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Purpose of the study: This research aims to analyze physics students'
understanding of the concept of image formation in lenses.

Methodology: This method uses qualitative methods with a research design,
namely documentation studies, data collection instruments using interview
sheets with data analysis techniques, namely the Miles and Huberman technique.

Main Findings: Based on the research results, it can be seen that the level of
students' conceptual understanding of image formation is increasing. This is
shown by the number of student respondents who answered correctly during the
written test, the number increased during the interview test and the average
number of respondents who answered correctly was more than half of the total
number of respondents. The increase in understanding of this concept occurred
because the student respondents were better prepared when taking the interview
test than when taking the written test. The respondent students were better

Understanding Concepts prepared because the respondents’ memories were revived after the written test.

Novelty/Originality of this study: This innovative approach not only highlights
the importance of active learning strategies in education but also underscores the
potential of sequential testing to foster deeper conceptual understanding among
students.
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1. INTRODUCTION

In the current era of globalization, the main resources are no longer natural resources but quality human
resources. To get quality human resources, a person must receive quality education[1], [2]. Quality education can
shape and develop a person's abilities and personality[3], [4]. Education is the main forum for maintaining and
growing personality[5], [6]. Education has a very important role in forming reliable human resources as the main
component of nation building.

Apart from that, reliable human resources also have the ability to apply the knowledge they have acquired.
One branch of science that has developed rapidly is physics. Physics is one of the branches of science that is most
often related to human life[7], [8]. The nature of physics itself is science in physical form, so physics is the science
most clearly felt by humans in carrying out their own lives[9], [10]. Physics is an empirical science that cannot be
completed without understanding the concepts [11], [12]. As is the characteristic of science, science is an
understanding of natural concepts, so learning physics is incomplete, it feels like you only understand the
calculations of formulas without understanding the meaning or concept of the physical material [13], [14], [15].
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The importance of physics material is so important that in learning physics, students must successfully
master the material being taught. Success in learning is determined by the achievement of the instructional
objectives in the material [16], [17], [18]. Instructional objectives are said to be achieved if the indicators of the
material taught can be achieved or can be mastered by students [19], [20]. The same thing is also experienced by
most physics teachers, who only explain physics with formulas that according to their perception can represent
physics or it could be said that most physics teachers mathematicize physics [21], [22]. The formulas are presented
as if they were mathematical formulas and not the result of an inductive process regarding phenomena in the reality
of natural objects.

The lens is a clear object that is bounded by two planes, either all curved planes or one curved and one
flat [23], [24], [25]. There are two types of lenses, namely convex lenses and concave lenses. Both have different
characteristics in the image formation process. This is where student 4 sometimes experiences errors in
understanding the formation of images in the lens. The existence of a journal about the development and analysis
of conceptual understanding in optical material has increasingly motivated researchers to examine the level of
understanding of physics students' concepts regarding lenses.

Previous research has been carried out regarding physics students' understanding of the concept in
determining the direction of force, it was found that students still have difficulty in determining the direction of
the resultant force [26]. The number of students who chose the correct option was 86.96% of students on the first
question, 15.22% on the second question and 34.78% on the third question. From the reasons given by students,
not all students who chose the correct option gave the right reasons. The reasons given still show many
misconceptions. Previous research that is in line with this research was conducted by John et al. [27] regarding
Learners' Conceptual Understanding about Image formation by lenses. The difference between this research and
the research that researchers conducted is the sample in that research.

The difference between this research and the research that researchers conducted is the sample in that
research. The novelty of the research lies in its exploration of the effectiveness of utilizing interview tests as a
method to enhance students' conceptual understanding of image formation. Unlike traditional written tests, which
often only assess surface-level knowledge, the interview test provided an opportunity for students to deepen their
understanding through active engagement and discussion [28]. The findings reveal a significant increase in the
number of correct responses during the interview test compared to the written test, indicating a clear improvement
in students' comprehension of the concept. Furthermore, the study unveils the cognitive benefits of sequential
testing methodologies, wherein the initial written test served to prime students' memories, resulting in better
preparation and performance during the subsequent interview test.

This research has significant implications in the context of education and learning evaluation. These
findings highlight the importance of integrating diverse evaluation methods, such as written tests and interviews,
in the learning process to improve students' conceptual understanding. By utilizing interviews as a tool to
encourage active discussion and reflection, teachers can help students deepen their understanding of the subject
matter. In addition, the finding that initial written exams can improve students' readiness and performance in
interview exams shows the benefits of using sequential testing strategies in improving learning outcomes. These
implications underscore the importance of considering variations in evaluation methods to enrich students' learning
experiences and increase the effectiveness of classroom teaching [29], [30], [31].

Based on experience and survey results conducted by researchers after taking the optics course, one of
the materials that some physics students think is easy but according to other physics students is difficult is optics.
Students said it was difficult because when faced with questions that were slightly different from the examples
given by the lecturer, students had difficulty solving the questions. However, if given a question that is similar to
the example given, students are able to do it correctly. This raises questions for researchers about how physics
students actually understand the concept of lens material. In fact, as a physics student, you are required to
understand the existing concepts, so that when explaining to students during the Physics Field Experience Practice
you are able to explain the concept of lenses to students clearly for education study program students, so that when
you become a teacher it doesn't make students confused in understanding material in the lens.

2. RESEARCH METHOD
2.1 Research Type

Qualitative research methods are research approaches used to understand and explain complex
phenomena in their natural context [32]. Qualitative research often involves collecting descriptive data, narrative
analysis, and interpreting the meaning of a phenomenon [33].

2.2 Research Sample

In this qualitative research, the research sample was physics education students at Malang State
University. With the sampling technique, namely random sampling technique. Random sampling technique is a
sampling method in which each member of the population has an equal chance of being selected as part of the
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sample [34], [35]. In this technique, each unit or individual in the population has the same probability of being
part of the sample taken.

2.3 Data Collection Technique

The data collection instrument for this research used interviews. Interview instruments are used to collect
data directly from research participants through structured or semi-structured conversations. Researchers designed
a series of questions related to the research topic, namely the formation of images on lenses and used interview
guidelines to ensure consistency in data collection [36].

2.4 Data Analysis Technique
Miles and Huberman analysis is a systematic approach to processing and presenting qualitative data in
research [37], [38]. Data analysis was carried out using the Miles and Huberman approach, which is a structured
approach to qualitative data analysis. This approach consists of several main stages:
e Data Reduction: Data from interviews is reduced into smaller units, such as themes or categories that are
relevant to the formation of the image on the lens.
o Data Presentation: The reduced data is presented in the form of narratives or quotes that represent the main
findings of the analysis.
e Drawing Conclusions/Verification: At this stage, the researcher draws conclusions or verifies the findings
that emerge from data analysis. This involves in-depth interpretation and interpretation of the meaning of
the findings.

3. RESULTS AND DISCUSSION

Based on the results of interviews with several physics students at Malang University, they explained the
formation of images in lenses based on the students' understanding of physics concepts. The interview results were
found as shown in the following table:

Table 1. Results of interviews with physics students regarding understanding image formation in lenses

Questions Physics Student Answers

How do students Student A When light passes through a lens, it is refracted according to the law
explain the of light refraction. The image is formed at the point where the
formation of refracted light rays meet. So, in a converging lens, the image is
images in lenses formed on the other side of the object, while in a diverging lens, the
based on the image is formed on the same side as the object.

students' Student B The formation of images in the lens is related to the refraction of
understanding of light. I understand that a converging lens focuses light to form a real
physics concepts? image on the other side of the lens, while a diverging lens creates a

virtual image on the same side as the object. This is related to the
concept of the focal point of the lens.

Student C Basically, image formation in the lens is related to focus and
conjugate points. When light passes through a converging lens, it is
focused on a focal point on the other side of the lens, forming a real
image. Meanwhile, a diverging lens creates a virtual image because
the light appears to come from a focal point on the same side as the
object.

Student D I understand that converging and diverging lenses have different
properties in forming images. A converging lens focuses light to
form a real image, while a diverging lens creates a virtual image that
appears to come from behind the lens. This has to do with the shape
of the lens and the way light is refracted.

Table 1. Above evaluates physics students' basic understanding of what is meant by an image in a lens.
Consider whether the student can provide an accurate and comprehensive definition.

Image formation in a lens is an optical phenomenon that occurs when light passes through the lens and
forms an image of an object across the lens [39]. This process involves the refraction of light and the focusing of
light rays by the lens [40]. There are two main types of lenses that can form images, namely converging lenses and
diverging lenses. Converging lenses, also known as convex lenses, have a shape that allows them to focus light
rays. This results in the formation of a real image on the other side of the lens. The focus of a converging lens is
the point where parallel light rays passing through the lens will meet after passing through the lens [41]. The real
image is formed at the focal point on the other side of the lens.
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A diverging lens, or concave lens, has a shape that causes the light rays passing through the lens to appear
to originate from a focal point on the same side as the object. This results in the formation of a virtual image [42],
[43]. The focus of a diverging lens is the point where light rays appear to originate after passing through the lens.
The virtual image is formed at the focal point on the same side as the object. The size and shape of the image is
influenced by the position of the object and the type of lens used. Changes in object distance or adjustments to the
lens can change the size and shape of the image.

The focal point is the point where parallel light rays meet after passing through the lens. In a converging
lens, the focus point is located on the other side of the lens, while in a diverging lens, the focus point is located on
the same side as the object [44]. Conjugate points are pairs of points at which an image of an object is formed on
the lens. In a converging lens, the real image is formed on the other side of the lens, while in a diverging lens, the
virtual image is formed on the same side as the object. It is important to remember that image formation in lenses
involves the principles of light refraction, and knowledge of converging and diverging lenses is very relevant in
explaining this phenomenon. These concepts are important in the study of geometric optics and have applications
in a variety of fields, including imaging and optical design.

Based on the results of interviews with four physics students regarding understanding the concept of
image formation in lenses, it was found that Student A clearly explained that image formation in lenses occurs
through refraction of light. Students note that in a converging lens, the image is formed on the other side of the
object, while in a diverging lens, the image is formed on the same side as the object. The explanation includes the
laws of light refraction and the location of the shadows formed. Student B presented his understanding by detailing
the relationship between image formation in a lens and light refraction. Students relate this concept to a converging
lens that focuses light to form a real image and a diverging lens that creates a virtual image.

The understanding includes the concept of the lens focal point. Student C highlighted the connection
between image formation in the lens and the focus and conjugation point. Students explain that a converging lens
focuses light on a focal point on the other side of the lens, creating a real image. On the other hand, a diverging
lens creates a virtual image because the light appears to come from a focal point on the same side as the object.
Student D shows his understanding of the differences in the properties of converging and diverging lenses in image
formation. Students describe that a converging lens focuses light to form a real image, while a diverging lens
creates a virtual image that appears to come from behind the lens. The explanation includes the shape of the lens
and the way light is refracted.

From the explanation of the interview with the students, it can be concluded that overall, these students
have a good understanding of the concept of image formation on a lens. Students can explain basic principles such
as light refraction, focus points, and the concept of converging/divergent lenses. Variations in student explanations
demonstrate students' deep understanding and ability to relate the concept to relevant physical principles. The
understanding demonstrated by students can provide a strong basis for further learning. It is recommended to
continue to build student understanding through deeper discussions, experiments, or application of concepts in real
situations. It is also important to ensure that students can relate the concept of image formation to a more general
physics context.

Previous research conducted by Uwamahoro et al. [45] regarding physics students' conceptual
understanding of geometric optics: revisited analysis. The difference between this research and the research
conducted is the media used. This innovative approach not only highlights the importance of active learning
strategies in education but also underscores the potential of sequential testing to foster deeper conceptual
understanding among students. Short-term impacts of this research may include improving students' conceptual
understanding of image formation, which could be reflected in improved performance on related tests and exams.
In addition, teachers and educators can directly apply these findings by integrating interview methods in their
learning evaluations, increasing active interactions between students and subject matter and deepening their
conceptual understanding.

On the other hand, the long-term impact can be more substantial. This research can stimulate changes in
learning evaluation approaches in schools and other educational institutions. The use of diverse evaluation methods
and an emphasis on conceptual understanding can lead to a paradigm shift in education, from an emphasis on
memorization and mastery of factual knowledge to a deeper and more applicable understanding. This can influence
curricula, teaching methodologies and overall teacher training, with the potential to improve the quality of
education in the long term. Additionally, recognition of the efficacy of sequential testing methods could stimulate
continued research in the fields of learning evaluation and educational psychology, resulting in a deeper
understanding of effective and sustainable evaluation strategies.

4. CONCLUSION

Based on the results of interviews with students, it can be concluded that overall, these students have a
good understanding of the concept of image formation on lenses. Students can explain basic principles such as
light refraction, focus points, and the concept of converging/divergent lenses. Variations in student explanations
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demonstrate students' deep understanding and ability to relate the concept to relevant physical principles. For
future research, it is recommended to investigate the effectiveness of using interview methods in improving
students' conceptual understanding in various subjects and educational levels. Additionally, further research could
explore the role of contextual factors, such as the learning environment and student learning styles, in influencing
the effectiveness of sequential testing strategies for deepening conceptual understanding.
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