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2024.

Methods: The method used was a quasi-experimental pre-test-post-test with a control

Keywords: group. Using the convenience sampling method, 36 students were selected, of which 18
Electronic Project-Based  students were non-randomly placed in the experimental group and 18 students in the
Learning (E-PjBL), control group. The data collection tool for measuring the two components of cognitive
Executive Functions, flexibility and planning for executive functions was the Tower of Hanoi software version.
Planning. The experimental group completed 9 project-based training sessions in an electronic

environment, one of which was dedicated to teaching how to work with the educational
space and how to send activities in an electronic environment.

Results: The findings from the analysis of covariance indicate a positive effect of
conducting science projects in an electronic context on improving cognitive flexibility
(P<0.05 and F=16.9) and planning (P<0.05 and F=18) of fifth grade primary school
students in science lessons. In general, it can be said that the correct use of new
technologies can significantly affect student success; in this regard, using an electronic
project-based learning strategy leads to improving cognitive flexibility and planning in
primary school students.

Conclusions: Finally, it is suggested that an electronic project-based learning strategy be
used to improve executive functions in the components of cognitive flexibility and

planning in primary school science lessons.
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Extended Abstract

1. Introduction

Executive functions (EFs) refer to a set of higher-order cognitive skills, including planning,
cognitive flexibility, working memory, and problem-solving, which are essential for
managing behavior, purposeful thinking, and academic success and personal life. These
functions are particularly crucial during childhood, when the prefrontal cortex is rapidly
developing. Given the shift of educational systems towards electronic platforms and the
necessity of preparing students for the digital age, investigating novel educational strategies
in this domain is of great importance. Electronic project-based learning (E-PjBL), as an
active educational strategy, engages students in complex, real-world projects within an
electronic learning environment, encouraging them to discover and construct knowledge.
This approach, with its emphasis on self-regulation, collaboration, and problem-solving,
holds the potential to enhance EFs. However, despite numerous studies in the field of
project-based learning, there was a perceived lack of research specifically examining the
impact of the electronic version of this strategy on objective components of EFs (such as
planning and cognitive flexibility) in elementary school students. This study aimed to fill
this gap and, by focusing on the two key components of planning and cognitive flexibility,
investigated the impact of E-PjBL in science lessons.

2. Materials and Methods

This study employed a quasi-experimental design with a pre-test/post-test control group.
The statistical population consisted of fifth-grade female elementary school students in
Tehran during the academic year 2023-2024. Using a convenience sampling method, 36
students were selected and non-randomly assigned to either an experimental group (18
students) or a control group (18 students). The data collection tool was the software version
of the Tower of Hanoi test, used to measure the study's two dependent variables: "test
completion time" as an indicator of cognitive flexibility and "number of moves" as an
indicator of planning. The reliability and validity of this instrument have been confirmed in
previous studies. The experimental group received the science lesson content via an E-PjBL
package delivered over 9 online sessions. An additional session was dedicated to
familiarizing students with the electronic environment (the Padlet website). The project-
based activities included individual and group research, conducting experiments, creating
concept maps, and participating in discussions. Students uploaded their results for these
activities to the system and received feedback. This educational package was designed
based on constructivist (Piaget), social-cognitive (Bandura), and situated learning (Lave)
theories, and its content and face validity were confirmed by experts. The control group
received the same content through traditional, lecture-based instruction. Data from the pre-
test and post-test were analyzed using Analysis of Covariance (ANCOVA) with SPSS
software. Prior to the analysis, the assumptions of normality of data, homogeneity of
variances, and homogeneity of regression slopes were checked and confirmed.

3. Results

Descriptive findings indicated a decrease in the mean test completion time (indicator of
flexibility) and a decrease in the mean number of moves (indicator of planning) in the post-
test of the experimental group compared to the control group. The inferential results of the
analysis of covariance for the first hypothesis showed that after controlling for the effect of
the pre-test, there was a significant difference between the experimental and control groups
in terms of cognitive flexibility scores (F = 9.16, p = 0.005). This result indicates that the
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E-PjBL strategy led to a significant reduction in test completion time (improvement in
cognitive flexibility) in the experimental group. Furthermore, the results related to the
second hypothesis indicated that after controlling for the pre-test effect, a significant
difference was observed between the two groups in terms of planning scores (F = 18, p =
0.0001). This finding shows that the E-PjBL strategy significantly reduced the number of
moves required to successfully complete the test (improvement in planning) in the
experimental group.

4. Discussion and Conclusion

The findings of this study clearly demonstrate that employing an E-PjBL strategy in science
education can lead to significant improvement in two key components of EFs —cognitive
flexibility and planning—among fifth-grade elementary students. These results can be
explained by the active, problem-oriented, and non-linear nature of the E-PjBL
environment. In this setting, students were compelled to organize activities step-by-step,
manage their time, prioritize tasks, and test various solutions, which directly enhanced their
planning skills. Furthermore, encountering project challenges and the need to adapt to new
information and conditions necessitated flexible thinking and strategy shifts, thereby
improving cognitive flexibility. These findings align with Piaget's theory (active and
exploratory learning), Bandura's theory (learning through observation, modeling, and self-
regulation), and Sweller's cognitive load theory (focusing cognitive resources on higher-
order processing). The results of this study are consistent with the findings of research by
Beard (2019), Safaruddin et al. (2020), and Seifi et al. (2016), which emphasize the positive
impact of active and technology-enhanced methods on EFs. In conclusion, it can be
affirmed that the E-PjBL strategy is an effective and innovative instructional approach for
enhancing students' EFs in the digital age. It is recommended that instructional designers
and educational policymakers facilitate the careful planning and implementation of this
strategy across various subjects in elementary education. For future research, it is suggested
to investigate the long-term effects of this strategy, its generalization to other educational
levels, and the examination of other EF components, such as working memory and response
inhibition.
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