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Abstract

Chemical bonds are one of the materials in chemistry that are abstract in nature so
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that many students have difficulty learning chemical bonding material. This study

aims to identify the learning difficulties frequently faced by students in understanding
chemical bonding materials and various misconceptions that commonly occur in their
understanding. Data collection was carried out using a systematic literature review
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method with several predetermined criteria. The result is that the learning difficulties

experienced by students are caused by many factors, one of which is conceptual error
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or misconception. At present, many methods have been developed to identify

students’ misconceptions about chemical bonding material such as diagnostic tests

such as two-tier, three-tier and four-tier diagnostics.

DIAGNOSTIC
METHODS

MISCONCEPTION

CONTENTS

1. Introduction

2. Experimental

3. Results and discussion
3.1. Difficulty learning chemical bonds
3.2. Development of chemical bonding misconception
diagnostic methods
3.3. Identification of chemical bonding misconceptions
3.4. Future perspectives

4. Conclusions

1. chemical bonding;
2. difficulty learning;
3. misconception.

Section Editor

Natany Dayani de Souza Assai
Highlights

B Misconceptions about chemical bonding include
mastery of concepts and introduction media.

B The difficulty in chemical bonds lies in the abstract
complexity of the material.

B Identify misconceptions in chemical bonding

using two-, three-, and four-level diagnostics.

Author’s contribution

Data availability statement
Funding
Acknowledgments
References

1State University of Malang, Faculty of Science and Mathematics, Malang, Indonesia. 2Yogyakarta State University, Faculty of Science and Mathematics, Yogyakarta,

Indonesia. 3Sebelas Maret University, Faculty of Science and Mathematics, Surakarta, Indonesia. 4SMAN 3 Sidoarjo, Chemistry and PKWU, Sidoarjo, Indonesia.

+Corresponding author: Hayuni Retno Widarti, Phone: +081232458494, Email address: hayuni.retno.fmipa@um.ac.id

©

creative
commons

ISSN 1678-4618

page 1/7


https://doi.org/10.26850/1678-4618.eq.v49.2024.e1508
https://ror.org/05fryw881
https://ror.org/021hq5q33
mailto:hayuni.retno.fmipa@um.ac.id
mailto:hayuni.retno.fmipa@um.ac.id
mailto:dian.nuriyanti@gmail.com
mailto:meyga.evi.fmipa@um.ac.id
mailto:antuni_w@uny.ac.id
mailto:jengtina_sp@yahoo.com
mailto:deniainurrokhim@gmail.com
https://orcid.org/0000-0001-5574-8209
https://orcid.org/0000-0002-8914-0514
https://orcid.org/0009-0005-0609-6482
https://orcid.org/0000-0001-5573-9345
https://orcid.org/0000-0001-5616-4897
https://orcid.org/0000-0003-0777-4570

Review Article

1. Introduction

Chemistry is a science focused on matter, structure,
properties, changes and reactions accompanying it. The scope of
scientific studies tends to be invisible and abstract, making it
difficult to understand a concept. Chemistry learning has an
important role in forming students’ understanding and
competence in complex concepts. However, along the way,
many students face difficulties in understanding and applying
basic concepts such as chemical bonds. If the concepts in
chemistry are not well understood, students will experience
learning difficulties, one of the impacts of which is the occurrence
of conceptual errors commonly called misconceptions
(Margaretha et al., 2022). The initial knowledge or concept that
students have based on an individual’s understanding is called
conception. Concepts that do not follow scientific concepts are
referred to as misconceptions (Rokhim e al, 2023b). The
misconception is one of the obstacles to concept mastery that
needs to be minimalized (Widarti et al., 2016). Misconceptions
are still a problem in the learning process because they can reduce
the effectiveness of student learning and hinder students from
understanding new knowledge. If misconceptions continue to
develop and are not immediately resolved, it will result in
students’ difficulties in understanding subsequent concepts
(Muchtar and Harizal, 2012).

This article aims to provide an in-depth review of the
learning difficulties that are often faced by students in
understanding chemical bonding material, as well as to analyze
various misconceptions that are common in their understanding.
Through a comprehensive review, it is hoped that this article can
provide better insight into the sources of learning difficulties and
conceptual errors that may arise at the learning stage of chemical
bonding. By understanding the root causes that often arise, a
more effective and appropriate learning approach can be
designed to help students overcome obstacles in understanding
chemical bonds.

2. Experimental

This study uses the method of Systematic Literature
Review (SLR). A systematic literature review aims to identify
and understand relevant research with implications for the topics
studied (Synder, 2019). This method is carried out by searching
for academic publications in national and international journals
using online academic publications databases on ERIC and
Google Scholar. The search uses the keywords “Difficulty
Learning of Chemical Bonding” and “Misconception of
Chemical Bonding”.

The academic publications obtained are then reduced
based on the abstract and title by considering the suitability of the
content. The academic publications were selected based on
predetermined criteria including (1) academic publications on the
analysis of misconceptions and learning difficulties in chemical
bonding material; (2) Publication between 2018 and 2023;
(3) Full text and accessible. From the selection process,
11 academic publications met all the criteria.

3. Results and discussion

From the findings of the academic publications, the topic
of discussion in this review article is divided into 3 parts,
including difficulty learning chemical bonds, development of
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chemical bonding misconception diagnostic methods, and
identification of chemical bonding misconceptions.

3.1. Difficulty learning chemical bonds

Difficulty is a difficult situation, difficulty or distress (Big
Indonesian Dictionary). Difficulty is a condition that shows the
characteristics of obstacles in activities to achieve goals so that a
greater effort is needed to overcome them. Learning difficulties
are obstacles or challenges faced by students in mastering
learning material or concepts. According to Subini (2012),
learning difficulties are synonymous with students’ difficulties in
receiving or absorbing lessons at school. This can cover various
aspects, both in terms of understanding the concept, applying it,
and developing skills. Learning difficulties can be temporary or
more chronic, depending on certain factors such as the
complexity of the material, student learning styles, learning
environment, and so on. Some academic publications related to
learning difficulties in chemical bonding material are presented
in Table 1.

Based on the results of the research above, the learning
difficulties experienced by students in chemical bonding material
were caused by several factors. Lack of student interest in
learning because of the assumption that chemical bonding
material is complicated, the learning process is less interesting
and not suitable for students, students’ weak ability to remember
concepts due to lack of practice questions, lack of student
understanding regarding prior knowledge that supports
understanding of chemical bonding material, and there are still
many concept errors or misconceptions that students experience
in chemical bonding material. The learning difficulties
experienced by these students certainly hurt student learning
outcomes if an effective solution is not immediately given. Low
student learning outcomes can be caused by learning problems,
for example, lack of understanding of a concept and
misconceptions experienced by most students (Warsito et al.,
2020).

3.2. Development of chemical bonding

misconception diagnostic methods

Misconception is a term used when students’ ideas are not
relevant to a scientific perspective. Misconceptions should be
identified and corrected immediately, so as not to interfere with
the further learning process (Margaretha ef al, 2022).
Misconceptions can be an obstacle for students to acquire
complete knowledge, therefore this problem must be addressed
(Arslan et al., 2012). Misconception analysis requires instruments
that can reveal the causes of misconceptions in depth (Rokhim et
al., 2023a). According to Firman, misconceptions can be
diagnosed using standardized tests that use valid and reliable
instruments (Utami et al., 2019). Various studies have used
multiple-choice  diagnostic tests to analyze students’
misconceptions (Sen and Yilmaz, 2017). Diagnostic tests can
help teachers to identify students’ misconceptions (Uyulgan ez al.,
2014).

The high level of students’ learning difficulties in
chemical bonding material is caused by one of the
misconceptions experienced by students. Chemical bonds are
one of the subject matter with abstract concepts. Chemical
bonding is a difficult concept for students that can lead to
misconceptions (Meltafina ez al., 2019). To find out the level of
students’ misconceptions about chemical bonding material, a
diagnostic test to analyze and identify misconceptions about
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chemical bonding is a must (Utami et al., 2019). Several multiple-
choice-based diagnostic tests currently being developed include:
four-tier multiple-choice, three-tier multiple-choice, and two-tier
multiple-choice. The instrument is considered effective because
students can give students freedom to describe the
representations that exist in their minds (Rokhim et al., 2023b).
Some academic publications regarding the diagnostic methods
for chemical bond misconceptions are presented in Table 2.

From the several studies showed in Table 2, it is known
that the multiple-choice diagnostic tests currently being
developed are in the form of four-tier multiple-choice, three-tier
multiple-choice, and two-tier multiple-choice. The difference
between the three lies in the division of categories to analyze
student misconceptions. Diagnostic test results using four-tier
multiple choice have a higher level of sensitivity than diagnostic
tests using three-tier multiple choice and two-tier multiple choice
so they will be more thorough in identifying misconceptions in
students (Qodriyah ez al., 2020). The two-tier diagnostic test was
unable to distinguish between students who lacked knowledge
and those who had misconceptions, however, the three-tier
diagnostic test had an unequal score ratio between students who
had misconceptions and students who lacked knowledge
(Kaltakci-Gurel et al., 2017).

3.3. Identification of chemical

misconceptions

bonding

Misconceptions or conceptual errors are defined as an
erroneous understanding of a concept so that it does not follow
scientific concepts or those that are understood and approved by
experts in a particular field (Suparno, 2013). Misconception is a
condition where students’ understanding deviates from the
correct concept, but students tend to maintain the wrong
understanding (Margaretha et al., 2022). Misconceptions can
prevent students from obtaining correct concepts and have the
potential to hinder progress in further learning (Horton, 2007).
Misconceptions experienced by students have been identified in
most of the concepts studied in chemistry, especially at the
atomic and molecular level concepts which are indeed abstract
(Taber, 2009), such as one of the chemical concepts that often
causes misconceptions in students, namely the concept of
Chemical Bonds. The concept of chemical bonds underlies most
of the concepts in advanced sciences in chemistry such as
inorganic chemistry, organic chemistry, and physical chemistry
(Gudyanga and Madambi, 2014).

More than 50% of students experience misconceptions
about chemical bonding materials (Fadillah and Salirawati,
2018). Misconceptions have been recognized as the main factor
influencing understanding of the material, and teachers also have
misconceptions about certain concepts (Utomo et al., 2018).
Misconception can affect learning effectiveness and significantly
impact learning achievement (Chen et al., 2020).

From the studies in Table 3, misconceptions about
chemical bonding identified by researchers are presented in
Table 4.
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Based on the data described in Table4, many
misconceptions about chemical bonds among students occur in
all material sub-chapters, especially in ionic and covalent bonds.
This is in line with several research results which show a high
percentage of misconceptions about ionic bonds and covalent
bonds (Rohmabh er al., 2022; Setiawan et al., 2017). Most higher
education students still have difficulty distinguishing the two
types of bonds due to misunderstanding the concept of the
formation of the two bonds.

3.4. Future perspectives

Misconceptions can become difficulties for students in the
future. Misconceptions allow students to instil wrong concepts
and be unable to accept correct concepts. Chemical bonding is
one of the basic materials in chemistry. When students
experience misconceptions about chemical bonding material, it
will cause mistakes and difficulties in understanding further
chemical material. After identifying and finding several
misconceptions that are still often experienced by students, it is
hoped that there will be a solution to reduce the risk of
misconceptions or even solve the problem. A complete
understanding of chemical bonding is very important to reduce
the percentage of misconceptions among students (Safitri ez al.,
2018).

The solutions offered can be in the form of developing
models, media, or other learning tools. The innovations carried
out are expected to be able to direct students to build the correct
concept so that students will not experience learning difficulties
and obstacles to obtaining learning outcomes that follow
expectations.

4. Conclusions

Chemical bonds are one of the materials that form the
basis of advanced chemical materials. As with chemistry,
chemical bonding material is also abstract so many students
experience learning difficulties in this material. Learning
difficulties experienced are caused by many factors such as a lack
of interest in student learning, an inappropriate learning process,
a lack of practice questions, a lack of student understanding
regarding prior knowledge that supports understanding of
chemical bonding material, and there are still many conceptual
errors or misconceptions. Based on the results of the last 5 years
of studies, many students still find learning difficulties due to
misconceptions about chemical bonding material.

There have been many developments in methods for
identifying students’ misconceptions about chemical bonding
material such as diagnostic tests such as two-tier, three-tier, and
four-tier diagnostics. As a result, it is known that there are many
students’ misconceptions that spread to all chemical bonding sub-
materials, especially in ionic bonding and covalent bonding
materials.

After identifying and finding several misconceptions that
are still often experienced by students, it is hoped that there will
be a solution to reduce the risk of misconceptions or even solve
the problem.
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Table 1. Difficulty learning chemical bonds.

No Author, Title, Journal Research purposes Research methods Research result
Sahriani (2019) i;(fl;i(?:i?:ies Ieam;nrg The study showed that students had difficulty understanding high-
measured  from  the category terms with a percentage of 70%, students had difficulty
i Rty : ) o
Analysis of Learning Difficulties of  The purpose of this results of student test e g h'g.h S calculanong Wil [FErEarage O 6 o i
Class X MIPA Students of SMA study was to see the questions and are students had difficulty understanding high-category concepts with a
1. Negeri 3 Tanjungpinang on learning difficulties of supported by pgr;entage af 71%' e ffercione .that Influe_npe Sl Iea(ning
Chemical Bonding Material class X students on  interviews while the difficulties are (1) internal factors in the sufficient category with a
) chemical bonds uestionnéire aims 1o percentage of 57.5% including aspects of interest (57%) and aspects of
Raia All Hail Maritime Universit ‘ I(j)ok at the factors that motivation (58%), (2) external factors in the sufficient category with a
ThJesis ! y S ST percentage of 59, 5% includes aspects of teacher teaching
difficulties 9 methods/methods (5.9%), facilities and infrastructure (60%).
This research showed that very few students (1-20%) had conceptual
Haris and Wahidah (2018) errors of electron configuration, ion formation, metals / non-metals, ionic
This study aims to bonds / covalent bonds covalent compounds, and chemical formulas
Analysis of Difficulties in Learning identif arywd explain Data collection uses a for chloride compounds. Few students (21-40%) experienced
Chemical Bonds in View of the coynce tual e?rors test that contains 12 misconceptions about the compounds formed and the chloride ion
2. Misconceptions of Grade X of class XZMA Negeri  concents of chemical formula. Quite students (41-60%) experienced misconceptions about
Students of SMA Negeri 3 3 Mataram in stud gm bondirf) Lewis structures and ionic compounds. Many students (61-80%)
Mataran. chernical bondin Ying 9 experienced misconceptions about covalent compounds and the atomic
g numbers of the elements. In general, 62.5% of students experienced
MIPA Incandescent Journal difficulty in studying chemical bonds, 20% experienced quite difficulty
and 17,5% experienced less difficulty.
The results showed that class X students of SMAS Muslimat Samalanga
Sabrina (2018) Data was collected Bireuen still experienced mistakes and difficulties in solving chemical
To analyze students’ throuah  tests  and bond problems, namely 80% of students had difficulty distinguishing
Identification of Student Learning learning difficulties in interv?ews then the between covalent and metallic physical properties, 76% of students had
3 Difficulties in Chemical Bonding chemical bonding data wa's analvzed difficulty estimating the polarity of a molecule, and 37% of students had
*  Material at SMAS Muslimat material at SMAS through stuﬁent difficulty distinguishing between ionic bonds, covalent bonds,
Samalanga Bireuen. Muslimat Samalanga mastgr and student coordinate covalent bonds, and metallic bonds. This is caused by
Biruen. difficu\t)i/es material that is difficult for students to understand, low student abilities,
UIN Ar-Raniry Banda Aceh : and a lack of practice working on questions. As well as students have a
weak ability to remember the concept of the material being taught.
The results showed that students at SMAN Kota Solok had learning
difficulties in understanding the concept of chemical bonding material
Yani (2018) Aims to reveal the The research  was with very high learning difficulty criteria in (1) bond formation, (2) ionic
relationship  between conducted  throuah bonds, (3) covalent bonds, single bonds, double bonds, double bonds
Diagnostics of the Relationship of learning  difficulties Wo two—t?er triple, (4) coordinate covalent bonds, (5) polar and non-polar bonds, (6)
4 Prior Knowledge with Learning and students’ prior diaanostic tests for jonic and covalent bonds. Initial knowledge that most influences
*  Difficulties in Class X High School  knowledge of iniﬂgal knowledae  of students’ learning difficulties in chemical bonding material is (1) electron
Chemical Bonds, Solok City. chemical bonding 9 configuration, (2) group and period, (3) periodic properties of an element

Padang State University

material at SMAN Kota
Solok.

chemical bonding and
chemical bonding.

based on radius, ionization energy, electron affinity and
electronegativity. Students’ initial knowledge that does not follow
scientific understanding causes students’ learning difficulties in
understanding the concept of chemical bonds.

Table 2. Diagnostic methods of misconception.

Eclet. Quim. 49 | e-1508, 2024

No Author, Title, Journal Research purposes Research methods Research result
Mahmudah et af. (2020) ldentifying misconceptions The results of the study stated that the overall level of
Identification of students’ by measuring students’ level  The research method is ;s;zd?g\t; gfgogrcep(t%%nf 4ao/b)ou}v|ci:2§g;|ézsl t?::gsownaihlz
1 misconceptions in chemical bonding  of understanding in the topic  descriptive and involves concent of dgeteyrminih ?o‘nic and cgvalent bonds
*  topic using the four-tier diagnostic  of chemical bonds using a 77 students from SMA ncept o 9
: ; . microscopically results in the moderate category
test. four-tier multiple choice  Tangerang Selatan. . d llic bonds in th d
diagnostic test. (41560/0), and metallic bonds in the moderate category
Journal of Physics: Conference Series (€758
Setiawan and llahi (2022)
Knowing whether there is, Qualitative research Research on students of SMA Negeri 1 Teluk Kuantan
Identification of Misconceptions in and the percentage of with a  descriptive class X on chemical bonding material showed that 72.53%
2 Chemical Bonding Materials Using  misconceptions about approach upsm of students experienced misconceptions, 14.98% of
: Three Tier Diagnostic Tests. chemical bonding materials 8? osive sam I\'ng students did not understand the concept, and the
using three tier diagnostic ?ecﬁm e ping remaining 12.48% of students understood the concept of
Journal of Natural Science of test. q chemical bonds.
Integration
Ebiati et al. (2020) This  research s @
Knowing how the two-tier quantitative studywﬁ_ha . ) ) )
Sensitivity of two-tier and three-tier  and three-tier test sensitivity e Selmpling NS Sy ConallEcs bt i dnesr mulpisenees
3 o in S Suskns s en  ches | SuekEme technique measured  was more sensitive than the two-tier multiple-choice in
. G S ofchergical p— TEEATEiE - using three-tier multiple-  detecting students’ misconceptions about chemical
P 9 i —— Eonding I choice with modified  bonds.
Journal of Chemistry Education CREIG) of response
index (CRI).
) The development
Utami et al. (2019) This study aims to find a  Process iscarried outby A computer-based two-tier multiple-choice diagnostic test
Development of a computer based Computer—)tgased two-tier analyzing literature, was produced on chemical bonding materials which
two-tier multiple choice diagnostictest  multiple-choice  diagnostic identifying targets, include ionic bonds, covalent bonds, metallic bonds, and
4. o identif misconcentions  on  test for students’ analyzing coordination bonds. The effectiveness of the developed
chernical boyndim P misconcentions about misconceptions through  diagnostic tests will then be tested by conducting trials,
9 cherical Eonding material essays, and analyzing identifying misconceptions about feedback and being
Journal of Physics: Conference Serie ’ misconceptions through  retested again.
) two-tier multiple choice.
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Table 3. Identification of chemical bonding misconceptions.
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No Author, Title, Journal Research purposes Research methods Research result
Giarsiio st el (Z020) The purpose of this study was to  This research is a
P , (1) identify and analyze students descriptive and
e St misconcepions on fhe 1 of  quesespermentl [T etz eoued at () ot e
=P PIC " chemical bonding with the Three-  study with the design . Pt ~ topie
of Chemical Bonds and Their } . ) chemical bonding (2) remedial learning
Improvements with the ECIRR I dlagnost|c e ) @i Qi Sl e - with the ECIRR model was able to reduce
55 Learnin Model (Elicit deiEmine e G SenEness of 112 Jes Posi - T student misconceptions from 61.5% to
Confrongt Identif Resolve' ECITRR ettt I g g SHUSTEE — DEShe)il. T111S ESCaen 22.4%, and (3) rztention of stﬁdgnts’
Reinforcé) . © milssereepiens (§) @ demmng  SUyEsS wER 8 ndesétandin of remedial results by 82.5
’ the retention of  students’ students of class X ‘L’jwith ver god criteria . yes.
Journal of Education: Theo conceptual understanding 3 weeks  IPA in a high school ” 9 '
Research and Develdpmentry’ after remedies. outside Java.
The method used in The results showed the existence of a
Islami et al. (2019) this  research s misconception of 30.31% (low category).
o ‘ quantitative Significant misconceptions are identified
S e descrtve. The 32 A o113 stencept of heries
Concept CF))f Chemical Bonds This study aims to identify student misconception Octet R%Ie (3y3 33%), Metal Bond and Metal
2 Usin ?he Four-Tier Multiple- T1Sconception on the concept of identification ~ was gy (20 855"/‘) lonic Compounds
9 P Chemical Bonding. performed using a P o poun
Choice Test (4TMC). four-tier and Covalent Compounds (27.08%),
_ multiplechoice Theory of VSEPR (200,83 %), E!ectron
JRPK: Research Journal of (4TMC) test Domain-Theory (18.75%), Polarity of
Chemistry Education instrument Molecul (27.08%), Van der Waals Forces
‘ (14.58%), and Hydrogen Bond (29.17%).
The results showed that students who had
misconceptions about ionic, covalent, and
coordinate covalent bonding were 48.9%,
Rohmah et al. (2022) This study used a 53.0%, and 37.5%, respectively. The
‘ , . . A ' deseriptive research misconception in this course s that
Analysis of Student's  This study aimed to investigate desian with a four- students need to learn about ionic bonds
Chemical Bonding  basic chemistry students’ 2519 . formed by electrostatic forces between
3. ) ) ) ) ) } tier diagnostic test. ) )
Misconception with A Four- misconceptions  of  chemical cations and anions. As a result, students

Tier Diagnostic Test.

Journal Tadris Chemistry

bonding.

The research
subjects were basic
chemistry students.

cannot determine the difference in
electronegativity values in ionic and
covalent bonds and the number of valence
electrons of each atom in a chemical
bonding. Therefore, the misconception is
in the moderate category.

Table 4. Misconceptions of chemical bonding.

Sub Matter of
Chemical Bonds

Misconception Analysis

References

Lewis Structure
and the Octet Rule

Tonic Bonds

The Lewis structure of the molecule before electron transfer is written by adding the charge of the

ion.

atoms.

Determining the type of bond that is formed is due to referring to the type of bonding elements,

namely metals and non-metals.

In the Lewis structure of the HCI molecule, Lone pair of electrons is balanced between the H and Cl

lonic bonds are formed from metal and non-metal elements.

Warsito et al. (2020)
Islami et al. (2019)

Warsito et al. (2020)
Rohmah et al. (2022)

Covalent Bonds

Metal Bond
Molecular Polarity
Molecular Shape

Intermolecular
Forces

The formation of ionic bonds involves the transfer of electrons between atoms.

The calcium atom donates its valence electrons to the oxygen atom, then bonds.

Coordinate covalent bonding is the same as the process by which ionic bonds occur, namely the
handover of electrons.

NaCl has covalent bonds because the sodium atom donates valence electrons to the chlorine atom.
AIClz compounds are derived from cations and anions.

The larger the metal atomic radius, the stronger the metallic bond so that the melting point is low.

The bonds between atoms in water are polar covalent bonds but the molecules are non-polar.

The CF bond is nonpolar so that the CF4 molecule is nonpolar.

The molecular shape of XeF is tetrahedral due to the presence of four bonding pairs of electrons.

H>0 and HF have hydrogen bonds because there is a bond between the positive dipole of the H
atom and the negative dipole of the very electronegative atom, namely O and group 17.

Hydrogen bonds are formed when the N atoms of one molecule interact with the H atoms of
another molecule.

Rohmah et al. (2022)
Rohmah et al. (2022)

Warsito et al. (2020)

Rohmah et al. (2022)
Rohmah et al. (2022)
Warsito et al. (2020)
Warsito et al. (2020)
Islami et al. (2019)
Warsito et al. (2020)

Warsito et al. (2020)

Islami et al. (2019)
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