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Abstract: This study highlights the low conceptual understanding of students in 
physics learning, which is often accompanied by misconceptions, especially in the 
topic of temperature and heat. The purpose of this study is to analyze the 
improvement of students' conceptual understanding through the application of the 
Discovery Learning (DL) model. The study used a qualitative descriptive design 
supported by quantitative data in the form of a pretest and posttest. The subjects 
were 30 students of class VII-A who were selected purposively. The instrument 
used was an essay test to measure students' conceptual understanding before and 
after learning. The results showed a significant increase in students' conceptual 
understanding, indicated by an increase in scores from the low category in the 
pretest to the high category in the posttest. The DL model has been proven to be 
able to increase student activeness, encourage critical thinking processes, and help 
students build concepts independently through systematic learning stages. In 
addition, student misconceptions were still found regarding the concepts of 
temperature and heat that stem from inaccurate initial understanding. The 
conclusion of this study shows that the application of the Discovery Learning model 
is effective in improving students' conceptual understanding and reducing 
misconceptions, making it suitable for use as an alternative for more meaningful 
learning in physics. 
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Introduction  
 

State the objectives of the work and provide an 
adequate background, avoiding a detailed literature 
survey or a summary of the results. Universities need 
to produce graduates with a strong conceptual 
understanding, especially to face the increasing 
demands of non-routine and interactive work. Today's 
professionals face a complex environment, 
characterized by ongoing global change, rapid 
communication, and rapid technological developments. 
To address complex problems in this dynamic and 
information-rich environment, professionals are 
required to continuously adapt, prioritize, and 
innovate. Through a good conceptual understanding, 
they can think logically to analyze and implement 
appropriate strategies. Furthermore, conceptual 
understanding also fosters creative thinking skills, 
enabling them to generate new ideas and strategies 
(Blickenstaff, 2010). Thus, understanding the concept 

helps professionals to see problems holistically, not just 
in parts, so that the resulting solutions are more 
effective (Ashley et al., 2021). 

Conceptual understanding is a fundamental skill 
that is crucial for students in learning mathematics. A 
strong conceptual understanding will make it easier for 
them to solve problems. This way, students are 
expected to be able to find and present solutions based 
on their own thinking, without being fixated on a single 
solution (Phanphech et al., 2019). According to Gilmore 
and Bryant, conceptual understanding is the ability to 
understand concepts, operations, and relationships in 
mathematics. Meanwhile, Duffin and Simpson state 
that students are said to have conceptual 
understanding if they are able to: re-explain or express 
the concepts that have been learned, use the concept in 
various different situations, and develop various 
possible outcomes of a concept or a student with a deep 
conceptual understanding may be able to apply the 
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science that has been learned in school to everyday life 
(Kim & Song, 2009). 

The goal of learning physics is for students to truly 
understand physics concepts. However, there is ample 
evidence that passing a physics exam does not 
necessarily mean understanding the material. 
Furthermore, students with higher working memory 
capacity generally demonstrate a better understanding 
of physics concepts. This has several important 
implications that warrant consideration (Chen & 
Whitehead, 2009). Physics appears in various ways in 
many areas of everyday life, and experience allows us 
to develop some concepts related to physics; however, 
the concepts that individuals acquire from their past 
lives may not correspond to some scientific facts. These 
experiences, which do not correspond to scientific facts, 
give rise to learning products called misconceptions in 
the literature (Ozkan & Topsakal, 2020). 

Study results Chu et al. (2012) stated that 25–55% 
of students experience difficulties in applying scientific 
concepts in everyday contexts. The length of school, the 
science subjects being studied, and previously studied 
physics topics correlate with the development of 
students' conceptual understanding, especially in topics 
related to heat transfer, temperature scales, specific 
heat capacity, homeostasis, and thermodynamics. 
Although students improve their conceptual 
understanding in subsequent school years, they still 
experience difficulties in connecting scientific concepts 
to their experiences in everyday contexts. 

Study resultsDilber et al. (2009)showed that 
conceptual change-based instruction led to significantly 
better acquisition of conceptual change in projectile 
motion than traditional instruction. Individuals often 
have their own understanding of how the world works, 
which sometimes differs from the prevailing scientific 
view. Therefore, these understandings are considered 
unscientific by scientists. Researchers have shown that 
students often come to class with incomplete or 
inaccurate prior knowledge, which can hinder their 
learning of scientific concepts. As a result, students of 
all ages can have alternative, erroneous understandings 
in various scientific fields. In recent years, much 
research has focused on identifying and understanding 
students' thinking patterns and the difficulties they face 
in learning various scientific topics. Research also 
shows that students do not come to class as "blank 
slates," but already possess their own understandings 
of how and why phenomena occur in everyday life. 
During the learning process, students construct 
understandings based on their backgrounds, attitudes, 
abilities, and experiences. According to the cognitive 
model, students strive to construct plausible 
understandings of events and phenomena from their 
own perspectives. These understandings, whether 

correct or incorrect, will influence how they receive and 
learn new scientific knowledge. Therefore, many 
studies have been conducted to examine students' 
alternative understandings of science concepts (Dessie 
et al., 2023). 

Understanding students' initial understanding of 
scientific concepts has long been considered an 
important foundation for designing science instruction. 
However, as science education goals increasingly 
emphasize understanding concepts and theories rather 
than simply memorizing facts, a more in-depth analysis 
of students' conceptual understanding is needed. To 
achieve this, it is important to examine the extent to 
which students truly understand physical phenomena 
at the conceptual level. In this study, we conducted an 
in-depth analysis of students' understanding of heat 
conduction using a cognitive model perspective. 
Furthermore, we proposed a practical and visual 
method (diagrams) to illustrate the structure of 
students' understanding in detail. This more detailed 
analysis not only helps identify common errors in 
students' understanding but also can more clearly 
demonstrate differences in understanding between 
individuals (Chiou & Anderson, 2010). 

Discovery learning is a process in which people 
search for important information in the environment 
and task coordination space to make appropriate 
tactical decisions and perform effectively. Therefore, 
guided discovery refers to the provision of instructions 
that assist learners in their search for important 
information, while unguided discovery indicates the 
absence of such instructions.The discovery learning 
theory introduced by Jerome Bruner in the 1960s 
focuses on improving students' ability to acquire new 
knowledge through direct experience (Bruner, 1960). In 
this approach, students are encouraged to construct 
new knowledge, evaluate existing knowledge, integrate 
existing knowledge with new knowledge, and actively 
ask questions. This process also fosters risk-taking, 
problem-solving skills, and the creation of unique 
learning experiences (Bicknell-Holmes & Seth Hoffman, 
2000). In addition, the teacher's role in providing 
support during exploration activities, such as providing 
prompt feedback, can help increase the effectiveness of 
learning while saving students time (Prasad, 2011). 

Providing guidance can have a significant impact 
on the cognitive mechanisms underlying discovery 
learning (Raab et al., 2011). On the other hand, 
discovery learning conditions can encourage 
exploratory problem-solving processes and thus the 
same learning conditions can result in explicit, verbal 
(guided instruction) movement learning.(Williams et 
al., 2002)DL requires students to engage in the process 
of scientific inquiry (Van Joolingen et al., 2007). When 
students work in pairs or small groups with the goal of 
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learning together, they need to externalize ideas, 
negotiate with each other, and construct new shared 
knowledge. Therefore, collaboration can serve as a 
support for the performance of the scientific discovery 
learning process (Saab et al., 2009). In DL, the teacher's 
role is primarily to help students think, ask questions, 
and evaluate for themselves. Furthermore, in my 
experience, when students discover knowledge, they 
have a better understanding of it, feel ownership of it, 
and usually find it easier to apply it to various 
scenarios (Mukherjee, 2015). 

DL has regained popularity in recent decades for 
at least two reasons. First, there has been a shift in 
education toward student-centered learning rather than 
teacher-centered learning. DL places greater emphasis 
on students' efforts to construct their own 
understanding of a phenomenon through active 
inquiry (Zachos et al., 2000). Second, the increasing 
availability of technology encourages the development 
of sophisticated simulation-based learning 
environments to support learning (Veermans et al., 
2006). DL is a method that helps learners construct and 
manage their own knowledge. This method requires 
active engagement and full attention, and usually 
occurs in problem-solving situations. In the process, 
learners use prior knowledge and experience to 
discover basic strategies and understand a concept. 
Traditional learning theory states that discovery plays a 
crucial role in understanding abstract concepts and in 
enhancing students' persistence and creativity 
(Honomichl & Chen, 2012). Meanwhile, newer theories 
emphasize that children are active participants in the 
learning process, not just passive recipients of 
information. For example, the theory explains that 
children learn in a manner similar to the scientific 
method, namely by testing new experiences against 
pre-existing beliefs or theories. Children also tend to 
seek the root cause of a phenomenon (Gopnik et al., 
2004) and show curiosity when faced with confusing or 
unusual data (Schulz & Bonawitz, 2007). In DL, the 
primary task of the learner is to deduce the 
characteristics of the model underlying the simulation. 
The learner's basic action is to change the value of the 
input variable and observe the resulting change in the 
value of the output variable (Robinson, 2000). Analysis 
of scientific discovery learning is usually based on 
models of discovery as practiced by scientists. One such 
model involves six components (Friedler et al., 1990): 
defining the problem, stating a hypothesis, designing 
an experiment, collecting, analyzing, and interpreting 
data, applying the results, and making predictions 
based on the results. The aim of this study was to 
analyze the improvement in students' conceptual 
understanding through the application of the DL 
model. 

Method 
 

This study employed a qualitative descriptive 
design with an analytical approach, aiming to provide 
an in-depth description and analysis of students' 
conceptual understanding after implementing the DL 
learning model. This approach was chosen because the 
study focused not only on the final results, in the form 
of grades, but also on the process of developing 
students' conceptual understanding during the learning 
activities. Thus, this study was able to provide a 
comprehensive picture of changes in students' 
understanding from before to after learning. In 
addition to using a qualitative approach, this study was 
also supported by quantitative data in the form of 
pretest and posttest results, which were used to 
strengthen the research findings. 

The subjects in this study were 30 students of class 
VII-A. The sampling technique used was purposive 
sampling, which is a sample selection technique based 
on certain considerations relevant to the research 
objectives. The selection of class VII-A was based on the 
results of initial observations which showed that the 
class had a relatively low average learning outcome, 
namely 50.50. This condition indicates that students 
still experience difficulties in understanding concepts, 
so this class is considered appropriate to be the subject 
of research that focuses on improving conceptual 
understanding through the application of the DL 
model. 

The research instrument used was a conceptual 
understanding test in the form of 10 essay questions. 
This test was designed to measure various indicators of 
conceptual understanding, such as students' ability to 
re-explain previously learned concepts, relate concepts 
to other situations, and apply concepts to problem-
solving. Essay questions were chosen because they 
allow students to explore their understanding more 
deeply than objective questions. Before being used in 
the research, the instrument underwent a validation 
process by two experts: a physics expert and a physics 
education expert. This validation process aimed to 
ensure that the instrument matched the learning 
indicators, provided clarity of language, and had a 
level of difficulty appropriate to students' abilities. 

The implementation phase begins with a pretest 
given to students to determine their initial 
understanding of the concepts to be learned. Next, the 
learning process uses the Discovery Learning model. In 
its implementation, learning follows the main stages: 
stimulation, problem identification, data collection, 
data processing, verification, and generalization. In the 
stimulation phase, students are presented with 
problems or phenomena related to the learning 
material to arouse curiosity. Next, students identify the 
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problem and gather relevant information from various 
sources. In the data processing phase, students analyze 
the information obtained and then verify the validity of 
their findings. In the final phase, students draw 
conclusions or generalizations from the concepts they 
have discovered. Through this phase, students play an 
active role in the learning process, so that the concepts 
they have learned become more meaningful. After the 
entire learning process is completed, students are given 
a posttest to measure the improvement in conceptual 
understanding that has been achieved. The final phase 
of the research is carried out by processing and 
analyzing data obtained from the pretest and posttest 
results. 

The data analysis technique used was descriptive 
analysis, which combines simple qualitative and 
quantitative approaches. Quantitative analysis was 
conducted by comparing pretest and posttest scores to 
determine improvements in student learning outcomes. 
Additionally, the percentage of students' conceptual 
understanding was calculated using the 
rubric.Capriconia & Mufit (2022)which were then 
categorized into three categories, namely low (0 < P ≤ 
30), medium (30 < P ≤ 70), and high (70 < P ≤ 100). 
Meanwhile, qualitative analysis was conducted by 
interpreting the results obtained to explain the pattern 
of increasing conceptual understanding and the factors 
that influence it. To increase the validity of the data, 
this study used triangulation techniques, namely by 
combining various data sources and analysis methods. 
Triangulation was carried out by comparing test 
results, the learning process, and the overall 
interpretation of the data. Thus, the research results 
obtained are expected to have a high level of validity 
and credibility, and be able to provide a more accurate 

picture of students' conceptual understanding after the 
application of the DL model. 
  

Results and Discussion 
 
Based on the research results obtained through 

the pretest and posttest activities in Figure 1, there is a 
significant difference in students' conceptual 
understanding before and after the implementation of 
the DL learning model. The data presented shows that, 
in general, there was an increase in learning outcomes 
for all students. In the pretest stage, students' initial 
ability to understand concepts was still relatively low. 
This is evident from the distribution of scores, which 
were predominantly in the low to moderate range, 
namely around 7.3 to 45. Most students obtained scores 
in the range of 20–30, indicating that students were not 
able to fully understand the concepts. This condition 
indicates that before the learning was carried out, 
students still experienced difficulty in identifying, 
linking, and applying the concepts that had been 
learned. The low pretest scores also reflect that 
previous learning tended to not provide meaningful 
learning experiences for students. After being given 
treatment in the form of learning with the DL model, 
the posttest results showed a significant increase. 
Student scores on the posttest ranged from 50 to 95, 
with the majority of students scoring above 75. Some 
students even achieved very high scores, such as 90, 94, 
and 95. This improvement indicates a positive change 
in students' conceptual understanding after 
participating in the learning process. Further analysis 
reveals that almost all students experienced an increase 
in their scores from the pretest to the posttest. For 
example, some students initially scored low, but then 
significantly improved after the learning process. 

 

 
Figure 1. Students' Conceptual Understanding of Temperature and Heat Material 
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This demonstrates that the DL model is capable of 
helping students gradually develop conceptual 
understanding. The learning process, which involves 
actively discovering concepts, encourages students to 
think more actively and not simply passively receive 
information. The DL model is characterized by 
emphasizing the process of concept discovery by 
students. In its application, students go through several 
stages: stimulation, problem identification, data 
collection, data processing, verification, and 
generalization. In the stimulation stage, students are 
confronted with a problem that stimulates curiosity. 
Next, students identify the problem and gather relevant 
information. This process provides students with the 
opportunity to be directly involved in learning. The 
data processing and verification stages are crucial in 
building conceptual understanding. At this stage, 
students begin to process the information obtained and 
test its accuracy. Through these activities, students not 
only memorize material but also understand the 
relationships between concepts. Finally, in the 
generalization stage, students draw conclusions based 
on their own findings. This process makes learning 
more meaningful because concepts are acquired 
through direct learning experiences. The improvement 
in learning outcomes also demonstrates that the DL 
model is capable of increasing student activeness and 
involvement in the learning process. Students become 
more confident in expressing opinions, discussing, and 
seeking solutions to given problems. This results in 
increased conceptual understanding, as students learn 
through experience and interaction, not just through 
teacher explanations. However, some students' 
progress is less rapid than others. This may be due to 
several factors, such as differences in initial abilities, 
levels of motivation to learn, and student engagement 
during the learning process. 

Next, the results of the interview with students (S13) 

related to one question asked, namely:A student 
conducted an experiment by mixing 200 ml of water 
at 80°C with 300 ml of water at 20°C in a closed 
container. After a while, the temperature of the 
mixture became 44°C. However, based on theoretical 
calculations, the final temperature should be 48°C. 
Analyze the possible causes of the difference 
between the experimental results and the theoretical 
results, and explain the factors that influence the 
temperature change in the experiment! The student's 
answer is: The temperature difference occurs because 
cold water "absorbs temperature" more than hot 
water. Cold water has a stronger property in 
lowering the temperature, so the final temperature is 
lower than the theory. In addition, temperature can 
be "lost" due to mixing, so not all the temperature 
from the hot water is transferred to the cold water. 

The explanation for why this answer is a 
misconception is due to a misunderstanding of the 
concepts of temperature and heat. Temperature is not 
something that can be absorbed or lost, but rather 
simply indicates the degree of heat of an object. In the 
mixing process, what is actually transferred is heat 
(thermal energy), not temperature itself. Furthermore, 
the assumption that cold water is "stronger" in lowering 
the temperature is also incorrect, because temperature 
changes are determined by the mass of the substance, 
its specific heat, and the existence of heat exchange 
with the surrounding environment. Differences 
between theoretical and experimental results generally 
occur due to several factors, such as heat lost to the 
environment, the container that also absorbs heat, and 
possible inaccuracies in the temperature measurement 
process. 

The results of interviews with students (S13) 
showed that students still experience misconceptions in 
understanding the concepts of temperature and heat. 
Students assume that cold water "absorbs heat" more 
and has a stronger property in lowering temperature, 
and assume that temperature can be "lost" when mixed. 
This indicates that students' conceptual understanding 
has not been formed scientifically, because students are 
not able to differentiate between the concept of 
temperature as a measure of heat and heat as energy 
transfer. This misconception indicates that students are 
still using prior knowledge that is not in accordance 
with scientific concepts. In the context of learning, this 
condition emphasizes the importance of implementing 
the DL model, which provides opportunities for 
students to discover concepts through direct experience 
and the process of inquiry. Through stages such as 
stimulation, data collection, and verification, students 
can test their own understanding and reconstruct 
erroneous concepts into more scientific ones. Thus, DL 
plays an important role in improving students' 
conceptual understanding, because it emphasizes not 
only the final result, but also the thinking process. This 
model helps students identify misconceptions, correct 
misconceptions, and construct concepts of temperature 
and heat more accurately and meaningfully. 

Furthermore, students' ability to follow each DL 
stage also influences the results. Students who are 
active and fully engaged tend to experience more 
significant improvements than those who are less 
active. Overall, the results of this study indicate that the 
implementation of the DL model has a positive impact 
on students' conceptual understanding. The increase in 
scores from pretest to posttest is an indicator that 
student-centered learning can help students 
understand concepts more deeply. Thus, the DL model 
can be used as an effective learning alternative to 
improve the quality of learning, particularly in the 
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aspect of conceptual understanding. This is evidenced 
by students' answers to the following questions: 

Explain how to measure the temperature of a substance 
using a thermometer? The students' answers are as 
follows: 1) Insert the tip of the thermometer into the 
substance, wait until the temperature is stable, then read 
the scale on the thermometer (S-3); 2) Dip the 
thermometer into the substance without touching the 
walls of the container, wait a few moments, then read the 
result (S-30); 3) Make sure the thermometer is clean, 
insert it into the substance, let it stand until it does not 
change, then record the temperature (S-15); 4) Use a 
thermometer by inserting the tip into the substance, wait 
until it shows a fixed number, then read the temperature 
(S-20); 5) Insert the thermometer into the substance, wait 
until the mercury stops moving, then read the temperature 
on the scale (S-10). 

Based on this description, it can be concluded that 
the use of the DL model not only improves student 
learning outcomes quantitatively but also improves the 
learning process to be more active, creative, and 
meaningful. Therefore, this model is highly relevant for 
implementation in learning aimed at improving 
students' conceptual understanding. This aligns with 
the view Hung & Jonassen, (2006). Conceptual 
understanding and computational skills in physics are 
two important cognitive abilities that shape students' 
problem-solving skills. These two abilities are not 
mutually exclusive; rather, they are interrelated and 
complementary. Conceptual understanding helps 
students explain physical phenomena qualitatively and 
concretely, while mathematical equations are used to 
explain them quantitatively and more abstractly. With 
a good conceptual understanding, students can 
structure a problem, thereby finding solutions more 
effectively and effectively. Meanwhile, computational 
skills serve as a tool for implementing or completing 
these solutions. Most importantly, the ability to 
combine and harmonize these two aspects is key to 
students developing expert-like physics problem-
solving skills. Students exposed to structured problem-
solving strategies have been found to demonstrate a 
better conceptual understanding of physics and are 
more likely to adopt a conceptual approach to problem-
solving (Gaigher et al., 2007). 

Besides that, study by Riaz et al. (2020) A study 
investigating the effects of Discovery Learning-
Scientific Community Laboratories (DL-SCL) and 
traditional non-DL-SCL laboratories on students' 
conceptual understanding in Physics-1 laboratory 
found that using a conceptual approach to learning 
measurement techniques, including the concept of 
uncertainty, was beneficial. During the lab, students 
were asked open-ended questions and had to design 
experiments and collect and analyze data. Students 
using this reformed laboratory scored higher on 

physical measurement questionnaires and 
demonstrated better conceptual understanding when 
comparing data sets. All of these teaching approaches 
and materials have incorporated elements of 
constructivist theory by reforming the more traditional, 
passive, lecture-based teaching approach to a more 
student-centered, active approach. These newer 
approaches are collectively referred to as interactive 
engagement methods. 

Two unfavorable attitudes have been shown to 
influence discovery learning; one is a laziness to think 
and assume the impossibility of discovery, and the 
second is to regard discovery as merely a glance at 
something. These two learning attitudes severely 
hinder the effects of guided discovery instruction 
(Shieh & Yu, 2016). 
 

Conclusion  
 

The implementation of the DL model has 
demonstrated effectiveness in improving students' 
conceptual understanding of temperature and heat. 
Through learning stages that emphasize the discovery 
process, students are encouraged to actively observe, 
analyze, and independently draw conclusions about 
concepts. This makes learning more meaningful 
because students not only receive information but also 
construct their own understanding. Furthermore, 
students' active involvement during the learning 
process contributes to improved critical thinking skills 
and the ability to relate concepts to real-world 
situations. Furthermore, this study also revealed that 
students still have misconceptions, particularly those 
stemming from inaccurate initial understandings. 
Therefore, the role of teachers is crucial in identifying 
and correcting these misconceptions through 
appropriate learning strategies. Overall, the DL model 
not only improves learning outcomes but also improves 
the quality of students' conceptual understanding in a 
more in-depth, systematic, and sustainable manner. 

Based on the research findings, it is recommended 
that teachers implement the DL model as an alternative 
learning strategy to improve students' conceptual 
understanding, particularly in materials that have the 
potential to give rise to misconceptions. Teachers also 
need to identify students' initial understanding before 
learning and provide appropriate guidance during the 
discovery process to ensure effective learning. 
Furthermore, the regular use of diagnostic questions 
can help detect student misconceptions early. Further 
research is recommended to examine the application of 
the DL model to other physics materials or combine it 
with other learning approaches to achieve more 
optimal results. 
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