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Abstract: This study is motivated by the importance of developing learning patterns that
emphasize the formation and understanding of students through active learning. One form of
learning that can support this goal is research-based learning. Research-based learning promotes
student-centeredness and integrates research into a meaningful learning process. In this work, the
students are actively involved in real research related to fluid convective flow topics. This
research aims to describe the impact of research-based learning on students' understanding of
convective fluid flow topics. A pre-experimental research method with a one-group pre-test and
post-test design was used. Participants were taken from students in the Physics Education Study
Program at the University of Palangka Raya taking thermodynamics courses. The number of
participants was 20 students. The test instrument is in the form of essay questions consisting of
five questions related to fluid convective flow material. The finding indicates that prospective
teacher students' understanding was significantly increased with a high category (N-Gain score
of 0.74). Based on this study, research-based learning activities could be considered an alternative
to conducting meaningful learning activities, especially in fluid convective flow topics.

Keywords: fluid flow, physics learning, research-based learning.

» INTRODUCTION

Fluid is a topic that focuses on observing and understanding natural phenomena that
occur in the environment. Aliligay et al. (2022) state that the majority of objects in our
environment are fluids. Physics' fluids topic focuses on observing and comprehending
natural processes that take place in the surrounding world. As a result, knowledge of fluid
is required.

Specifically, because of its complexity and scope, teaching and comprehending
fluid flow has been judged difficult and boring for a large number of students. In
particular, the topic of fluid convection flow is a difficult one for students, apart from
conduction and radiation (Pour et al., 2018). Although not fully understood, fluid is a
complex subject (Aliligay et al., 2022). According to Xiao (2019), students usually find
fluid topics as some of the most difficult because of the abstract nature of fundamental
fluid concepts and the extensive mathematical background required to solve fluid
problems. The topic of fluids is typically more mathematical and less representational
than the more visually appealing flows that are more frequently encountered in daily life.
It is not unexpected that students frequently describe these courses as cognitively
challenging, visually lifeless, and difficult in terms of math (Hertzberg et al., 2012).

Apart from the characteristics of fluid material, the learning pattern on this topic
also creates difficulties. The learning pattern often used by lecturers on fluid flow topics
is the conventional lecture method (Cirenza et al., 2018). Traditional lecture methods
result in little or no change in most students' understanding of how the physical world
works (Musasia et al., 2016). Steward-Wingfield & Black (2005) stated that many
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educators when teaching fluid flow topics, place more emphasis on writing formulas and
solving problems on the whiteboard and ask students to verify their understanding.
Gamez-Montero et al. (2015) and Nantsou et al. (2020) found that many students were
less interested in studying the topic of fluid flow because they thought this topic did not
see its application or usefulness in life.

Furthermore, this topic has not attracted enough interest from educators, like other
physics topics (Vaidya, 2021). Correspondingly, Misbah et al. (2023), through their
search from various studies, found that the topic of fluid flow in learning is still little
found; fluids are more associated with computational fluid dynamics (CFD) and machine
learning and more associated with principal component analysis (PCA), which is applied
in engineering.

Under these conditions, instructors must be innovative to foster an engaged learning
environment. Learning appears to require something more organized, like hands-on
experimentation, practical experience, or mental exercise. According to Cirenza et al.
(2018) and Hofstein and Mamlok-Naaman (2007), students following this learning
pattern would be expected to provide complete understanding and scientific explanations
based on their observational activities. The students’ understanding is one of the most
important things in the learning process (Phanphech et al., 2019; Duit & Treagust, 2003);
in simple terms, Redish & Steinberg (1999) state that understanding physics concepts is
an essential part of learning physics. One effort that is considered strategic in making
students understand physics concepts is by developing and implementing research-based
learning.

According to Usmeldi et al. (2017), research-based learning incorporates research
into a meaningful learning process and promotes a student-centered. Real-world
challenges provide the foundation for research-based learning, giving students a setting
in which to acquire important knowledge and concepts related to the subject while also
developing problem-solving strategies and abilities (Hidayatul et al., 2020).
Constructivism, which involves four aspects of learning, includes research-based
learning. These include learning that involves social interaction processes, learning that
involves building prior knowledge, learning that involves students' understanding, and
meaningful learning that is attained through practical experience. Research is a crucial
tool for improving the quality of learning (Susiani et al., 2018).

Several studies have shown the importance of research-based learning in relation to
student understanding and learning patterns. Brew & Saunders (2020) found that
research-based learning succeeded in enabling teachers to revitalize their usual learning
patterns. Ramahwati (2016) found that research-based learning allows students to practice
searching, collecting and processing data, and drawing conclusions, which help them gain
a better understanding. Research conducted by Tungkasamit (2019) also found that
through research-based learning, students practice conducting investigations of material
by finding, proving, collecting, analyzing, and drawing conclusions appropriately
following the data collected. Nursofah et al. (2018) and Daryanes & Sayuti (2023) find
that research-based learning can construct students' knowledge by practicing through a
series of observation and analysis activities. Usmeldi et al. (2017) argue that the
implementation of research-based learning is an effective way to improve students'
understanding. Furthermore, research by Narahaubun et al. (2020) discusses improving
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the quality of learning through research-based learning, which provides a good
understanding for students.

This article aims to provide an overview of students' understanding of
thermodynamics courses, especially on the topic of fluid flow, as a result of implementing
research-based learning. Through research experience, students get the opportunity to
learn fluid flow topics not only from lecture material but also from research practices,
which include literature searches, building hypotheses, collecting data, analyzing and
testing data, and drawing conclusions.

» METHOD
Research Design and Procedures

This research is pre-experimental research using a one-group pretest-posttest
design, which provides treatment to the sample class to determine the changes that occur
(Sugiyono, 2019). The research procedures began by conducting the test before
implementing the treatment, called the pre-test. It was given to the sample class. After
completing the pre-test, the next step is implementing research-based learning. The last
stage was a post-test. The test results were analyzed to determine the impact of the
treatment by looking at the gain number as an indicator of effectiveness.

Participants

This research was carried out at the Physics Education Study Program, University
of Palangka Raya. Treatment in the form of research-based learning was implemented on
20 students taking the thermodynamics course. These twenty students were the samples
for this research.

Treatment

The treatment is in the form of applying research-based learning. The research-
based learning patterns in this research were adapted from studies conducted by Priantari
et al. (2022), Usmeldi (2015), and Usmeldi (2016). The first step of this research-based
learning is to identify basic problems related to airflow and air conditioning, or AC, in a
room. The second step is an inventory of aspects that support the research process (design
an experiment to measure the velocity and pattern of airflow in an air-conditioned room,
along with complete equipment and materials). The experimental design was adapted to
research conducted by Kenjeres et al. (2005). One of the main differences in this research
is that it uses an anemometer, without using CFD like the two previous studies. The
equipment used in this research includes one split-type AC unit of a certain brand with 1
PK power, an anemometer (tool sensitivity 0.2 m/s), and a room in the M building of the
Physics Education Study Program, University of Palangka Raya, with classroom
dimensions of 4 meters (length) x 3.5 meters (width) x 3 meters (height). Data was
collected during the day with sunny outdoor weather conditions and without direct solar
radiation entering the classroom. Data collection on the airflow velocity in the room was
carried out using an anemometer measuring instrument. The room settings used in data
collection are shown in Figure 1. Airflow velocity measurements were carried out on the
shaded partition walls. Data collection on airflow velocity in the room is carried out at
predetermined points, as shown in Figure 2. If you look at Figure 2, the numbering of
points in each zone is carried out based on the distance from the wall where the air
conditioner is installed.
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Figure 1. Sketch of the room as a place for data Figure 2. Airflow velocity data collection

collection point

The third step is collecting literature data to understand more deeply the supporting
aspects of the research process by searching websites or other relevant media to the
research. The fourth step is to carry out data collection activities based on a previously
prepared design. At this stage, students (in small groups) carry out experiments, collect
data, and analyze the data to answer the problems that were raised at the beginning.
Students design a room as in Figure 1, measure air flow velocity using an anemometer in
a closed room equipped with air conditioning, draw an airflow velocity vector, and
analyze airflow patterns in the room. Student research ends with the final step (fifth step)
in the form of reporting the results of research and meta-literacy that have been carried
out by students. These steps describe how students carry out the learning process using
research-based learning to increase students' understanding of the topic of airflow.

Instrument

Data on students' understanding of convective fluid flow material was obtained
using test instruments developed by researchers. The test instrument is in the form of
essay questions consisting of five questions related to fluid convective flow material. This
test instrument has been validated by experts, consisting of one physics lecturer and one
high school teacher. The results show that most of the questions are valid, with a range
of very low to very high validity. This test instrument was tested on other students who
were not the research sample. The Cronbach's alpha reliability value is 0.63, which is
included in the adequate level of reliability (Siswaningsih et al., 2017). Indicators of
questions in the test are presented in Table 1.

Table 1. Question indicators in the test

The Indicator of Conceptual Question Indicators Question
Understanding Number
Explain the concept of Q1: Describe the physical motion of the
convection medium by means of the differences 1
between conduction and convection
Determine convective Q2: Determine which convection events
occurrences in daily life. take place in the nearby environment and 2

describe the mechanism
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Solving convection problems Q3: Determines the convectional heat

guantitatively transfer rate in a fluid given the specified 3
parameters

Analyze the convection process  Q4: Analyze the variables that affect the 4
convectional heat transfer rate

Evaluate the effectiveness of Q5: Assess the efficiency of convection

convection in particular technological applications 5
and offer recommendations for
enhancements

Data Analysis

Data were collected before (pretest) and after (posttest) students participated in the
learning. The data obtained was then analyzed using MS Excel for calculations and SPSS
IBM version 24 for statistical analysis. Analysis of test results was carried out using a
paired t-test to determine whether there were significant differences in the treatment given
by researchers (Sudaryono, 2019). Before carrying out the paired t-test, the researcher
carried out a normality test first to find out whether the data was normally distributed or
not. Then, after calculating the N-gain score to determine the test score improvement
category using the N-gain score test, the N-gain score is described through categories in
Table 2. The criteria used in determining the interpretation of learning effectiveness are
determined using the criteria of Hartanto et al. (2023) in Table 1. Finally, if the data is
normally distributed and homogeneous, then the paired sample t-test will be used.
Meanwhile, if one of the data points is not normally distributed or homogeneous, the non-
parametric Wilcoxon-signed rank test will be carried out.

Table 2. N-gain learning effectivity interpretation (Hartanto et al., 2023)

Mean N-gain Students' Understanding Interpretation
<g><0.3 Low

0.3<<g><0.7 Moderate
<g>>0.7 High

= RESULT AND DISSCUSSION

Research-based learning is applied to thermodynamics courses, especially on the
topic of airflow. The research-based learning procedures applied in the lesson were
adopted from Priantari et al. (2022), Usmeldi (2015), and Usmeldi (2016), including
formulating general questions (fundamental problems); inventorying aspects that support
the research process (planning research activities, clarifying methods); a collection of
literacy data; carrying out data collection activities (conducting investigations); analyzing
data; reports; and presentation of results. Meanwhile, the experimental activities were
adapted from experiments carried out by Kenjeres et al. (2005).

After the pre-test and post-test were conducted, the data obtained was then
calculated and analyzed. The answer to the 20 students is calculated, to sum up the correct
answer. The initial understanding of the students obtained from the pre-test was 40.20.
Then we can pose an enhancement since the post-test gained 84.20 scores. After the
average score was calculated, the normality test, N-Gain test, and nonparametric
Wilcoxon signed-rank test were then carried out to further investigate the data more
deeply by using SPSS version 24. The results are described in Table 3. The normality
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test, the pre-test, got sig. 0.04, and the post-test got 0.36. Therefore, since the prerequisite
for normally distributed data is a sig. value > 0.05, the pre-test is considered not normally
distributed, whereas the post-test was normally distributed. Despite this, a nonparametric
test was carried out. The hypothesis test, the Wilcoxon signed-rank test, was
implemented. Asymp. sig. (2-tailed) gained was 0.000, which means it suggests that
students' understanding was significantly affected after implementing the research-based
learning on airflow material since the asymp. sig. (2-tailed) value is less than 0.05.
Inevitably, the N-Gain was calculated. The N-Gain score was 0.74, which further
classified high efficiency in students’ understanding. Specifically, the results of the
analysis of each question item are presented in Table 4. Based on Table 4, statistically, it
can be seen that there has been an increase in student understanding, as seen from the
results of the pre-test and post-test.

Table 3. Statistical data from pre-test and post-test

Component Pretest Posttest

N 20 20

Average score 40.20 84.20

N-Gain 0.74 (category = high)

Shapiro-Wilk Normality Test

Signification (sig.a. = 0.05) 0.04 0.36

Conclusion not normally distributed normally
distributed

Wilcoxon signed-rank test

Signification (sig.c. = 0.05) Asymp. sig. (2-tailed) = 0.000 < 0.05

Conclusion There is significant difference

Table 4. Statistical data from pre-test and post-test on each question

Component Q1 Q2 Q3 Q4 Q5
Average scoer Pre- 6.85 6.65 9.85 9.45 7.76
test
Average score Post- 9.50 13.75 16.20 20.35 24.25
test
Pre-tests are not Pre-test and post-
Shapiro-Wilk Pre-test and post-test are  normally distributed:; test are not
Normality Test not normally distributed  Post-tests are normally normally
distributed distributed
Wilcoxon signed- Asymp. sig. (2-tailed) = 0.000 < 0.05: There is significant difference
rank test
N-Gain 0.83 0.85 0.75 0.70 0.63

In addition, the results of the N-Gain analysis for each question item based on the
pre-test and post-test are presented in the Table 4 and Figure 3 diagram. Figure 3 shows
that the implementation of research-based learning is able to increase students'
understanding of the topic of convection fluid flow. The indicator explaining the concept
of convection obtained an N-gain of 0.83 (an increase in the high category), the indicator
explaining the concept of convection obtained an N-gain of 0.83 (an increase in the high
category), the indicator for identifying convection in everyday life obtained an N-gain of
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0.85 (an increase in the high category), the indicator for solving convection problems
quantitatively obtained an N-gain of 0.75 (an increase in the high category), the indicator
for analyzing the convection process obtained an N-gain of 0.70 (an increase in the
moderate category), and the indicator for evaluating the convection process obtained an
N-gain of 0.63 (an increase in the moderate category).

0.90 - 0.83 0.85
i 0.75
0-80 0.70
0.70 - 0.63
0.60 -
c
'c(-B 0.50 -
= 0.40 -
0.30 -
0.20 -
0.10 -
0.00 T
Explain the Determine Solving Analyze the Evaluate the
concept of convective convection convection effectiveness of
convection occurrences in problems process convection
daily life. quantitatively

Figure 3. N-Gain gain for each test question

Based on the results of pre-test and post-test data analysis, it can be stated that
research-based learning can develop students' cognitive abilities, especially in air flow
material. These results are relevant to the results of studies conducted by Usmeldi (2016)
and Suyatman et al. (2021), who found that research-based learning is very effective in
increasing students' understanding of physics content or science content. In addition,
research-based learning can train thinking experiences through thinking habits to form
knowledge (Camacho et al., 2017; Srikoon et al., 2014; Lambert, 2009).

The results obtained are closely related to the research-based learning patterns that
have been implemented for students in class. The essence of research-based learning is to
involve students in real investigative problems by confronting them with investigative
methods and asking them to design ways to solve the problem. Through research, students
learn to become scientists and gain knowledge. Triyanta (2018) stated that through
research-based learning, students are expected to have attitudes like scientists. Research-
based learning has characteristics that enable students to practice searching, formulating
hypotheses, collecting and processing data, and drawing conclusions, which ultimately
can help them gain better understanding and knowledge (Ramahwati, 2016). Therefore,
research-based learning is a model that not only increases knowledge but also
performance in solving problems through research (Putri et al., 2021; Yanti et al., 2019)
and can help students construct physical concepts or principles, making learning more
meaningful (Estuhono et al., 2019).

This research shows a glimpse of how research-based learning patterns can train
students to provide appropriate scientific explanations based on the results of their
observations of a phenomenon in nature. For example, Figure 4 shows the results of
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student work related to airflow patterns in closed spaces based on the results of
measurements using an anemometer. Figure 6 shows that students tried to explain the
results they obtained. According to the students, the airflow patterns they observed were
related to convection events, which have to do with moving fluids like air. As air is
cooled, it contracts, becomes denser and sinks. Warmer air at the bottom is displaced and
due to it being less dense, it rises. This process continues and sets up a convection current
that will allow thermal transfer to occur. Since cold air is emitted from the air conditioner
unit blowers, the unit has to be placed at the top of a room to allow a convection current
to form. From this, it can be seen that students are starting to develop arguments and
explanations to support the data and observations they have made. Hartanto's (2017)
research findings concluded that learning physics accompanied by scientific activities can
improve the ability to provide scientific explanations and an in-depth understanding of
the natural phenomena that one observes. The experiments in research-based learning
allow students to understand the relationship between what is observed (hands-on) and
the scientific ideas that underlie their observations (minds-on) (Walker et al., 2019).
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Figure 4. Example of student work on Figure 5. Flow patterns and air velocity in air-
airflow patterns in an air-conditioned room  conditioned rooms from the results of the study
by Kenjeres et al. (2005)

Ruangan Hasil pengukuran yang dilakukan kelompok kami menggunakan
:|AC anemometer dengan sensitivitas 0,1 m/s pada ruangan yang

i g berdimensi 4 m x 3,5 m x 3 m. Suhu dinding terukur sebesar 22,6 °C,
suhu jendela kaca 26,4 °C dan subu lantai sebesar 20,2 °C. Pada
pengukuran ini ditemukan sirkulasi pada ruangan, baik pada bagian atas,
bawah, sedikit di bagian kiri dan bagian kanan dinding. Dari pola aliran
Y yang kami dapat, AC mengalirkan udara dingin (massa jenisnya lebih
besar) yang menekan udara panas (massa jenisnya lebih kecil) ke atas
sehingga terjadi aliran udara di dalam ruangan atau konveksi.

Figure 6. Example of student explanation of the results of airflow patterns

The results of the students’ work in Figure 4 show the pattern and speed of airflow
in a room that has an air conditioner, resulting from measurements using an anemometer.
Meanwhile, Figure 5 shows the results of measurements using CFD carried out by
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Kenjeres et al. (2005) and is a reference in this research-based learning. The pattern
shown in Figure 5 is the airflow pattern in a refrigerated room with dimensions of 4.2 m
x 3.6 m x 2.5 m (almost the same room dimensions as the one designed by the students).
The wall temperature is set at 21 °C, the front wall is 22 °C, and the glass window is at
30 °C. As can be seen in Figure 5, the simulation results show the occurrence of a complex
flow with several circulations, especially at each corner of the plane, which indicates the
presence of turbulence. This complex flow structure is due to the buoyancy effect from
the window facing the air conditioner which causes the cold air flow to bend downward
when it reaches the middle of the room. Besides that, the reflection of cold air by the
ceiling also causes this pattern. A thin air flow along the wall towards the ceiling occurs
right in front of the window as a result of the air being stretched by high temperatures.
This condition is slightly different from the room conditions in research-based learning
carried out by students.

This study highlights the potential of research-based learning to promote
collaborative learning activities. Through research-based learning, instructors and
students can work together to explore concepts and problems. A community of learners
emerges from the classroom (Suyatman et al., 2021). Together with their teacher, students
work in groups in the classroom to ask questions, write justifications, draw conclusions,
make sense of the material, talk about the facts, and present their results. As they interact
with their peers, collaboration enables students to develop a shared understanding of
scientific concepts and the nature of the subject. When students collaborate, they have the
opportunity to participate in high-quality social interaction that may foster deep learning
(Scager et al., 2016; Visschers-Pleijers et al., 2006). Understanding complex concepts
and processes in science education requires a deep learning strategy (Van Boxtel, 2000).
A process of conceptual change is necessary to understand these ideas, and collaborative
learning is one setting in which this process is especially active (Scager et al., 2016).

Another important note from this research is that lecturers play a key role in the
success of research-based learning by involving students in the collection and processing
of information. Dobber et al. (2017) stated that the teacher's role is very important for the
successful implementation of research- or inquiry-based learning. Although teachers
sometimes provide information through lectures and textbooks are used as sources of
information, there is an emphasis placed on students learning how to search for and
process the resources themselves. In research-based classroom learning, the teacher often
acts more like a coach, guiding students as they develop questions and problems, helping
students to find, read, sort, and evaluate information, giving students opportunities to
draw their conclusions, and providing time and opportunities for students to communicate
results. The classroom climate and environment continually encourage students to
express opinions, solve problems, and think at higher levels. Kudryashova et al. (2016)
stated that modern teachers must change their vision of the role of teachers from
transmitters of knowledge to multi-role educators who can involve students in the process
of acquiring knowledge and developing skills independently.

= CONCLUSION

Implementing research-based learning on airflow topics with a sample of twenty
students was done. The data analysis revealed that the understanding of students had
increased. 40.20 was the pre-test score, while 84.20 was the post-test score. Furthermore,
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the N-Gain value of 0.74 showed that the students' understanding had significantly
improved. The analysis of the mean scores shows that there is a statistically significant
difference between the pre-test and post-test scores. Overall, it was found that using
research-based learning to increase students' understanding was successful.

The current study's findings highlight the potential of research-based learning.
Through active learning, research-based learning gave students the chance to connect the
theoretical concepts they had learned in class to real-world applications, which gave the
learning process greater purpose. Students also got the chance to learn leadership skills
and become proficient researchers and organizers when working in groups. However, this
study still requires a lot of improvement, mainly because it is limited to one heat transfer
mechanism and uses equipment that can be said to be very simple. In the future, it is
necessary to expand the material content and equipment used to support research-based
learning to improve the quality of learning outcomes and the quality of study.
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