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Abstract

This study aims to investigate the impact of the 5E learning model on fifth-grade
students' academic achievement, motivation, and attitudes in the "Propagation of
Light" unit. The research was carried out during the first semester of the 2022-2023
academic year at a middle school in Kahramanmaras. Data were collected using three
instruments: the Light Propagation Academic Achievement Test (LPAAT), the Science
Attitude Scale (SAS), and the Science Motivation Scale (SMS). A quasi-experimental
design with a pre-test and post-test control group was employed. Before the
intervention, pre-tests were administered to both groups. Subsequently, the
experimental group (n=23) was taught using 5E model-based activities, while the
control group (n=24) followed traditional teaching methods for six weeks. Following
the implementation, post-tests were conducted to measure the learning outcomes. The
results indicated that the 5E learning model had a significant positive effect on
students' academic achievement. The experimental group showed statistically higher
post-test scores compared to the control group. Furthermore, the significant
improvement in the experimental group's scores from the pre-test to the post-test
suggests that the 5E model positively contributed to students' short-term academic
achievement. Regarding motivation, students in the experimental group exhibited
significantly higher motivation levels towards science compared to the control group.
However, no significant difference was found between the two groups concerning
attitudes towards science. The study concludes that the 5E model can be a highly
effective approach for improving students' academic performance and motivation in
science education.

Introduction

Science, as both a discipline and a process, encompasses the accumulation of systematic knowledge and the
methods by which that knowledge is generated, tested, and refined (Yalgin, 2010). Philosophically, it represents
a critical enterprise of inquiry, continually questioning and verifying claims about the natural world (Popper,
2002). In educational contexts, this dual nature implies that science instruction must cultivate students’
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conceptual understanding while also engaging them in authentic practices of investigation (Lederman, 2007;
NRC, 2012).

However, research consistently shows that many science concepts—particularly those involving abstract
phenomena such as light and optics—pose substantial cognitive challenges for learners (Yesilyurt, Bayraktar,
Kan, & Orak, 2005). Students often enter secondary science courses harboring misconceptions that impede
further learning (Costu & Ayas, 2002; Ozsevgec, 2006; Sevim, 2013). Moreover, attitudes toward science and
motivation to learn can decline during early adolescence, further reducing engagement and achievement
(Selcuk, Unsal, & Ergin, 2015; Uzun & Keles, 2010).

Constructivist-inquiry models have been proposed as remedies to these persistent difficulties by placing
students at the center of their own learning and emphasizing active meaning-making (Bruner, 1961; Vygotsky,
1978). Among these, the 5E Instructional Model—comprising Engage, Explore, Explain, Elaborate, and Evaluate
phases—stands out for its clear structure and strong theoretical grounding in learning-cycle pedagogy (Bybee,
2006; Bybee et al., 2006). The model is designed to activate prior knowledge, promote hands-on exploration,
facilitate conceptual clarification, extend learning to new contexts, and assess understanding through formative
and summative tasks.

Meta-Analytic and Systematic Review Evidence

A robust body of evidence attests to the 5SE model's efficacy across diverse content areas and educational
settings. Internationally, Polanin et al, (2024) conducted a meta-analysis of 61 studies and reported a mean
achievement effect size (d = 0.82) favoring 5E over traditional instruction. Studies have found that work in STEM
disciplines leads to significant improvements in students' motivation towards science (Park & Yoo, 2013; Fortus
& Vedder-Weiss, 2014; Kong & In-Cheol, 2014).

At the national level, a meta-analysis conducted by Kozcu Cakir and Guiven (2019) on 38 studies in the field of
science confirmed that 5E-based applications showed moderate performance in secondary school science
achievement compared to traditional methods. More recently, Bahadir and Dikmen (2022) reviewed 23 studies
and concluded that the 5E learning model increases academic achievement compared to traditional teaching.

Applications to Optics and Light Propagation

Despite this strong general evidence, studies focusing on optics education—particularly the “Propagation of
Light” unit in early middle school—are relatively scarce. Light phenomena (reflection, refraction, dispersion) are
conceptually demanding and often conflict with students’ everyday experiences (Yesilyurt et al., 2005; Bagkan,
Alev, & Karal, 2010). Irak (2019) developed a STEM-integrated 5E sequence for this unit and reported promising
gains in academic achievement and STEM attitudes, but the study lacked a rigorous control for baseline
equivalence and affective measures beyond self-report.

Affective Dimensions: Motivation and Attitude

Meta-analyses emphasize that affective outcomes are as crucial as cognitive gains in sustainable learning (Tuan,
Chin, & Shieh, 2005; Alkan & Bayri, 2017). Motivation predicts engagement and persistence in challenging
tasks, while positive attitudes sustain long-term interest in science (Demir, Demir, & Onder, 2012; Uzun & Keles,
2010). Yet few studies have concurrently examined both achievement and affect within the same 5E intervention
at the fifth-grade level, leaving an empirical gap in understanding how early interventions shape students’
dispositions toward science.

Rationale and Purpose

Given these gaps, the present study pursues two primary objectives. First, it evaluates the impact of a 5E-based
instructional sequence on fifth-grade students’ academic achievement in the “Propagation of Light” unit,
addressing the dearth of content-specific research in optics education. Second, it examines shifts in students’
motivation and attitudes toward science, thereby integrating a broader range of learning outcomes
recommended by recent systematic reviews (Kahraman & Dogan, 2020; Oner & Yaman, 2020). By doing so, this
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pilot study aims to extend the evidence base for the 5E model into a critical, yet under-researched domain and
to provide insights into both cognitive and affective dimensions of early science learning.

Significance of the Study

This study emerged from a field-based need observed during instructional practices, especially in rural areas
where students tend to struggle with abstract science concepts. While the 5E learning model offers a structured
approach to overcome such difficulties, there is limited research focusing on its effectiveness in rural
educational contexts. Therefore, this study aims to examine the impact of the 5E model in a rural setting (Afsin
case) to contribute both to teaching practices and to the academic literature. In this respect, it provides valuable
insights for educators working in similar regions and attempts to fill an existing gap in the field.

The effectiveness of the 5E model in rural education contexts has also been supported by previous studies. For
example, Chhatoi et al, (2025) reported significant improvements in science achievement among rural students
in India. Similarly, Abungu et al. (2014) found that the 5E model enhanced learning outcomes in under-
resourced Kenyan schools. In Turkey, Dikici et al (2010) emphasized its positive impact on motivation and
conceptual understanding in rural classrooms.

Purpose of the Study and Research Questions

As a result of the researcher’s observations and interviews with teachers, it has been established that traditional
learning methods are predominantly used in rural areas. This has been observed to adversely affect students’
academic achievements, their attitudes towards lessons, and their motivation. In this context, the
implementation of the 5E model — which supports students' active participation in the learning process,
incorporates discovery-based activities, and presents a phased teaching approach — is deemed important. The
5E model improves conceptual understanding, fosters permanent learning, and renders the learning process
more effective by facilitating students' active engagement (Ayaz, 2015). The objective of this study is to enhance
the learning experiences of students in rural areas, boost their academic performance, and contribute to the
development of positive attitudes towards their courses. Moreover, the findings of this research are intended
to guide the formulation of educational policies and the refinement of teaching methodologies.

The participants in this research were two different fifth-grade classes from a middle school in a rural area,
Kahramanmaras province, during the 2022-2023 academic year. One class had an enrollment of 23 students,
and the other had 24. The class with 23 students was designated as the experimental group, while the one with
24 students served as the control group.

This study employed convenience sampling. Convenience sampling relies on selecting participants who are
readily accessible and easily reached, and it is cited as the most frequently used research method (Patton,
2005). The study participants were students taught by the researcher at their institution of employment.

The purpose of this study is to examine the effect of the 5E learning model on 5th grade students’ academic
achievement, attitudes towards science, and motivation levels regarding the topic of “Propagation of Light.” In
line with this purpose, the following research questions were addressed:

Is there a significant difference between the post-test academic achievement scores of the experimental group
(5E model) and the control group?

Is there a significant difference between the post-test attitude scores of the experimental group and the control
group?

Is there a significant difference between the post-test motivation scores of the experimental and control group
students?
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Method

In this section, comprehensive explanations are provided regarding the research methodology, the
characteristics of the study groups, data collection tools, the implementation process of the activities, and the
analysis of the data. The study’s methodological approach, the measurement instruments utilized during the
data collection phase, and the process for analyzing the collected data are addressed.

Prior to the commencement of the research, students in the participating classes were provided with necessary
information and explanations regarding the study's purpose and data collection methods. To ensure the
objectivity, validity, and reliability of the results from both experimental and control groups, the same
researcher conducted the study in both groups throughout the process. Table 1 shows the frequency and
percentage distribution of the participants in the experimental and control groups.

Table 1. Distribution of participants by experimental and control groups

Group n (f) %
Experimental 23 48.94
Control 24 51.06
Total 47 100

Research Design

This section details the research process investigating the effects of a lesson plan and activities, based on the
5E teaching model and developed for the 5th-grade "Propagation of Light" unit, on students' academic
achievement, attitudes towards the science course, and motivation.

A research problem was defined, and the necessary literature reviews were conducted. Although this research
initially aimed only to measure students' academic achievement, scales assessing students' attitudes towards
the science course and their motivation were subsequently included to strengthen the study. Following the
addition of these scales, pilot studies were carried out. Afterwards, the required permissions were obtained

from relevant institutions and parents.

After students were assigned to experimental and control groups, pre-tests were administered to both.
Throughout the six-week implementation period, the researcher conducted the lessons: the "Propagation of
Light" unit was taught to the experimental group using the 5E method and to the control group using the
conventional teaching method. At the end of the six weeks, the researcher administered post-tests to both
groups. Following the post-tests, the researcher analyzed the collected data.

The research design implemented for the experimental and control groups is presented in Table 2 below.

Table 2. Experimental design summary

Groups Pre-Test Intervention Post-Test
Experimental e LPAAT Instruction on the subject e LPAAT
Group ° SAS according to the 5E model (6 e SAS

° SMS weeks) ° SMS
Control ° LPAAT Instruction on the subject e LPAAT
Group ° SAS according to  conventional e SAS

° SMS teaching methods (6 weeks) ° SMS
Participants

The participants in this research were two different fifth-grade classes from a middle school in a rural area of
Afsin district, Kahramanmaras province, during the 2022-2023 academic year. One class had an enroliment of
23 students, and the other had 24. The class with 23 students was designated as the experimental group, while
the one with 24 students served as the control group.



E. Duman & E. Uzun 1040

This study employed convenience sampling. Convenience sampling relies on selecting participants who are
readily accessible and easily reached, and it is cited as the most frequently used research method (Patton,
2005). The study participants were students taught by the researcher at their institution of employment.
Because students were not randomly assigned to the experimental and control groups, this study is considered
a quasi-experimental design. The groups were formed based on existing classroom assignments.

Prior to the commencement of the research, students in the participating classes were provided with necessary
information and explanations regarding the study's purpose and data collection methods. To ensure the
objectivity, validity, and reliability of the results from both experimental and control groups, the same
researcher conducted the study in both groups throughout the process.

Data Collection Instruments

The data collection instruments employed in this study were the '‘Propagation of Light' Academic Achievement
Test (LPAAT), the Science Attitude Scale (SAS), and the Science Motivation Scale (SMS). Further details about
these instruments are provided in the subsections below.

Light Propagation Academic Achievement Test (LPAAT)

In this study, the Light Propagation Academic Achievement Test (LPAAT) developed by Meltem Irak in 2019 for
a STEM study was used to measure students’ understanding of the "Propagation of Light" unit. The test consists
of 20 multiple-choice items with four options each. The reliability coefficient of the test was calculated using
the KR-20 method (Atilgan, 2013). Irak reported the reliability coefficient of the test as 0.78. Since a reliability
coefficient of 0.70 or higher is considered acceptable (Tavsancil, 2005), the test was evaluated as reliable.
Additionally, another KR-20 () reliability coefficient calculated by the researcher was found to be 0.75.

Item discrimination (rjx) is considered quite good when it is between 0.30 and 0.39 (Tekindal, 2009; Baykul,
2015). The LPAAT consists of a 20-item multiple-choice test, with each item having four options. The advantages
of a multiple-choice format include its applicability not only to lower-order cognitive levels such as knowledge
and comprehension but also to higher-order cognitive levels like evaluation, and its capacity to
comprehensively cover the content of broad topics (Irak, 2019). Compared to other question formats, multiple-
choice questions offer greater objectivity and also facilitate item analysis (Caleon & Subramaniam, 2010).

Based on this, and to test the construct validity of the LPAAT before its administration to fifth-grade students,
the test was administered to sixth and seventh-grade students who were familiar with the subject from the
previous year. This pilot study included three sections of sixth-grade students and two sections of seventh-
grade students available at the school, with a total of approximately 120 students participating.
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Table 3. Item discrimination and difficulty indices

Question number Question discrimination index Problem difficulty index
1 .30 .62
2 .35 .38
3 .35 46
4 .36 .36
5 .25 61
6 34 .36
7 .32 .84
8 34 37
9 .34 45
10 .36 .79
11 .30 79
12 .37 .82
13 34 .80
14 44 A48
15 45 .50
16 .51 .62
17 32 .57
18 .30 46
19 40 A48
20 46 .65
Average .36 .57

As a result of the application, the average difficulty of the test was found to be 0.57. Additionally, the average
discrimination index of the test was calculated as 0.36. Based on the conducted research and calculations, the
test showed quite good item discrimination. Furthermore, the difficulty index was found to be 0.57.

There are various techniques used to calculate the reliability of scores obtained by students from a test. The
main difference between KR-20 and KR-21 techniques is that KR-20 is used when the item difficulty index is
known, whereas KR-21 is preferred when item difficulty values are unknown. Another method besides these is
Cronbach'’s Alpha technique. In this technique, similarly to KR-2. correct answers are scored as 1, while incorrect
answers are scored as 0.

Science Attitude Scale (SAS)

The main aim of this research is to determine students' attitudes toward the science course and to examine
the effect of the 5E learning model on these attitudes. Attitudes developed toward the science course are
considered an important factor directly influencing students' academic achievements and learning processes.
Consequently, there was a necessity to use a suitable instrument capable of measuring attitudes toward the
science course. The study not only aimed at identifying existing attitudes but also evaluated whether the 5E
learning model caused any changes in these attitudes.

In the study, the Science Attitude Scale developed by Yasar and Anagiin (2008), consisting of 19 items in a five-
point Likert format, was used. According to Tavsancil (2005), the Cronbach'’s Alpha (o) coefficient appropriate
for determining reliability in such scales was calculated as 0.89 by the developers and 0.87 by the researcher,
indicating high reliability of the scale.

The scale was evaluated by an academic lecturer, two Turkish language teachers, three science teachers, and a
measurement-evaluation specialist. The experts indicated that the language was clear and comprehensible,
and no item required removal. The pilot application of the scale was conducted with 50 students from 6th and
7th grades of the same school.
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Science Motivation Scale (SMS)

The Science Motivation Scale (SMS) developed by Kaplan et al. (2021) is a measurement tool comprising 21
items structured as a five-point Likert-type scale. When researchers examined motivation scales in the existing
literature, they found that most were adapted from foreign sources into Turkish (Isin et al., 2020). Furthermore,
the scale developed by Dede and Yaman (2008) was designed to cover all elementary students. Although the
motivation scale developed by Glynn et al. (2011) was applicable at the university level, it was found
insufficiently comprehensible for middle school students. Therefore, Kaplan and colleagues prepared a current
science motivation scale suitable for the Turkish education system and specifically targeted for middle school
level. The Cronbach'’s Alpha (o) reliability coefficient of SMS was determined as 0.93, demonstrating the scale’s
high reliability.

In this research, the scale was used to examine the effect of the 5E learning model on students' motivation
toward the science course. In the researcher’'s application, the Cronbach’s Alpha coefficient of SMS was
calculated as 0.9. confirming the scale’s reliability. Similar to the attitude scale, the motivation scale was
evaluated by seven experts, including an academic lecturer, two Turkish language teachers, three science
teachers, and one measurement-evaluation specialist. Based on the experts’ opinions, the scale was considered
clear and sufficient, and no items were excluded. The pilot study of the scale was conducted with sixth and
seventh graders (n=50) from the same school.

Data Collection Process

Pre-tests were administered to the experimental and control groups prior to instruction. Subsequently, both
groups studied the "Propagation of Light" unit for six weeks, during which various activities were conducted.
In the week following the instructional period, post-tests were administered to both groups. The following
sections explain how the lessons and activities were implemented in the experimental and control groups over
the six-week period. The lesson plan used for the experimental group is presented in Table 4.

Table 4. Experimental group lesson plan

Week Engagement Exploration Explanation Elaboration Evaluation
The linear Students were Students shared
Week 1: The activity “Candle  Additional holes were propagation of light  asked to draw .

. . " . their models, and
Propagation Behind the Papers made to test the was explained, and models roup discussions
of Light was conducted visibility of the candle  the concept of rays illustrating light \?verepheld

was introduced propagation
- The linear I
The activit Activities were Worksheets were
Week 2: e y Students conducted movement of the .

. Sprinkling Flour . . conducted via the  completed, and the

Propagation S the experiment light beam and )
) onto Laser Light . Morpa Campus teacher provided
of Light -2 themselves direction indication
was performed . platform feedback
were explained
. . . The concepts of
A bouncing ball The "Reflection of o The laws of
Week 3: o . incident ray, Students made .
. analogy for Light" experiment was . reflection were
Reflection of . . . reflected ray, and periscopes and .
. reflection was carried out using . observed using the
Light ) the normal were placed the mirrors :
demonstrated mirrors and a laser . periscope
introduced
Students reflected e
Week 4: . Transparent, A classification
. Three different . . on the
Interaction of The light permeability  translucent, and . . board for the
. . types of paper were . . relationship .
Light with . of materials was tested  opaque materials . materials was
placed on drawings . between thickness
Matter were conceptualized prepared
and transparency
. Shadows were
The formation of Shadow drawings ~ observed in the
Week 5: A video about Observations were complete shadows n9
. . . were made using garden, and the
Complete shadow formation made by creating and the linear . . .
. . . different objects drawings were
Shadow was watched shadows with hands propagation of light - .
. at various angles displayed on a
were explained
board
. The change in Students created Drawings and

. Shadow length was Students carried out 9 . gsa

Week 6: Size : L shadow length screens and interpretations
demonstrated using  the activity and . . .

of Complete . . according to examined shadow  regarding shadow
a flashlight and a recorded their - -

Shadow position was changes based on  length variations

hand

observations

explained

distance

were made
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Figure 1. Candle activity held behind the papers Figure 2. Experimental group preparing a model
related  to the linear propagation of light

o

Figure 3. Sprinkling flour on laser light activity Figure 4. Experimental group making a periscope

s L]

Figure 5. Experimental group testing materials according to their light permeability



E. Duman & E. Uzun 1044 ’

Figure 6. Experimental group performing the Hacivat-Karagoz shadow play

In the control group, the subjects were taught using existing instructional methods. The Ministry of National
Education (MoNE) textbook and the smartboard were utilized, and the Morpa Campus educational portal was
used via the smartboard. Key parts of the subject matter were written on the board by the researcher, and
students took notes accordingly.

Figure 7. Control group taking lecture notes in their notebook
Data Analysis

The data were analyzed using the SPSS software, and a t-test was conducted to determine the differences
between group means. Based on the t-test results obtained from SPSS, the effect size (n?) was also calculated.
The effect size (n?) indicates the magnitude of the effect that the independent variable has on the dependent
variable (Blyukoztirk, 2004).

A statistical analysis method was employed for data analysis, and IBM SPSS 30.0 software was used. Means,
standard deviations, independent samples t-tests, paired samples t-tests, and p-values were calculated and
interpreted using this program.

AUJES (Adiyaman University Journal of Educational Sciences)
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Results

This section presents the results of the statistical analyses conducted to evaluate the effects of the 5E learning
model on students’' academic achievement, motivation toward science, and attitudes toward science. Both
within-group and between-group comparisons were performed using t-tests and ANCOVA, where appropriate.

Pre-Test Comparison of Academic Achievement (LPAAT)

Table 5. Independent samples t-test results for pre-test scores on the light propagation academic
achievement test

Group N M SD t df p
Experimental 24 3.83 1.63 -478 45 .635
Control 23 4.04 1.36

*p > .05

The pre-test comparison showed no significant difference between the experimental and control groups in
terms of academic achievement in the "Propagation of Light" unit. This result indicates that both groups were

statistically equivalent at the beginning of the study, making them suitable for comparison in post-test
analyses.

Post-Test Comparison of Academic Achievement

Table 6. Independent samples t-test results for post-test scores on the light propagation academic
achievement test

Group N M SD t df P n?
Experimental 24 16.45 1.76 5.920** 45 .001* 438
Control 23 12.95 2.26

*» > .05

Students in the experimental group who were taught using the 5E model outperformed their peers in the
control group who received traditional instruction. The mean score difference of 3.5 points was statistically
significant and educationally meaningful. The large effect size (n? = .438) further suggests that the 5E learning
model had a strong impact on students’ academic achievement in the "Propagation of Light" unit.

Within-Group Academic Achievement Gains — Experimental Group

Table 7. Paired samples t-test for pre- and post-test scores (Experimental group)

Test M SD t df p n?
Pre-Test 3.83 1.63 -22.775* 23 .001* .958
Post-Test 16.45 1.76
*p > .05

A substantial and statistically significant improvement was observed within the experimental group from pre-
to post-test. This confirms the positive effect of the 5E instructional model on students’ conceptual
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understanding of light propagation. The extremely large effect size (n? = .958) shows that the gains were not
only statistically significant but also highly meaningful in educational practice.

Within-Group Academic Achievement Gains — Control Group

Table 8. Paired samples t-test for pre- and post-test scores (Control group)

Test M SD t df P n?
Pre-Test 4.04 1.36 -15.859* 22 .001* 920
Post-Test 12.95 2.26
*p > .05

The control group also showed significant improvement from pre-test to post-test, likely due to exposure to
core instructional content. However, the increase was notably lower than that of the experimental group. This

suggests that while traditional methods can improve performance, the 5E model provides significantly more
effective learning experiences.

Motivation Pre-Test Comparison (Justification for ANCOVA)

Table 9. Independent samples t-test results for motivation pre-test

Group N M SD t df p Cohen’'s d
Experimental 24 3.92 47 2.991* 36.3 .004* .88
Control 23 3.37 .76

*p > .05

A significant difference in motivation was observed between the groups at the beginning of the study, favoring
the experimental group. This baseline difference indicates that the groups were not equivalent in motivation,
and thus ANCOVA was used to statistically control for this difference in the post-test comparison.

Motivation Post-Test Comparison (ANCOVA Results)

Table 10. ANCOVA results for motivation post-test (controlling for pre-test scores)

Source SS df MS F p n?
Pre-Test (Covariate) 1.732 1 1.732 8.042 .007* 154
Group (Between) 1.210 1 1.210 5.621 .022* 113
Error 9.483 44 215
*p > 05

After statistically controlling for initial differences in motivation, the experimental group had significantly higher
post-test motivation scores than the control group. This finding indicates that the 5E instructional model had
a moderate and positive effect on students’ science motivation. The analysis strengthens the internal validity
of the study by isolating the instructional effect from initial motivational differences.

Attitude Toward Science — Group Comparisons

Table 11. Independent samples t-test results for science attitude pre- and post-tests

Measure Group N M SD t df p

Pre-Test Experimental 24 3.78 .62 .893 45 377
Control 23 3.65 .68

Post-Test Experimental 24 3.85 .59 1.254 45 216
Control 23 3.63 .61

*p > .05
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Although both groups showed slight increases in attitude scores from pre-test to post-test, the differences
were not statistically significant. This suggests that the 5E learning model did not produce a measurable change
in students' attitudes toward science during the six-week period. This finding aligns with previous research
suggesting that attitudinal shifts may require longer-term or more affective-focused interventions (Tirkmen,
2008; Yalgin, 2010).

General Summary of Findings:
The 5E model significantly improved academic achievement in the light unit with a large effect.
It had a moderate positive impact on science motivation, even after controlling for initial differences.

It had no statistically significant effect on attitudes toward science during the study period.
Discussion, Conclusion, Limitations and Recommendations

This study examined the effect of the 5E learning model on Year 5 pupils' academic achievement, attitudes
towards science, and motivation levels in relation to the topic of ‘The Propagation of Light'. Findings of this
study indicate that the use of the 5E learning model in teaching the fifth-grade ‘Propagation of Light unit
significantly improves students' academic achievement. Analyses conducted within and between groups
revealed that the experimental group students were more successful than the control group. Similarly, it is
consistent with studies that reveal the positive effects of the 5E learning model in increasing science
achievement (Cakir & Gliven, 2019; Aving Akpinar & Bayrakgeken, 2023).

The study also found that the 5E learning model increased students' motivation towards science learning.
Although the pre-test motivation scores showed only a slight difference in favour of the experimental group,
the post-test ANCOVA results revealed a statistically significant effect in favour of the experimental group
compared to the control group. This result indicates that the 5E learning model has a positive effect on
students' motivation. A review of the literature reveals that, in addition to these results, studies indicate that
the 5E model, which is an inquiry-based learning model, positively affects students' active participation in
lessons, curiosity, and sense of responsibility (Tuan et al., 2005; Kaplan et al., 2021).

However, it was concluded that the 5E model had no statistically significant effect on the attitudes of secondary
school students participating in the study towards science. This finding is consistent with studies showing that
instructional models have little or no effect on attitudes in the short term (Ekici, 2007; Kaynar, 2007; Yalgin,
2010). The six-week implementation period of this study may have been insufficient to have an effect on
students' attitudes towards science.

An unexpected issue arose during implementation: it was observed informally that students in the control
group became aware of the different instructional method used in the experimental group. While no direct
data were collected on this phenomenon, it is possible that this awareness influenced the control group’s
motivation or engagement. This circumstance introduces a potential threat to the study’s internal validity, as
the groups may not have remained independent throughout the intervention. Nonetheless, given that all
instructional procedures were followed as planned and fidelity was monitored, the findings regarding academic
achievement remain valid.

The results of this study provide robust evidence that the 5E learning model is an effective instructional
approach for enhancing both the cognitive and affective dimensions of science education at the middle school
level. Specifically, the model significantly improved students’ academic achievement in the “Propagation of
Light” unit, as reflected in both within-group and between-group comparisons. The structured and inquiry-
driven nature of the 5E model appears to support deeper conceptual understanding, particularly through its
emphasis on active engagement, hands-on experimentation, and collaborative learning.
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In terms of science motivation, the model demonstrated a moderate effect was observed after controlling for
baseline differences, but due to the initial imbalance, the findings should be interpreted with caution. This
finding suggests that the instructional design of the 5E model—through its cyclical phases of engagement,
exploration, and elaboration—contributes to sustaining students’ interest and emotional involvement in
learning science. This outcome is particularly relevant in a time when many students experience declining
motivation in science-related subjects during the middle school years.

On the other hand, the study found no statistically significant impact of the 5E model on students’ attitudes
toward science. While this result might initially appear disappointing, it is important to consider the complexity
and long-term nature of attitudinal change. Short-term interventions are often insufficient to shift deeply
rooted beliefs or affective responses, and this finding reinforces the idea that attitude development in science
education requires sustained and multi-faceted approaches.

Overall, the study confirms the pedagogical value of the 5E learning model, particularly in improving academic
performance and fostering motivation in science learning. These findings are especially relevant for science
educators, curriculum developers, and policymakers aiming to improve the effectiveness of science instruction
in primary and middle school settings. Despite the study’s limitations, the evidence supports the integration of
constructivist instructional frameworks like the 5E model into everyday classroom practice. By doing so,
educators can better respond to students’ cognitive needs while simultaneously nurturing their curiosity,
engagement, and sense of competence in science learning.

While the findings of this study provide valuable insights into the effects of the 5E learning model on students’
academic achievement and motivation, several limitations should be acknowledged:

Although ANCOVA was employed to statistically control for the initial difference in motivation between groups,
the presence of a significant pre-test difference remains a methodological limitation. This imbalance may have
influenced the internal validity of the motivation findings.

The intervention was conducted over a period of six weeks. This relatively short time frame may have limited
the model's potential effects on affective variables such as students' attitudes toward science. Longer-term
interventions may yield different results.

During the implementation phase, it was informally observed that students in the control group became aware
of the instructional differences experienced by the experimental group. This may have introduced unintended
motivational effects or competitive dynamics, potentially influencing the outcomes and threatening the study's
internal validity.

The study was limited to 47 fifth-grade students from a single public school. While the findings are meaningful
within this context, they may not be generalizable to broader populations, including different grade levels,
schools, or regions.

The study relied exclusively on quantitative data collected through tests and scales. Including qualitative data

such as student interviews, classroom observations, or teacher reflections could have provided richer insights
into how and why the 5E model affected learning and motivation.

The selection of intact classrooms as experimental and control groups was based on school logistics rather
than random assignment. This quasi-experimental design, while common in educational settings, carries
inherent risks related to group equivalence and selection bias.

Based on the results and limitations of this study, the following recommendations are offered:
Teachers should consider incorporating 5E-based lesson plans into science instruction, particularly for

conceptually abstract units. Activities should include hands-on exploration, group collaboration, and real-world
applications to sustain motivation and deepen understanding.
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Educational programs should integrate inquiry-based models like 5E into standard curricula. Materials should
be designed to support all five phases of the model and provide flexibility for teachers to adapt them to diverse
classrooms.

Longer intervention periods should be implemented to assess potential effects on attitudes and long-term
learning.

Qualitative data (e.g., student interviews, teacher observations) should be collected to better understand how
and why motivation changes during 5E-based instruction.

Randomized controlled trials with larger and more homogeneous samples are recommended to increase
generalizability.

Future studies should take measures to prevent interaction between experimental and control groups to
preserve internal validity.
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Ozet

Bu calisma, 5E 6grenme modelinin, besinci sinif dgrencilerinin “Isigin Yayilmasi”
Unitesindeki akademik basari, motivasyon ve tutumlari Gizerindeki etkisini incelemeyi
amaglamaktadir. Arastirma, 2022-2023 egitim-6gretim yilinin ilk ddneminde
Kahramanmaras'ta bulunan bir ortaokulda yurittlmustir. Veri toplama araci olarak
Isigin Yayilmasi Akademik Basari Testi, Fen Tutum Olcegi ve Fen Motivasyon Olcegi
kullanilmistir. Calismada, ©n-test ve son-test kontrol gruplu yar deneysel desen
kullanilmistir. Ogretim &ncesi dn-testler uygulanmis, sonrasinda deney grubu (n=23)
5E modeline dayali etkinliklerle, kontrol grubu (n=24) ise geleneksel 6gretim
yontemleriyle ders islemistir. Alti hafta stiren uygulamanin ardindan her iki gruba da
son-testler yapilmistir. Arastirma bulgularina gore, 5E 6grenme modelinin 6grencilerin
akademik basarilari Gzerinde anlamli ve olumlu bir etkisi oldugu tespit edilmistir. Deney
grubunun son-test puanlari, kontrol grubuna gore istatistiksel olarak daha yuksek
bulunmustur. Ayrica deney grubunun O&n-testten son-teste olan puan artisi, 5E
modelinin &grencilerin kisa vadeli akademik basarilarina olumlu katki sagladigini
gOstermektedir. Motivasyon konusunda da deney grubundaki ogrencilerin fen
bilimlerine yonelik motivasyon diizeylerinin kontrol grubuna gére anlamli derecede
daha yiksek oldugu belirlenmistir. Ancak fen tutumlar acisindan gruplar arasinda
istatistiksel olarak anlamli bir farka rastlanmamistir. Calisma, 5E modelinin 6grencilerin
fen egitimindeki akademik basari ve motivasyonlarini artirmak icin oldukca etkili bir
yaklasim olabilecegini ortaya koymaktadir.

Giris

Fen bilimleri hem bir disiplin hem de bir siireg olarak, sistematik bilginin birikimini ve bu bilginin Uretildigi, test
edildigi ve gelistirildigi ydontemleri kapsamaktadir (Yalgin, 2010). Felsefi olarak, dogal diinya hakkindaki iddialari
surekli sorgulayan ve dogrulayan elestirel bir arastirma girisimini temsil eder (Popper, 2002). Egitim baglaminda
bu ikili doga, fen bilimleri 6gretiminin, 6grencilerin kavramsal anlayisini gelistirirken ayni zamanda onlari otantik
arastirma uygulamalarina dahil etmesi gerektigini ima eder (Lederman, 2007; NRC, 2012).

Arastirmalar, 151k ve optik gibi soyut fenomenleri iceren birgok fen bilimleri kavraminin 6grenciler icin dnemli
bilissel zorluklar yarattigini stirekli olarak géstermektedir (Yesilyurt vd., 2005). Ogrenciler, ortaokul fen bilimleri
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derslerine genellikle daha ileri 6grenmeyi engelleyen kavram yanilgilariyla baslarlar (Costu ve Ayas, 2002;
Ozsevgec, 2006; Sevim, 2013). Ayrica, ergenligin erken dénemlerinde fen bilimlerine yénelik tutumlar ve
6grenme motivasyonu disebilir, bu da katihmi ve basariyl daha da azaltir (Selcuk vd., 2015; Uzun ve Keles,
2010).

Yapilandirmaci-sorgulamaya dayall modeller, 6grencileri kendi 6grenmelerinin merkezine yerlestirerek ve aktif
anlam olusturmayi vurgulayarak bu kalici zorluklara ¢6ziim olarak dnerilmistir (Bruner, 1961; Vygotsky, 1978).
Bunlar arasinda, Giris (Engage), Kesfetme (Explore), Aciklama (Explain), Derinlestirme (Elaborate) ve
Degerlendirme (Evaluate) asamalarindan olusan 5E Ogretim Modeli, net yapisi ve 6grenme dongisii
pedagojisine dayanan gticli teorik temeli ile 6ne ¢ikmaktadir (Bybee, 2006; Bybee vd., 2006). Model, 6n bilgileri
harekete gecirmek, uygulamali kesifleri tesvik etmek, kavramsal aciklamalara yardimci olmak, 6grenmeyi yeni
baglamlara genisletmek ve bigcimlendirici ve sonlandirici gorevlerle anlamayi degerlendirmek igin tasarlanmistir.

Meta-Analitik ve Sistematik inceleme Kanitlari

GUclu bir kanit birikimi, 5E modelinin farkli icerik alanlari ve egitim ortamlarindaki etkililigini gostermektedir.
Uluslararasi alanda, Polanin ve arkadaslari (2024) 61 calismanin meta-analizini yapmis ve geleneksel 6gretime
kiyasla 5E lehine ortalama bir basan etki buyukligu (d = 0.82) bildirmistir. STEM disiplinlerinde yapilan
calismalarin 6grencilerin fene karsi motivasyonlarinda anlamli iyilesmeler bulundugunu tespit eden calismalar
mevcuttur (Park ve Yoo, 2013; Fortus ve Vedder-Weiss, 2014; Kong ve In-Cheol, 2014).

Ulusal dlizeyde, Kozcu Cakir ve Guiven'in (2019) fen alaninda 38 calisma Ulzerine yaptigi meta-analiz, 5E temelli
uygulamalarin ortaokul fen bilimleri basarisinda geleneksel ydntemlerden orta dlzeyde performans
gosterdigini dogrulamistir. Daha yakin zamanda, Bahadir ve Dikmen (2022) 23 calismayi incelemis ve 5E
6grenme modelinin geleneksel 6gretime kiyasla akademik basariyi artirdigi sonucuna ulagsmislardir.

Optik ve Isigin Yayilmasi Uzerine Uygulamalar

Bu gicli genel kanitlara ragmen, optik egitimine, ozellikle de erken ortaokul ¢agindaki “Isigin Yayilmasi”
Unitesine odaklanan ¢alismalar nispeten azdir. Isik olaylari (yansima, kirlma, dagilma) kavramsal olarak zordur
ve genellikle 6grencilerin glinlik deneyimleriyle celisir (Yesilyurt vd., 2005; Baskan vd., 2010). Irak (2019) bu
Unite icin STEM entegreli bir 5E dizisi gelistirmis ve akademik basari ile STEM tutumlarinda umut verici
kazanimlar bildirmistir, ancak calismada baslangi¢ esdegerligi ve kendi kendine raporlama disindaki duyussal
Olctimler igin titiz bir kontrol eksikligi bulunmaktadir.

Duyussal Boyutlar: Motivasyon ve Tutum

Meta-analizler, surdurilebilir 6grenmede duyussal sonuclarin bilissel kazanimlar kadar hayati oldugunu
vurgulamaktadir (Tuan vd., 2005; Alkan ve Bayri, 2017). Motivasyon, zorlu goérevlerde katilimi ve sebati
ongorirken, olumlu tutumlar fen bilimlerine karsi uzun vadeli ilgiyi strdtrir (Demir vd., 2012; Uzun ve Keles,
2010). Ancak besinci sinif diizeyinde ayni 5E uygulamasi icinde hem basariyi hem de duyusu es zamanli olarak
inceleyen az sayida calisma bulunmaktadir, bu da erken midahalelerin 6grencilerin fen bilimlerine karsi
egilimlerini nasil sekillendirdigini anlamada ampirik bir bosluk birakmaktadir.

Gerekge ve Amag

Bu bosluklar gz éniine alindiginda, mevcut calisma iki temel amaci giitmektedir. ilk olarak, optik egitimindeki
icerige 0zgu arastirma eksikligini gidererek, 5E temelli bir 6gretim dizisinin besinci sinif dgrencilerinin "lsigin
Yayilmasi" Ginitesindeki akademik basarisi izerindeki etkisini degerlendirmektedir. ikinci olarak, égrencilerin fen
bilimlerine yonelik motivasyon ve tutumlarindaki degisimleri inceleyerek, son sistematik incelemeler tarafindan
dnerilen daha genis bir yelpazedeki 6grenme ciktilarini biitiinlestirmektedir (Kahraman ve Dogan, 2020; Oner,
ve Yaman, 2020). Bunu yaparak, bu pilot calisma, 5E modeli icin kanit tabanini kritik ancak yeterince
arastinlmamis bir alana genisletmeyi ve erken fen bilimleri 6greniminin hem bilissel hem de duyussal
boyutlarina dair icgoriler saglamayi amaclamaktadir.
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Calismanin Onemi

Bu calisma, ozellikle soyut fen bilimleri kavramlarinda zorlanma egilimi gosteren kirsal bolgelerdeki 6grencilerin
ogretim uygulamalarinda goézlemlenen alan bazl bir ihtiyagtan ortaya cikmistir. 5E 6grenme modeli, bu tir
zorluklarin Ustesinden gelmek icin yapilandirilmig bir yaklasim sunsa da kirsal egitim baglamlarindaki etkinligine
odaklanan sinirli sayida arastirma bulunmaktadir. Bu nedenle, bu ¢alisma hem 6gretim uygulamalarina hem de
akademik literatlire katkida bulunmak amaciyla kirsal bir ortamda (Afsin 6rnedi) 5E modelinin etkisini
incelemeyi amaglamaktadir. Bu acidan, benzer boélgelerde ¢alisan egitimciler icin degerli bilgiler sunmakta ve
alandaki mevcut bir boslugu doldurmaya calismaktadir.

5E modelinin kirsal egitim baglamlarindaki etkinligi dnceki calismalarla da desteklenmektedir. Ornegin, Chhatoi
ve arkadaslar (2025) Hindistan'daki kirsal 6grenciler arasinda fen bilimleri basarisinda 6nemli iyilesmeler
bildirmistir. Benzer sekilde, Abungu vd., (2014) yetersiz kaynaklara sahip Kenya okullarinda 5E modelinin
ogrenme ciktilarini artirdigini bulmustur. Tirkiye'de ise Dikici ve arkadaslar (2010) kirsal siniflardaki motivasyon
ve kavramsal anlama Uzerindeki olumlu etkisini vurgulamistir.

Calismanin Amaci ve Arastirma Sorular

Arastirmacinin g6zlemlerine ve 6gretmenlerle yaptigi gérismelere gore, kirsal alanlarda geleneksel 6grenme
yontemlerinin agirlikli olarak kullanildigi belirlenmistir. Bu durumun, 6grencilerin akademik basarilarini, derslere
yonelik tutumlarini ve motivasyonlarini olumsuz etkiledigi gozlemlenmistir. Bu baglamda, &grencilerin
6grenme siirecine aktif katilimini destekleyen, kesif temelli etkinlikleri iceren ve asamali bir 6gretim yaklagimi
sunan 5E modelinin uygulanmasi 6nemli gortlmustir. 5E modeli, kavramsal anlamayi gelistirerek, kalici
o6grenmeyi tesvik ederek ve ogrencilerin aktif katilimini kolaylastirarak 6grenme sirecini daha etkili hale
getirmektedir (Ayaz, 2015). Bu c¢alismanin amaci, kirsal alanlardaki 6grencilerin 6grenme deneyimlerini
zenginlestirmek, akademik performanslarini artirmak ve derslerine ydnelik olumlu tutumlar gelistirmelerine
katkida bulunmaktir. Dahasi, bu arastirmanin bulgularinin egitim politikalarinin olusturulmasina ve 6gretim
yontemlerinin iyilestiriimesine rehberlik etmesi amaclanmaktadir.

Bu arastirmanin katilimcilar, 2022-2023 egitim-0gretim yili boyunca Kahramanmaras iline bagh kirsal bir
alandaki ortaokuldan iki farkh besinci sinif subesi olmustur. Bir sinif 23, diger sinif ise 24 6grenciden
olusmaktaydi. 23 6grencisi olan sinif deney grubu, 24 6grencisi olan sinif ise kontrol grubu olarak belirlenmistir.

Bu calismada kolayda ornekleme yontemi kullanilmistir. Kolayda ornekleme, kolayca erisilebilen ve
ulasilabilecek katilimcilarin secimine dayanir ve en sik kullanilan arastirma yontemi olarak belirtiimektedir
(Patton, 2005). Calisma katilimcilari, arastirmacinin calistigi kurumda ders verdigi 6grencilerdir.

Bu calismanin amaci, 5E 6grenme modelinin 5. sinif dgrencilerinin "Isigin Yayilmasi" konusundaki akademik
basari, fen bilimleri tutumlari ve motivasyon duizeyleri Gzerindeki etkisini incelemektir. Bu ama¢ dogrultusunda,
asagidaki arastirma sorularina yanit aranmistir:

Deney grubu (5E modeli) ve kontrol grubunun son-test akademik basari puanlari arasinda anlamli bir fark var
midir?

Deney grubu ve kontrol grubunun son-test tutum puanlari arasinda anlamli bir fark var midir?

Deney ve kontrol grubu 6grencilerinin son-test motivasyon puanlari arasinda anlamli bir fark var midir?
Yontem

Bu bolimde; arastirmanin yontemi, calisma gruplarinin 6zellikleri, veri toplama araclari, etkinliklerin uygulama
streci ve verilerin analizi ile ilgili kapsamli aciklamalar sunulmustur. Calismanin metodolojik yaklasimi, veri
toplama asamasinda kullanilan 6l¢me araclari ve toplanan verilerin analiz slireci ele alinmistir.

Arastirmaya baslamadan once, katilan siniflardaki 6grencilere calismanin amaci ve veri toplama yéntemleri
hakkinda gerekli bilgi ve agiklamalar yapilmistir. Hem deney hem de kontrol gruplarindan elde edilen sonuclarin
nesnelligini, gecerliligini ve guvenilirligini saglamak amaciyla, tim slre¢ boyunca uygulama ayni arastirmaci
tarafindan ylritilmastir. Tablo 1, deney ve kontrol gruplarindaki katilimcilarin frekans ve yizde dagihmini
goOstermektedir.
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Tablo 1. Deney ve kontrol gruplarina gore katilimcr dagilimi

Grup n (f) %
Deney 23 48.94
Kontrol 24 51.06
Toplam 47 100

Arastirma Deseni

Bu bolim, 5E 6gretim modeline dayali olarak besinci sinif "Isigin Yayilmasi" tnitesi icin gelistirilen bir ders plani
ve etkinliklerinin 6grencilerin akademik basarilari, fen bilimleri dersine yonelik tutumlari ve motivasyonlari
Gzerindeki etkilerini inceleyen arastirma surecini detaylandirmaktadir. Calismada, en sik kullanilan deneysel
desenlerden olan, 6n-test ve son-test kontrol gruplu yari deneysel desen kullaniimistir.

Bir arastirma problemi tanimlanmis ve gerekli literatlr taramalari yapilmistir. Bu arastirma baslangigta sadece
ogrencilerin akademik basarisini 6lgmeyi amaglasa da calismayi glclendirmek amaciyla 6grencilerin fen
bilimleri dersine ydnelik tutumlarini ve motivasyonlarini degerlendiren dlgekler daha sonra dahil edilmistir. Bu
Olceklerin eklenmesinin ardindan pilot calismalar yuritilmustir. Daha sonra, ilgili kurumlardan ve velilerden
gerekli izinler alinmistir.

Ogrenciler deney ve kontrol gruplarina atandiktan sonra, her iki gruba da &én-testler uygulanmistir. Bu én
testler, gruplar arasindaki baslangig esitligini istatistiksel olarak kontrol altina almak amaciyla toplanmistir. Alti
haftalik uygulama sireci boyunca, arastirmaci dersleri kendisi yuritmdastir: "lsigin Yayilmasi” Unitesi deney
grubuna 5E modeli, kontrol grubuna ise geleneksel 6gretim ydntemi kullanilarak anlatiimistir. Alti haftanin
sonunda, arastirmaci her iki gruba da son-testler uygulamistir. Son-testlerin ardindan, arastirmaci toplanan
verileri analiz etmistir.

Deney ve kontrol gruplari icin uygulanan arastirma deseni, asagida Tablo 2'de sunulmustur.

Tablo 2. Deney deseni 6zeti

Gruplar On Test Uygulama Son Test
Deney Grubu e IYABT 5E modeline gore konu 6gretimi o IYABT
. FBTO (6 hafta) ° FBTO
o FBMO o FBMO
Kontrol ° IYABT Mevcut Ogretim ydntemlerine e IYABT
Grubu ° FBTO gore konu 6gretimi (6 hafta) ) FBTO
o FBMO o FBMO
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Veri Toplama Araclari

Bu calismada kullanilan veri toplama araglar, "Isigin Yayilmasi® Akademik Basari Testi (IYABT), Fen Bilimleri
Tutum Olcegi (FBTO) ve Fen Bilimleri Motivasyon Olcegi (FBMO)'dir. Bu araclarla ilgili daha detayli bilgiler
asagidaki alt bollimlerde verilmistir.

Isigin Yayilmasi Akademik Basart Testi (IYABT)

Bu calismada, 2019 yilinda Meltem Irak tarafindan STEM calismasi icin gelistirilen Isigin Yayilmasi Akademik
Basari Testi (IYABT), 6grencilerin "Isigin Yayilmasi" tnitesine iliskin anlayislarini 6lgmek amaciyla kullaniimistir.
Test, her biri dort secenekli 20 coktan se¢cmeli maddeden olusmaktadir. Testin guvenilirlik katsayisi KR-20
yontemi (Atilgan, 2013) kullanilarak hesaplanmistir. Irak, testin gtivenilirlik katsayisini 0.78 olarak rapor etmistir.
0.70 veya Uzeri bir glvenilirlik katsayisi kabul edilebilir olarak degerlendirildiginden (Tavsancil, 2005), testin
glvenilir oldugu sonucuna varilmistir. Ayrica arastirmaci tarafindan hesaplanan baska bir KR-20 (o) glvenilirlik
katsayisi 0.75 olarak bulunmustur.

Madde ayirt ediciligi (rjx), 0.30 ile 0.39 arasinda oldugunda oldukga iyi kabul edilir (Tekindal, 2009; Baykul, 2015).
IYABT, her biri dort secenekli 20 ¢oktan se¢gmeli maddeden olusmaktadir. Coktan se¢meli formatin avantajlari
arasinda, sadece bilgi ve kavrama gibi daha dislk diizey biligsel seviyelere degil, ayni zamanda degerlendirme
gibi daha Ust diizey bilissel seviyelere de uygulanabilir olmasi ve genis konularin icerigini kapsamli bir sekilde
kapsayabilme kapasitesi yer almaktadir (Irak, 2019). Diger soru formatlariyla karsilastirildiginda, coktan se¢cmeli
sorular daha fazla nesnellik sunar ve madde analizini kolaylastirir (Caleon ve Subramaniam, 2010).

Buna dayanarak ve IYABT'nin yapi gecerliligini besinci sinif 6grencilerine uygulanmadan 6nce test etmek igin,
test, konuya 6nceki yildan asina olan altinci ve yedinci sinif 6grencilerine uygulanmistir. Bu pilot ¢alismaya,
okulda bulunan (g altinc sinif ve iki yedinci sinif subesinden olmak Ulzere toplamda yaklasik 120 &grenci

katilmistir.
Tablo 3. Sorularin ayirt edicilik ve giclik indeksleri
Soru numarasl Soru ayirt edicilik indeksi Sorunun gui¢lik indeksi
1 .30 62
2 35 38
3 .35 46
4 36 36
5 .25 61
6 .34 .36
7 32 84
8 .34 37
9 .34 45
10 .36 79
11 30 79
12 37 .82
13 .34 .80
14 44 48
15 A5 .50
16 51 .62
17 32 .57
18 30 46
19 40 A48
20 46 65

Ortalama .36 .57
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Veri Toplama Araclari

Bu calismada kullanilan veri toplama araglar, “Isigin Yayilmasi” Akademik Basari Testi (IYABT), Fen Bilimleri
Tutum Olcegi (FBTO) ve Fen Bilimleri Motivasyon Olcegdi (FBMO)'dir. Bu araglar hakkinda detayl bilgiler asagida
verilmistir.

Isiguin Yayilmast Akademik Basar: Testi (IYABT)

Bu calismada, 6grencilerin "Isigin Yayilmasi" lnitesine iliskin bilgi diizeylerini 6lgmek amaciyla, Meltem Irak
tarafindan 2019 yilinda bir STEM calismasi icin gelistirilen IYABT kullaniimistir. Test, her biri dort segenekli 20
coktan se¢meli sorudan olusmaktadir. Testin givenilirlik katsayisi KR-20 yéntemi (Atilgan, 2013) kullanilarak
hesaplanmistir. Irak, testin glvenilirlik katsayisini 0.78 olarak rapor etmistir. 0.70 ve Uzeri bir glivenilirlik katsayisi
kabul edilebilir dizeyde oldugundan (Tavsancil, 2005), testin gulvenilir oldugu degerlendirilmistir.
Arastirmacinin kendi hesaplamalarinda ise KR-20 (o) glvenilirlik katsayisi 0.75 olarak bulunmustur.

Madde ayirt ediciligi (rjx), 0.30 ile 0.39 arasinda oldugunda oldukga iyi kabul edilir (Tekindal, 2009; Baykul, 2015).
IYABT, her biri dort secenekli 20 ¢oktan se¢gmeli maddeden olusmaktadir. Coktan se¢meli formatin avantajlari,
sadece bilgi ve kavrama gibi dusuk bilissel dizeyleri degil, ayni zamanda degerlendirme gibi Ust dlizey bilissel
diizeyleri de dlgebilmesi ve genis bir konunun icerigini kapsamli bir sekilde kapsayabilmesidir (Irak, 2019). Bu
soru formati, diger formatlara gore daha fazla nesnellik sunmakta ve madde analizini kolaylastirmaktadir
(Caleon ve Subramaniam, 2010).

IYABT'nin yapi gecerliligini besinci sinif 6grencilerine uygulanmadan 6nce test etmek amaciyla, test, konuya
onceki yildan asina olan altincl ve yedinci sinif 6grencilerine uygulanmistir. Bu pilot calismaya, ayni okulda
bulunan Gg altinci sinif ve iki yedinci sinif subesinden olmak Uzere toplamda yaklasik 120 &grenci katiimistir.
Uygulama sonucunda, testin ortalama guglik indeksi 0.57 olarak bulunmustur. Testin ortalama ayirt edicilik
indeksi ise 0.36 olarak hesaplanmistir. Yapilan bu arastirmalar ve hesaplamalar, testin madde ayirt ediciliginin
oldukga iyi oldugunu gostermistir.

Ogrencilerin bir testten elde ettikleri puanlarin giivenilirligini hesaplamak icin cesitli teknikler kullanilmaktadir.
KR-20 ve KR-21 teknikleri arasindaki temel fark, KR-20'nin madde giiclik indeksi bilindiginde, KR-21'in ise
madde glclik degerleri bilinmediginde tercih edilmesidir. Bu yéntemlerin yani sira dogru cevaplarin 1, yanhs
cevaplarin ise 0 olarak puanlandigi Cronbach Alfa teknigi de kullaniimaktadir.

Fen Bilimleri Tutum Ol¢egi (FBTO)

Bu arastirmanin temel amaci, 6grencilerin fen bilimleri dersine yonelik tutumlarini belirlemek ve 5E 6grenme
modelinin bu tutumlar Uzerindeki etkisini incelemektir. Fen bilimleri dersine karsi gelistirilen tutumlar,
ogrencilerin akademik basarilarini ve 6grenme siireclerini dogrudan etkileyen dnemli bir faktdr olarak kabul
edilmektedir. Bu nedenle, fen bilimlerine yonelik tutumlari dlcebilecek uygun bir aracin kullaniimasina ihtiyag
duyulmustur. Calisma, sadece mevcut tutumlari belirlemekle kalmamis, ayni zamanda 5E 6grenme modelinin
bu tutumlarda herhangi bir degisiklige neden olup olmadigini da degerlendirmistir.

Calismada, Yasar ve Anagiin (2008) tarafindan gelistirilen ve besli Likert formatinda 19 maddeden olusan Fen
Bilimleri Tutum Olcegi kullanilmistir. Tavsancil'a (2005) gére bu tiir dlceklerde giivenilirligi belirlemek icin uygun
olan Cronbach Alfa (o) katsayisi, Olcedi gelistirenler tarafindan 0.89, arastirmaci tarafindan ise 0.87 olarak
hesaplanmistir. Bu durum, 6lcegin yiiksek glvenilirlige sahip oldugunu gdstermektedir.

Olgek, bir akademisyen, iki Turkce dgretmeni, (¢ fen bilimleri 6gretmeni ve bir 6lcme-degerlendirme uzmani
tarafindan degerlendirilmistir. Uzmanlar, dlcegin dilinin agik ve anlasilir oldugunu, ¢ikarilmasi gereken herhangi
bir madde bulunmadigini belirtmislerdir. Olcegin pilot uygulamasi, ayni okulda 6. ve 7. siniflardan 50 égrenci
ile gerceklestirilmistir.

Fen Bilimleri Motivasyon Ol¢egi (FBMO)

Kaplan ve arkadaslari (2021) tarafindan gelistirilen FBMO, besli Likert tipinde 21 maddeden olusan bir élcme
aracidir. Arastirmacilar, mevcut literatirdeki motivasyon olceklerini incelediklerinde, ¢ogunun yabanci
kaynaklardan Tirkceye uyarlama oldugunu (Isin vd., 2020) tespit etmistir. Ayrica, Dede ve Yaman (2008)
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tarafindan gelistirilen 6lcek tim ilkokul 6grencilerini kapsayacak sekilde, Glynn vd., 2011) tarafindan gelistirilen
motivasyon dl¢edi ise Universite seviyesinde uygulanabilir olmakla birlikte ortackul 6grencileri icin yeterince
anlasilir bulunmamistir. Bu nedenle Kaplan ve arkadaslari, Tirk egitim sistemine uygun ve 6zellikle ortaokul
seviyesini hedefleyen giincel bir fen bilimleri motivasyon 6lcedi hazirlamistir. FBMO'niin Cronbach Alfa (o)
glvenilirlik katsayisi 0.93 olarak belirlenmistir, bu da 6lcegin yiiksek glivenilirligini ortaya koymaktadir.

Bu arastirmada, Olcek 5E 6grenme modelinin 6grencilerin fen bilimleri dersine yodnelik motivasyonlari
tizerindeki etkisini incelemek icin kullanilmistir. Aragtirmacinin kendi uygulamasinda FBMO'niin Cronbach Alfa
katsayisi 0.90 olarak hesaplanmis ve 6lcegin glvenilirligi teyit edilmistir. Tutum O6lcegine benzer sekilde,
motivasyon 0lcegi de bir akademisyen, iki Tirkce 6gretmeni, ¢ fen bilimleri 6gretmeni ve bir dlgme-
degerlendirme uzmani dahil olmak lzere yedi uzman tarafindan degerlendirilmistir. Uzman goruslerine gore
dlcek acik ve yeterli bulunmus, hicbir madde cikarilmamistir. Olcegin pilot calismasi, ayni okulda altinci ve
yedinci siniflardan 50 8grenci ile yapilmistir.

Veri Toplama Siireci

Uygulama 6ncesinde deney ve kontrol gruplarina dn-testler uygulanmistir. Daha sonra, her iki grup da alti hafta
boyunca “Isigin Yayilmasi” tnitesini islemis, bu siirecte cesitli etkinlikler yuritilmistir. Ogretim dénemini takip
eden hafta ise her iki gruba da son-testler uygulanmistir. Asagidaki bolimlerde, derslerin ve etkinliklerin alti

hafta boyunca deney ve kontrol gruplarinda nasil uygulandigi aciklanmaktadir. Deney grubunda kullanilan ders
plani, Tablo 4'te sunulmaktadir.

Tablo 4. Deney grubu ders plani

Hafta Girig Kesfetme Aciklama Derinlestirme Degerlendirme
1. Hafta “Kagitlarin Ek delikler Isigin dogrusal Isik yaylimina  Ogrenciler
Isigin Yayilmasi  Arkasinda agilarak yayildig dair modellerini
Duran Mum” mumun aciklanarak  1sin  6grencilerden paylast, grup
etkinligi gorunlrlugu  kavrami tanitildi model gizimi tartismalar
yapildi test edildi istendi yapildi
2. Hafta “Lazer Isigina Ogrenciler Isinin  dogrusal Morpa Kampus Calisma
Isigin Yayilmasi- Un Serpme” deneyi ilerledigi ve yon zerinden kagitlan
2 etkinligi kendileri yapti  gosterimi etkinlikler yapildi  dolduruldu,
yapildi anlatildi ogretmen geri
bildirim verdi
3. Hafta Topla Ayna ve Gelen isin,  Ogrenciler Periskop
[sigin Yansimasi  yansima lazerle “Isigin  yansiyan 1sin ve periskop  yapti, kullanilarak
benzetimi Yansimasl” normal aynalar yansima
yapildi deneyi yapildi  kavramlari yerlestirdiler yasalari
tanitild gOzlemlendi
4. Hafta Uc farkli kagit Maddelerin Saydam, yari  Kalinlikla Maddeleri
Isigin Madde ile ¢esidi 1Stk saydam ve opak saydamlik iliskisi siniflandiran
Karsilagsmasi gizimlere gecirgenlikleri maddeler Uzerine dusiinme pano
yerlestirildi test edildi kavramsallastirildi  saglandi hazirlandi
5. Hafta Golge Ellerle gblge Tam golge Farkli  cisimlerle Bahgede
Tam Golge olusumu ile vyapilarak olusumu ve 1s1gin  cesitli acllarda golgeler
ilgili video gozlemler dogrusal goOlge  cizimleri gdzlemlendi,
izlendi yapildi yayllmasi yapildi cizimler
aciklandi panoya asildi
6. Hafta El feneri ve el Ogrenciler Goélge boyunun Ogrenciler perde Goélge  boyu
Tam Golge kullanilarak etkinligi konumlara goére yapti, mesafelerle degisimleri
Boyutu golge boyu wuyguladi ve degisimianlatildi gdlge  degisimi Uzerine ¢izim
gosterildi go6zlemlerini incelendi ve  yorumlar

yazdi

yapildi
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Sekil 1. Kagitlarin arkasinda duran mum etkinligi Sekil 2. Deney grubunun 1sigin dogrusal
yayllmasina iliskin model hazirlamasi

| ]

Sekil 3. Lazer 1s1gina un serpme etkinligi Sekil 4. Deney grubunun periskop yapmasi

e L LSS |

Sekil 5. Deney grubunun maddeleri isik gecirgenligine gore test etmesi
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Sekil 6. Deney grubunun Hacivat-Karagdz gélge oyunu oynatmasi

Kontrol grubunda konular, mevcut 6gretim yodntemleri ile islenmistir. MEB ders kitabi ve akilli tahtadan
faydalanilmis, ayrica akilli tahtada Morpa Kampis 6gretim portali kullaniimistir. Konu ile ilgili &nemli kisimlar
arastirmaci tarafindan tahtaya yazilmis ve 6grenciler de bu notlari defterlerine kaydetmistir.

Sekil 7. Kontrol grubunun ders notlarini defterine kaydetmesi

AUJES (Adiyaman University Journal of Educational Sciences)
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Veri Analizi

Nicel verilerin analizi i¢in IBM SPSS 30.0 yazilimi kullanilmistir. Calismada kullanilan parametrik testlerin
varsayimlarini yerine getirdigini gostermek amaciyla, dncelikle veri setlerinin normal dagihmi incelenmistir.
Yapilan Shapiro-Wilk test sonuglari, tim dn-test ve son-test puanlarinin normal dagilim varsayimini karsiladigini
gOstermistir. Gruplar arasi karsilastirmalar ve sonuglarin yorumlanmasi icin su yontemler kullaniimistir:

Baslangi¢ Esitligi ve Nihai Basart-Tutum Karstlastirmast: Deney ve kontrol gruplarinin én-test puanlari
arasindaki baslangig esitligini test etmek ve son-test akademik basari ile tutum puanlarini karsilastirmak igin
bagimsiz drneklemler t-testi uygulanmistir.

Motivasyon Karsilastirmast (ANCOVA): On-test motivasyon puanlarinda gruplar arasinda istatistiksel olarak
anlamli bir fark tespit edildigi icin, bu baslangi¢ farkinin son-test sonugclar Gzerindeki etkisini gidermek ve nihai
etkiyi tarafsiz 6lgmek amaciyla Kovaryans Analizi (ANCOVA) kullaniimistir.

Uygulanan testlerin sonuclarina ek olarak, bagimsiz degiskenin bagimli degisken Uzerindeki etkisinin
bilyukligunl gostermek igin etki blyukligu hesaplanmistir. t-testi sonuglari icin Cohen's d, ANCOVA sonuclari
icin ise kismi eta kare (n 2) degerleri raporlanmistir (Blytkoztirk, 2004).

Etik Beyan

Etik Kurul Onayt: Bu calisma, Kahramanmaras Sitcti imam Universitesi Etik Kurulu’nun 29.06.2022 tarihli ve
2022/23 sayil karari ile onaylanmistir. Arastirma sirecinde tim etik ilkelere uyulmustur.

Ctkar Catismast: Yazarlar, bu calismanin hazirlanmasinda herhangi bir ¢ikar ¢atismasinin olmadigini beyan
ederler.

Yazar Katkist: Bu calisma, yazar Esra DUMAN tarafindan yiksek lisans tez calismasi kapsaminda hazirlanmistir
ve Dog. Dr. Emine UZUN danismanliginda yUratalmustir.
Bulgular

Bu bolimde, 5E 6grenme modelinin 6grencilerin akademik basarilari, fen bilimleri motivasyonlari ve fen
bilimleri dersine yonelik tutumlar Gzerindeki etkilerini degerlendirmek icin yiritilen istatistiksel analizlerin
sonuglar sunulmaktadir. Uygun durumlarda hem grup ici hem de gruplar arasi karsilastirmalar, t-testleri ve
ANCOVA (Kovaryans Analizi) kullanilarak yapiimistir.

Akademik Basari On-Test Karsilastirmasi (IYABT)

Tablo 5. Isigin yayilmasi akademik basari testi dn-test puanlari icin bagimsiz érneklemler t-testi sonuglari

Grup N Ort. (M) SS t sd p
Deney 24 3.83 1.63 -478 45 .635*
Kontrol 23 4.04 1.36

*p > .05

Akademik basari 6n-test karsilastirmasi, "Isigin Yayilmasi® Unitesi kapsaminda deney ve kontrol gruplari
arasinda anlaml bir fark olmadigini gostermektedir. Bu sonug, ¢alismanin baslangicinda her iki grubun da
istatistiksel olarak denk oldugunu ve son-test analizlerinde karsilastirma igin uygun olduklarini ortaya
koymaktadir.

Akademik Basari Son-Test Karsilagtirmasi

Tablo 6. Isigin yayllmasi akademik basari testi son-test puanlari icin bagimsiz drneklemler t-testi sonuglari

Grup N Ort. (M) SS t sd p n?
Deney 24 16.45 1.76 5.920 45 .001* 438
Kontrol 23 12.95 2.26

*p > .05
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5E modeliyle ders islenen deney grubundaki 6grenciler, geleneksel 6gretim alan kontrol grubundaki
akranlarindan daha iyi performans gostermistir. 3.5 puanlik ortalama farki istatistiksel olarak anlaml ve
egitimsel agidan manidardir. Blyuk etki buyuklugi (n® = .438), 5E 6grenme modelinin égrencilerin "Isigin
Yayilmasi" Unitesindeki akademik basarilari Gzerinde gticli bir etkisi oldugunu géstermektedir.

Grup ici Akademik Basari Gelisimi - Deney Grubu

Tablo 7. Deney grubunun 6n ve son-test puanlari icin iligkili drneklemler t-testi sonuglari

Test Ort. (M) SS t sd P n?
On-Test 3.83 1.63 -22.775 23 .001* .958
Son-Test 16.45 1.76

*p < .05

Deney grubu iginde, 6n-testten son-teste dogru 6nemli ve istatistiksel olarak anlamli bir gelisme gozlenmistir.
Bu bulgu, 5E 6gretim modelinin 6grencilerin 1sigin yayilmasina iliskin kavramsal anlayisi Gzerindeki olumlu
etkisini dogrulamaktadir. Son derece biiyiik etki biytkliga (n? = .958), kazanimlarin sadece istatistiksel olarak
anlamli olmadigini, ayni zamanda egitimsel uygulamada da son derece 6nemli oldugunu gdstermektedir.

Grup ici Akademik Basari Gelisimi - Kontrol Grubu

Tablo 8. Kontrol grubunun 6n ve son-test puanlari igin iliskili 6rneklemler t-testi sonuclari

Test Ort. (M) SS t sd P n?
On-Test 4.04 1.36 -15.859 22 .001* .920
Son-Test 12.95 2.26

*p < .05

Kontrol grubu da on-testten son-teste anlaml bir gelisme gdstermistir, bu durum bulylk olasilikla temel
ogretim icerigine maruz kalmalarindan kaynaklanmaktadir. Ancak artis deney grubuna kiyasla belirgin sekilde
daha dusuktur. Bu, geleneksel yontemlerin performansi artirabilecegini, ancak 5E modelinin ¢ok daha etkili
6grenme deneyimleri sagladigini disiindirmektedir.

Motivasyon On-Test Karsilastirmasi (ANCOVA Gerekcelendirmesi)

Tablo 9. Motivasyon 6n-test puanlari icin bagimsiz 6rneklemler t-testi sonuclari

Grup N Ort. (M) SS t sd p Cohen’s d
Deney 24 3.92 A7 2.991 36.3 .004* .88
Kontrol 23 3.37 .76

*p < .05

Galismanin baslangicinda motivasyon agisindan gruplar arasinda, deney grubu lehine anlamh bir fark
go6zlenmistir. Bu baslangi¢ farki, gruplarin motivasyon agisindan denk olmadigini ve bu nedenle son-test
karsilastirmasinda bu farki istatistiksel olarak kontrol etmek icin ANCOVA'nin (Kovaryans Analizi) kullanildigini
goOstermektedir.
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Motivasyon Son-Test Karsilagtirmasi (ANCOVA Sonuclar)

Tablo 10. Motivasyon son-test puanlari icin ANCOVA sonuglari (6n-test puanlari kontrol edilerek)

Kaynak Kareler Toplami (KT) sd Kareler Ortalamasi (KO) F p n?
On-Test (Kovaryant) 1.732 1 1.732 8.042 .007* .154
Grup (Gruplar Arasi) 1.210 1 1.210 5.621 .022* 113
Hata 9.483 44 0.215

*p < .05

Baslangictaki motivasyon farkliliklar istatistiksel olarak kontrol edildikten sonra, deney grubunun son-test
motivasyon puanlari, kontrol grubuna gére anlamli derecede daha yliksek bulunmustur. Bu bulgu, 5E 6gretim
modelinin &grencilerin fen bilimleri motivasyonu Uzerinde orta diizeyde ve olumlu bir etkisi oldugunu
gostermektedir. Bu analiz, baslangictaki motivasyon farkliliklarini izole ederek calismanin i¢ gecerliligini
glclendirmektedir.

Fen Bilimleri Tutumlarn - Grup Karsilastirmalan

Tablo 11. Fen bilimleri tutum 6n ve son-test puanlari icin bagimsiz érneklemler t-testi sonuglari

Olcim Grup N Ort. (M) SS t sd P
On-Test Deney 24 3.78 62 893 45 377*
Kontrol 23 3.65 .68
Son-Test Deney 24 3.85 .59 1.254 45 216*
Kontrol 23 3.63 .61
*p > .05

Tartisma, Sonuc, Sinirhliklar ve Oneriler

Bu calismada 5E 6grenme modelinin 5. sinif dgrencilerinin “Isigin Yayilmasi* konusundaki akademik basari, fen
bilimleri tutumlari ve motivasyon diizeyleri Gzerindeki etkisini incelenmistir. Calismanin bulgulari, besinci sinif
"Isigin Yayilmasi” Unitesinin 6gretiminde 5E 6grenme modelinin kullaniimasinin 8grencilerin  akademik
basarisini anlamli derecede artirdigini gostermektedir. Grup icinde ve gruplar arasinda elde edilen analizler
deney grubu 6grencilerinin kontrol grubuna kiyasla daha basarili olduklarini ortaya koymustur. Benzer sekilde
5E 6grenme modelinin fen basarisini arttirmada olumlu etkiler oldugunu ortaya cikaran calismalarla (Cakir ve
Glven, 2019; Aving Akpinar ve Bayrakceken, 2023) paralellik gdstermektedir.

Calismada ayrica 5E 6grenme modelinin 6grencilerin fen bilimleri 8grenimine yoénelik motivasyonunu arttirdigi
sonucu elde edilmistir. On-test motivasyon puanlarinin cok az bir farkla deney grubunun lehine olsa bile son-
test ANCOVA sonuclari control grubuna kiyasla deney grubu lehine istatistiksel olarak anlamli derecede bir
etkiyi ortaya koymustur. Bu sonug, 5E 6grenme modelinin 6grencilerin motivasyonlarinda olumlu etkiye neden
oldugunu gostermektedir. Literatiir incelendiginde bu sonuglara ek olarak sorgulamaya dayali bir 6grenme
modeli olan 5E modelinin 6grencilerin derslere aktif katimini, merak duygusunu, gérev bilincini olumlu yonde
etkiledigini belirten arastirmalar da géze carpmaktadir (Tuan vd., 2005; Kaplan vd., 2021).

Fakat calismaya katilan ortaokul 6grencilerinin fen bilimlerine yonelik tutumlarinda 5E modelinin istatistiksel
olarak anlamh bir etkisinin olmadigi sonucuna ulasiimistir. Bu durumun tutumlar Uzerinde kisa sirede
ogretimsel modellerin etkisinin az oldugu veya olmadigi calismalarla tutarlidir (Ekici, 2007; Kaynar, 2007; Yalgin,
2010). Bu ¢alismanin alti haftalik uygulama sirecinin 6grencilerin fen bilimlerine yonelik tutmlari Gzerinde bir
etki olusturmasi igin yetersiz kalmis olabilir.

Uygulama sirasinda beklenmedik bir sorun ortaya ¢ikmistir: kontrol grubundaki 6grencilerin, deney grubunda
kullanilan farkli 6gretim yonteminden haberdar olduklari gayri resmi olarak gozlenmistir. Bu durum hakkinda
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dogrudan bir veri toplanmamis olmasina ragmen bu farkindaligin kontrol grubunun motivasyonunu veya
katilimini etkilemis olmasi mimkdndir. Bu durum, gruplarin miidahale boyunca bagimsiz kalmamis olabilecegi
icin calismanin i¢ gecerliligi icin potansiyel bir tehdit olusturmaktadir. Bununla birlikte tim &gretim
prosedurlerinin planlandigi gibi takip edildigi ve uygulamanin sadakatinin izlendigi g6z 6niine alindiginda,
akademik basariya iliskin bulgular gecerliligini korumaktadir.

Bu calismanin sonugclari, 5E 6grenme modelinin, ortaokul seviyesindeki fen bilimleri egitiminin hem bilissel hem
de duyussal boyutlarini gelistirmek icin etkili bir 6gretim yaklasimi olduguna dair gulgcli kanitlar sunmaktadir.
Ozellikle, modelin, “Isigin Yayilmasi” Gnitesinde dgrencilerin akademik basarisini hem grup ici hem de gruplar
arasi karsilastirmalarda gorildigu gibi, anlamli bir sekilde artirdigi tespit edilmistir. 5SE modelinin yapilandiriimig
ve sorgulamaya dayali dogasi, 6zellikle aktif katilim, uygulamali deneyler ve is birligine dayali 6grenmeye
yapti§i vurguyla daha derin bir kavramsal anlamayi desteklemektedir.

Fen bilimleri motivasyonu acisindan modelin baslangi¢ farkliliklari kontrol edildikten sonra orta diizeyde bir
etkisi oldugu gozlenmistir, ancak baslangictaki dengesizlik nedeniyle bulgular dikkatle yorumlanmaldir. Bu
bulgu, 5E modelinin donglsel asamalari (giris, kesfetme ve agiklama) araciligiyla 6grencilerin fen bilimleri
o6grenimine olan ilgilerini ve duygusal katiimlarini stirdiirmeye katkida bulundugunu distindiirmektedir. Bu
sonug, ortaokul yillarinda fen bilimleri ile ilgili derslerde motivasyon dislsl yasayan bir¢ok 6grencinin oldugu
bir donemde 6zellikle Gnemlidir.

Ote yandan, calisma 5E modelinin 6grencilerin fen bilimlerine yénelik tutumlar Gzerinde istatistiksel olarak
anlamli bir etkisini bulamamistir. Bu sonug ilk basta hayal kirikhgr yaratici goriinse de tutum degisiminin
karmasikligi ve uzun vadeli dogasi dikkate alinmaldir. Kisa siireli miidahaleler genellikle kokli inanclari veya
duyussal tepkileri degistirmek icin yetersiz kalmaktadir ve bu bulgu, fen bilimleri egitiminde tutum gelisiminin
strdurilebilir ve ¢ok yonla yaklasimlar gerektirdigi fikrini pekistirmektedir.

Genel olarak, calisma, 6zellikle fen bilimleri 6greniminde akademik performansi artirma ve motivasyonu tesvik
etme konusunda 5E 6grenme modelinin pedagojik degerini dogrulamaktadir. Bu bulgular, fen bilimleri
egitimcileri, mifredat gelistiricileri ve ilk ve ortaokul seviyesindeki fen bilimleri 6gretiminin etkililigini artirmayi
hedefleyen politika yapicilar icin 6zellikle dnemlidir. Calismanin sinirliliklarina ragmen, elde edilen kanitlar, 5E
modeli gibi yapilandirmac  &gretim cergevelerinin  glnlik sinif uygulamalarina entegrasyonunu
desteklemektedir. Bunu yaparak, egitimciler égrencilerin bilissel ihtiyaclarina daha iyi yanit verebilirken ayni
zamanda meraklarini, katilimlarini ve fen bilimleri 6grenimindeki yeterlilik duygularini besleyebilirler.

Bu calismanin bulgulari, 5E 6grenme modelinin 6grencilerin akademik basarisi ve motivasyonu uzerindeki
etkileri hakkinda degerli bilgiler sunsa da birkag sinirliligin dikkate alinmasi gerekmektedir:

ANCOVA, gruplar arasindaki motivasyon farkini istatistiksel olarak kontrol etmek icin kullaniimis olsa da anlamli
bir &n-test farkinin varligi metodolojik bir sinirlilk olarak kalmaktadir. Bu dengesizlik, motivasyon bulgularinin
ic gecerliligini etkilemis olabilir.

Mudahale, alti haftalik bir stire boyunca yuritilmustir. Bu nispeten kisa zaman dilimi, modelin 6grencilerin fen
bilimlerine yonelik tutumlari gibi duyussal degiskenler tzerindeki potansiyel etkilerini sinirlamis olabilir. Daha
uzun sureli mtdahaleler farkl sonuglar verebilir.

Uygulama asamasinda, kontrol grubundaki 6grencilerin deney grubunda yasanan 6gretim farkliliklarindan
haberdar olduklari gayri resmi olarak gézlenmistir. Bu durum, istem disi motivasyonel etkiler veya rekabetci
dinamikler yaratmis, potansiyel olarak sonugclari etkileyerek calismanin i¢ gegerliligini tehdit etmistir.

Galisma, tek bir devlet okulundan 47 besinci sinif 6grencisi ile sinirhdir. Bulgular bu baglamda anlamli olsa da
farkli sinif seviyeleri, okullar veya bolgeler dahil olmak tzere daha genis poptlasyonlara genellenemeyebilir.

Calisma, sadece testler ve dlcekler araciligiyla toplanan nicel verilere dayanmaktadir. Ogrenci gériismeleri, sinif
ici gozlemler veya O6gretmen yansimalari gibi nitel verilerin dahil edilmesi, 5E modelinin 6grenme ve
motivasyonu nasil ve neden etkiledigi hakkinda daha zengin bilgiler saglayabilirdi.
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Saglam siniflarin deney ve kontrol grubu olarak secimi, rastgele atamaya degil, okul lojistigine dayalidir. Egitim
ortamlarinda yaygin olsa da bu yari deneysel desen, grup denkligi ve se¢gme yanliligi ile ilgili i¢sel riskler
tasimaktadir.

Bu ¢alismanin sonugclari ve sinirliliklarina dayanarak, asagidaki éneriler sunulmaktadir:

Ogretmenler, 6zellikle kavramsal olarak soyut (niteler icin 5E temelli ders planlarini fen bilimleri 6gretimine
dahil etmeyi diisinmelidir. Etkinlikler, motivasyonu siirdiirmek ve anlamayi derinlestirmek icin uygulamali kesif,
grup is birligi ve gercek diinya uygulamalarini icermelidir.

Egitim programlari, 5E gibi sorgulamaya dayali modelleri standart mifredata entegre etmelidir. Materyaller,
modelin bes asamasini da destekleyecek sekilde tasarlanmali ve o6gretmenlerin bunlan farkli siniflara
uyarlayabilmeleri icin esneklik saglamalidir.

Tutumlar ve uzun vadeli 6grenme Uzerindeki potansiyel etkileri degerlendirmek icin daha uzun mudahale
streleri uygulanmalidir.

5E temelli 6gretim sirasinda motivasyonun nasil ve neden degistigini daha iyi anlamak icin nitel veriler (6rnegin,
ogrenci gorismeleri, 6gretmen gozlemleri) toplanmaldir.

Genellenebilirligi artirmak icin daha bulyilk ve daha homojen 6rneklemlerle randomize kontrolli denemeler
yapilmasi onerilir.

Gelecek calismalar, i¢ gecerliligi korumak icin deney ve kontrol gruplar arasindaki etkilesimi énlemek adina
onlemler almalidir.
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