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EXTENDEDABSTRACT

Introduction: Students, as the foundation of the country's educational system, play a crucial role in achieving
educational goals (Ahmadian et al., 2023). Therefore, the issue of success or failure in academic pursuits is one of the
most important challenges for educational systems in all societies. In the teaching-learning process, one of the things
that affects students' academic success is self-directed learning (Dadigari et al., 2023). Self-directed learning refers to
a psychological state in which learner take personally responsibility for their own learning. It is a process in which the
learner, with or without support, defines learning needs and objectives, locates resources, chooses strategies, and
evaluates outcomes (Sawatsky et al., 2017). The belief in the importance of self-directed learning leads to designing
a learning environment that can foster learners' self-directed learning.

Flipped learning is an educational method that uses technology to transfer knowledge and facilitate learning.
(Khakshur et al., 2021). The flipped classroom is an advanced teaching approach that uses educational technology to
enhance the student learning experience and active learning. In this model, pre-class assignments are given in various
forms, such as self-made and prepared videos, reading quizzes, and worksheets. (Hung, 2017, Li & Li, 2022).

Cooperative learning is also an active learning method that helps learners become self-directed in learning
processes. (Liu & Beaujean, 2017). In this method small groups of learners work together as a team to solve a problem,
complete a task, or achieve a common (Aporbo, 2023). Therefore, not paying attention to variables such as self-
directed learning in students can manifest in the form of poor performance, academic failure, and ultimately lead to a
negative view of the learner towards his abilities and potential.

Given the importance of active learning in education, this study aims to compare the comparing the effectiveness
of education based on the flipped teaching method and education based on the cooperative teaching method on the
amount of self-directed learning of students.
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Method: This semi-experimental study used a pre-test, post-test, and follow-up design with experimental and control
groups. The statistical population of the study included 600 female students in the tenth grade of high school in Tehran
during the 2022-2023 academic year. The convenience sampling method was used to select a sample from the
statistical population. The sample size was estimated to be 32 people for each experimental and control group based
on Cohen's table, considering a confidence interval of 95%, an alpha error of 0.05, and a probability of attrition of
0.10. Students in both experimental groups underwent eight 75-minute sessions in person and during class time under
flipped education and cooperative education, and the control group did not receive any intervention.

The flipped teaching educational package was created by the researcher in collaboration with tenth grade chemistry
teachers and based on the principles of the Bergman and Sims (2017) flipped program, the objectives of the national
curriculum, the lesson plan for each teacher's session, the Chemistry | textbook and workbook, and library study
(books, scientific journals, Internet resources) and with educational content on the topic of solution concentrations,
and was provided to the students in the form of a recorded lecture or a short educational video.

Finally, two people from each group were excluded due to non-participation in the sessions or non-completion of
the questionnaires, and the data related to 30 people from each group were entered into the analysis stage.

Data collection was carried out based on the self-directed learning questionnaire of Fisher et al. (2001). Mixed
analysis of variance test and Bonferroni post hoc test were used for data analysis with SPSS software version 23.

Results: Demographic findings showed that in the experimental group with the flipped teaching method, the average
age of the subjects was 15.25 years, in the experimental group with the cooperative teaching method, the average age
was 15.75 years, and in the control group, the average age was 15.20 years.

Table 1. Mixed Analysis of Variance Test Table

Effect Test

Variables SS df MS F .
size  Power
Time 4635.78 4 2317.89 24151 0.0001 0.73 1
Self-directed Group membership 1922738 4 9613.69 53.40 0.0001 0.52
learning Interaction of time and group  4146.30 4  1036.57
Error 1669.91 174  9.59 108 00001 0.71 !
Time 622.09 2 311.04 99.68 0.0001 0.53 1
Self-control Group membership 2824.27 2 141213 3321 0.0001 0.45 1
Interaction of time and group ~ 553.65 4 13841 4436 00001 050 1
Error 54291 174  3.12 ' ' '
Time 651.43 2 32571 95.65 0.0001 0.52 1
Self- Group membership 3256.27 2 1628.13 30.26 0.0001 0.43 1
management Interaction of time and group ~ 556.72 4  139.18 40.87 0.0001 0.48 1
Error 59251 174 3.40
Time 311.02 2 15551 2279 0.0001 0.34
Willingness to Group membership 101882 2 50941 15116 0.001 0.30 0.99
learn Interaction of time and group ~ 303.35 4 7583 2279 0.0001 0.34 1
Error 578.95 174 3.32

According to the results, the main effect of time for the self-directed learning variable has become significant. In
other words, the mean of this variable has changed significantly from pre-test to follow-up. The effect size shows that
the interaction effect of group membership (flipped teaching method and collaborative teaching method) and time
explains 71% of the difference in self-directed learning scores of female students in the second year of secondary
school. The results of the Bonferroni post hoc test showed that there is a significant difference between the
effectiveness of the flipped teaching method and the cooperative teaching method on self-directed learning of female
students in the second year of secondary school. According to the descriptive findings and the effect size of the within-
group comparison (time) of 0.73, group membership (between-group) of 0.52, and the interaction of time and group
of 0.71, the flipped teaching method had a greater effectiveness than the cooperative teaching method on self-directed
learning and its components (self-control and self-management) of female students in the second year of secondary
school in the tenth grade, but there was no significant difference between the effectiveness of the two methods in the
variable of willingness to learn.
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Discussion: According to the results, education based on the flipped teaching method was more effective in improving
the self-directed learning of female students in Chemistry | compared to education based on the cooperative teaching
method. In the flipped learning method, the topic of concentration of solutions in Chemistry I was taught online outside
the classroom, and the assignments that were previously done at home were solved in class. Students practiced the
skills in the classroom; this created an active and interactive learning environment in which the teacher played a role
as a guide. The originality of the flipped learning-based teaching method could be one of the reasons for the
effectiveness of flipped learning.

There is a significant difference between the effectiveness of flipped teaching and cooperative teaching methods on
the subscales of self-directed learning (self-control, self-management, and willingness to learn) in female students in
the second year of secondary school. However, this significance was not observed in the field of willingness to learn.
Because the flipped classroom seeks to foster independent learning and improve learners' acceptance of responsibility
for learning, it can increase aspects of self-control and self-management.

Self-directed learning readiness as a component is influenced by a number of predictive factors, including automatic
learning, motivation for academic achievement, intellectual curiosity, the number of daily study hours, and preferred
teaching methods. Depending on each of these variables, the level of self-directed learning readiness and its subscales
can be affected and changed. This research, like other research, has limitations.

One of the limitations of the present research is that this study was conducted based on a sample of female students
in the tenth grade of the second year of high school in a region of Tehran, which limits the generalizability of the
results. Conducting research in other grades and on both genders could also be a step towards solving this issue.
Another limitation of the present research was that students were not familiar with this type of education, because
most of the teaching in schools is done in the form of traditional education, students are still not fully familiar with
this type of education.

One of the practical suggestions is that active teaching methods, along with traditional teaching methods, should be
considered and used by teachers as a method to help push students towards self-directed learning. Also, preparing
native assessment tools to measure self-directed learning at all levels in future research will not be without benefit.
Also, managers and experts in the field of the school education system should teach teachers new teaching methods
by holding workshops to facilitate the implementation of new teaching methods in various theoretical and practical
areas. It is also suggested that flipped and cooperative teaching should begin at lower levels and that learners become
familiar with the use of technology to increase and improve the quality of learning.
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