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ABSTRACT 

Purpose – Many students perceive plant anatomy as difficult due to 
the complexity of the material. Additionally, conventional teaching 
techniques often neglect the importance of information retention in 
the learning process. Therefore, this study examines the effects of 
Retention-Based Learning on students’ learning outcomes compared 
to conventional learning without Retention-Based Learning.

Methodology – A multiple-group time series research design was used 
to measure the effectiveness of Retention-Based Learning on students’ 
learning outcomes including information retention, cognitive load, 
and learning achievement. Retention interventions in the Retention-
Based Learning class included watching videos, identifying images 
and answering questions. The participants in this study were seventy-
eight 10th-grade public high school students in Bandung, West Java, 
Indonesia, divided into two research groups.

Findings – This study found that students in the experimental group 
had better information retention in each lesson and a significantly 
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higher ability to process information with less mental effort and lower 
cognitive load than the control group. Additionally, the experimental 
group showed significantly higher learning achievement than 
the control group. These findings demonstrate the importance of 
maintaining information retention to maximize learning outcomes in 
plant anatomy lessons.

Significance – This study indicates that maintaining retention can be 
a simple and powerful learning approach to help high school teachers 
teach complex material. The study highlights the significance of 
maintaining student retention to improve learning performance.

Keywords: Learning approach, cognitive load, plant anatomy, 
information retention.

INTRODUCTION

Plant anatomy is one of the topics in biology studied by high school 
students. However, students frequently view plant anatomy as a 
challenging subject. They perceive it as complex and containing 
many elements to memorize (Nuraeni et al., 2015). Additionally, 
the difficulty in learning this material arises from many unfamiliar 
concepts and terminologies (Sarabi & Gafoor, 2018). Students are 
often unfamiliar with and have difficulty understanding various 
plant terms in foreign languages (Wynn et al., 2017). This lack of 
understanding of the basic concepts makes plant anatomy even more 
difficult (Zaid & Iksan, 2022). This difficulty is compounded by 
students’ low level of basic understanding. As a result, they find it 
difficult to connect the structure and function and to interpret images 
of similar structures (Susiyawati & Treagust, 2021).

Another reason that plant anatomy is considered difficult is that 
students feel that learning about plants is not very relevant to the 
environment, especially compared to the study of animals (Bakar 
et al., 2020). This stems from early perceptions about plants that 
students bring from childhood (Wynn et al., 2017). Since plants do 
not move like animals, studying them is perceived as less interesting. 
Consequently, students may struggle to find real-life examples of plant 
anatomy, a problem related to the phenomenon of plant blindness 
(Achurra, 2022). This effect causes students to have limited interest 
in plants, making learning and retaining the material more difficult. 
They often face challenges in establishing relevant characteristics 
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of various tissues in different organs. Furthermore, their insufficient 
knowledge of plant anatomy (Susiyawati & Treagust, 2021) leads to a 
misunderstanding of the structure and function of plant tissues. From 
a cognitive perspective, students’ inability to remember some parts 
of plant structures disrupts the cognitive process in their working 
memory during learning.

Learning difficulties and problems in plant anatomy learning can 
be viewed through students’ cognitive processes. The amount of 
information students must process is related to the cognitive load of 
learning this material. Students find it difficult to retain knowledge 
because of an inadequate working memory (Sweller et al., 2011). 
Working memory can generally be defined as the processing of 
information in a limited-capacity storage system, which only handles 
a limited number of element interactions (Anmarkrud et al., 2019; 
Kalyuga, 2011; Paas et al., 2003). In learning, working memory 
capacity describes the capacity of cognitive processes during the 
learning process (Paas et al., 2003; Sweller et al., 1998). It is important 
to highlight that working memory is influenced by prior knowledge 
(Brady et al., 2016; Rahmat et al., 2017; Sobrinho & Souza, 2023). 
Students will have difficulty processing new information with limited 
prior knowledge because they lack a familiar context to help them 
learn. In this case, low prior knowledge of plants, the use of foreign 
terminology, and students’ low interest in learning plant anatomy 
heavily affect their working memory. Under these conditions, students 
must exert greater mental effort to process the new information. An 
increase in students’ mental effort indicates that they experience a 
cognitive load.

Students’ considerable mental effort in learning plant anatomy 
provides the foundation for exploring cognitive load theory. Within 
this context, exploring cognitive load theory is important to understand 
the complexities of learning plant anatomy. According to cognitive 
load theory, total cognitive load consists of three major components 
in working memory: intrinsic cognitive load (ICL), extraneous 
cognitive load (ECL), and germane cognitive load (GCL) (Moreno 
& Park, 2010; Sweller, 1994). Learning plant anatomy is much more 
difficult when students cannot find the right balance between these 
three components. For example, the complexity of vascular tissues in 
plants, such as xylem and phloem, requires students to grasp various 
cell types, structures, and physiological processes. Students will likely 
have a high ICL if the teacher presents the content simultaneously. 
Additionally, a poorly designed plant anatomy instructional video 
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with distracting visuals, irrelevant background music, and quick 
transitions between concepts contributes to high ECL (Mayer et al., 
2020; Mayer & Moreno, 2003). Thus, working memory becomes full, 
and GCL space is reduced, leaving students with insufficient capacity 
to comprehend the lesson. As a result, the failure to comprehend the 
lesson due to the unbalanced cognitive load will make it difficult for 
students to promote meaningful processing, affecting their long-term 
retention of information (van Merriënboer et al., 2006).

Information retention plays an important role in learning plant anatomy, 
a subject characterized by a significant amount of memorization. 
Information retention facilitates the activation of prior knowledge, 
helping students learn subsequent material (Anderson, 2015; Chen 
et al., 2018; van Kesteren et al., 2018). High information retention 
enables students to reduce mental effort in learning the material, 
which indirectly impacts ECL. High retention can be achieved when 
teachers provide clear information about the structure and function 
of plant cells and tissues, supported by effective teaching methods. 
Maintaining information retention impacts students’ ability to process 
new information related to previous material, which reduces their 
cognitive load and improves their learning achievement. This study 
examines teachers’ strategies to reduce students’ cognitive load by 
promoting Retention-Based Learning (RBL) to maintain information 
retention during and after the plant anatomy lessons. The objectives 
of this study are to investigate the effect of Retention-Based Learning 
on:

1.	 students’ information retention while learning plant anatomy,
2.	 students’ cognitive load during plant anatomy learning, 
3.	 students’ learning achievement regarding plant anatomy.

LITERATURE REVIEW

Cognitive Load in Learning

Today’s learning design theories emphasize authentic learning tasks 
based on real-world experiences. These tasks drive learning towards 
more complex processes, which can place a high load on students’ 
cognitive systems. However, this kind of learning can be effective if the 
instructional system is designed with consideration of the architecture 
of the cognitive system (Paas et al., 2003). This can be achieved 
by incorporating cognitive load theory when developing learning 
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strategies. This theory posits that a person can learn effectively in a 
given environment if the teacher fully understands the architecture 
of the student’s cognitive system, the learning environment, and the 
interaction between the two (Kester et al., 2010).

In educational research, cognitive load theory explains the 
consequences of different types of learning designs (Sweller et al., 
2011). It has been used to study the effects of learning strategies 
on psychological and behavioral changes that describe learning 
outcomes. Cognitive load describes the degree of difficulty or 
inability of students to construct knowledge due to poor learning 
design (Moreno & Park, 2010; Sweller et al., 1998). Cognitive load 
is a multidimensional construct associated with tasks that stress the 
cognitive system. It is based on a cognitive architecture consisting of 
limited working memory to process visual/spatial and auditory/verbal 
information, which then interacts with unlimited long-term memory 
(LTM) (Paas et al., 2003). Therefore, cognitive load is related to the 
ability to make decisions about the information available in working 
memory. Working memory can be conceptualized as the cognitive 
resources available to store temporary information for decision-
making (Allred et al., 2016).

Total cognitive load comprises three important components in working 
memory: intrinsic cognitive load (ICL), extraneous cognitive load 
(ECL), and germane cognitive load (GCL) (Moreno & Park, 2010; 
Sweller, 1994). ICL involves the processing of information highly 
interconnected with working memory to build a cognitive schema. 
The degree of interconnection between information processing and 
working memory depends on the complexity of the material being 
studied (Paas et al., 2003). The number of connections between 
elements of processed information indicates the level of ICL (Sweller, 
1994). Material with a large number of interactive elements is 
considered more difficult than material with fewer elements or less 
interactivity (de Jong, 2010). However, ICL depends not only on 
the characteristics of the material but also on the prior knowledge 
students bring to the task (Sweller et al., 1998). Thus, ICL results 
from the interaction of task decisions directly related to the learner’s 
prior knowledge (Chandler & Sweller, 1991). ICL can be managed 
by adhering to principles such as segmenting (gradual presentation of 
material), modality (presentation of material in different modalities), 
and pretraining (helping students acquire prior knowledge) (Mayer & 
Moreno, 2010).
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ECL is a load that occurs separately from the ICL and is primarily the 
result of poor instructional design (Paas et al., 2003). Overall, ECL 
is controlled by instructional strategies (Sweller, 1994) but indirectly 
affect working memory activity related to schema formation in the 
cognitive system (Kirschner et al., 2009). Unlike ICL, ECL can be 
controlled through instructional learning design interventions (van 
Merriënboer & Sweller, 2005). ECL in the learning process can occur 
due to a “split-attention” situation (divided attention), a redundancy 
situation (overload information), a transience situation (unfinished 
information), an advanced learner situation, and can also be caused 
by inadequate prior knowledge (Mayer & Moreno, 2010).

GCL is also referred to as effective cognitive load, is the mental 
effort a person makes to form cognitive schemas that help retrieve 
information presented during the task (Chandler & Sweller, 1991). 
GCL is influenced by instructional design, which contributes to the 
construction and automation of knowledge schemas (Paas et al., 2003). 
The level of GCL learners experience is related to how information 
is presented and is influenced by the learning activities they perform. 
Unlike ECL, which is a distraction in the learning process, GCL 
enhances the learning process (Paas et al., 2003). Several strategies 
can be used to improve GCL, including providing varied examples 
(example-based learning), exercises that help students assimilate and 
adapt, and training students to build concept images through mind 
maps and concept maps.

To improve learning outcomes, instructional design needs to be 
planned and delivered in such a way that the cognitive load on the 
student is reduced. In principle, the entire instructional design will 
affect the students’ cognitive load. Therefore, cognitive load can 
be used to explain the effects of learning, especially the learning 
strategies teachers use on the phenomenon of psychological change 
and behavioral change that describes the achievement of learning 
outcomes (Moreno & Park, 2010). By analyzing students’ cognitive 
load, teachers can understand how difficult or unable students are in 
constructing knowledge due to poor learning design (Sweller et al., 
1998).

Students’ cognitive load during learning can be reduced by controlling 
elements that affect the three components of cognitive load. GCL 
heavily depends on ICL, while ICL and ECL determine the total 
cognitive load. When cognitive load exceeds the capacity of working 
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memory, information processing during learning is disrupted, reducing 
the use of long-term memory (Sweller, 2010). Therefore, regulating the 
balance between ICL and GCL is crucial for effective learning (Kester 
et al., 2010). Additionally, managing ICL and ECL is essential, and 
in some cases, GCL can also be managed. Experimental studies have 
shown that students’ cognitive load during learning can be reduced by 
controlling elements that affect ICL, including applying the principles 
of didactic reduction to the teaching material and providing scientific 
video shows related to the teaching material to stimulate students’ 
prior knowledge (Rahmat et al., 2017). Furthermore, cues found in 
multimedia systems are associated with better recall and a reduction 
in students’ overall cognitive load (Xie et al., 2017).

Information Retention 

Information processing theory explains how the brain and its memory 
system operate in processing, storing, and retrieving knowledge from 
memory (LTM). Memory storage has three important systems: sensory 
memory, working memory, and LTM (Anderson, 2015). Sensory 
memory involves the rapid recall of information for about 3-5 seconds 
for perceptual analysis, which is generally obtained from the senses 
of sight and hearing (Sternberg & Sternberg, 2011). Working memory 
is a short-term memory capable of managing information for about 
15-20 seconds and can store approximately 5-9 pieces of information 
due to its limited capacity. Working memory can be used to make 
decisions because it can be conceptualized as a cognitive resource to 
store temporary information. It links new information with existing 
information in LTM, which is organized in the form of cognitive 
schemata (Schnotz & Kürschner, 2007). LTM is an information 
storage space with a large capacity that can store information for a 
long period of time, where knowledge is permanently stored and can 
be retrieved when needed (Driscoll, 2013).

There are three processes related to memory (Anderson, 2015; 
Sternberg & Sternberg, 2011). Encoding is the process of transforming 
new information by integrating it with old information to produce 
the correct schema. This is done by finding relationships between 
new information and what is already known. Storage is the process 
of storing the schema that results from information processing in 
LTM. Retrieval is the process of retrieving stored information from 
LTM when needed. Information processing begins with a sensory 
or perceptual record that enters the register or sensory device. This 
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sensory register receives much information, which is processed 
directly into working memory to avoid information loss. Two ways to 
retain information processed in working memory are through practice 
and rehearsal (Anderson, 2015). Without practice and repetition, 
information will quickly disappear from memory. Additionally, the 
loss of information can be caused by new information that is strong 
enough to dominate existing information. Information that is properly 
processed in working memory is transferred to LTM for storage.

LTM is closely related to remembering, which is fundamental to 
human intellectual functioning. Memory is a term used by cognitive 
psychologists to describe a person’s ability to store and use information 
(Alloway et al., 2009). The memory capacity of each individual is 
different, so the ability to receive and store information also varies 
(Foster et al., 2014). All types of learning involve memory, which 
plays an important role in thinking. This memory refers to the process 
of retrieving information stored in LTM. The process of retrieving 
information from LTM is called retention. Retention is related to the 
durability of information stored in LTM for reuse in a certain time 
interval (Rose & Strangman, 2007).

Retention is necessary in the learning process because it facilitates the 
availability of prior knowledge to process new information (Anderson, 
2015). This process does not simply reuse what has been stored but 
uses it in specific situations to solve problems. High retention can be 
achieved through how teachers deliver clear information, how students 
are encouraged to be active communicators, how teachers provide 
opportunities for students to participate in decision-making, and how 
teachers provide new experiences for students. Teachers can present 
clear information by displaying visual processes during learning, such 
as animations (Aslan & John, 2016), learning videos (Brame, 2016; 
Zhu et al., 2022), pictures (O’Day, 2007; Renkl & Scheiter, 2017), 
and PowerPoint presentations (Paul & Cicek, 2021). The visualization 
presented through a medium causes the students to interact, respond, 
and communicate, making the information that enters memory last 
longer. For the information to be retained, it must be processed into 
LTM. This requires mental processes such as focusing attention, 
evaluating learning outcomes, and emotional factors such as enjoying 
what is being learned (Kensinger & Corkin, 2003).

For information to remain strongly embedded in memory, maintaining 
information retention is essential. Strong retention keeps what is 
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known in memory and makes it easier for brain cells to connect when 
reconstructing new knowledge. When knowledge in LTM is used 
repeatedly, it can become automated. Knowledge schemes that have 
become automated can be processed unconsciously, facilitating the 
reduction of cognitive load (van Merriënboer & Sweller, 2005).

Information retention results from successful learning and determines 
subsequent learning outcomes. This condition illustrates that each 
element of information is related, so the retention of information 
a person has can be used as prior knowledge to process other 
information. A person will have difficulty processing information if 
the information components do not have an intrinsic relationship with 
each other (Anderson, 2015). This indicates a meaningful relationship 
between retention and cognitive load (Örün & Akbulut, 2019). The 
stronger the retention of information, the more the cognitive load can 
be reduced (Xie et al., 2017).

METHODOLOGY

Research Design

This quasi-experimental study was conducted using a multiple-group 
time series research design (Wiersma, 1995). Details of the research 
design are shown in Figure 1.  

Figure 1

The Research Design to Measure the Effect of RBL on Students’ 
Learning Achievement in Learning Plant Anatomy

Pc: Preclass session before the actual learning; P: Initial test for prior 
knowledge (pretest); R1, R2, R3: Test for information retention; I1, 
I2, I3: Intrinsic cognitive load data collection; E1, E2, E3: Extraneous 
cognitive load data collection; LA1, LA2, LA3: Test for learning 
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Pc: Preclass session before the actual learning; P: Initial test for prior knowledge (pretest); R1, R2, R3: Test 
for information retention; I1, I2, I3: Intrinsic cognitive load data collection; E1, E2, E3: Extraneous cognitive 
load data collection; LA1, LA2, LA3: Test for learning achievement; X: Learning by maintaining 
information retention (Retention-Based Learning/RBL); Y: Learning without maintaining information 
retention. 
 
Participants 
 
The biology teacher and all students gave their informed consent to participate in this study. The participants 
in this study were seventy-eight 10th-grade science students from a public high school in Bandung, West 
Java, Indonesia. All participants were between the ages of 15–16 and were divided into two classes with 
similar academic achievements. The experimental group consisted of 14 male and 25 female students, while 
the control group consisted of 16 male and 23 female students. The class was taught by a native biology 
teacher. 
 
Research Procedure 
 
The plant anatomy lessons for both the control and experimental groups were divided into three sessions. 
One week before the first lesson, students in both groups attended a pre-lesson to stimulate their knowledge 
of plant anatomy (Pc). The pre-lesson is not regarded as a compulsory undertaking for students, thereby 
guaranteeing their active involvement without any form of compulsion from the teacher. The first session 
(lesson 1) covered tissue systems in plants, the second session (lesson 2) covered the role and position of 
tissues in plant organs, and the third session (lesson 3) covered the modification of tissue structures in plant 
organs. The content of lessons 1 to 3 was developed, with increasing complexity.  
 
Students’ information retention in both groups was measured at the beginning of each lesson (R1, R2, R3). 
Learning in the experimental group was conducted using RBL, which consists of four learning stages: (1) 
apperception, (2) concept exploration, (3) presentation and discussion of the concepts, (4) confirmation, 
reinforcement, and retention of the concept. The learning stages for each lesson is described in Table 1. 
Information retention in the experimental group was refreshed by reactivating relevant information through 
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achievement; X: Learning by maintaining information retention 
(Retention-Based Learning/RBL); Y: Learning without maintaining 
information retention.

Participants

The biology teacher and all students gave their informed consent to 
participate in this study. The participants in this study were seventy-
eight 10th-grade science students from a public high school in 
Bandung, West Java, Indonesia. All participants were between the 
ages of 15–16 and were divided into two classes with similar academic 
achievements. The experimental group consisted of 14 male and 25 
female students, while the control group consisted of 16 male and 23 
female students. The class was taught by a native biology teacher.

Research Procedure

The plant anatomy lessons for both the control and experimental 
groups were divided into three sessions. One week before the first 
lesson, students in both groups attended a pre-lesson to stimulate their 
knowledge of plant anatomy (Pc). The pre-lesson is not regarded as 
a compulsory undertaking for students, thereby guaranteeing their 
active involvement without any form of compulsion from the teacher. 
The first session (lesson 1) covered tissue systems in plants, the 
second session (lesson 2) covered the role and position of tissues in 
plant organs, and the third session (lesson 3) covered the modification 
of tissue structures in plant organs. The content of lessons 1 to 3 was 
developed, with increasing complexity. 

Students’ information retention in both groups was measured at the 
beginning of each lesson (R1, R2, R3). Learning in the experimental 
group was conducted using RBL, which consists of four learning 
stages: (1) apperception, (2) concept exploration, (3) presentation 
and discussion of the concepts, (4) confirmation, reinforcement, 
and retention of the concept. The learning stages for each lesson is 
described in Table 1. Information retention in the experimental group 
was refreshed by reactivating relevant information through videos, 
images, and questions in phases 1-3 (Table 1). These interventions 
were repeated in each lesson, increasing the number of retention test 
items (R1, R2, R3) as the lessons progressed. 

In the control group, learning was carried out using the practical 
method, which involved observing preserved plant tissue preparations 
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guided by worksheets (Y). Information Processing (I), which describes 
the extent of the students’ ICL, and Mental Effort (E), which describes 
the students’ ECL, were measured during the lesson. Learning 
Achievement (LA), which describes students’ GCL, was measured at 
the end of each lesson.

Table 1

Retention-Based Learning Strategy in a Plant Anatomy Lesson 

Phase Learning Activity
Apperception (stimulation of 
prior knowledge and learning 
orientation). 

•    Stimulate prior knowledge (the 
structure of plant cells) by showing 
animated videos and images of 
plant cells, followed by questions.

•    Connect previous material with 
material to be discussed.

•    Deliver learning objectives.
Concept Exploration (gathering 
new concepts, retaining previous 
information, and rehearsing new 
concepts).

•    Observe and identify the concept 
of plant tissue presented through 
animated videos, images, and plant 
tissue preservation preparations 
observed with a light microscope 
(gathering new information).

•    Discuss results of observations and 
identification of plant tissues.

•    Guide discussion by asking 
questions and showing animated 
videos or images to help students 
recall previous concepts so that 
students can easily assimilate and 
accommodate the new concept.

Presentation and discussion of 
concept.

•    Present and discuss the structure of 
plant tissues and their relationship 
with the function of plant organs 
obtained in the Concept Exploration 
phase.

Confirmation, reinforcement, 
and retention of new concept.

•    Ask questions confirming the 
information learned in the previous 
phase (phase 2 and 3).

•    Reinforce key points by showing 
videos or images of plant tissue 
structures and their relationship 
with plant organ function.
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The video used in this study is an animated video explaining plant 
tissue types and systems. The video shows the structure of plant 
tissues in two and three dimensions. Additionally, in the middle of 
the video session, the teacher provides cues to emphasize some basic 
relevant concepts that students need to understand before moving 
on to another concept. The selection of videos in this study refers to 
Brame’s (2016) weeding technique, which ensures that videos do not 
contain background music and complex background images to avoid 
becoming an extraneous cognitive load during learning. Images used 
in the study were photos of observations of fresh and preserved slides, 
and diagrams of plant structures. Questions were given to students in 
phases 1, 2 and 4 to guide and remind them of the concepts that have 
been and are being taught. These questions were presented orally and 
in multiple-choice form. Multiple-choice questions provided cues for 
students to recall the concepts they had learned.

Instrument

Retention Test (R). The retention test format consisted of five multiple-
choice questions. The first retention test had 5 questions. These initial 
five questions were included again in the second retention test, with 
five new questions added based on the material studied. This pattern 
continued until the third retention test, resulting in 15 questions for 
the third retention test. The retention test instruments for lessons 1, 2, 
and 3 demonstrated moderate reliability (Cronbach’s α = .75, .76, and 
.78). The questions used to measure retention were developed based on 
level 1 of the cognitive process in the New Taxonomy of Educational 
Objectives by Marzano and Kendall (2007) which involves recalling 
and recognizing. For recall, students were asked to name the type 
and anatomical structure of plants. In the recognizing phase, students 
were asked to validate the correct statement related to the name, type 
and anatomical structure of plants (Marzano & Kendall, 2008).

Cognitive Load. The cognitive load measured in this study includes 
intrinsic and extraneous cognitive load. All instruments to measure 
cognitive load were developed according to the criteria described 
by Brünken et al. (2010). Students’ intrinsic cognitive load (I) was 
measured by their ability to process information from the teacher or 
the instructional task design. The intrinsic cognitive load instrument 
had moderate reliability, with Cronbach’s α = .71. The information 
processing ability was assessed using a task complexity worksheet 
given to the students alongside the teaching process. The worksheet 
was developed based on information processing standards, including 
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information components, interpretation, relevance, and application 
(Marzano et al., 1993). Extraneous cognitive load (E) was measured by 
collecting students’ mental effort using a reversed scale questionnaire 
with ratings ranging from 1 (helpful) to 7 (very unhelpful).

Learning Achievement (LA). In this study, student learning 
achievement indicates the magnitude of the student’s GCL. The 
instrument used for measuring student learning consisted of multiple-
choice questions and contained 20 items. The learning achievement 
instrument had moderate reliability, with Cronbach’s α = .78. 
The instruments were developed based on Marzano and Kendal’s 
Taxonomy of Educational Learning Objectives (2007) at level 2 
(comprehension), which includes integrating and symbolizing, and 
level 3 (analysis), which includes matching, classifying, generalizing, 
and specifying.

Data Analysis

The differences in retention, ICL, ECL, and LA between the control 
and experimental group students in each lesson were analyzed using 
an independent t-test. ANOVA was used to test for differences in 
information retention among the three lessons in the control and 
experimental groups. The level of cognitive load was described based 
on the correlation between intrinsic cognitive load and extraneous 
cognitive load (Sweller et al., 2011). In this study, cognitive load was 
assumed to be low when information processing and mental effort 
were negatively correlated. 

RESULTS AND DISCUSSION

Students’ Prior Knowledge

The initial test (pretest) was conducted to measure students’ prior 
knowledge of plant anatomy. The average score of the control group 
(M = 39.36, SD =16.74) compared to the experimental group (M = 
40.76, SD = 24.79) showed no significant differences (p = .893). 
This result illustrates that the control and experimental groups had 
the same prior knowledge of plant anatomy (Figure 2). Although 
the students had previously learned about the introduction to plant 
anatomy in junior high school, the previous course only covered a 
small portion of the materials. Furthermore, the course was taught two 
to three years ago, and students possibly forgot many topics.
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Figure 2

The Pretest Score (Prior Knowledge) of the Control and Experimental 
Groups. The Error Bars Show Standard Errors

The Effects of Retention-Based Learning on Students’ Information 
Retention

The teaching material for lesson 1 focused on the structure of plant 
tissues, including meristems, dermal tissue systems, and vascular 
tissue systems. Several videos about various types of plant tissues 
were shown to the students before the learning session began. In both 
the control and experimental groups, retention tests were conducted 
during the first meeting on plant cell structure material, which forms 
the basis for understanding plant tissue structures. The statistical test 
results showed no significant difference in information retention (p = 
.510) between the control and experimental groups in lesson 1. The 
average retention test score of the control group was M = 64.03 (SD = 
10.37), while the experimental group scored M = 65.50 (SD = 12.40) 
(Figure 3). These data indicated that the intervention in the first week 
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experimental group scoring higher (M = 78.33, SD = 8.04) than the 
control group (M = 73.42, SD = 6.61). This suggests that the students 
in the experimental group, who were taught using RBL, tended to 
remember more material from the previous meeting, indicating that 
RBL is beginning to benefit them. 

The student retention test in lesson 3 covered plant cell structure, plant 
tissue structure, and plant organ structure. These materials are essential 
for understanding and identifying plant tissues in various plant organs 
with modified anatomical structures. As the material became more 
complex, the retention test results in lesson 3 between the control and 
the experimental groups showed a significant difference (p < .001). 
The intervention continued to show beneficial effects on maintaining 
students’ retention, as evidenced by the experimental group’s 
retention test results in lesson 3 (M = 84.53, SD = 10.76), which were 
higher than their results in lesson 2 (Figure 3). This emphasizes that 
RBL helps the students remember more material than conventional 
learning methods.

In contrast, the retention of students in the control group was lower 
than in the previous retention test due to the lack of strategies for 
maintaining retention. As the learning material became more complex, 
students’ learning without intervention showed a clear indication of 
forgetting. Most of the material that they could not remember was 
from the first week’s content, indicating that their retention weakened 
over time. 

Figure 3

The Average Score of the Information Retention Test for Each Lesson. 
The Error Bars Show Standard Errors
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The students who received the intervention including videos, images, 
and questions, demonstrated better retention compared to the control 
group. The interventions engaged students actively in classroom 
learning, facilitating more frequent retrieval of information and 
reducing the likelihood of forgetting the lessons (Anderson, 2015). 
In contrast, the retention test results in lesson 3 for the control group 
(M = 70.33, SD = 7.14) were lower than those in lesson 2, indicating 
a decline in information retention among control group students. 
The progressive increase in information retention scores from lesson 
to lesson highlights the effectiveness of RBL in helping students 
maintain their retention levels.

Visual aids, particularly images, play a crucial role in facilitating 
students’ comprehension of complex topics like plant anatomy. These 
subjects require appropriate visual representations of plant parts to aid 
learning effectively. By providing images depicting plant structures, 
students gain a clearer and more concise visual understanding of the 
organization and details of these plant parts. Visual aids are inherently 
easier to remember than text. Furthermore, in the context of a paper-
based test, the inclusion of images serves as potent memory cues that 
stimulate the retrieval of plant structures on test day. Additionally, the 
static images enable students to visualize the intricate components 
of plant tissue structures, providing a basic understanding crucial for 
LTM consolidation. 

With the understanding of plant tissue structures from the images, the 
videos helped the students have better spatial visualization as plant 
anatomy requires students to visualize models in three dimensions. 
The videos also provide a dynamic representation of plant anatomy, 
showing the structure and process inside plants because students 
need to understand the interrelation between structure and functions. 
Students can understand many key aspects of plant structure and 
function, including growth and development, physiological processes, 
and interactions between plant parts. The video-audio narration also 
helped the students understand the concept of plant tissues. As a 
result, watching plant anatomy videos in class directs students to use 
visual and auditory channels to understand the information shown, 
which can increase student retention (Mayer & Moreno, 2003). As 
the videos were given before and during the learning, the students 
remembered the material from previous and upcoming learning, 
which helped them maintain their retention.
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Additionally, providing students with the opportunity to answer 
several plant anatomy questions during class made the learning in the 
experimental group more student-centered compared to the control 
group. Answering questions requires students to retrieve and apply 
their knowledge, which can strengthen their memory. Thinking about 
answers helped activate cognitive processing, facilitating better 
consolidation of the material in LTM. Furthermore, students received 
direct feedback while answering the questions, regardless of the 
quality of their responses. In addition to correcting students’ answers, 
the teacher encouraged other students to provide their opinions on 
their classmates’ responses. This aspect of the intervention proved 
beneficial not only for the students who answered but also for those 
who engaged in discussing their peers’ answers. This finding aligns 
with studies by Nayak et al. (2017) which indicated that answering 
teachers’ questions contributed to students’ retention and recollection 
of information during class. The student who answered questions 
in the experimental group found the experience challenging but 
acknowledged its positive impact on their learning performance.

The Effects of Retention-Based Learning on Students’ Cognitive 
Load

Intrinsic cognitive load describes students’ ability to process 
information or knowledge presented by the teacher during learning. 
The statistical analysis showed that students’ information processing 
ability in the experimental group was significantly higher than that 
of students in the control group in lesson 1 (p < .001), lesson 2 (p = 
.003), and lesson 3 (p < .001). Meanwhile, there was no significant 
difference in information processing lessons 1, 2, and 3, both in 
the experimental group (p = .400) and the control group (p = .101). 
However, the information processing score in the experimental group 
tended to increase from lesson 1 to lesson 3. In contrast, in the control 
group, the increase in information processing only occurred in lesson 
2, followed by a decrease in lesson 3 (Figure 4). 
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Figure 4

Students’ Ability in Information Processing in Three Lessons of Plant 
Anatomy. The Error Bars Show Standard Errors

The statistical analysis of information processing indicates that the 
intervention to maintain students’ prior knowledge supported their 
ability to process the information provided by the teacher. The 
results showed that the intrinsic cognitive load of the students in the 
experimental group was higher compared to the control group and 
tended to increase from lesson 1 to lesson 3. This was because students 
in the experimental group had more information to process than those 
in the control group. On the other hand, aligned with Faulconer et al. 
(2022), the discussion session in the middle of learning introduced 
greater intrinsic and extraneous cognitive load. Although the intrinsic 
cognitive load was higher in the three lessons, the students did not feel 
exhausted because the videos and images given during the lessons 
were relevant to the current and previous learning material. The 
intervention effectively managed their cognitive load and prevented 
cognitive overload by ensuring that the students were processing the 
right information. These findings were also consistent with the student 
retention data in Figure 3. The data showed that students with sufficient 
ability to process information in each session could better recall their 
prior knowledge, thus impacting learning performance (van Riesen et 
al., 2022). This suggests that the intervention successfully facilitated 
students in promoting elaboration between prior knowledge and new 
information, as the features of plant anatomy are interrelated.

Students’ extraneous cognitive load was described by their mental 
effort during the learning process. In the first session (lesson 1), neither 
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the control nor the experimental group showed significant differences 
(p = .473) because the complexity of the material was low. However, 
the two classes showed significant differences in mental effort in 
lesson 2 (p < .001) and lesson 3 (p < .001). Although the intrinsic 
cognitive load of the students in the control group was lower than in 
the experimental group, they found that learning without maintaining 
retention required more effort because they had difficulty retrieving 
the previous material. Without proper prior knowledge, they needed 
to put greater mental effort into learning the material as the lessons 
became more complex. Conversely, due to the intervention, the 
students in the experimental group found that their efforts to maintain 
retention before and during class made the lessons much easier.

The difference in the mental effort between the control and 
experimental groups became apparent when the mental effort of the 
students in the control group increased in lesson 3. Although the 
mental effort of the students in the control group in lesson 3 was not 
significantly different from their mental effort in lesson 2 (p = .218), 
the statistical test results showed a significant difference compared 
to their mental effort in lesson 1 (p = .018). On the other hand, the 
mental effort of the students in the experimental group decreased by 
lesson 3, although there was no significant difference (Figure 5). This 
shows that students in the control group had difficulty processing the 
information as the complexity of the material increased.

Figure 5

Students’ Mental Effort in Learning Plant Anatomy. The Error Bars 
Show Standard Errors
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The intervention in the experimental group effectively reduced 
students’ mental effort in several ways. Providing students with videos 
before and during the plant anatomy lesson helped them to have lower 
mental effort. It emphasizes that giving students supplemental material, 
such as videos in addition to textbooks, could enhance their learning 
engagement and motivation (Stockwell et al., 2015). In this case, the 
images and videos serve as visual aids that lower cognitive demand 
by providing more resources for information processing. The images 
and videos helped students build connections between concepts and 
reduced the cognitive effort to remember the materials. According to 
Mayer’s theory of multimedia learning, images combined with videos 
increase the quality of the learning process. Furthermore, the narration 
in the video provides visual and auditory cues. This dual sensory input 
helped students to process the information more efficiently (Brame, 
2016).

Additionally, students’ active learning in the experimental group by 
answering questions made the learning more engaging. Answering 
questions during class acted like retrieval practice (Agarwal et al., 
2020), which can reduce memory load and make the plant anatomy 
lesson easier to recall during each lesson. Thus, the students in the 
experimental group were not overwhelmed by each lesson because 
they were already familiar with answering questions during class. The 
student’s information retention from previous lessons significantly 
reduced the gap between prior knowledge and new information. 
Conversely, the mental effort level of students in the control group 
showed a huge gap between prior knowledge and incoming materials 
due to the content they had forgotten, as the retention rate decreased 
in lesson 3. Apart from that, the feedback from the teacher and 
other students provided a better constructive understanding of the 
materials, which reduced mental effort by clarifying misconceptions 
during learning. The students who corrected other students’ answers 
also benefitted because they could assess their understanding in 
comparison to others. Clarifying answers supports the integration of 
their current understanding with new information (Lavy & Shriki, 
2022), which motivates students to put their best effort into learning 
(Maslova et al., 2022).

Students’ cognitive load was analyzed by measuring the correlation 
between intrinsic and extraneous cognitive load. Students in the 
control group showed a positive correlation in lesson 1 and lesson 
3 but a negative correlation in lesson 2. On the other hand, there is 
a negative correlation between information processing and mental 
effort in the experimental group across all lessons (Table 2).
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Table 2

The Correlation Coefficient between Students’ Information Processing 
and Mental Effort

Control Group

Var
Lesson 1 Lesson 2 Lesson 3

ME ME ME
IP .09 -.14 .05
Experimental Group

Var Lesson 1 Lesson 2 Lesson 3
ME ME ME

IP -.15 -.40* -.58**
* p < .05
** p < .01
Note: Var = Variable; IP = Information Processing; ME = Mental Effort

This data shows that managing students’ information retention 
significantly affects students’ cognitive load. Students in experimental 
groups with better information retention have a lower cognitive 
load because their working memory has more free space to store 
information efficiently. Additionally, these students have better 
memory retention, allowing them to elaborate on previous information 
with new information in each lesson. This is compared to the control 
group, which had high cognitive load levels because they had to put 
extra effort into recalling previous knowledge and combining it with 
current learning materials.

Maintaining retention through providing videos is believed to enhance 
germane cognitive load by helping students recognize what lesson 
will be learned next (Brame, 2016). With the high complexity of 
the plant anatomy course, the videos helped students construct their 
comprehension of the topic rather than relying solely on textbooks. 
On the other hand, students’ working memory in the control group 
may be overloaded because they did not have any preparation, 
making learning less effective (Azman & Johari, 2022). Students’ 
cognitive load in the experimental group tends to be lower than in 
the control group because the videos helped demonstrate the complex 
plant anatomy concepts, making them easier and more engaging for 
students. Another explanation is that the videos provide multimedia 
effects due to combinations of visual and auditory learning resources 
that alter student cognitive load during the learning process (Schüler et 
al., 2013). Furthermore, pausing the videos to emphasize some content 
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served as a cue, which helped students reduce their unnecessary 
cognitive load (Tannert et al., 2023).

In addition, students in the experimental group who were prompted to 
answer questions during class demonstrated superior attention spans 
in comparison to those in the control group. This behavior of paying 
attention is believed to reduce cognitive load by allowing students 
to understand the questions and give proper answers. Answering 
questions during class is a form of retrieval practice (Agarwal et 
al., 2020) that helps students to recall information in each lesson. 
Furthermore, when students tried to answer questions, it forced them 
to think more about the plant anatomy material in each lesson and 
elaborate on their understanding.

The Effects of Retention-Based Learning on Students’ Learning 
Achievement

The effectiveness of maintaining information retention was measured 
by how well the output of the learning process is. The data shows that 
students in the experimental group have better learning achievement 
in plant anatomy lessons (Figure 6). 

Figure 6

Students’ Learning Achievements in Plant Anatomy. The Error Bars 
Show Standard Errors
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There is no significant difference in lesson 1 between the control and experimental groups (p = .062). 
However, as the learning process progresses, the experimental group significantly surpasses the control 
group. The experimental group outperformed the control group very significantly in lesson 2 (p < .001) and 
lesson 3 (p < .001). The trend of this chart is also similar to students’ retention performance (Figure 3), 
where the significant impact of the intervention was visible in lessons 2 and 3, emphasizing that students 
with better retention have better learning achievements. Maintaining retention supports transferring 
knowledge and applying new materials to higher level thinking questions. The ability to apply knowledge 
has the highest contribution because most questions measuring learning achievement involve memorization 
and applying knowledge skills. In contrast, students in the control group have lower learning achievement 
due to the increasing mental effort during each session, which causes a reduction in their working memory 
resources, resulting in decreased learning achievement (Chen et al., 2018). 
 
The intervention, especially videos during class, may influence exam grades (Zhu et al., 2022). Consistent 
results have also reported that providing videos during biology learning results in better student learning 
achievement in flipped learning environments, even if the videos are served before class (Azman & Johari, 
2022). Providing images and videos during plant anatomy learning helped students understand the parts of 
the plants being explained by the teachers, reducing the potential of mislabeling various plant parts and 
their functions. This is important to consider because an undetected misconception about plant parts in a 
previous lesson could have a significantly negative impact on students’ understanding, thus ruining their 
learning achievement. Answering questions gives students a better chance to explain their understanding, 
which helps them build a solid elaboration between concepts in plant anatomy. It assists students in thinking 
conceptually because the intervention also helps students engage in each learning session (Rich et al., 2014). 
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There is no significant difference in lesson 1 between the control and 
experimental groups (p = .062). However, as the learning process 
progresses, the experimental group significantly surpasses the control 
group. The experimental group outperformed the control group very 
significantly in lesson 2 (p < .001) and lesson 3 (p < .001). The trend 
of this chart is also similar to students’ retention performance (Figure 
3), where the significant impact of the intervention was visible 
in lessons 2 and 3, emphasizing that students with better retention 
have better learning achievements. Maintaining retention supports 
transferring knowledge and applying new materials to higher level 
thinking questions. The ability to apply knowledge has the highest 
contribution because most questions measuring learning achievement 
involve memorization and applying knowledge skills. In contrast, 
students in the control group have lower learning achievement due 
to the increasing mental effort during each session, which causes a 
reduction in their working memory resources, resulting in decreased 
learning achievement (Chen et al., 2018).

The intervention, especially videos during class, may influence exam 
grades (Zhu et al., 2022). Consistent results have also reported that 
providing videos during biology learning results in better student 
learning achievement in flipped learning environments, even if the 
videos are served before class (Azman & Johari, 2022). Providing 
images and videos during plant anatomy learning helped students 
understand the parts of the plants being explained by the teachers, 
reducing the potential of mislabeling various plant parts and their 
functions. This is important to consider because an undetected 
misconception about plant parts in a previous lesson could have a 
significantly negative impact on students’ understanding, thus ruining 
their learning achievement. Answering questions gives students a 
better chance to explain their understanding, which helps them build 
a solid elaboration between concepts in plant anatomy. It assists 
students in thinking conceptually because the intervention also helps 
students engage in each learning session (Rich et al., 2014).

CONCLUSION 

The study found that the implementation of RBL, through the effective 
presentation of videos, images, and questions, contributed to a better 
understanding of the topic of plant anatomy for high school students. 
The findings suggest that RBL can help students retain knowledge, 
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process information more easily, and reduce cognitive load during 
learning. Students are most likely to benefit from their lessons when 
they can effectively retain information and experience reduced 
cognitive load. To promote better learning achievement and create 
a student-centered learning environment, teachers should emphasize 
memory retention during class. Implementing RBL when teaching 
plant anatomy at the high school level can lead to a better learning 
experience and more effective learning.

The use of English language in students’ textbooks for images and 
videos may reduce students’ ability to learn plant anatomy. Although the 
students did not raise any objections to the English language videos, it 
is important to consider that not all students in the experimental group 
have a sufficient level of English language proficiency. Future studies 
should ensure that the materials are presented in the students’ native 
language. The research findings suggest that retention-based learning 
techniques have the potential to improve high school education by 
providing an optimal learning environment for students to reach their 
full potential in plant anatomy. However, further research is needed 
to determine the long-term effects of retention-based learning and to 
evaluate its benefits over time. A deeper understanding of the lasting 
effects of this learning approach will enable teachers to modify and 
improve the teaching of plant anatomy, or even other high school 
subjects.
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