmasina dikkat
edilmis, uygulama oncesi gerekli izinler alinmis ve katiimcr gondllilagh temin edilmistir. Uygulama
suresinin uzun tutulmasi, i¢ gecerliligi tehdit eden unsurlari azaltmayi hedeflemistir. Arastirmada uzman
gorisleri alinmis, pilot uygulamalar yapilmis ve giivenirlik degerleri belirtilmistir (Topu vd., 2013). Ayrica
ham veriler, kodlamalar ve belgeler teyit edilebilirligi saglamak amaciyla saklanmistir. Tim siireclerde
gecerlilik ve glvenirligi destekleyici yaklasimlar izlenmistir.

Bulgular
KAT’tan Elde Edilen Bulgular

Arastirmanin birinci problemi, “Fen bilimleri dersi Ses ve Ozellikleri {initesinin AG uygulamalari ile
ogretimi, 6grencilerin kavram yanilgisi diizeylerinde anlamli bir degisiklik yaratmakta midir?” seklinde
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ifade edilmistir. ilgili arastirma problemi kapsaminda toplanan KAT puanlarinin normal dagilim &zellikleri
Tablo 5 ve Tablo 6’da verilmistir. Bu veriler dogrultusunda, parametrik analizlerden Karigik Olgiimler
ANOVA testi uygulanmistir. Bu testin saglikli sonug verebilmesi igin gruplar arasi varyanslarin esitligi ile
Olgim gruplarinin ikili kombinasyonlarinda kovaryans matrislerinin benzerligi gerekmektedir. Bu
baglamda Levene Testi (Tablo 8) ve Box's Test of Equality of Covariance Matrices testleri
gerceklestirilmistir.

Tablo 8
KAT On Test ve Son Test Sonuglarinin Varyans Homojenligi
Levene Statistic dfl df2 p
Kavramsal On test 1.673 1 153 .198
Anlama Testi Son test 431 1 153 .513

Tablo 8 incelendiginde, KAT 6n test sonuglarinin (p= 0.198, p> 0.05) ve son test sonuglarinin (p=0.51,
p> 0.05) varyanslarinin homojen dagildigi gértlmustir. Ayrica Box’s Testi sonucu (p= 0.73, p> 0.05)
gruplarin kovaryanslarinin esit oldugunu gostermistir.

Deney ve kontrol gruplarinin kavramsal anlama testinden aldiklari 6n test ve son test puanlarinin
ortalama ve standart sapma (ss) degerleri Tablo 9'da sunulmustur.

Tablo 9
KAT Ortalama ve Standart Sapma Degerleri
Grup Test N X Ss
Kontrol grubu On test 73 4.63 1.65
Son test 73 4.54 1.65
On test 82 5.01 1.50
Deney grubu Son test 82 2.43 1.77

Tablo 9 incelendiginde, deney grubundaki 6grencilerin AG uygulamasi 6ncesi KAT ortalamasinin 5.01
oldugu, uygulama sonrasinda ise 2.58 puan azalarak 2.43’e dust(igl gortlmustir. Kontrol grubunda ise 6n
test ortalamasi 4.63 iken, son testte 0.09 puanlik bir azalma ile 4.54 olarak belirlenmistir. Grup
ortalamalarindaki bu azalis farki degerlendirildiginde, AG uygulamasi yapilan deney grubunda 6grencilerin
KAT puanlarinda kontrol grubuna kiyasla daha belirgin bir disls yasandigi saptanmistir.

Deney ve kontrol gruplarinin 6n test ve son test aritmetik ortalamalari arasindaki istatistiksel farkin
belirlenmesi amaciyla uygulanan karisik élgimler ANOVA sonuglari Tablo 10°da sunulmustur.

Tablo 10

KAT Deney ve Kontrol Gruplarinin On Test- Son Test ANOVA Sonuclar
Varyans Kaynagi KT df KO F p n?
Gruplar arasi 383.839 154
Grup (Deney/Kontrol) 58.399 1 58.399 27.46 .000 .152
Hata 325.440 153 2.127
Gruplar ici 765.102 155
Olcim (On test-Son 137.405 1 137.405 41.49 .000 213
test)
Grup*Olgiim 120.992 1 120.992 36.53 .000 .193
Hata 506.705 153 3.312
Toplam 1.148.941 309

Tablo 10 incelendiginde, farkli gruplarda tekrarli 6lgciim faktorleri birlikte ele alindiginda, AG
uygulamalarinin kullanildigi deney grubunda, deney Oncesi ve sonrasi kavram yanilgisi dizeylerinde
istatistiksel olarak anlamli bir fark ortaya ¢ikmistir [F(1,153) = 36,53, p <.05]. Bu sonug, AG uygulamalari
ile mevcut ders materyallerinin 6grencilerin kavram vyanilgilarini giderme konusunda farkl etkiler
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gosterdigini ortaya koymustur. Arastirmada, KAT On test ve son test ortalamalarinin deney ve kontrol
gruplarina gore degisimleri Sekil 6’da sunulmustur.

Sekil 6
KAT On Test ve Son Test Ortalamalarinin Deney ve Kontrol Gruplarina Gére Dedisimleri
5,50 Knllh'olgl..gl?UUl;P Deney
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Sekil 6 incelendiginde, AG uygulamalarinin uygulandigi deney grubunda KAT On test ve son test
ortalamalarinin sirasiyla 5.01 ve 2.43 oldugu, kontrol grubunda ise bu ortalamalarin sirasiyla 4.63 ve 4.54
olarak belirlendigi gorilmustir. AG uygulamalarinin kavram yanilgilarinin giderilmesindeki etkisi, Eta-Kare
(n?) degerine gore degerlendirilmistir. Arastirmada etki buyiklGgu degerleri, gruplar arasi él¢limler icin
0.15, 8lgiimler arasi icin 0.21 ve Grup*Olciim etkilesimi icin 0.19 olarak hesaplanmistr.

Kavram Yanilgi Seviyesindeki Degisime Ait Bulgular

Arastirmanin ikinci problemi, “Fen bilimleri dersi Ses ve Ozellikleri tnitesinin AG uygulamalari ile
ogretimi, 6grencilerin var olan kavram yanilgi seviyelerinde nasil bir degisime neden olmaktadir?” seklinde
ifade edilmistir. Bu kapsamda, deney ve kontrol gruplarindaki 6grencilerin KAT sorularina ve her bir
asamaya dogru cevap verme oranlari hem 6n test hem de son test sonuglari Gzerinden analiz edilmistir.
Elde edilen veriler isiginda gruplar karsilastinlmistir. Ayrica deney ve kontrol gruplarinin 6n test
sonuclarina dayanarak belirlenen kavram vyanilgilari, son test bulgularn ile karsilastirilarak
degerlendirilmistir. Sekil 7’de deney grubundaki 6grencilerin 6n testte verdikleri cevaplarin asama bazli
analizleri sunulmustur.

1434



Tiire, Yalgin & Giiltekin — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 54(3), 2025, 1405-1447

Sekil 7
Deney Grubu Ogrencilerinin On Test Asamalar Bazinda Dogru Cevap Yiizdeleri
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W 1l.asama 59 43 44 32 36 33 34
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W 3. asama 10 13 15 5 5 9 10

Sekil 7 incelendiginde, deney grubundaki 6grencilerin 6n test analiz sonuglarinda, test sorularinin
asamalari ilerledikge dogru cevap verme oranlarinin azaldigi belirlenmistir. Yedi sorunun ortalamasi baz
alindiginda, birinci asamadaki dogru cevap ylizdesi %40 iken, ilk iki asama i¢in bu oran %20’ye, ilk (i asama
icin ise %9’a dismistir.

Deney grubundaki 6grencilerin son testteki cevaplarina iliskin asama bazinda analizler Sekil 8'de
gosterilmistir.

ekil 8
geney Grubu Odrencilerinin Son Test Asamalar Bazinda Dogru Cevap Yiizdeleri
100
80
60
40
20
0 s1 S2 s3 s4 S5 S6 S7
B 1.Asama 93 90 86 75 70 81 86
2. Asama 85 76 78 70 65 72 80
W 3. Asama 80 79 68 60 59 70 71

Sekil 8 incelendiginde, deney grubundaki 6grencilerin son test analiz sonuglarinda, test sorularinin
asamalari ilerledikce dogru cevap verme oranlarinin azaldigi gérilmustir. Yedi sorunun ortalamasi baz
alindiginda, birinci asamadaki dogru cevap orani %83 iken, ilk iki asama icin bu oran %75’e, ilk Gic asama
icinise %70’e dismstir. Tum sorular ve asamalar dikkate alindiginda, deney grubunda 6grencilerin dogru
cevap yuzdeleri birinci asamada 6n testten son teste %43 (83-40), ikinci asamada %55 (75-20) ve {giinci
asamada %61 oraninda artis gostermistir. Ayrica ilk G¢ asamada dogru cevap verme oranlarinin %50’nin
Gzerinde oldugu tespit edilmistir. Kontrol grubundaki 6grencilerin 6n testte verdikleri cevaplarin asama
bazli analizleri ise Sekil 9’da sunulmustur.
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Sekil 9
Kontrol Grubu Odrencilerinin On Test Asamalar Bazinda Dogru Cevap Yiizdeleri
50
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AR AN 0l A A0 Bu B
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B 1. asama 29 35 24 34 43 39 33
2.asama 25 21 17 20 24 18 21
W 3. asama 16 12 7 10 12 8 9

Sekil 9 incelendiginde, kontrol grubundaki 6grencilerin 6n test analiz sonuglarinda, test sorularinin
asamalari ilerledikce dogru cevap verme oranlarinin azaldig tespit edilmistir. Yedi sorunun ortalamasi
dikkate alindiginda, birinci asamadaki dogru cevap yuzdesi %33 iken, ilk iki ve ilk i asamaya gore bu
oranlar sirasiyla %20 ve %10 olarak belirlenmistir. Ayrica lic asamanin da deney grubunun 6n test verileriyle
benzerlik gosterdigi gozlenmistir. Kontrol grubundaki 6grencilerin son testte verdikleri cevaplarin asama
bazli analizleri ise Sekil 10’da sunulmustur.

Sekil 10
Kontrol Grubu Odrencilerinin Son Test Asamalar Bazinda Dodru Cevap Yiizdeleri

100
80
60 I
20 181 [
O l
S1 S2 S3 sS4 S5 S6 S7
H 1. Asama 70 87 59 70 60 72 62
2. Asama 66 60 48 53 51 70 45
M 3. Asama 60 58 40 46 37 60 43

B 1. Asama 2. Asama M 3. Asama

Sekil 10 incelendiginde, kontrol grubu 6grencilerinin son test analizlerinde test sorularinin asamalari
ilerledikce dogru cevap verme oranlarinin azaldigi gorilmastir. Yedi sorunun ortalamasi dikkate
alindiginda, birinci asamadaki dogru cevap orani %69 iken, ilk iki ve ilk (ic asamaya gore bu oranlar sirasiyla
%56 ve %49 olarak belirlenmistir. Tim sorular ve asamalar géz 6niinde bulunduruldugunda, kontrol
grubundaki 6grencilerin dogru cevap oranlari birinci asamada 6n testten son teste %36 (69-33), ikinci
asamada %36 (56-20) ve li¢lincli asamada %40 oraninda artis gdstermistir. Birinci asamada tiim sorularda
%50'nin lzerinde basari saglanmis olmasina karsin, ikinci asamada 3., 4., 6. ve 7. sorularda basari
oranlarinin %50’nin altinda kaldigi tespit edilmistir. Ugiincii asamada da ayni sorularda %50’nin altinda
basari oranlari gozlenmistir.

Her iki grupta da dogru cevap oranlarindaki artislar, asama sayisina bagl olarak yikselmistir. Ancak,
uygulama sonrasi deney grubundaki 6grencilerin kontrol grubundaki 6grencilere kiyasla testin her
asamasinda daha yliksek basari elde ettikleri belirlenmistir. Birinci asama bazinda, deney grubunda
ortalama basari orani %43 artarken, kontrol grubunda %36 oraninda artis gdzlemlenmistir. Benzer sekilde
ilk iki ve Gi¢ asamaya gore deney grubunda sirasiyla %55 ve %61’lik artislar kaydedilirken, kontrol grubunda
bu artislar %36 ve %40 olarak gergeklesmistir.
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Sekil 11'de, deney ve kontrol gruplarinda yer alan ve KAT son testinde li¢ asamaya da dogru cevap
veren 6grencilerin oranlari gosterilmektedir.

Sekil 11
KAT Son Testte U¢ Asamaya da Dogru Cevap Veren Odrencilerin Yiizdeleri
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Analizlerin yapilabilmesi igin 6grencilerin 6n test ve son testte belirlenen kavram yanilgi durumlari
sayisal olarak kodlanmistir. Kavram yanilgisinin tespit edildigi durumlar 0, tespit edilmedigi durumlar ise 1
olarak kodlanmistir. Ogrencilerin kavram yanilgilarindaki degisimlerinin belirlenmesi amaciyla son test
puanlarindan 6n test puanlari ¢ikarilmistir. Bu hesaplamalar sonucunda elde edilen kavram yanilgisi
degisimlerine dair bulgular Tablo 11’de sunulmustur.

Tablo 11
Ogrencilerin Kavram Yanilgisi Seviyelerindeki Dedisim Durumlarinin Belirlenmesi cin Yapilan islemler
On Test Puani Son Test Puani Son Test-On Test Kavram Yanilgisi Degisim Durumu
Farki
0 0 0 Degisim yok
0 1 1 Kavram yanilgisi giderilmis
1 0 -1 Yeni kavram yanilgisi olusmus
1 1 0 Degisim yok

Deney ve kontrol gruplarindaki kavram yanilgisi degisimlerine iliskin betimsel istatistiksel veriler Tablo
12’te sunulmustur.
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Tablo 12
Kontrol ve Deney Gruplarinda Olan Kavram Yanilgisi Degisim Durumlarina Ait Betimsel istatistikler
Deney Grubu Kontrol Grubu
Soru
No Kavram Yanilgilari (KY) - o byl - o =
1 * * 1 * *
* * * * * *

Ses tellerinin garpismasi sonucu ses olusur.

1 Ses, molekdllerinin bir ylizeyden yansimasi ile olusur. 2 2.4 49 604 30 37.2 9 123 50 684 14 19.1
Cevredeki molekiilleri soguran cisimler ses olusturur.
2 Seshavasiz ortamda yayilir ve bir engele ¢arparak durur. 4 49 48 592 29 358 10 136 52 712 11 151

Ses havada bir engelle karsilasmaz ise daha hizli ilerler.
3 Katt maddelerin yogunlugu daha az oldugu icin ses daha hizli yayilir. 8 9.8 51 629 22 271 18 246 47 643 8 10.9
Atmosferde hava olmadigi icin ses katilarda daha hizli yayilir.

Sesin yayillma hizi, sesin siddetine, yliksekligine ve tinisina baghdir.
4 Eger, ses yliksekse daha hizli yol alir. 10 123 46 567 25 308 13 178 49 671 11 151
Sesin yiksekligi ile camlar titrer ve kirilir.

Simsek caktiktan sonra sesin yansimasi onun daha ge¢ duyulmasini
sebep olur.

5 . . . 11.1 54 666 18 222 20 273 40 548 13 17.8
Ses dalgalar halinde yayilirken yipraniyor ve ses diye bir sey kalmiyor.
Sesin hizi ve sesin yansimasi kavramlarinin birbirine karistirma

6 Cift camda iki cam oldugu icin ses duyulmaz. 12 148 52 649 17 209 12 164 52 712 9 12.3

Canlarin birbirine carpmasiyla olusan tini yarasalarin yolunu
7  bulmalaninisaglar. 8 98 45 555 28 346 17 232 42 573 14 19.1

Yarasalarin gézleri gérmedigi icin sesin siddetinden yararlanirlar.

ORTALAMA 78 91 492 609 241 298 141 193 474 649 114 156
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Tablo 12 incelendiginde, AG uygulamalarinin uygulandigi deney grubunda yeni kavram yanilgisi olusma
oraninin %9,1 oldugu, mevcut ders materyallerinin kullanildigi kontrol grubunda ise bu oranin %19,3 gibi
daha yulksek bir seviyede gerceklestigi belirlenmistir. Bu sonug, AG uygulamalarinin mevcut ders
materyalleriyle kiyaslandiginda kavram vyanilgilarinin olusumunu azaltmada daha etkili oldugunu
gostermektedir.

Her bir soruya iliskin olarak deney ve kontrol gruplarinda gézlemlenen kavram yanilgisi oranlari, Sekil
12’de grafiksel bigimde gosterilmistir.

Sekil 12
Deney ve Kontrol Gruplarinda Her Soru igin Kavram Yanilgisi Olusma Oranlar
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Sekil 12 incelendiginde, kavram yanilgisi olusma oranlarinin her soruda deney grubunda kontrol
grubuna kiyasla daha distik oldugu gérilmistir. Ayrica gruplar arasindaki yanilgi olusma orani farkinin en
fazla oldugu sorularin 3., 5. ve 7. sorular oldugu tespit edilmistir.

Sesin farkl ortamlardaki yayilma hizini sorgulayan 3. soru (testin yedinci sorusu olmasi nedeniyle), bu
sorunun nedenini arastiran 8. soru ve verilen yanitlardan emin olma durumunun sorgulandigi 9. soruya
iliskin kontrol grubundaki 6grencilerin cevap ylzdeleri Sekil 13’te sunulmustur.

Sekil 13
Kontrol Grubundaki Ogrencilerin KAT 7, 8 ve 9. Soruya Verdikleri Cevaplarin Yiizdeleri
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Sekil 13 incelendiginde, 6grencilerin %59’unun C segenegini isaretleyerek yedinci soruyu dogru
yanitladigi, kalan %41’lik kismin ise soruyu yanls cevapladigl belirlenmistir. Yanlis cevaplarin biylk
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cogunlugu (%32) A segeneginde toplanmistir. Yedinci sorunun gerekgesini sorgulamak amaciyla yoneltilen
sekizinci soruda, dogru cevap orani %38’e gerilemistir. Bu bulgular dogrultusunda, 6grencilerin %59’unun
sesin yayllma hizi kavramini dogru anladigi, ancak %32’sinin kavram yanilgisina sahip oldugu sdylenebilir.
Yanilgiya sahip 6grenciler, sesin en hizli “atmosferde” yayildigini se¢mis ve bunun sebebini “Atmosferde bir
engel ile karsilasmayan ses, havada daha hizli ilerler” seklinde agiklamislardir. Dokuzuncu soruda,
Ogrencilerin %71'i verdikleri cevaplar konusunda kendilerinden emin olduklarini belirtmislerdir. Yanls
cevap verdikleri halde kendilerinden emin olmalari, bu sorudaki kavram vyanilgilarinin varligini
gostermektedir.

Isik ve sesin hizlarinin karsilastirildigi besinci soru (li¢ asamali testte on Ugilincl soru), bu sorunun
gerekgesini arastiran on dordinci soru ve cevaplardan emin olma durumunun sorgulandigi on besinci
soruya iliskin kontrol grubundaki 6grencilerin cevap yuzdeleri Sekil 14’te sunulmustur.

Sekil 14
Kontrol Grubundaki Ogrencilerin KAT 13, 14 ve 15. Soruya Verdikleri Cevaplarin Yiizdeleri
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Sekil 14 incelendiginde, 6grencilerin on l¢lincl soruda %60’inin C segenegini isaretleyerek “sesin hiz1”
yanitini dogru olarak verdikleri, geri kalan %40’ lik kesimin ise %32’sinin A secenegi olan “sesin yansimasi”ni
tercih ettigi belirlenmistir. On dordiincii soruda, dogru yanit oraninin %42’ye geriledigi ve A secenegini
isaretleme oraninin %40’a yikseldigi gbzlemlenmistir. Bu durum, 6grencilerin gok glrdltisinin simsekten
sonra duyulmasinin nedenini “sesin yansimasi” olarak agiklamalarindan kaynaklanmaktadir; zira on
dordiincl soruda bu 6grenciler “simsek caktiktan sonra c¢ikan sesin yansimasi onun daha ge¢ duyulmasini
saglar” ifadesini kullanmislardir. Ayrica ilk soruda “sesin hizi” cevabini veren bazi 6grencilerin, ikinci soruda
sesin yansimasiyla ilgili agiklamalara yoneldigi gorilmuastir. Eminlik derecesinin sorgulandigl on besinci
soruda ise 6grencilerin %68’i verdikleri cevaplar konusunda kendilerinden emin olduklarini ifade etmistir.
Ogrenciler sesin yansimasi ile sesin hizi kavramlarini ayirt edememislerdir.

Yarasalarin engellere carpmadan ugmalariyla ilgili yirminci soru ve bu sorunun gerekgesini sorgulayan
yirmi birinci soru ile ilgili kontrol grubundaki 6grencilerin cevap ytzdeleri Sekil 15’te sunulmustur.
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Sekil 15

Kontrol Grubundaki Ogrencilerin KAT 19, 20 ve 21. Soruya Verdikleri Cevaplarin Yiizdeleri
70 75
50 m Ermininn m Emin degilim
200 m Tahmin ettim

. 18
-IQIEC'L. 20, soru 15
- 3 5
m B 5 45
mC 62 F
o s 21 soru.

Sekil 15 incelendiginde, 6grencilerin on dokuzuncu soruda %62’sinin C segenegi olan “sesin yankisi”ni
isaretleyerek dogru yanit verdikleri, geri kalan %38’lik kismin %30’unun ise D segenegi olan “sesin
sogurulmasi”ni tercih ettigi gorilmustir. On dokuzuncu sorunun gerekgesini sorgulayan yirminci soruda
dogru cevap orani %46’ya gerilerken, D segenegini isaretleme orani %32’ye ylkselmistir. Yarasalarin
yonlerini belirlerken “sesin sogurulmasi”ni segen 6grencilerle, ilk soruya dogru yanit verip “sesin yankisi”
diyen bazi 6grencilerin, yirminci soruda “odanin duvarlari tarafindan sogurulan ses, yarasalarin yollarini
bulmasini saglar” seklinde agiklama yaptiklari goriilmistar. Eminlik derecesi 6lgilen yirmi birinci soruda
ise O0grencilerin %75’i verdikleri cevaplar konusunda kendilerinden emin olduklarini belirtmislerdir. Bu
durum, 6grencilerin sesin yankisi ve sesin sogurulmasi kavramlarini ayirt etmekte zorlandiklarini ve bu
konuda kavram yanilgisi yasadiklarini gostermektedir.

AG uygulamalarinin uygulandigi deney grubunda var olan kavram yanilgilarinin giderilme orani %29,8
olarak tespit edilirken, mevcut ders materyallerinin kullanildigi kontrol grubunda bu oran %15,6’da
kalmistir. Bu sonug, AG uygulamalarinin, mevcut ders materyalleriyle kiyaslandiginda 6grencilerin var olan
kavram yanilgilarini giderme agisindan daha etkili oldugunu ortaya koymaktadir. Ayrica sorulara yonelik
incelemede, deney grubundaki 6grencilerin sesin olusumu (sorular 1 ve 2), sesin yayilma hizi (soru 5) ve
sesin yansimasi (soru 7) ile ilgili kavram yanilgilarinin belirgin 6lglde giderildigi gozlenmistir. Buna karsin,
kontrol grubundaki 6grencilerin benzer sorularda (3, 5, 6 ve 7) yeni kavram yanilgilari gelistirme egiliminde
olduklari tespit edilmistir.

Tartisma ve Sonug¢

Arastirma bulgular, AG uygulamalarinin “Ses ve Ozellikleri” (initesinde 6grencilerin kavram
yanilgilarini azaltmada belirgin ol¢lide etkili oldugunu gostermektedir. Deney grubunda kavram
yanilgilarinin giderilme oraninin %29,8’e ylikselmesi, yeni kavram yanilgilarinin ise kontrol grubuna kiyasla
yariyariya azalmasi, AG destekli 6gretimin kavramsal degisimi giiclii bicimde desteklediginin gostergesidir.
Ozellikle sesin yankilanmasi ve sogurulmasi gibi soyut siireclerin anlasilmasinda égrencilerin anlaml
gelisim gostermesi, AG’nin soyut kavramlari gériiniir hale getirerek 6grencilerin zihinsel yapilarini yeniden
dizenlemelerine katki sagladigini ortaya koymaktadir. Kontrol grubunda yeni kavram yanilgilarinin
olusmaya devam etmesi ise mevcut ders materyallerinin soyut kavramlarin dogru bicimde
yapilandiriimasinda yetersiz kaldigini géstermektedir.

Arastirma bulgulari, AG’nin kavramsal 6grenme Uzerindeki olumlu etkilerini ortaya koyan genis bir
literatlirle uyumludur (Altintas, 2018; Cengiz, 2023; Fleck vd., 2013; lordache vd., 2012; Liu vd., 2024,
Sirakaya, 2015; Tas, 2025). Ornegin Sirakaya (2015), AG uygulamalarinin égrencilerin kavram yanilgilarini
onemli Olctide azalttigini belirtirken; Altintas (2018), AG’nin cevre konularindaki alternatif kavramlari
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doénustirmede etkili oldugunu vurgulamaktadir. Liu vd. (2024) ise AG tabanli oyunlarin derin kavramsal
O6grenmeyi destekledigini ve bilgi kaliciigini artirdigini géstermistir. Fleck ve Simon (2013), astronomi
konularinda AG’nin fiziksel materyallere gére kavramsal 6grenmeyi daha fazla destekledigini ifade
etmistir. Bu c¢alismalarin ortak yonl, AG'nin 6grencilere yalnizca dikkat gekici bir deneyim sunmakla
kalmayip, biligsel geliski yaratan 6grenme ortamlan olusturarak yanlig inanislarin sorgulanmasini ve
yeniden yapilandiriimasini kolaylastirmasidir. Mevcut arastirmanin ic asamali testi olan KAT'ta deney
grubunun birinci asamada %43, ikinci asamada %55 ve Uglincli asamada %61 oraninda artis gorilmesi,
AG’nin sadece yiizeysel bilgi dizeyinde degil gerekgelendirme ve agiklama diizeyinde de 6grenmeyi
destekledigini gostermektedir. Sesin yayllmasi, yansimasi ve sogurulmasi gibi soyut siireglerin ¢ boyutlu,
etkilesimli modellerle sunulmasi 6grencilerin diisiince yapilarindaki tutarsizliklari fark etmelerini
kolaylastirmistir. Bu durum, kavramsal degisim igin 6grencilerin biligsel geliski yasamasinin 6nemini
vurgulayan Parwati ve Suharta (2020) ile Bagdat ve Sezen Yiksel’in (2025) bulgularini desteklemektedir.

Arastirmada AG’nin TGA teknigiyle eszamanli kullanilmasi énemli bir avantaj saglamistir. Ogrenciler
mevcut bilgilerine dayanarak tahminde bulunmus, AG Uzerinde gergek gozlemler yapmis ve sonugta
gerekgeeli agiklamalar Giretmistir. Bu sliregte 6grenciler yalnizca dogru cevabi belirlemekle kalmamis, ayni
zamanda kavramlarin altinda yatan fiziksel mekanizmalari anlamlandirmaya yénelmislerdir. Bu durum,
ogrencilerin gerekcelendirme diizeyindeki gelisimlerini destekleyen dnemli bir gostergedir. Ayrica TGA’nin
sundugu yapilandiriimis sorgulama ortami, 6grencilerin yanlis inanislarini fark etmelerine ve bu inanislari
sorgulamaya baslamalarina olanak saglamistir. Bu agidan c¢alisma, TGA destekli AG uygulamalarinin
kavramsal 6grenmedeki olumlu etkisini vurgulayan Ozkan’in (2021) yaptigi calismayla drtiismektedir.

Arastirmada 6zellikle dikkat ¢eken bulgulardan birisi ses konusuyla ilgili bazi kavram yanilgilarinin AG
uygulamalarina ragmen tamamen giderilememesidir. Sesin soyut ve dogrudan gbzlemlenemeyen
yapisinin 6grencilerde direngli kavram yanilgilarina yol actigi literatlirde siklikla vurgulanmaktadir (Hrepic
vd., 2010; Lagin Simsek, 2019). Ornegin; 6grencilerin sesin boslukta yayilabilecegine olan inanci
(Kiiclikdzer, 2009) ya da yanki ile sogurulmanin ayni siire¢ oldugu goriisii (Oztiirk & Atalay, 2012; Zeybek,
2007) alanyazinda en sik karsilasilan yanilgilardandir. Bu arastirmada da “sesin havada en hizli yayilacagl”
yoniindeki sezgisel inanis, deney grubunda kismen azalsa da tamamen giderilememistir. Hrepic vd. (2010),
bu yanilginin 6grencilerin giinliik yasantilarinda havayl en temel referans noktasi olarak gérmelerinden
kaynaklandigini ve bu nedenle degisime en direngli kavramlardan biri oldugunu belirtmektedir. Benzer
sekilde yansimaile sogurulmanin ayni stireg oldugu yoniindeki yanilginin gerekge diizeyinde devam etmesi
de dikkat cekicidir. Zeybek (2007) ve Oztirk & Atalay (2012), bu siireglerin mikroskobik diizeyde
gerceklesmesi ve 6grencilerin bu siiregleri dogrudan gozlemleyememesi nedeniyle kavramlarin siklikla
karistirildigini ifade etmektedir. Gerekgeli sorularda dogru secenegi isaretleyen bazi 6grencilerin hatali
actklamalar sunmaya devam etmesi bu tir inanglarin 6gretim sireglerine direng gosterdigini ortaya
koymaktadir. Ayrica sesin siddetinin artmasiyla hizinin da artacagi yoniindeki sezgisel genellemenin deney
grubunda tamamen ortadan kalkmamasi, Lagin Simsek’in de (2019) belirttigi gibi 6grencilerin ginlik
yasamdan tilrettigi yanhs oranti kurma egiliminden kaynaklanmaktadir.

AG uygulamalarinin etkili olmasina karsin kavram yanilgilarinin tamamen giderilememesi, bu tir
yanilgilarin kisa suireli miidahalelerle kolayca degismedigini gostermektedir. Yapilan ¢alismalar, soyut fen
kavramlarina iliskin yanls anlamalarin artiriimis gerceklik ve modelleme temelli 6gretim uygulamalari,
coklu temsil kullanimi ve deneysel etkilesimlerle desteklenen 6grenme siiregleri araciligiyla daha kalici
bicimde giderilebilecegini gbstermektedir (Ainsworth, 2006; Mansour vd., 2025; Sivri & Eroglu, 2022). Bu
baglamda AG’nin, kavramsal degisimi baslatan ve destekleyen bir ara¢ olarak énemli bir roli olmakla
birlikte, 6zellikle glinlik yasantiya dayali sezgisel inanislarin déntisimiinde tekrarl ve uzun soluklu 6gretim
uygulamalariyla desteklenmesi gerektigi anlasiimaktadir.

Sonug olarak bu arastirma; AG’nin fen bilimleri 6gretiminde, 6zellikle de soyut ve gézlemlenmesi giic
kavramlara yonelik 6grenme siireclerinde 6nemli bir potansiyel tasidigini ortaya koymustur. AG
uygulamalari 6grencilerin kavram yanilgilarini azaltmakta, kavramsal anlama diizeylerini yikseltmekte ve
gerekceli aciklama yapma becerilerini gelistirmektedir. Bunun yaninda, 6grencilerin 6grenmeye aktif
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olarak katilmalarini saglamasi, somutlastirma yoluyla bilissel yiki azaltmasi ve 6grenme siirecini daha
motive edici bir hale getirmesi, AG'yi 21. yizyil fen egitimi baglaminda gii¢lu bir ara¢ haline getirmektedir.

Sinirhliklar ve Gelecekteki Arastirmacilar igin Oneriler

Bu arastirma, AG uygulamalarinin “Ses ve Ozellikleri” Unitesinde &grencilerin kavram yanilgilarini
azaltmada etkili oldugunu gostermektedir. Ancak ¢alisma; belirli bir ilde, sinirli sayida 6grenciyle ve
yalnizca bir Unite kapsaminda yiritilmistir. Bu durum, elde edilen sonuglarin genellenebilirligini
kisitlamaktadir. Gelecekte yapilacak arastirmalarda farkli bélgelerden ve sosyoekonomik diizeylerden
Ogrencilerin dahil edildigi daha genis orneklemler kullanilarak bulgularin karsilastirmali bigcimde
incelenmesi 6nerilmektedir.

Arastirmada kullanilan AG uygulamalari, mevcut okul altyapisi ve cihaz performanslari dogrultusunda
yuratidlmustir. Uygulama siirecinde bazi 6grencilerin cihaz gecikmeleri, baglanti sorunlari veya goriinti
kalitesindeki farklardan etkilenmis olabilecegi go6zlenmistir. Bu durumun, 06grencilerin etkilesim
diizeylerini ve dolayisiyla kavramsal anlamalarini dolayli olarak etkileyebilecegi distnilmektedir. Bu
nedenle, teknolojik altyapi farkliliklarinin 6grenme ¢iktilari Gzerindeki etkisini azaltmak amaciyla donanim
ve yazilim agisindan standartlastiriimis ortamlarda yuritiilecek ¢alismalarin planlanmasi énerilmektedir.
Boylece AG’nin etkisinin daha glivenilir bicimde degerlendirilebilmesi saglanabilir.

Bunun yani sira, uygulama siresinin uzatilmasi ve kaliciliga yonelik izleme testlerinin eklenmesi, AG’nin
uzun vadeli etkilerinin belirlenmesine katki saglayabilir. Ayrica yalnizca nicel verilerle sinirli kalmayan,
karma yontemli ve uzunlamasina galismalar, 6grencilerin kavramsal degisim siireglerini derinlemesine
ortaya koyabilir. Farkli fen konularinda ve yas gruplarinda yapilacak g¢alismalar AG destekli 6gretimin
kavram yanilgilarini gidermedeki genellenebilir etkisini ortaya koymada énemli bir adim olacaktir.

Bu calismada bazi kavram yanilgilarinin direngli oldugu belirlenmistir. Bu nedenle gelecekteki
calismalarda 6zellikle “sesin havada en hizli yayilmasi”, “yansima-sogurulma karisikhigl” ve “ses siddeti-hiz
iliskisi” gibi sezgisel kbkenli yanilgilara odaklanan midahale programlarinin gelistiriimesi énerilmektedir.
Bu kapsamda; AG’nin TGA, argiimantasyon, kavram haritalari ve celiski yaratma stratejileriyle
birlestirilmesi direncli yanilgilarin istesinden gelmede daha etkili olabilir. Ayrica yapilacak olan sonraki
cahismalarin, 6grencilerin dogru cevabi vermelerine ragmen hatali gerekceler lGretmeye devam ettigi

“derin yapidaki yanilgilar1” 6zel olarak incelemesi biyik énem tasimaktadir.
Yazarlarin Makaleye Katki Oranlari
Yazarlar, calismaya esit oranda katki sunmuslardir.
Etik Beyan

Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde yer alan tim kurallara
uyulmus ve yonergenin ikinci bélimuinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
hicbiri gerceklestirilmemistir.

Catisma Beyani

Yazarlar calisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.

Destek Beyani

Bu arastirma, Erzincan Binali Yildirim Universitesi FDK-2021-807 nolu Bilimsel Arastirma Projesi (BAP)
kapsaminda desteklenmistir.
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