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Natural Sciences is a field of study that explores the universe and its contents,
encompassing objects, events, and various natural phenomena. Through scientific methods
such as observation, experimentation, and theory development, IPA helps humans
understand natural phenomena while fostering the creation of life-supporting technologies.
One essential branch of IPA is physics. Physics education is characterized by its close
association with abstract concepts, which often pose challenges for students to grasp
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(Musliman & Kasman, 2022). The challenges faced by students need to be addressed by
strengthening their understanding of the basic concepts that serve as prerequisite material in
physics learning. Therefore, mastery of these prerequisite materials provides an essential
foundation for students to tackle more complex physics problems (Nihayah, 2021).

Conceptual understanding goes beyond merely recognizing or knowing; it
encompasses the ability to interpret meanings, accurately apply definitions, and creatively
and innovatively develop ideas (Firjon & Raicudu, 2023). Students are not only expected to
deeply comprehend information but also to connect it, explain it in detail, and generate new
ideas based on their understanding. According to Susanto et al. (2021), conceptual
understanding is achieved through skills such as interpreting, translating, concluding,
discovering, and presenting problems based on learned concepts. This process enables
students to apply concepts deeply and effectively, equipping them to face complex challenges
and make better decisions.

Students' conceptual understanding plays a crucial role in determining the success of
learning, particularly in physics (Rose & Riki, 2023). Fundamental concepts, such as
measurements and physical laws, serve as the primary foundation that students must master
to effectively apply theories. This is due to the inherently practical nature of physics, which is
closely tied to real-life applications. For instance, Shidik (2020) highlights that a strong
conceptual understanding enables students to connect physics principles with various real-
world phenomena, such as the mechanisms of simple machines or the functions of modern
technology. Therefore, a deep understanding of concepts not only facilitates students'
comprehension of theories but also serves as a critical first step toward practical application.

Based on observations conducted at SMA Negeri 13 Padang, it was found that students'
conceptual understanding is still relatively low. This indicator is evident from the results of
the students' tests in the 2023 /2024 academic year, where less than 50% of students were able
to achieve the Learning Goal Achievement Criteria. Additionally, based on surveys given to
several subject teachers, it was found that students tend to struggle with understanding
abstract concepts, particularly in subjects that require analytical skills and application, such
as physics. This issue is further exacerbated by the limited use of technology and interactive
teaching materials that could help students connect theory with real-life applications.

The low conceptual understanding of physics among students can be influenced by
various factors, one of which is the application of inappropriate teaching models and the
limited knowledge students have about the basic concepts in physics material (Siahaan et al.,
2021). Most of the teaching methods used by teachers still rely heavily on the lecture method,
making the learning process monotonous and one-way, which is inadequate in building deep
understanding (Puspitasari et al., 2022). As a result, students struggle to connect theory with
real-world applications. Additionally, the lack of active student involvement in the learning
process is also a major contributing factor. Therefore, it is crucial to adopt a more innovative,
interactive teaching model that can provide direct and relevant learning experiences for
students.

Sutrio et al. (2020), stated that the cognitive conflict learning model is an effective
approach to enhance students' conceptual understanding. The learning process encourages
students to discover knowledge independently, making them more active in thinking and
working, thus making the knowledge acquired more meaningful. Additionally, this model
connects new knowledge with the students’ prior understanding, helping them build
concepts more deeply. This aligns with Mulfit et al. (2019), who explained that the model
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guides students to recognize their prior knowledge, become aware of misconceptions, and
correct them. Therefore, cognitive conflict-based teaching materials not only help address
misconceptions but also resolve discrepancies between prior knowledge and new concepts,
effectively improving students' conceptual understanding (Yuli & Mulfit, 2021).

The cognitive conflict learning model is applied in the form of digital teaching materials
developed specifically to support the physics learning process. These digital teaching
materials encompass all types of content or learning resources that students can access
through digital platforms, as explained by Khair et al. (2022). In its development, the digital
teaching materials created using Kodular are systematically arranged following the stages of
the cognitive conflict learning model. The goal is to assist students in understanding physics
concepts more easily, deeply, and practically, so they can actively engage in technology-based
learning. Kodular, as a platform for creating apps without the need for coding, enables the
development of applications that can be used free of charge, making it easier for both
experienced individuals and beginners who want to create Android apps (Sarita et al., 2021).
By using Kodular, the creation of these digital teaching materials becomes more efficient and
affordable, supporting the implementation of the cognitive conflict model in more interactive
and engaging physics learning.

Several previous studies highlight the importance of innovation in physics education to
improve students' conceptual understanding. Arifuddin et al. (2022) developed hands-on
activity-based teaching materials that proved effective in enhancing students' understanding
of physics concepts through direct experience. However, this study did not utilize the
potential of digital technology to support a more flexible and interactive learning process. On
the other hand, Riani et al. (2021) developed inquiry-based worksheets (LKS) integrated with
Edmodo, which successfully increased digital interaction between students and learning
materials. However, this approach did not include the use of the cognitive conflict learning
model to systematically identify and address students' misconceptions, which is a significant
challenge in physics education.

This study offers novelty by integrating the cognitive conflict model with Kodular-
based digital teaching materials, designed to address students' misconceptions and provide
interactive content that is relevant to the learning needs in the digital era. The aim of this
research is to analyze students' conceptual understanding in the context of physics education,
specifically in the topic of measurement. The primary focus of this study is to explore the
extent to which students can master basic measurement concepts, such as physical quantities,
units, dimensions, uncertainty, and the use of measuring instruments. The analysis is
conducted from the perspective of students' conceptual understanding in identifying and
applying these concepts through technology-based learning, which facilitates active
interaction between students and the material. With this approach, it is hoped that solutions
will be found to improve students' conceptual understanding and strengthen their ability to
apply physics concepts in real-life contexts.

METHODS

The researcher applies the research and development (R&D) method, which focuses on
product development. This approach is adapted using the Plomp development model, which
has been proven effective in various educational research studies. The Plomp model (2013)
consists of three interconnected main phases. The first phase is preliminary research, aimed
at identifying existing problems or needs, as well as designing initial solutions. The second
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phase is the development/prototyping phase, where prototypes or products are developed
based on the findings from the preliminary research and then tested. The final phase is the
assessment phase, which is carried out to evaluate the effectiveness of the developed product
and determine the next steps for improvement or refinement.

This research focuses on the initial phase of the Plomp development model, which is
analysis. This analysis is an essential step in the research process, aimed at examining and
interpreting data in depth. During the analysis phase, the needs required for product
development are identified. The primary focus of this analysis is to assess students'
conceptual understanding, particularly on the topic of measurement within the context of
physics learning at SMA Negeri 13 Padang. In this process, the instrument used is a set of test
questions. The test provided to the students is in the form of a Three Tier Diagnostic Test,
consisting of 10 multiple-choice questions with 5 answer options, the rationale for the
answers, and a confidence level.

In data processing and analysis, the steps taken are essential to ensure that the obtained
data can provide clear and meaningful information. The first step is data reduction, which
aims to filter relevant information aligned with the research objectives. This process involves
grouping students' responses based on the interpretation table, making it easier to identify
existing patterns or trends. Proper data reduction enables the obtained information to be used
more effectively for the next analysis step.

Table 1. Criteria for the Three-Tier Diagnostic Test Answers

First Level Second Third Level Category
level

True True Sure Understand the concept
True False Sure Misconception (False Positive)
False True Sure Misconception (False Negative)
False False Sure Misconception
True True Not Sure Guess, lack of confidence
True False Not Sure Don't understand the concept
False True Not Sure Don't understand the concept
False False Not Sure Don't understand the concept

After the data reduction stage, the next step in this research is data presentation. In the
presentation stage, the data that has been grouped based on the previously defined categories
(concept understanding, lack of concept understanding, pure misconception, False Positive,
and False Negative) will be presented in more detail. The data presentation is carried out by
calculating the percentage of concept understanding experienced by each student for each
item in the Three-Tier Diagnostic Test. This process allows the researcher to visualize how the
distribution of students' concept understanding is across each question.

In the conclusion drawing stage, this research summarizes the results of the previous
analysis to provide an overall conclusion about students' concept understanding. Based on
the calculated percentages, the level of success in students' understanding of measurement
concepts in physics can be determined, as well as identifying areas that need improvement.
Through this data analysis, it is expected that the research will provide a clear picture of the
causes of students' low concept understanding in the topic of measurement and offer
recommendations for improving teaching and understanding of the material in the classroom.

RESULTS AND DISCUSSION
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Results

The subjects in this study are 36 students from class X phase E3. Based on the analysis
of their answers to 10 questions designed to measure their understanding of measurement
concepts, using the Three-Tier Diagnostic Test format, it was found that not all students were
able to answer all the questions with the "Understand the concept (P)" category. Some
students were recorded with results categorized as "Misconception (M)" or even "Don't
understand the concept (TP)" on almost every question posed. The visualization of the
concept understanding distribution percentages based on the existing indicators can be seen
in Table 2:

Table 2. Percentage of Students' Physics Concept Understanding

. Question Percentage (%

Indicator number P M Be ")FP
Identifying activities that are part of the 1 56 888 5.6
measurement process.
Identifying and correctly ordering 2 8.3 91.7 0
quantities, values, units, and types of
quantities based on the given information.
Identifying scalar and vector quantities 3 56 583 36.1
and distinguishing their characteristics.
Determining the dimensions of a physical 4 28 611 36.1

quantity based on formulas and the

relationships between quantities.

Determining the appropriate measuring 5 5.6 58.3 36.1
instrument for an object based on size and

the level of precision required.

Identifying significant figures in a 6 2.8 66.7 30.5
measurement or given data.

Applying significant figure rules in 7 0 61.1 38.9
calculation of measurement results.

Using scientific notation to express the 8 0 94.4 5.6
exact value of a quantity.

Determining measurement uncertainty 9 0 63.9 36.1

based on the precision of the measuring
instrument used.

Identifying measurement accuracy based 10 2.8 94.4 2.8
on the uncertainty displayed.
Average 335 73.87 2278

Table 2 shows the variation in students' understanding of the measurement material on
each indicator of the questions provided. This data illustrates how students understand the
key concepts in measurement. The understanding can be observed through the differences in
results on each tested indicator. Based on the analysis of the research data, there are various
levels of understanding visible on each question. In more detail, students' understanding of
the measurement material can be outlined as follows:

(1) Identifying activities that are part of the measurement process.
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Table 2 shows that the percentage of students' concept understanding is much lower
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in the first indicator is very low. Based on Table 2, only 5.6% of students
demonstrated correct understanding, while 88.8% experienced misconceptions, and the
remaining 5.6% did not understand the concept at all. The answers provided by students
show that many experienced misconceptions and lack of understanding related to the concept
of measurement. Most students had difficulty choosing the correct reason to define an activity
as a measurement. For example, they considered activities like counting the number of
marbles based on color as a measurement, whereas in the context of physics, measurement
involves comparison with a standard and like unit, such as length, mass, or time. This error
may be due to an incomplete understanding of what constitutes proper measurement in
physics, which should involve measuring an object against a predetermined unit, not just
counting quantities or categories.

(2) Identifying and correctly ordering quantities, values, units, and types of quantities based
on the given information.

Table 2 shows that the percentage of students' concept understanding is smaller
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in the second indicator is very low. Based on Table 2, only 8.3% of students
showed understanding, while 91.7% experienced misconceptions, and 0% did not understand
the concept at all. The answers provided by students reveal that misconceptions and lack of
understanding occurred regarding the concept of measurement. Students struggled to
identify the correct order of quantities, values, units, and types of quantities, as reflected in
their choice of incorrect answers. Some students selected wrong answers, such as listing
"meter" as a type of quantity, whereas in this context, length is the quantity measured in
meters, which is a fundamental quantity. This shows that students have not fully understood
the difference between quantities, values, units, and types of quantities in measurement. This
lack of understanding could be caused by several factors, such as insufficient foundational
knowledge of measurement and related concepts, confusion in distinguishing between units
and types of quantities, and difficulties in organizing the correct sequence in measurement.
Additionally, the lack of relevant practice and inadequate understanding of basic physics
concepts may contribute to these misconceptions.

(3) Identifying scalar and vector quantities and distinguishing their characteristics.

Table 2 shows that the percentage of students' concept understanding is much smaller
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in the third indicator is very low. Based on Table 2, only 5.6% of students
demonstrated correct understanding, while 58.3% experienced misconceptions, and 36.1%
did not understand the concept at all. In the first-tier question, only a small number of
students answered correctly, choosing speed, time, and mass as scalar quantities, while the
majority selected incorrect answers, such as including velocity or acceleration as scalar
quantities. This error reflects a misconception in understanding the difference between scalars
and vectors.

In the second-tier question, students' response patterns indicate that many students
chose incorrect definitions of scalar quantities. Some students believed that scalar quantities
have direction, which is actually a characteristic of vector quantities. For example, many
students selected answers stating that scalar quantities have value and direction, or even that
they have no value but have direction. This demonstrates a fundamental misunderstanding
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of the definition of scalars as quantities that only have magnitude and no direction. This error

may be caused by students' lack of understanding of basic physical quantity concepts and

insufficient emphasis on the unique characteristics of scalars and vectors in their learning.

Students tend to generalize that all quantities have direction without understanding the

unique property of scalars, which only require magnitude.

(4) Determining the dimensions of a physical quantity based on formulas and the
relationships between quantities.

Table 2 shows that the percentage of students' concept understanding is much lower
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in the fourth indicator is very low. Based on Table 2, only 2.8% of students
demonstrated correct understanding, while 61.1% experienced misconceptions, and 36.1%
did not understand the concept at all. In the question, only a small number of students
selected the correct answer, which is E [M][L]?[T]~3, while the majority chose incorrect
answers, such as [M][L]*[T]2. This pattern of answers shows that many students struggled
to understand the relationship between fundamental quantities and derived quantities,
particularly in calculating the dimensions of a physical quantity. This error may be caused by
a lack of understanding of how to derive the dimensions of a derived quantity from formulas
involving fundamental quantities, such as the quantity of power, which is the product of
mass, the square of length, and time raised to the negative third power.

Additionally, in the question asking for the reasoning behind the dimensional notation,
many students chose incorrect answers, such as B (Dimensional notation represents a way of
writing quantities that shows the fundamental and derived quantities that compose it). This
indicates confusion in distinguishing between fundamental and derived quantities, as well as
the correct way to express dimensions. This error may stem from a lack of understanding of
how to derive the dimensions of a derived quantity from formulas involving fundamental
quantities, such as in the case of power.

(5) Determining the appropriate measuring instrument for an object based on size and the
level of precision required.

Table 2 shows that the percentage of students' concept understanding is much lower
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in the fifth indicator is very low. Based on Table 2, only 5.6% of students
demonstrated correct understanding, while 58.3% experienced misconceptions, and 36.1%
did not understand the concept at all. In the first-tier question, the correct answer is A (1) and
3), which are the thickness of paper and the thickness of an ID card, suitable objects for
measurement with a micrometer screw. However, many students selected incorrect answers,
such as B (1) and 4), showing a misunderstanding of the types of objects suitable for
measurement using this tool. The micrometer screw is a tool used to measure small or thin
objects with high precision, such as the thickness of paper or an ID card, with an accuracy of
up to 0.01 mm.

In the second-tier question, students were asked to explain why the micrometer screw
is used to measure certain objects. The correct answer is B (The micrometer screw is a tool
used to measure the length of small/thin objects, which has a main scale and a noni’s scale
(rotating sleeve), with an accuracy of 0.01 mm). However, many students selected incorrect
answers, such as A (The micrometer screw is a tool used to measure the outer diameter, inner
diameter, and depth of objects, with a main scale and a noni’s scale (sliding jaws), with an
accuracy of 0.01 cm). This misconception reflects confusion in understanding the components
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and function of the micrometer screw, particularly in terms of accuracy and its proper
application. The error may be caused by a lack of understanding regarding the micrometer
screw's primary use, which is more suited for measuring the thickness or diameter of small
objects with very precise measurements.

(6) Identifying significant figures in a measurement or given data.

Table 2 shows that the percentage of students' concept understanding is much lower
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in the sixth indicator is very low. Based on Table 2, only 2.8% of students
demonstrated correct understanding, while 66.7% experienced misconceptions, and 30.5%
did not understand the concept at all. In the first-tier question testing understanding of
significant figures, the correct answer for an event involving significant figures is E (Ana's
weight increased to 48.2 kg). This is because the number 48.2 kg comes from a measurement
that involves an estimated digit, which indicates the precision of the measurement. Significant
figures are obtained from measurements that include both certain and estimated digits, and
in this case, the number 48.2 reflects the precision in measuring Ana's weight.

Meanwhile, for other answers, such as A (The men's doubles badminton team from
village X won 21-17 against their opponent) or B (Class A won the soccer match 1-0 against
Class B in the class meeting), these numbers do not involve significant figures because they
come from counting activities that do not involve measurements with a specific level of
precision. Similarly, in C (There are 20 tables and 40 chairs in class X), the numbers 20 and 40
are exact numbers obtained from counting objects, not from measurements, and thus cannot
be considered significant figures. In the second-tier question, the correct reason is B
(Significant figures are obtained from measurements that consist of exact numbers and
estimated digits). This aligns with the concept that significant figures come from
measurements, which include both exact (certain) and estimated (decimal) digits obtained
from the precision of the measuring instrument. Errors in choosing answers to this question
could be caused by confusion in distinguishing between numbers derived from
measurements and those derived from counting or other non-measuring activities.

(7) Applying significant figure rules in calculation of measurement results.

In Table 2, the percentage of students who understood the concept is much lower
compared to those with misconceptions. This indicates that students' understanding of the
concept in the seventh indicator is very low. Based on Table 2.0% of students demonstrated
correct understanding, while 61.1% experienced misconceptions, and 38.9% did not
understand the concept at all. In the first-tier question, the correct answer is D (89.2 m?). This
is due to the significant figures rule in multiplication and division. When calculating the area
of land by multiplying two numbers, 10.5 m and 8.5 m, we must pay attention to the number
of significant figures in each value. 10.5 m has 3 significant figures, and 8.5 m has 2 significant
figures. According to the significant figures rule for multiplication, the result should have the
least number of significant figures, which in this case is 2 significant figures. Therefore, the
product of 10.5 m x 8.5 m = 89.25 m? should be rounded to 89.2 m?, keeping only 2 significant
figures.

In the second-tier question, the correct reason is A (In multiplication and division, the
result should have the same number of significant figures as the number with the least
significant figures in the calculation). This is consistent with the principle that in
multiplication or division, the number of significant figures in the result is determined by the
number with the least significant figures among the numbers involved in the calculation. The

Rarmadhani & Al 134



Jumal Penelitian Permbelajaran Rsika (JPPF) - VOL11 ND12022, 127 - 139

error in selecting the wrong answer might occur because students may not fully understand
the rounding rule for significant figures in multiplication or division. This rule requires
identifying the number with the least significant figures among the numbers involved in the
operation and adjusting the result accordingly.

(8) Using scientific notation to express the exact value of a quantity.

Table 2 shows that the percentage of students' conceptual understanding is much lower
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in this eighth indicator is very low. Based on Table 2, only 0% of students
demonstrated correct understanding, while 94.4% experienced misconceptions, and 5.6% did
not understand the concept at all. Based on the answers provided, the majority of students (a
large number of those who chose answer B) incorrectly converted the value 73.7 uC to
scientific notation by answering 0.737 x10-6 C. The correct conversion should be 73.7 x 10 C.
This error reflects students' difficulties in understanding how to write numbers in scientific
notation, particularly in terms of decimal placement and coefficient adjustment. Many
students assume that the number must always be shifted to fall between 1 and 10. However,
this is not always necessary if the number is already in the correct form, such as 73.7 x 10-¢ C.
This mistake may be caused by an incomplete understanding of the rules for writing scientific
notation, which require the coefficient to be between 1 and 10, as well as how to correctly
convert units from micro (i) to the base unit (Coulomb).

(9) Determining measurement uncertainty based on the precision of the measuring
instrument used.

Table 2 shows that the percentage of students' conceptual understanding is much lower
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in this ninth indicator is very low. Based on Table 2, only 0% of students
demonstrated correct understanding, while 63.9% experienced misconceptions, and 36.1%
did not understand the concept at all. The pattern of students' answers indicates that many
had misconceptions and difficulties in determining the measurement uncertainty based on
the precision of the measuring instrument used. Most students struggled to understand how
uncertainty is determined from the smallest scale of the measuring instrument. For example,
many chose incorrect answers, such as calculating measurement uncertainty by using an
average of the measurement results or irrelevant formulas. In reality, in physical
measurements, the uncertainty is determined by half the value of the smallest scale of the
measuring instrument, such as with a micrometer screw gauge, which has a precision up to
two decimal places. This mistake may be caused by an incomplete understanding of how to
determine uncertainty based on the precision of the measuring instrument used, as well as an
inability to distinguish between types of measurements requiring higher precision and those
with standard precision.

(10)  Identifying measurement accuracy based on the uncertainty displayed.

Table 2 shows that the percentage of students' conceptual understanding is much lower
compared to the percentage of misconceptions. This indicates that students' understanding of
the concept in this tenth indicator is very low. Based on Table 2, only 2.8% of students
demonstrated correct understanding, while 94.4% experienced misconceptions, and 2.8% did
not understand the concept at all. The pattern of students' answers indicates that they
struggled to interpret measurement data accompanied by uncertainty. Most students made
errors in linking uncertainty values with the accuracy of the measurement. For example, they
did not realize that the smaller the uncertainty, the greater the accuracy of the measurement.
Many chose incorrect reasoning, such as believing that accuracy is only influenced by absolute
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uncertainty, when in this context, accuracy is more related to relative uncertainty, which, when
smaller, increases measurement accuracy. This mistake may be caused by a lack of in-depth
understanding of the concept of accuracy in measurement, where accuracy is actually related
to how close the measurement result is to the true value, reflected in a smaller relative
uncertainty.

Discussion

The comparison of the findings from this study with previous research reveals both
similarities and significant differences. A study by Fitriani et al. (2021) at MAN 2 Kota Jambi
found that students' understanding was still at a "sufficient" level, with many students
struggling to understand physics material due to the perception of physics as a difficult
subject. This finding aligns with the results of this study, although with a higher level of
misconceptions at SMA Negeri 13 Padang. Another study by Unaenah et al. (2020)
highlighted students' difficulties with length measurement due to an abstract approach that
did not align with students' way of thinking. This supports the findings of this study that a
more concrete and applicable approach can reduce students' misconceptions. The differences
found underscore the importance of adjusting teaching methods to improve students'
understanding.

The factors influencing students' conceptual understanding of measurement material
are diverse, and the analysis of this study's results shows that several key factors play a
significant role in the learning process. Research by Winingsih et al. (2023) revealed that
students often rely on a "plug and chug" memory-based approach to solve physics problems,
indicating a lack of deep conceptual understanding. This was also noted in Joy et al. (2023)
research, which highlighted that factor such as interest, student potential, motivation, and the
surrounding environment greatly influence learning outcomes. Additionally, the study by
Alonzo & Mistades (2021) showed that students' varying learning styles, such as dependence
on teacher instructions, preference for group work, or independent learning, can impact
learning effectiveness if the teacher's teaching style does not align with students' learning
styles. All of these findings indicate that the success of learning, particularly in measurement
material, is heavily influenced by an approach that takes individual student factors into
account and utilizes flexible teaching strategies.

The misconceptions identified during the analysis of students' understanding of
measurement material reveal that many students still struggle with fundamental concepts.
Research by Sari et al. (2022) at SMA Negeri 1 Grati found that students often misunderstand
the concept of fundamental and derived unit quantities, with a misconception rate reaching
35% on related questions, although the overall misconception rate was 16.5%. A similar issue
was found in Manalu’s (2020) study, which recorded misconceptions about the concepts of
mass and weight, with a misconception rate of 33.25%. Both studies indicate that students'
understanding of physics measurement material still requires more attention, particularly in
distinguishing between quantities and units. On the other hand, research by Prabowo &
Masithoh (2019) in the Physics & Education field found fewer misconceptions in physics
textbooks, though conceptual errors still exist and need to be addressed. The impact of these
misconceptions is students' difficulty in understanding more advanced concepts, which will
hinder their overall comprehension of physics material. Therefore, there is a need for
improvements in teaching methods and a strengthening of basic concept understanding
through more concrete learning approaches focused on resolving misconceptions.
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The findings of this study have important implications for the development of physics
learning strategies, particularly in addressing students' misconceptions about measurement
concepts. One approach that can be implemented to improve students' conceptual
understanding is the Cognitive Conflict-Based Learning (CCBL) model, which has been
proven effective in enhancing understanding and reducing misconceptions (Mulfit et al.,
2023). The CCBL model consists of four main steps: (1) activating preconceptions and
misconceptions, (2) presenting cognitive conflict, (3) concept and equation discovery, and (4)
reflection (Defrianti et al., 2021). In addition, the use of digital learning materials assisted by
technology, such as applications developed with Kodular (Safitri & Aziz, 2022), can provide
a more interactive and engaging learning experience for students, supported by videos,
animations, and real-world experiments. The digitization of learning materials can also
enhance student engagement with content that is more accessible and easier to understand
(Rice & Ortiz, 2021) ; (Brokowski C, 2019). By integrating technology and the cognitive
conflict-based learning model, it is expected that students will be able to overcome
misconceptions and deepen their understanding of measurement concepts in physics.

In conclusion, this study has shown that students' understanding of physics
measurement concepts is still hindered by misconceptions, particularly in distinguishing
between fundamental and derived quantities as well as using the correct units. These findings
contribute to the existing literature on physics education and provide valuable insights for
developing more effective teaching methods, such as the cognitive conflict-based learning
model and the use of digital technology. For future research, it is recommended to conduct
further experiments with a larger and more varied sample and explore the potential for
further development in measurement learning strategies, including the implementation of
different teaching models that can be tailored to the individual characteristics of students.

CONCLUSION

Based on the results of the research conducted, students' conceptual understanding of
physics measurement material at SMA Negeri 13 Padang is still relatively low. The majority
of students, around 73.87%, experience misconceptions in understanding the concepts taught,
while only 3.35% of students demonstrate correct understanding as expected. An additional
22.78% of students are recorded as not understanding the concepts well. These findings
indicate that the low conceptual understanding and high level of misconceptions require more
attention in the use of teaching models. As a solution, a digital teaching material based on the
cognitive conflict-based learning model designed using Kodular can enhance the learning
experience through interactive multimedia applications that are easily accessible. The
integration of learning elements such as animations, videos, and interactive quizzes is
expected to facilitate the understanding of physics concepts and improve the quality of
learning in schools.
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