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Abstract: The aim of this research is to reduce student misconceptions using problem-
based learning with computational chemistry assistance and a question map approach in
the study of organic compound molecular structures and events resulting from the
exposure of organic molecules to instruments with high-energy electron bombardment.
This study employs a qualitative descriptive research design, focusing on in-depth
descriptions and understanding of phenomena or events. The research focuses on a
deeper understanding of students' capabilities in analyzing and interpreting the
structure of organic chemical molecules. The research specifically examines students'
ability to dissect questions outlined in the question map, interpret reasons, and describe
problematic phenomena within the learning context. The issues addressed by students
involve critical and in-depth examinations of theoretical concepts. In this study, data
analysis is carried out inductively, wherein the researcher develops theories or findings
based on collected data rather than preconceived hypotheses. The research findings
demonstrate that problem-based learning with computational chemistry assistance using
a question map approach is effective in reducing student misconceptions when analyzing
the molecular structure of biodiesel.
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Introduction

The strength of questions lies in their ability to
unearth information, stimulate reflection, expand
understanding, and trigger critical thinking (Acquah &
Commins, 2015; Dohrn & Dohn, 2018; Lin et al., 2021).
Well-crafted questions can generate deep discussions,
reveal different perspectives, and inspire creative
thinking (Amanda et al., 2018; Holdbrook et al., 2006).
Precise and accurate questions can encourage people to
consider different viewpoints or see problems from
previously unexplored angles. Challenging questions
can foster critical and analytical thinking (Aritia et al.,
2019; Norman., 1988; Sholihah et al., 2020). Questions
can compel individuals to contemplate arguments, test
beliefs, or seek strong evidence and logic to support their
views. Intriguing questions can motivate people to
conduct further research.

How to Cite:

Questions can spark curiosity and help direct
individuals towards relevant information to answer
those questions (Undersander et al., 2017). Problem-
solving questions can assist in identifying the root of
problems, finding alternative solutions, or encouraging
creative thinking to discover innovative approaches
(Aritia et al., 2019; Norman, 1988; Sholihah et al., 2020).
Powerful questions can provoke social change, shifts in
thinking, or behavioral changes. Questions can provoke
self-reflection and encourage people to see situations in
new or innovative ways (Ahdhianto et al., 2020; Amin et
al., 2020; Anazifa & Djukri, 2017; Aritia et al., 2019;
Bernadetha Nadeak et al, 2020). The strength of
questions lies in their ability to unearth information,
stimulate thinking, and promote intellectual growth. By
using questions wisely, we can gain deeper insights,
solve problems more effectively, and achieve a broader
understanding of the world around us (de Schepper, J.
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etal., 2021; Giovanni Sala & Fernand Gobet, 2019; Motter
et al., 2016).

Questions will be effective if structured in a specific
pattern to achieve the desired goals. Question mapping
is essential to create patterns and achieve the expected
goals. Concept maps, also known as mind maps or
mental maps, are visual tools used to organize and
represent ideas, concepts, or information hierarchically.
Concept maps typically consist of a central or main topic
surrounded by branches or related subtopics. This helps
to illustrate the relationships between various concepts
and aids users in understanding how these ideas are
interconnected (Aritia et al., 2019; Burrows & Mooring,
2015; Gani et al., 2017; Johnstone et al., 2006; Oluk et al.,
2018; Talbert et al., 2020; Turan-Oluk & Ekmekci, 2018).
Concept maps can be used for learning, organizing
information, planning projects or presentations,
generating new ideas, or illustrating concepts in various
disciplines. It is a flexible tool that can be customized to
individual needs and preferences (Anzovino etal., 2016).
Addressing social and environmental issues can
motivate learning and provide meaning to learning.
Independent learning is promoted in the free learning
curriculum. Contextual learning can produce students
who are responsive and solution-oriented in addressing
problems (Aritia et al., 2019; Choi et al., 2014; Joseph et
al., 2018). Problem-based learning is one example of a
learning model that emphasizes a specific context raised
as a problem and examined in the learning process.

Problem-based learning is an approach to the
learning process that emphasizes real problem-solving
as the core of the learning experience. In problem-based
learning, students are presented with challenges or
problems that require critical thinking, problem-solving,
and the application of learned concepts in a relevant
context (Joseph et al, 2018; Khoiriyah et al., 2018;
Norman, 1988). Problem-based learning encourages
students to be active in the learning process. Students
feel more engaged as they tackle real problems relevant
to their lives. Students develop critical thinking skills
that are vital in their everyday lives (Choi et al., 2014).
Students learn to question assumptions, gather
evidence, and make decisions based on information,
strengthening their critical thinking abilities. Through
problem-based learning, students face complex and
open-ended problems that require them to apply their
knowledge and skills creatively. Students learn to break
down problems into manageable parts, consider
different perspectives, and develop innovative solutions
(Ahdhianto et al., 2020; Amin et al., 2020; Joseph et al.,
2018; Khoiriyah et al., 2018).

Aritia et al. (2019), Bernadetha Nadeak et al. (2020),
Khoiriyah et al. (2018), and Sholihah et al. (2020) report
that problem-based learning (PBL) is a widely
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recognized educational approach for improving
students' thinking abilities and fostering creativity in
problem-solving. PBL is a student-centered teaching
method in which students actively engage in solving
real-world problems or case studies. Instead of
traditional teacher-led instruction, students take an
active role in identifying problems, conducting research,
collaborating with peers, and proposing solutions.
Amanda et al. (2018), Attik et al. (2017), Bezanilla et al.
(2019), Choi et al. (2014), and Dunne (2015) state that PBL
encourages students to think critically by analyzing and
evaluating information to develop problem-solving
strategies. Students learn to question assumptions,
gather evidence, and make decisions based on
information, enhancing their critical thinking skills. El-
Zein et al. (2016), Hidayat et al. (2019), Khoiriyah et al.
(2018), and Sholihah et al. (2020) report that through
PBL, students face complex and open-ended problems
that require them to apply their knowledge and skills
creatively. Students learn to break down problems into
manageable parts, consider different perspectives, and
develop innovative solutions.

Ersoy (2014), Hidayat et al. (2019), and Vahid et al.
(2017) found that Problem-Based Learning (PBL)
encourages students to think creatively and generate
unique solutions to problems. By exploring various
possibilities and considering different perspectives,
students develop the ability to think outside the box and
produce innovative approaches. PBL cultivates self-
directed learning skills as students are responsible for
their own learning process. Students develop research
skills, independent thinking, and the ability to seek
resources and information, which are valuable skills for
problem-solving and lifelong learning. Developing and
strengthening  students' conceptions requires a
conceptual approach. The collaboration of PBL and
question mapping is expected to foster strong
conceptions and reduce misconceptions when studying
the structure of organic chemical molecules.

A question map is the process of connecting the
questions posed with the prior knowledge possessed by
students. In the context of reducing misconceptions, a
question map helps students identify any incorrect or
erroneous understandings they may have about a
concept. By mapping the questions asked against
students' knowledge, they can become aware of gaps in
their understanding and seek more accurate solutions or
comprehension (Aritia et al., 2019; Burrows & Mooring,
2015; Dohrn, & Dohn, 2018, Ghani et al., 2017,
Holdbrook et al., 2006; Johnstone et al., 2006;
Mohammed et al., 2020).

The fundamental concept in chemistry is the atom,
which is the smallest unit composing elements,
molecules, and chemical compounds that we observe
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today. Many students consider the atom as the smallest
component of matter and believe it cannot be further
divided. Most students are unaware of subatomic
particles such as protons, neutrons, and electrons
(Fitriza & Gazali, 2018; Tamungku et al., 2019; Zarkadis
et al., 2021). Many students do not realize that these
subatomic particles have the most significant influence
on the characteristics of elements, molecules, and
compounds to be formed. Poor understanding of atoms
can lead to misconceptions about other chemical
concepts. The characteristics of elements composing
molecules affect their physical and chemical properties
as well as the interactions between molecules. The
complex structure of organic chemical molecules can be
studied by examining the various atoms that make up
the functional groups. Functional groups are the most
active sites in organic chemical reactions. A deep
understanding of these basic concepts is essential for
comprehending the more complex structures of organic
chemical molecules (Akkuzu et al., 2016; Tsaparlis et al.,
2018). A conceptual-based learning model and a
question map approach are solutions to address these
issues.

Abstract nature of chemistry materials makes it
difficult for students to comprehend (Kim et al., 2019).
Multiple representations are required to construct a
more comprehensive understanding of chemistry
concepts (Abdurrahman et al., 2019; Baptista et al., 2019;
Gautam et al.,, 2020; Harza et al., 2021). Alam (2020)
states that computational skills and contextual
knowledge are needed to build meaningful knowledge.
Separation of macroscopic, microscopic, and symbolic
concept levels can lead to misconceptions among
students (Pikoli, 2020; Widarti et al., 2016). Chemistry
explores the characteristics,  properties, and
arrangements at the atom, molecule, and macromolecule
levels. If the foundational concepts at the atom level are
wealk, it can lead to a poor understanding of concepts at
the molecule and macromolecule levels. Poor
understanding of these basic concepts can result in
misconceptions among students when examining more
complex concepts in organic molecules.

Molecular modeling is needed to facilitate students'
understanding of molecular structure and its
characteristics. Molecular modeling is a method used to
comprehend the behavior of molecules and their
interactions. It involves creating 3D representations of
molecules that can be manipulated to understand their
function in various environments. This technique is
highly efficient in predicting molecular behavior.
Chemical representation is a crucial concept in the
analysis of molecular structure. It is used to depict the
arrangement of atoms in molecules and how they are
connected. Harza et al. (2021) and Pikoli (2020) state that
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this representation can be broken down into three levels
-molecular formula, structural formula, and Lewis
structure. Each level provides different information
about the molecule and can be used for different
purposes. Chemical representation is a powerful tool for
understanding molecular structure. By using different
levels of chemical representation, scientists can visualize
and interpret molecular structures in a more
comprehensive way. This allows students to gain insight
into the properties and reactivity of molecules, which is
crucial for understanding how molecules behave in
different environments. Computational technology is
used to facilitate students' understanding of multiple
chemical  representations and can  reduce
misconceptions (Baptista et al., 2019; Harza et al., 2021;
Tamungku et al, 2019; Tsaparlis et al, 2018).
Understanding multiple chemical representations can
foster higher-order thinking skills, which are in demand
in 2lst-century education and the 4th industrial
revolution (Abdurrahman et al., 2019; Baptista et al.,
2019).

Collaboration between problem-based learning
models with a question map approach assisted by
computational chemistry is crucial to meet the demands
of independent learning curricula. Problem-based
learning is an approach to education where students are
actively engaged in solving real-world problems or
situations that require critical thinking and problem-
solving. This method emphasizes active, collaborative,
and student-centered learning (Fadilla et al., 2021;
Hidayat et al., 2019; Joseph et al., 2018; Khoiriyah et al.,
2018). The problems presented are based on current
social and environmental issues. Issues such as global
warming, green technology, and green energy are
examples of current social and environmental problems.
Students then work independently or in groups to
analyze these issues, identify the necessary sources of
information, collect data, analyze information, and
develop solutions or recommendations (Ahdhianto et
al., 2020; Johnstone et al., 2006; Norman, 1988). Based on
the above research, a PBL model with a question map
approach assisted by computational chemistry is
essential to be applied to reduce misconceptions in
students' understanding of the structure of organic
chemical molecules.

Method

This research is a qualitative descriptive study,
aiming to depict and comprehend phenomena or events
in detail and depth. The focus of this research is to gain
a deeper understanding of students' abilities to examine
and analyze the structures of organic chemical
molecules. The study was conducted with fourth-
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semester students who were enrolled in the Basic
Principles of Determining the Structure of Organic
Compounds course. The population of this study
consists of one class, and the sample was chosen
purposively. Qualitative descriptive research employs
qualitative methods, meaning that the researcher
collects data in the form of words, narratives, pictures,
or audio recordings, which are then analyzed in-depth.
The research focuses on the students' ability to dissect
questions structured within a question map.

Students' abilities to interpret reasons and describe
problematic phenomena in the learning process are
analyzed to provide an overview of their understanding
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level. The problems solved by students involve
theoretical concepts examined critically and in-depth.
Furthermore, these problems represent practical steps in
synthesizing biodiesel, which is one of the solutions to
current energy problems. In this research, data analysis
is conducted inductively, where the researcher develops
theories or findings based on the data collected, rather
than relying on preconceived hypotheses (Doyle et al.,
2020; Nilsson & Niedderer, 2014; Pratt & Yezierski,
2018). Figure 1 depicts the question map provided to
students to explore their conceptions about charges on
organic molecules in the synthesis of biodiesel from used
cooking oil.

Formal Charge

Charge Identification Electron Cloud

Formulation

Characteristics Metal
Hectronegativity
Characteristicy Non Metal The constituent atoms STTMARES
| Hybridizat)
Chacacteristics |—{ Metaloid v o
Tonic Bonds
3 f s T
Positive Charge | Types of Orbitals That
| N Bonds Join
Types Charge
Negative Charge
9 9 Position of Bectrons in
Orbitals
Bond type Covalent Bonds
[ | Hytiridization
Types of Orhitals That
Sigma Bonds Join

Position of Electrons in
Orhitals

Metal Bonds

Figure 1. Model question map for assessing student conceptions

Result and Discussion

The preliminary research results indicate that
students' understanding of molecular structure is still
weak. In general, students can comprehend the types of
organic molecule bonds, but a deeper study on the
characteristics of constituent atoms, atomic orbitals,
molecular orbitals, hybridization, the differences
between sigma and pi bonds, polarity, and the
positioning of electrons involved in bonding is
understood by nearly 90% of the students. The
preliminary research findings are shown in Figure 2.

The researcher's findings show that students are
able to determine the types of bonds between atoms.
However, students still lack a deep and comprehensive
understanding of the molecular structure of organic
compounds. The study on the molecular structure of

triglycerides in organic compounds focuses on the
carbonyl group, which is the most dominant group in
the transesterification reaction of waste cooking oil in
biodiesel synthesis (Awogbemi et al., 2019; Hulyadi et
al., 2023; Li et al., 2020; Muanruksa, 2020). Students can
identify the constituent atoms but have difficulty in
examining the characteristics of these atoms. The
characteristics of the constituent atoms include the type
of atom, group, valence electrons, subatomic particles,
and electronegativity. The complex nature of these
constituent atoms in organic compounds makes it
challenging for students to comprehend them fully.
Students can only determine the type of atom, group,
and valence electrons.
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Figure 2. Preliminary concept testing results of students

The study of subatomic particles and
electronegativity remains elusive for students. The
abstract nature of subatomic materials poses a difficulty
for students, impacting their understanding of atomic
concepts. Visual modeling is required to represent atoms
and their subatomic particles, making it easier for
students to grasp the concept of atoms as a whole
(Khaeruman et al.,, 2017; Perdana et al.,, 2020). The
characteristics of organic molecules are highly
influenced by the subatomic particles contained within
the atoms that make up organic molecules. These
subatomic particles play a critical role in the reaction
patterns, reactivity, and physicochemical properties of
organic compounds (Reyes et al., 2019; Seifert, 2023).
Students must master the concepts of subatomic
particles to analyze the behavior of organic molecules.
Subatomic particles are components within atoms that
are so small that they cannot be observed directly.
Studies on the subatomic particles of atoms need to be
presented more clearly to build a strong foundation in
students. The use of technology like flash chemistry and
computational chemistry is chosen to visualize the
microscopic side of atoms that constitute organic
molecules (Saunders, 2022; Seifert, 2023; Weiss & Hofer,
2013). Computational chemistry utilizes quantum
chemistry, focusing on the interactions of subatomic
particles. Subatomic particles are smaller components of
atoms and are fundamental to matter. Simulating the
interaction of subatomic particles is necessary to depict
the abstract side of chemistry. These subatomic particles
consist of various types, with the most important being
electrons, protons, and neutrons. Students need to
master the behaviors of these three subatomic
components to construct a comprehensive concept of the
characteristics of organic molecules. Furthermore, the
use of simulations in learning not only enhances
cognitive competence but also increases students'
interest and motivation to learn (Rodriguez-Becerra et
al., 2020). The following is a simulation used to build
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students' fundamental about subatomic

particles in Figure 3.
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Figure 3. Simulations of subatomic particle interactions
within an atom

This simulation is expected to build a strong
understanding of atoms and enhance student
motivation to learn. A strong comprehension of atomic
concepts can serve as the foundation for understanding
simple and more complex molecule conceptions. Figure
4 describes how electronegativity influences the
movement of electrons within their orbitals, leading to
the emergence of polarity in the bonds between oxygen
and hydrogen atoms.
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Figure 4. Simulation of the influence of different

electronegativity values on the movement of electrons in its
bonding orbitals
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Simulation is used to build students' understanding
of the formation of a dipole due to the differences in the
electronegativity of the constituent atoms. This
simulation is expected to provide an overview of how
the nucleus's attraction affects the outermost electrons,
which in turn impacts the atom's ability to attract
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electrons from other atoms used collectively. Based on
the simulation, the influence of subatomic particles on
electron attraction, known as electronegativity, can be
analyzed. Hése et al. (2019), Houk et al. (2021), and Lin
et al. (2021) reported that this simulation can stimulate
students' curiosity and promote critical thinking skills.
Building a strong concept requires the use of media
because subatomic particles' reality cannot be observed
directly. Computational chemistry can be a solution to
concretize abstract chemical concepts.

Jager et al. (2015), McArdle et al. (2020) and Qasim
et al. (2007) reported that computational chemistry is an
interdisciplinary field that combines chemical principles
with computation to gain a deeper understanding of
chemical processes. This includes using software and
computational methods to design, simulate, and analyze
molecular structures, chemical reactions, and chemical
properties. In the development of strong concepts,
computational chemistry plays several important roles.
Computational chemistry enables scientists to model
molecular structures and properties with a high level of
precision, aiding in understanding interactions between
atoms and molecules. El-Taib Heakal et al. (2017), Manly
et al. (2001), and Wang et al. (2016) states that
computational chemistry allows for a better
understanding of chemical reactions, including reaction
pathways, kinetics, and reaction mechanisms. This
contributes to the development of more efficient
chemical processes. Computational chemistry allows for
the calculation of molecular energy and stability, which
is crucial for understanding the thermal and
thermochemical properties of chemical substances.
Computational chemistry aids in the development of

advanced chemical theories and predictions of
molecular properties, contributing to a deeper
understanding of chemistry. In other words,

computational chemistry allows scientists to build
strong concepts about chemical properties and chemical
reactions with the help of computational tools, enabling
more in-depth research and practical applications in
various fields, including pharmaceuticals, materials
science, environmental science, and more (El-Taib
Heakal et al., 2017; Qasim et al., 2007; Wang et al., 2016).

The application of problem-based learning models
assisted by computational chemistry has been proven to
enhance students' understanding of concepts.
Computational chemistry assistance helps students in
making abstract chemical concepts more tangible (Dong
et al, 2019; Gautam et al, 2020). The concept of
chemistry becomes strong at the application level if the
basic concept of atoms is mastered, especially regarding
the characteristics of subatomic particles. Subatomic
particles determine the character of atoms and organic
chemical macromolecules (Garcia, 2020; Swanson, 2012).
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This is evident in the researchers' findings that there is
an improvement in students' conception of
understanding the structure of organic molecular
competence after being assisted with chemistry
applications that focus on subatomic particles. The
description of students' conceptions can be seen in the
figure 5 below.

Pragmentation 60
An atom that releases.. 78
Composing atom 100
Atomic Cracteristic 77
Bonding 80
Charge determination.. 70
Hybridization 72

0 20 40 60 80 100 120
Figure 5. Student conception test results after being taught
using the PBL model assisted by computational chemistry

In addition to computational chemistry, the
question map approach has been shown to stimulate
students' curiosity and critical thinking abilities.
Questions structured in a specific way can lead students
to engage in deeper learning and thinking. Rustanto et
al. (2023) and Subramani et al. (2022) stated that
questions play a crucial role in building one's concepts
and thinking processes. Well-crafted questions can
trigger creative thinking, aid in deeper comprehension,
and encourage the exploration of new ideas.
Challenging questions can foster critical thinking. When
individuals are faced with questions that require them
to consider various perspectives, analyze evidence, and
construct arguments, it can contribute to the
development of critical thinking.

Questions assist individuals in delving into specific
topics or concepts. By asking relevant and profound
questions, one can explore a topic more deeply, grasp its
more complex aspects, and expand their knowledge.
Creative questions can stimulate creative thinking. They
can help individuals view problems or concepts from
various angles, generate new ideas, and promote
innovation. Questions are often used in education as a
tool to guide students in understanding new concepts.
Teachers can use questions to help students reflect on the
material, make connections between concepts, and
develop a deeper understanding. Constructive
questions can build a comprehensive and in-depth
understanding by connecting sub-concepts with each
other, and these connections are established in a

question map (Hulyadi et al., 2023; Raymond et al,,
11212
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2020). Questions are also an essential tool in
communication. They aid in obtaining additional
information, clarifying ideas, and promoting
meaningful dialogue among individuals or within
groups. Questions can assist in problem-solving. By
breaking down a problem into a series of smaller
questions, one can more easily identify possible
solutions and move toward resolution. Well-formulated
questions can help strengthen one's memory. When
someone attempts to answer questions, it can assist them
in remembering information better.

Conclusion

The PBL model assisted by computational
chemistry with a question map strategy has proven
effective in reducing students' misconceptions when
studying the structure of organic molecules. There is a
weakness in students' ability to predict the
fragmentation of macromolecules into smaller
molecular ions, and a small portion of students still do
not understand the molecular hybridization of biodiesel,
especially in the carbonyl group that plays a central role
in biodiesel synthesis reactions.
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