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Abstract

This study aimed to compare the effectiveness of the 5E instructional model and the
advance organizer teaching method in science education on sixth-grade female students’
understanding the nature of science. The research employed a quasi-experimental design
with a pre-test—post-test structure, including two experimental groups and one control
group. The statistical population consisted of all sixth-grade female students in Bostanabad
County, East Azerbaijan Province, totaling 380 students in the 2023-2024 academic year.
A sample of 60 students were selected through convenience sampling and randomly
assigned to three groups (20 students per group). To assess students’ understanding of the
nature of science, the Liang et al. (2008) questionnaire was used, and both teaching
methods were implemented using researcher-developed instructional packages. Data
analysis using covariance analysis revealed that the 5E model (effect size = 0.981) and the
advance organizer method (effect size = 0.991) had statistically significant impacts on
students’ understanding of the nature of science (p < 0.05). However, no significant
difference was found between the effectiveness of the two methods (p > 0.05). Therefore,
it is concluded that both approaches are effective in enhancing sixth-grade students’
understanding of the nature of science and are recommended for use in science instruction
and other subjects at this grade level.

Keywords: 5E Instructional model, Advance organizer method, Nature of science, sixth-
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Introduction

Understanding the nature of science is considered one of the fundamental pillars of science
education, playing a crucial role in fostering students’ logical and critical thinking. This
understanding encompasses scientific processes such as observation, hypothesis formation,
experimentation, and analysis, enabling learners to apply scientific knowledge in a
structured and meaningful way in their everyday lives (Lederman, 2016). Accordingly, the
present study investigates the effectiveness of two instructional approaches—the 5E model
and the advance organizer method—in enhancing sixth-grade students’ comprehension of
the nature of science. The main research question is whether these methods can strengthen
students’ understanding of the nature of science, and if so, which method is more effective.

The significance of this study lies in the fact that active teaching strategies have a
profound impact on deep learning and the retention of scientific concepts. Selecting
appropriate methods can therefore positively influence the quality of science education at
the elementary level. The 5E model, with its stages of Engage, Explore, Explain,
Elaborate, and Evaluate, actively involves students in the learning process (Khajehvand,
2019). In contrast, the advance organizer method facilitates mental organization and deeper
comprehension by linking new knowledge to prior concepts (Davis et al., 2018).

Previous research indicated that both methods contribute positively to scientific learning
and critical thinking (Bimbola & Daniel, 2018). However, few studies have specifically
examined their impact on students’ understanding of the nature of science. Based on this
gap, the following hypotheses are proposed:
1. The 5E instructional model has a positive effect on students’ understanding of the
nature of science.
2. The advance organizer method has a positive effect on students’ understanding of
the nature of science.

3. Comparing the two methods in science education will reveal differing impacts on

students’ understanding of the nature of science.

Research Methodology

This study is quasi-experimental, employing a pre-test/post-test design with a control
group and two experimental groups. The main purpose of the research is to examine the
effect of two teaching methods—the 5E instructional model and advance organizers—on
sixth-grade female students’ understanding of the nature of science in Bostanabad.

The statistical population consisted of 380 sixth-grade female students in the academic
year 2023-2024 in Bostanabad. From this population, 60 students were randomly assigned
into three groups of 20 (two experimental groups and one control group).

For data collection, the Nature of Science Questionnaire developed by Liang et al.
(2008) was used. The updated version was translated and applied by the researchers. This
questionnaire includes 24 items across 6 subscales, measured on a 5-point Likert scale.

Instruction for the two experimental groups was delivered over 12 sessions of 45
minutes each, using the 5E model and advance organizer teaching methods. The control
group received instruction through traditional methods. Data analysis employed both
descriptive statistics (mean, standard deviation) and inferential statistics (multivariate
analysis of covariance and independent t-test).
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Findings

Findings of the study were presented in two sections: descriptive and inferential. In the
descriptive section, comparison of pre-test and post-test scores revealed that the mean
scores in the post-test were higher in both experimental groups. Specifically, in the 5E
experimental group, components such as observation and subjectivity showed notable
improvement, with observation increasing from 13.95 to 15.65 and subjectivity from 14.51
to 15.71. In the advance organizer group, improvements were particularly evident in
creativity and scientific method. In the inferential section, statistical analyses were
conducted using the Shapiro—Wilk test, multivariate analysis of covariance (MANCOVA),
and independent t-tests. Results of MANCOVA indicated that the 5E instructional method
had a significant effect on students’ understanding of the nature of science. The credibility
indices of covariance analysis showed Pillai’s Trace = 0.981, Wilks’ Lambda = 0.019,
Hotelling’s Trace = 50.613, and Roy’s Largest Root = 50.613, all significant at p = 0.001
with n? = 0.658.

Further analysis of post-test results demonstrated that the components of observation,
subjectivity, creativity, consideration of culture and society, scientific laws, and scientific
method were all influenced by the 5E method. For example, observation was significant
with F = 6.757, p = 0.001; subjectivity with F = 1.993, p = 0.015; and scientific laws with
F =6.654, p =0.001.

Similarly, the results for the advance organizer method confirmed its significant impact
on understanding the nature of science, particularly in creativity and scientific method. The
credibility indices of covariance analysis for this method included Pillai’s Trace = 1.001,
Wilks’ Lambda = 0.009, Hotelling’s Trace = 109.567, and Roy’s Largest Root = 109.556,
all significant at p = 0.001 with n?> = 0.472. In the post-test stage, components such as
observation, subjectivity, creativity, consideration of culture and society, scientific laws,
and scientific method were significantly affected by the advance organizer method.

Finally, the independent t-test comparing the two teaching methods revealed a
significant difference only in the component of “consideration of culture and society in
science” (p = 0.001), where the advance organizer group scored higher. No significant
differences were found between the two groups in other components. Therefore, it can be
concluded that both the 5E and advance organizer methods had generally similar effects on
students’ understanding of the nature of science, except in the cultural and social
dimension, where the advance organizer method demonstrated superiority.

Discussion and Conclusion

The study showed that both the 5E instructional model and the advance organizer method
improved sixth-grade students’ understanding of the nature of science. While both
approaches significantly enhanced comprehension of scientific concepts, the advance
organizer method was more effective in the dimension of consideration of culture and
society in science.

These findings align with previous research and emphasize the value of active,
constructivist learning strategies in strengthening students’ scientific understanding. By
offering clear conceptual frameworks and opportunities for participation, both methods
helped students view science as a dynamic, evidence-based process.
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In conclusion, teachers are encouraged to apply these methods to foster scientific
learning and classroom engagement. Future studies should examine their impact on other
aspects of scientific understanding and across diverse educational contexts.
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Table 4: Description of pre-test and post-test scores for components of understanding the nature of science
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Table 5: Credibility indices of covariance analysis in the indicators
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Table 6: Results of multivariate covariance analysis test in the post-test stage based on variables
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Table 7: Credibility indices of covariance analysis in the indicators
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Table 8: Results of Multivariate Covariance Analysis (MANCOVA) in the post-test phase based on variables
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Table 9: Results of T-test on five E an advance organizer methods of teaching
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