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ABSTRACT:

The most significant problem in science learning among
students in rural areas of Thailand and countries in the Asian
region is their low level of scientific conceptual understanding.
This research is an action research study aimed at developing
scientific conceptual understanding among students learning
through Model-based learning for Grade 11 students. The target
group Grade 11
Yangtalatwittayakhan School, Yang Talat District, Kalasin

consisted of 31 students  at
Province, a secondary school in Thailand whose context closely
reflects the aforementioned problem. The research instruments
consisted of: 1) nine Model-based learning lesson plans on the
topics of the circulatory system and lymphatic system, 2) a
scientific conceptual understanding assessment, and 3) student
interview forms. Data were analyzed using basic statistics,
namely percentages. The research findings revealed that students
showed development in scientific conceptual understanding,
reaching either a complete understanding or a correct but
incomplete understanding level. In action cycles 1, 2, and 3, the
numbers of students achieving this level were 15, 23, and 31,
representing 48.39%, 74.19%, and 100.00%, respectively. It can
be seen that the number of students who developed scientific
conceptual understanding increased after learning through
Model-based learning. The key finding was that Model-based
learning helps explain, predict, and discuss scientific phenomena
and enables students to construct better scientific concepts, even
for children in rural areas. Furthermore, the use of quality
instructional media to support Model-based learning can
contribute to the development of biology teaching and learning

in secondary schools in rural areas of Thailand
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1. Introduction

Science is the foundation of economic,
technological, health, and cultural advancement
in modern society. Numerous research studies
indicate that countries that prioritize science tend
to achieve more stable growth and greater long-
term competitiveness (Levytskyi et al, 2021,
Pinto & Teixeira, 2020; Satpayeva et al., 2020). In
teaching and learning, teachers must therefore
emphasize helping students develop accurate
scientific concepts, as concepts serve as
systematic mental representations of the natural
world and are central to scientific discourse
encompassing visible phenomena, invisible
phenomena, and various processes
(Kampourakis, 2018). If students do not
understand concepts or hold misconceptions,
they will be unable to learn new concepts
effectively. Particularly at the primary school
level, understanding of scientific concepts
directly influences scientific attitudes; that is,
children with better conceptual understanding
tend to have more positive scientific attitudes
and higher achievement (Ghina Dhaniyah
Salsabil et al., 2024; Sekaringtyas et al., 2024).
Certain natural phenomena may not be directly
observable or may be too complex to understand
readily (Bryce et al., 2016).

Science learning at the primary and secondary
levels is often filled with deeply embedded
misconceptions arising from everyday life
experiences and insufficiently deep instruction. If
left uncorrected from the outset, these
misconceptions continuously affect science
learning at higher levels. Commonly found types
of misconceptions in science include, for
example, topics related to nature and the
environment such as the water cycle, where
misunderstandings about evaporation and
condensation occur (Amelia Fariza et al., 2025).
In biology content, misconceptions about the
functioning of the human body and living
organisms have also been documented
(Department of Educational Training The
Islamia University of Bahawalpur Pakistan et al.,
2022; Hasnawati et al., 2022). This is consistent
with research across the Asian region, which
scientific

collectively indicates that

misconceptions at the primary and lower
secondary levels are considerably high and occur
in very fundamental topics “ranging from force,
light, and matter to heat”. Common problem
areas and frequently misunderstood topics
include, for instance, Indonesia and Malaysia,
where high rates of misconceptions have been
found in topics related to force and motion, such
as the belief that only living things can exert
force, as well as issues concerning light and
vision (Kamilah et al., 2025; Utami et al., 2024).

Scientific misconceptions represent a major and
recurring problem across the same fundamental
topics. The key causes frequently identified
regarding scientific conceptual problems include:
prior conceptions and everyday life experiences
that conflict with science; issues related to
textbooks and instructional media that use
difficult language, inappropriate analogies, or
incomplete explanations, leading to permanent
misconceptions (Dewi & Wulandari, 2021; Laeli
et al, 2020); and, most critically, teaching
methods that emphasize memorization without
connecting to real-world situations, and that lack
experimental activities and opportunities to
challenge prior thinking (Kamilah et al., 2025).
Given these problems and causes, and
recognizing that certain natural phenomena
cannot be directly observed or are too complex
to comprehend (Bryce et al., 2016), models are
necessary to help explain findings that scientists
have obtained through experimental study.

Model-based instruction in science education is
grounded in the important notion that children
learn science through constructing, using,
evaluating, and revising models of phenomena,
rather than through memorizing content. This
directly  addresses  the  correction  of
misconceptions, because it makes the ideas in
students' minds visible, testable, and modifiable.
The key principles are: 1) models serve as mental
representations of phenomena such as diagrams,
cycles, charts, and 3D models used to explain,
predict, and discuss scientific phenomena (Louca
& Zacharia, 2012); 2) model-based learning views
learning as a cycle of observing, gathering
evidence, constructing models, comparing with
real phenomena, and iteratively revising in order
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to build deeper and more sophisticated
understanding; and 3) a substantial body of
research proposes that model construction is the
true core of science learning and should be
embedded in curricula at all levels (Carroll &
Park, 2026; Gilbert & Justi, 2016).

In this research, the research team selected as the
target group 31 Grade 11 students in the
academic year 2021 at Yangtalatwittayakhan
School, Yang Talat Sub-district, Yang Talat
District, Kalasin Province, Thailand. The content
selected for the study was from the biology
subject on the topics of the circulatory system
and lymphatic system content areas in which
students demonstrated low levels of scientific
conceptual understanding and were unable to
answer questions or explain the underlying
principles. Students held misconceptions across
all concepts related to the content. This school is
representative of the large number of secondary
schools in Thailand that share a similar context
to those found across the Asian region. An action
research process was employed in order to
provide foundational data for research aimed at
addressing students' scientific misconceptions in
rural areas, and to contribute to the ongoing
development of teaching and learning practices.

2. Methodology
Research Objectives

To develop scientific conceptual understanding
among students learning through Model-based
learning for Grade 11 students.

Target Group: 31 students in Grade 11/2 at
Yangtalatwittayakhan School, Yang Talat Sub-
district, Yang Talat District, Kalasin Province, in
the academic year 2021, selected through
purposive  sampling. All  students  held
misconceptions across every concept related to
the content. This school is representative of the
large number of secondary schools in Thailand
that share a similar context to those found across
the Asian region. An action research process was
employed to provide foundational data for
research aimed at addressing scientific
misconceptions among students in rural areas.

Research Content: Biology subject content for
Grade 11, covering the topics of the circulatory
system and lymphatic system, in accordance with
the learning outcomes of the Science and
Technology Learning Area (Revised Edition B.E.
2560), under the Basic Education Core
Curriculum B.E. 2551.

Research Duration: This research was
conducted during the second semester of the
academic year 2021.

Research Instruments

1. Model-based learning lesson plans on the
topics of the circulatory system and lymphatic
system, consisting of 9 lesson plans with a total
instructional time of 13 hours.

2. A scientific conceptual understanding
assessment on the circulatory system and
lymphatic system, designed as a Two-tier
Multiple Choice Diagnostic Test. Tier 1
measures scientific conceptual understanding
using four-choice multiple choice questions. Tier
2 requires students to provide reasoning for their
selected answers, enabling detailed classification
of students' levels of scientific conceptual
understanding. The instrument demonstrated
content validity, with an Index of Item-Objective
Congruence (IOC) across the entire test ranging
from 0.8 to 1.0.

3. A student interview form aimed at collecting
data in three areas: opinions regarding teaching
and learning methods; opinions regarding
instructional media and activities used; opinions
regarding  time  allocation in  learning
management; and opinions regarding problems
and obstacles encountered during instruction.
The instrument demonstrated content validity
with an Index of Congruence IOC) of 1.0.

Data Collection

This study employed Action Research,
comprising 4 steps carried out across 3 action
cycles. The data collection procedures were as
follows:

Cycle 1: A survey of students' problem
conditions was conducted and interviews with
the classroom teacher revealed that students
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experienced difficulties in scientific conceptual
understanding. Learning theories were then
studied to identify appropriate solutions, and the
research team selected Model-based learning as
the instructional approach. Lesson plans were
subsequently  developed. In  Step 2
(Implementation), 3 lesson plans covering the
topics of substance transport in animal bodies,
the structure of the heart and blood vessels in
humans, and the relationship between blood
vessel size and blood flow velocity were
implemented with the target group. Scientific
conceptual understanding was assessed and
students were interviewed following instruction.
Upon reflection, it was found that students had
difficulties comprehending the content and did
not understand the scoring criteria prior to taking
the assessment. These issues were used to inform
the development of lesson plans for Cycle 2.

Cycle 2: Improvements were made by providing
a detailed explanation of the scoring criteria for
the  scientific  conceptual  understanding
assessment before students began the test.
Lesson plans were also revised to include a
content summary through questioning at the end
of each lesson, in otder to review students'
knowledge and check their understanding before
the assessment. Three revised lesson plans
covering the topics of substance transport in the
human body, measurement of cardiac function
and blood pressure, the direction of blood flow
in veins, and heart diseases and disorders were
implemented with the target group. Scientific
conceptual understanding was assessed and
students were interviewed following instruction.
Upon reflection, it was found that some students
still held misconceptions about the core concepts
of the phenomena studied, and that some
students misread the test questions, resulting in
incorrect answers. These issues were used to
inform the development for Cycle 3.

Cycle 3: Lesson plans were further revised.
During the lesson introduction phase, students
were provided with video clips, and real-life
situations were connected to the content being
studied. Discussion topics were created to
encourage knowledge exchange among students,

and guidance was provided throughout the

learning  process to monitor  students'
understanding. The assessment was also
improved by making questions clearer where a
question asks which option is incorrect or
correct, the key word should be bolded or
underlined for emphasis. Three revised lesson
plans covering the topics of blood components,
blood types and blood transfusion, and the
lymphatic system were implemented with the
target group. Scientific conceptual understanding
was assessed and students were interviewed
following instruction. Upon reflection, it was
found that students demonstrated correct
understanding of the phenomena studied,
though some responses remained incomplete, as
students provided correct answers and reasoning
but were missing certain key elements of the
phenomena under study. A further improvement
was recommended: during the answer-checking
and solution-explanation phase, the teacher
should provide detailed clarification of both the
correct answers and the reasoning behind each
answer, in order to guide students in subsequent

learning sessions.
Data Analysis

The levels of scientific conceptual understanding
used to determine whether students had
developed  their scientific conceptual
understanding were analyzed based on results
from the assessment on the circulatory system
and lymphatic system. The classification
followed the framework of Westbrook and
Marek, which consists of 5 levels: 1) Complete
Understanding: CU, 2) Partial Understanding:
PU, 3) Partial Understanding with Specific
Alternative Conception: PS, 4) Alternative
Conception: AC and 5) No Understanding: NU

(Westbrook & Marek, 1991).
3. Results
The results of each cycle are presented as follows.

1. Results of Cycle 1 are presented in Table 1
below.
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Table 1: Levels of Scientific Conceptual
Understanding in Cycle 1

Students (n = | CU and | PS and AC
31) PU Level Level
Number of 15 16

students

Percentage 48.39 51.61

As shown in Table 1, in Cycle 1, there were 15
students ~ whose  scientific  conceptual
understanding scores reached the correct but
incomplete  understanding or  complete
understanding level (CU and PU), representing
48.39% of the total number of students. There
were 16 students whose scores fell below the
correct but incomplete understanding or
complete understanding level (PS and AC),
representing 51.61% of the total. This indicates
that more than half of the students had not yet
reached the correct but incomplete or complete
understanding level. The research team then
analyzed students' response patterns from the
assessment and identified the problem that
students were unable to provide -correct
reasoning. Furthermore, some students selected
correct answers but wrote explanations reflecting
misconceptions or incorrect understanding of
the phenomena studied. These issues led to the

revision of lesson plans for Cycle 2.

2. Levels of Scientific Conceptual Understanding
in Cycle 2

Table 2: Students meeting and not meeting
the criteria in Cycle 2

Students (n = | CU and | PS and AC
31) PU Level Level
Number of 23 8

students

Percentage 74.19 25.81

As shown in Table 2, there were 23 students
whose scores reached the correct but incomplete
understanding or complete understanding level
(CU and PU), representing 74.19% of the total.

There were 8 students whose scores fell below
that level (PS and AC), representing 25.81% of
the total. The research team then analyzed the
response patterns of students across all four
understanding levels Complete Understanding
(CU), Partial Understanding (PU), Partial
Understanding ~ with ~ Specific ~ Alternative
Conception (PS), and Alternative Conception
(AC) and identified the problem that some
students still held misconceptions about the
phenomena studied, were able to select only the
correct answer but could not provide written
reasoning for their choice, or provided reasoning
that deviated from the phenomena studied.
These issues led to further revision of lesson
plans for Cycle 3.

3. Levels of Scientific Conceptual Understanding
in Cycle 1 in Table 3 below.

Table 3: Students meeting and not meeting
the criteria in Cycle 3

Students (n = | CU and PU | PS and AC
31) Level Level
Number of a1 0

students

Percentage 100.00 0.00

As shown in Table 3, all 31 students reached the
correct but incomplete understanding or
complete understanding level, representing
100.00% of the total, with no students falling
below this level

4. Discussion

This research aimed to develop scientific
conceptual understanding through Model-based
learning in the biology subject, covering the
topics of the circulatory system and lymphatic
system, for Grade 11 students. The findings
revealed that all 31 students in the target group
reached either the Complete Understanding
(CU) or Partial Understanding (PU) level. When
examined by action cycle, the results were as
follows.

Cycle 1: A total of 15 out of 31 students,
representing  48.39%, reached the Complete
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Understanding (CU) or Partial Understanding
(PU) level. This is attributed to the fact that
Model-based learning is a process through which
students come to understand and explain various
phenomena by continuously constructing and
revising models of those phenomena, which
helps students better visualize abstract content
(Barak & Hussein-Farraj, 2013). It also
transforms  learning  experiences  from
fragmented information into an ability to
perceive relationships and systems, enabling
students to connect biological concepts more
deeply and durably (Malone, 2023; Wilson et al.,
2020). Moreover, through the model-
construction phase, students use and evaluate
models on their own; comparing evidence
obtained from designing scientific models or
diagrams enables students to link ideas with
understanding  and  develop  conceptual
understanding of the topic studied (Gilbert &
Justi, 2016). Conversely, 16  students,
representing 51.61%, remained at the Partial
Understanding ~ with ~ Specific ~ Alternative
Conception (PS) or Alternative Conception (AC)
level. Item-by-item analysis of the conceptual
understanding assessment revealed that students
had difficulties comprehending the content, and
that their written responses consisted only of
their selected answers without any accompanying
reasoning, or provided explanations reflecting
misconceptions about the phenomena studied,
which affected their conceptual understanding
scotes. What teachers should consistently do to
improve instructional effectiveness is to
emphasize learner-centered active thinking
through the instructional steps of Model-based
learning (Gohner & Krell, 2022). The research
team therefore added further processes in the
next cycle to increase student participation,
consistent with research showing that when
sufficient time and a participation-conducive
classroom structure are provided, biology
learning  outcomes  improve  significantly
(Astriani et al., 2022; Naadhiroh et al., 2026;
Pratiwi & Kusumadani, 2025).

Cycle 2: A total of 23 out of 31 students,
representing 74.19%, reached the Complete
Understanding (CU) or Partial Understanding

(PU) level, reflecting an increase from the
previous cycle as evidenced by the greater
number of students meeting the established
criteria  following instruction. Item-by-item
analysis of the assessment also showed a marked
decrease in student responses at the Partial
Understanding ~ with ~ Specific ~ Alternative
Conception (PS) and Alternative Conception
(AC) levels compared to Action Cycle 1 from 161
instances in Cycle 1 to 54 instances in Cycle 2.
This improvement resulted from instructional
adjustments that made the lesson more
accessible to students during the evaluation and
concept review phase, through questioning to
check understanding and through questions that
linked everyday life situations to the content
being studied, enabling students to better grasp
the key ideas of the lesson. This is consistent with
the principle that sound scientific conceptual
understanding develops through systematically
connecting models to data, evidence, and
reasoning, as well as with research indicating that
learners should take an active role in proposing
models, critiquing others' models, and
collectively weighing explanations that best fit
the available evidence (Yang et al., 2024). Model-
based learning is most effective when teachers
design appropriate activities and make model
construction meaningful to learners; learner
accessibility,  diversity of representational
formats, and connection to real phenomena are
all important elements of effective teaching
(Carroll & Park, 2026; Dahlquist, 2020; Louca &
Zacharia, 2012). Nevertheless, 8 students,
representing 25.81%, still did not meet the
criteria, remaining at the PS or AC level. Analysis
of the assessment revealed that some students
still held misconceptions about the phenomena
studied, wrote only their selected multiple-choice
answers without providing reasoning, or misread
test questions — for example, reading "which
option is incotrect" as "which option is correct”
resulting in lost marks. The research team
planned to address this by incorporating
additional activities, including supplementary
video clips to deepen content understanding,
This is consistent with key research principles
showing that biology laboratory achievement is
higher when students watch videos before and
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after lab sessions, with scores in some cases
doubling (Mutch-Jones et al., 2021); that in
online biology classes, tutorial-style videos lead
to better performance than traditional lecture-
style videos, with the difference being most
pronounced for higher-order thinking questions
(Ding et al., 2024); and that secondary school
biology scores improve when multimedia is
incorporated as a supporting resource (Nihuka &
Matemu, 2024; Zhumash & Zhumagulova,
2025). For abstract or visually difficult topics,
videos have been shown to elevate conceptual
understanding of cell biology at the upper
secondary level (Soltura, 2021), to reduce
misconceptions about meiosis with conceptual
understanding  improving by 70% and
misconceptions decreasing substantially (Sonam
Dorji et al.,, 2025), and that using videos in
conjunction with discovery learning raised mean
scores from 53.4 to 85.3 (Trivena Patricia Sumual
et al., 2025).

Cycle 3: All 31 students, representing 100.00%,
reached the Complete Understanding (CU) or
Partial Understanding (PU) level, demonstrating
that every student met the established criteria and
that scientific conceptual understanding had
developed to a higher level. Item-by-item analysis
of students' answers and reasoning revealed that
all responses fell within the CU and PU levels.
This may be attributed to the teacher's emphasis
on instructional media including videos and
animations which increased student engagement
in learning activities. The use of media such as
still images, videos, and physical specimens plays

an important role in developing correct scientific
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