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Background: Decreased learning and retention, and the resulting academic decline, cause problems in
students' academic performance. Although previous studies have confirmed the effectiveness of the
generative learning model and the concept map strategy on various variables, there is a research gap
regarding the effect of these two model on learning and retention biology lessons in high school female
students.

Aims: The aim of this study was to compare the effects of the generative learning model and the concept
map strategy on learning and retention biology lessons in high school female students.

Methods: The method of this study was a Quasi-experimental pretest-posttest with a control group and a
one-month follow-up. The statistical population of the study included all female students in the eleventh
grade of the high school in public schools in District 1 of Shiraz city in the academic year 2022-2023. The
statistical sample size was 45 people using G*Power software, who were selected using purposive sampling
and randomly assigned to two experimental groups and a control group (15 people in each group). The data
collection tools in this study were researcher-made tests of biology lesson learning and biology lesson
retention. For the first experimental group, the generative learning model and for the second experimental
group, the concept map strategy were implemented during 9, 90-minute weekly sessions. Also, to analyze
the research data, the variance analysis with repeated measurement and SPSS software version 24 were used.
Results: The results showed that the difference between the learning and retention rates in the experimental
and control groups was significant (P<0.001). Also, the results of the Bonferroni post hoc test in this study
showed that the efficacy of the generative learning model on learning and retention of biology lessons was
significantly higher than the concept map strategy (P<0.001).

Conclusion: According to the findings of the present study, it can be said that teaching the generative
learning model plays a significant role in improving students' learning and retention. Therefore, it is
suggested in short-term training programs provide the necessary background for biology teachers to become
familiar with the generative learning model.
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Introduction

One of the important components in the education
system is the issue of student learning and retention
(Teng, 2023; Walsh et al., 2023; Choffin et al., 2019).
Learning and retention are issues that are of great
importance throughout human life, especially during
education, because learners are always exposed to
tests and exams, and what is important in this process
Is gaining knowledge and meaningful learning of the
course material (Teng, 2023). On the other hand, one
of the important educational goals in the education
system is to provide quality education and academic
progress to students during the teaching and learning
process. Therefore, one of the educational models that
pays attention to quality in education and can lead to
learning and retention outcomes in students is the
generative learning model  (Petersen, 2023;
Makransky et al., 2021; Adeeko et al., 2020;
Klingenberg et al., 2020). The generative learning
model is a method in which, in order to understand a
complex topic, learners need to first selectively pay
attention to facts and then relate them to each other;
the production of these relationships can be related to
their prior knowledge or between facts and new
information, which ultimately leads to the learner
producing meaning for themselves and reaching a
deep understanding of the topic (Petersen et al., 2023,;
Brod, 2021).

On the other hand, another effective educational
method for learning and retention is the concept map
educational model (Harvey, 2024; Hoppe & Gapner,
2023; Hwang et al., 2020; Lestar1 et al., 2019; Moore
et al., 2017). Concept maps are effective tools for
organizing related information because they show the
relationships between information in the form of
networks and relationships and are a tool for
describing key ideas and concepts related to a topic in
a graphical form (Li et al., 2018; Gul & Boman,
2006). Through concept maps, students can
externalize and display their knowledge and
information about the subject, and after
reorganization, combine their knowledge with new
information, and finally display a combination of
their new and old knowledge in the form of a concept
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map (Ullah, 2020; Trundle & Bell and Bell, 2010;
Erdogan, 2009; Lim et al., 2009).

Biology is one of the most challenging subjects for
high school students due to the complexity of the
concepts and the need to understand the relationships
between them. Research shows that more than 60%
of students face problems such as superficial learning,
rapid forgetting of material, and difficulty in making
connections between concepts in this subject
(Anastasiou al., 2024). On the other hand, related
studies have shown that biology education in schools
is often carried out in the form of theoretical and
memory-oriented transfer of concepts, and pays less
attention to conceptual understanding and the ability
to apply knowledge in real situations (Tibell &
Rundgren, 2010; Yates & Marek, 2024). Therefore,
designing and implementing new educational
methods that lead to deeper and more sustainable
learning of biological concepts is a fundamental
necessity of contemporary education. Generative
learning models and concept mapping strategies pay
special attention to learning elements, cognitive and
metacognitive strategies of learners towards learning
and memorization in all subjects, especially biology;
thus, it seems that using these models in biology
lessons would be useful. Given that none of the
previous studies inside or outside Iran have
simultaneously compared the effects of these two
methods on students' learning and retention, the
present study seeks to examine this comparison and
answer the fundamental question: Is there a
significant difference between the efficacy of the two
methods, the generative learning model and the
concept map strategy, in learning and retention
biology lessons among high school female students?

Method

The method of this study was a Quasi-experimental
pretest-posttest with a control group and a one-month
follow-up. The statistical population of the study
included all female students in the eleventh grade of
the high school in public schools in District 1 of
Shiraz city in the academic year 2022-2023. The
statistical sample size was 45 people using G*Power
software, who were selected using purposive
sampling and randomly assigned to two experimental
groups and a control group (15 people in each group).
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The data collection tools in this study were
researcher-made tests of biology lesson learning and
biology lesson retention. For the first experimental
group, the generative learning model and for the
second experimental group, the concept map strategy
were implemented during 9, 90-minute weekly
sessions. Also, to analyze the research data, the
variance analysis with repeated measurement and
SPSS software version 24 were used.

Results
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I The present study was conducted on 45 female
students in the 11th grade of the high school. In terms
of father's educational status, 13 (28.9%) had a
diploma, 20 (44.4%) had an associate's degree, 8
(17.8%) had a bachelor's degree, and 4 (8.9%) had a
master's degree or higher. Also, in terms of mother's
educational status, 21 (46.7%) had a diploma, 15
(33.3%) had an associate's degree, 8 (17.8%) had a
bachelor's degree, and 1 (2.2%) had a master's degree
or higher. Next, the results of the Wilks Lambda test
in the univariate analysis of variance of learning and
retention are reported in Table 1.

Tablel. The results of Wilks's lambda test in univariate variance analysis of learning and retention

variables test value F Hypothesis df  Error df P squared Eta
learning Wilks' Lambda 0.27 18.71 4 82 0.001 0.78
retention Wilks' Lambda 0.30 16.85 4 82 0.001 0.75

According to the results reported in Table 1, it is clear
that the results of the Wilks's lambda test indicate the
significance of the variance of the interaction between
the group and the repeated factor (F=16/85, P=0.001,
np2=0.75; F=18/71, P=0.001, np2=0.78). It means
that during the time (from pre-test to follow-up) the
average of the variable of learning and retention has
changed in one of the experimental groups and the
control group. Further, in order to compare the effect

of generative learning model and concept map
strategy on learning and retention, the variance
analysis with repeated measurement has been used. A
comparison of the effects of the generative learning
model and the concept map strategy on students'
learning and retention using the variance analysis
with repeated measurement method is presented in
Table 2.

Table2. Results of variance analysis with repeated measurement in explaining the effect of independent variable on learning and retention

source Effect SS df MS F P n?
time (within subject) 367.304 1.37 267.884 94.391 0.001 0.90
learning group (between subjects) 239.659 2 119.830 81.467 0.001 0.79
interaction effect group x time 76.874 2.74 28.033 40.539 0.001 0.66
time (within subject) 271.881 1.86 145.518 97.321 0.001 0.85
retention group (between subjects) 190.770 2 95.38 71.996 0.001 0.77
interaction effect group x time 71.363 3.73 19.89 32.516 0.001 0.61

Table 2 shows the results of the variance analysis with
repeated measurement in learning and retention
variables. From the content of the table, it is clear that
the main effect of group, the main effect of time, and
the interactive effect of time and group on learning
and retention are significant (p < 0.001, which means
that there is a significant difference between the
experimental and control groups in the amount of
learning and memorization. To compare the research
groups in pairs in learning and retention variables, the
Bonferroni post hoc test was used, the results of

which showed that in the learning and retention
variables, the difference between the generative
learning and concept map groups with each other and
the generative learning and concept map groups with
the control group was significant; so that in the
learning and memory variables, the generative
learning and concept map group was more effective
than the control group and the generative learning
group was more effective than the concept map
(P<0.001).
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Conclusion

The aim of this study was to compare the effects of
the generative learning model and the concept map
strategy on learning and retention biology lessons in
high school female students. The first finding of this
study showed that the generative learning model was
more effective than the concept map strategy on
students' learning. This finding is consistent with the
results of studies by Petersen et al. (2023);
Klingenberg et al. (2020); Hosseinzadeh et al. (2018);
Bot (2018); Adeyemi & Awolere (2016); Wilhelm-
Chapin & Koszalka (2016); Atsuwe & Anyebe
(2016); Zare et al. (2015) and is also inconsistent with
the results of the Sahhrai study (2015). In explaining
this finding, it can be said that the way information
enters memory and is learned is through attention,
while generative learning begins with attention
(Petersen et al., 2023; Grabowski, 2013) and in it, the
student is encouraged to use attention-grabbing
strategies. On the other hand, the way to achieve the
birth and creation of meaning is to use cognitive and
metacognitive strategies (Fiorella & Mayer, 2016),
which help the learner to establish connections
between information. As a result, the use of cognitive
and metacognitive strategies and the connections
produced lead to deeper learning and can improve the
learner's learning.

Another finding of the present study showed that the
generative learning model is more effective than the
concept map strategy on students' retention. This
finding is consistent with the results of studies by
Foster (2022); Klingenberg et al. (2020); Adeeko et
al. (2020); Hosseinzadeh et al. (2018); Atsuwe &
Anyebe (2016); Zare et al. (2015). In explaining this
finding, it can be said that one of the main
components of the generative learning model is the
elaboration of learning and the creation of meaning,
which affects the level of student retention. The
component of learning elaboration is largely a result
of formative evaluation and feedback that each
learner receives from the teacher, individually or in
groups. Based on this feedback, they modify their
learning and create new meaning, which enables the
transfer of learning, which in fact allows learners to
elaborate on their learning. Learners in all
components of this model are constantly receiving
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feedback and elaborating on their learning, meaning
they are constantly elaborating on their learning,
starting from the cognitive engagement stage and
continuing until the moment of evaluation
(Muhammad & Albanaa, 2023). According to the
above explanations, it can be said that the components
of learning elaboration and meaning creation in the
generative learning model lead to improved biology
lesson retention in students.

According to the findings of the present study, it can
be said that teaching the generative learning model
plays a significant role in improving students'
learning and retention. Therefore, it is suggested in
short-term training programs provide the necessary
background for biology teachers to become familiar
with the generative learning model.
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I, biology lesson learning test
2, convergent validity
3, composite reliability
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