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Educacao

The covalent bond is a classical topic in science education because it is fundamental to a considerable number of other concepts
and by its ability to interpret several chemical phenomena. However, the process of learning this concept presents some difficulties
discussed here. This article brings together the conceptions related to the covalent bond, identified, and reported from other studies, to

find similarities and to organize what is known about the topic in epistemological themes. In this paper, it was conducted a systematic

review using 3 databases, reaching more than 200 reports, and classified 253 sentences of misconceptions in 7 epistemological
themes. The main contribution of this article is the classification of misconceptions into themes, which enables teachers and
researchers to easily identify a topic considering its complexity. This review shows different misconceptions over the same topic, how
misinterpretations can appear over all the models and theories related to the covalent bond, heterogeneity of school levels with the
same misconception and mixing of theoretical foundations. Finally, we claim that the knowledge of this wide sight can be especially

important to further lesson/unity planning, studies, and understanding of how to make a better transition between one topic to another.

Keywords: chemical bond; inorganic; molecular orbital.

INTRODUCTION

The second half of the 20th century was extensively marked with
developments in science education.'? Since then, considering what
the students already know regarding a scientific matter became an
important step to be considered in teaching and learning, related to
the conceptual change approach.’ Particularly, in education research,
some of the most common terms to refer to this process, over the
decades, were preconceptions, misconceptions, or alternative
conceptions, as presented by Ozmen.* They describe the formation
of conceptions through the student’s ideas, when they attempt to
connect the information from context, culture, everyday language,
etc. (preconception) to the systematized knowledge from formal
spaces of learning and eventually reproduces an error according to
the scientific community.’

Most of the studies concerning misconceptions took charge of
its identification in the most varied topics related to, for example,
chemistry, physics, mathematics, and biology.® However, as
highlighted by Vosniadou,’ in the recent decades, some investigations
regarding the topic have demonstrated the need to go beyond the
identification in a specific context and to understand the whole process
through the subject’s school history. Even though, as we discuss in this
article, some research has been conducted to identify misconceptions
in the most varied contexts, subjects, complexity order, and using
different methods. In this article, we propose a different way to
organize all these misconceptions identified in the literature by
classifying them in epistemological themes. This classification
allows teachers and researchers, for example, to recognize different
levels of complexity in misconceptions and relate them to each topic
in covalent bonds, as we hope to cover all subjects about it using
epistemological themes.® The importance of covalent bonding as a
chemical concept emerged from articles that discuss advanced topics
in the context of higher education,”!° how the same misconceptions
appear in different subjects, as the same misconceptions appear in
different disciplines and because of the significant importance that the
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topic has within chemical science, as in controlled reactions (organic
chemistry), energy analysis (physical-chemistry) or the very nature
of chemical bonds (inorganic chemistry).!! The latter is strongly
related to the authors’ area and related research. Besides, an earlier
investigation showed us how this topic was taught, in general, based
on a crystallized tradition of following textbooks'>'* with a linear
and summative approach.

The details of the systematic review are presented in the
Methodology section, as well as the implications in our investigation,
and how we intended to discuss the data. Next, as our main goal
on this article, we provide in Results and discussion section the
conceptions of covalent bond (found in literature by the systematic
review) organized according to epistemological themes of covalent
bond scientific development presented in another article during the
proposition of a conceptual profile.® Finally, we conclude with the
most important findings, limitations, and suggestions for further
research.

METHODOLOGY

The systematic review is a specific method of data collection that
includes well-defined steps and seeks to minimize the influence of
the researcher in the searches, since usually only those in accordance
with the researcher’s bias tend to be presented.'* Moreover, the
reproducibility may be guaranteed and used as a form of validation
of the method adopted, because it has parameters defined earlier
and a question to be answered.'® This methodology uses some steps
to achieve the publications of interest in order to exclude those in
disagreement with the purpose of the research in development. The
sequence of followed steps in this article is based on suggestions
found in the literature:'¢!”

1) Definition of the research question: the research needs to be
well defined regarding its purpose; therefore, all the steps can be
justified in its contribution for the findings and showing precisely
what has been done. In this article, we looked for the misconceptions
identified by covalent bond and all its variations and closely related
topics, such as chemical bond and ionic bond. To be included in
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the analysis for this article, the study needed to show explicitly
original results, not a literature review. Thus, our question is: “What
misconceptions on covalent bond, and closely related topics, have
been identified and reported in the literature?”

2) Definition of the parameters (keywords, Boolean operators, and
period): the same word may be related to several themes and bring
much more results than necessary, leading to a waste of time. Based
on an investigation with the databases used, we noticed that the terms
“misconceptions” and “bond” should be used because, even though
some research use “alternative conceptions,” for example, the reports
were related to other terms. Moreover, “bond” was more extensive
than simply “covalent bond,” regardless of our specific topic, it
allowed us to visit some conceptions of the edge or in superposition
with close themes. In addition, we used the Boolean operator “AND”
to restrict the reports that address both words. Concerning the period,
we searched for the time available for the databases, that is, 1900 to
October 2020, but the oldest report is from 1989.

3) Organization of data: the found reports may be extremely
numerous; it is essential to organize them to easily identify what
we are looking for. In this article, we conducted the search in three
databases, Web of Science (WoS); Education Resources Information
Center (ERIC); and Scientific Electronic Library Online (SciELO)
and organized all findings in a spreadsheet with title, year, journal
name, and abstract. The databases were selected due to the facility to
organize the found studies, wide scope of journals (WoS and SciELO)
and specificity of the education area (ERIC).

4) Reading titles and abstracts: this is the first step of looking
closely to the found reports and selecting them. It is necessary to
evaluate, first by title and abstract, whether the report is valid for a
deeper analysis or if the title and abstract are not enough to judge. It
becomes clearer why the earlier steps are crucial because if we are
too open or too closed for the choice of word, the quantity of report
is impractical to analyze or just not enough. Moreover, it is difficult
to accomplish reading if they are not well organized. In this article,
considering the selected keywords are broad in meaning—i.e., the
research goes beyond the necessary for answering the question—the
number of findings (255) were evaluated as feasible by the authors.

5) Reading the entire article: this step is accomplished first by a
floating reading —i.e., a fast reading on main topics—of the paper
because the next sections to the title and abstract are enough to show
us if the report comprises, or not, our purposes defined in the first
step. If the floating reading was not enough, most of the cases for
us, it was necessary a full reading followed by the registration of
main information from the text. Steps 4 and 5 are better conducted
if followed by more than one person.

6) Extracting and organizing information: based on the definitions
from the first step, it is necessary to organize the information extracted
from the reports, intending to answer our question. Some researchers
claim to reconsider these steps several times in order to conduct the
systematic review. In this article, we conducted the organization of
information by classifying sentences according to the epistemological
themes proposed.

Next, we present our results organized in major groups called
epistemological themes. These categories were proposed by
an investigation® concerning the historical development of the
covalent bond concept in science history. They contemplate a set
of contributions from theories or models, chronologically close
to each other and are detailed along with the discussions on the
conceptions. The purpose of using these themes was, firstly, to verify
if the misconceptions reported in literature covers all topics closely
related to covalent bond and, secondly, to organize them according to
different levels of complexity for a better visualization of the research.
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RESULTS AND DISCUSSION

The search for the articles was conducted in WoS, and then
in ERIC and SciELO databases, using the terms according to the
Methodology section, from the period of 1989 to October 2020. The
sequence of evaluation and selection of reports is described below
in Figure 1, it shows in detail the steps 4 and 5 of systematic review.
For the article to be chosen, it needed to present explicitly a sentence
with some misconception concerning covalent bonds. We analyzed
all 31 articles and extracted the misconceptions from them, according
to step 6, finding 253 sentences classified as misconceptions. Most
sentences taken from these articles were very similar or represented
the same idea. All sentences, in its original form, can be found
in Supplementary Material. For the review classification into
epistemological themes, all sentences were rewritten in more general
sentences, so we could work with a smaller number of sentences. We
separated them into topics (energy, polarity, orbitals, hybridization
etc.), then we looked for similar words in the sentences or the same
idea written in different ways, in order to rewrite new sentences. These
“new sentences’ are not completely new, they can be, for example, a
very similar sentence (from the articles) modified to exemplify those
misconceptions.

Reports found in all
databases: 255
—

Reports for floating or
complete reading: 53

p
(Step 4) Reports excluded
after reading of title and

w abstract: 202

Reports excluded by
impossibility of access: 6

-

Reports for tloating or
complete reading: 47

(Step 5) Reports excluded
for not being in accordance
with the research: 16

Reports for full
review: 31

Figure 1. Steps 4 and 5 of the systematic review conducted in this article

These new sentences were classified into seven epistemological
themes proposed based on secondary sources of the historical
development of the concept.® Each theme represents one or more
theories or models related to the covalent bond across the scientific
development of the covalent bond concept. The periods considered
were those associated with the ideas of affinity in the X VIII century,'®
chemical ideas from Berzelius to Lewis,'** and finally the period
associated with the valence bond, molecular orbitals, and density
functional theory.?'"> Next, we present the classification of sentences
in themes.

The conceptions of the covalent bond in the literature

The Animism epistemological theme represents theories about
affinity, from the XVIII century, and indicates an attribution of
human characteristics. All misconceptions identified are shown in
Table 1, including the word “want,” which is related to atoms desire
to establish a bond, as the theoretical model could present feelings
just like human beings. Nicoll,? for example, reported answers from
an interview where the senior level students associated the bond
formation as a way of atoms being happy for such achievement.
Another highlighted example is Kind’s®* study showing a value
judgment of bonds, where the covalent is the good one because it
“shares an electron” and ionic is the bad one because it “steals an
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electron,” reported from pre-service teachers of chemistry, physics,
and biology. All subsequent articles, identified as Animism, followed
in the same direction presenting some human characteristics attributed
to atoms or molecules, from secondary students to prospective
teachers, such as in Kabapinar,? Luxford and Bretz,?” Ozgiir Ozcan
and Temel,”® and Jenkins and Shoopman.” Instead of attributing
feelings to atoms, specialized literature points out that students should
relate these phenomena to calculable and scientific parameters as
energy variations, for instance.

Table 1. Animism epistemological theme misconceptions

e Atoms want to form substances
e Atoms want to form bonds to be more stable

e Atoms want to form bonds to reach the octet

Although in that century (of affinity concept) there was not
a concept as “octet,” the theme refers to the bond, specifically,
associated with a human feeling. According to some authors,**
this anthropomorphization can be the result from the first contacts
with the concept of bond between atoms, when some teachers, or
even textbooks, use it as an analogy for introduction to the topic.
The reported problems, foreseen in misconception literature, are
the difficulties of detaching from this conceptualization. Instead of
understanding it as a phenomenon with its own bases (math, physics),
students can extrapolate it to other situations, as atoms being “kind”
because they share an electron to form a covalent bond and ionic
bond being “mean” because it steals an electron.”

In the sequence, the epistemological theme named Realism was
differentiated from Animism because the conceptions related to it
were not linked to the idea of anthropomorphization. Besides, its main

Table 2. Realism epistemological theme misconceptions
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characteristic is the understanding of a bond as something secondary,
a consequence of another concept. Commonly, these conceptions
showed an indiscriminate use of words, without specifying how it fits
in that context, such as “attraction” or “stability,”>** as can be seen in
Table 2. The table is divided into subtopics for better comprehension
and analysis. In the first group of misconceptions, all sentences
refer to the covalent bond as a property controlled by atoms, ions,
molecules, etc. as if all these other concepts controlled what kind of
bond occurs, prior to the phenomena. Even if some relations may be
usual, students and teachers should be aware of the difference between
the examples of compounds with covalent bonds and the definition of
the concept itself. Besides, some relations in these misconceptions’
sentences are not usual, as the bond occurring between metals and
noble gases, what may indicate that students simply memorize some
concepts and try to establish a connection. In this latter case, the
misconception is not for an example of covalent bond compound.
We observed a classificatory use of words in reports from secondary
students to prospective teachers, such as “metals” or “nonmetals,”
for explaining the bond as a property of atoms, so the covalent bond
is the one formed, for instance, between nonmetal elements.?$30-32
In “polarity,” misconceptions continues to present the bonds as
a property of another concept, but now with the polar or nonpolar
behavior also as if it was defined by atoms or molecules itself. For
instance, it excludes any contribution of environment or changes in
the polarity of the same compound. Another common conception is
the explanation of a covalent bond simply as a type of bond stronger
or weaker than other bonds with no more details.>*-*> All these groups
of conceptions were proposed by us according to those ones shown
in Table 2. They all share an absence of good explanation over bonds
or covalent bond, they imply a second concept with no context at all.
In addition, some ideas seem too general for a scientific concept, just

Property of something else

¢ The covalent bond is formed between non-metals

« It occurs between metals and noble gases
« It occurs between ions and molecules

* Covalent or ionic bond based on the element classification of non-metal
or metal

* The forces keeping atoms together occur due to the electronegativity dif-
ference

« It is a force that keeps the atoms together
 Covalent bonds are weaker than ionic bond

* Covalent bonds are stronger than ionic bond

Polarity

e It is polar because atoms are equal

* Non-polar molecules are formed only when its atoms have similar elec-
tronegativity

e Polar covalent bond is formed when the atoms’ electronegativities are
different

* The molecule is polar due to its polar covalent bonds

* The bond polarity depends on the number of valence electrons of each
atom involved

* The difference in electronegativity provides the molecule polarity

* Nonpolar covalent bond occurs when the difference in electronegativity
is small

* A nonpolar covalent bond is formed because the forces of attraction are equal

Typification of bonds

* Lewis’s structure can be used for both types of bonds (covalent and ionic)
« There are two types of bonds: covalent and ionic

* Bond size depends on the type of bond

 Hybridization is a type of covalent bond

* Equal spacing in bond representation indicates the same type of bond

* Covalent bonds are an intramolecular bond
* Valence bond theory is valid only for covalent bond
« Different types of bonds set the properties of the substance

* The properties of the substance set the type of bond

Characteristics of covalent bond

» Covalent bonds are structures (possess mass and volume) that keeps atoms
united and can undergo modifications

» Covalent bonds are broken during the process of physical state change

 There is no interaction between molecules

e It is a single bond

* The form of the molecule found in nature explains their stability
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like “force,” that describes the bond as an abstract phenomenon, or
“structure” using it as a solid that holds atoms together, including all
changes at the macroscopic level as happening directly in covalent
bonds.

Some conceptualizations for the formation of bonds between
atoms, especially the classificatory ones, can also be found in the
theory of radicals and types, starting in the middle of XIX century.?**
At that time, there was no concern in detailing or describing the bonds
itself, only the classification of reactivity according to the atoms, by
elements of periodic table. The result of epistemological analysis®
from that time (e.g., classification methods) and the development of
the concept in the subject history shows an attempt to understand the
bond as something to be classified in one or another group, covalent
or ionic, metal or nonmetal, even though no parallel for this exact
classification can be found in epistemological foundations. For
example, it seems to have no scientific basement showing a direct
connection between the periodic table labelling and the typification of
bond present in the connectivity between atoms. These missing points
of the identified misconceptions made us classified them as Realism
because it shows the start of a conception network, but it is made
with little or no foundation at all in chemical and physical sciences.

The third epistemological theme, called Empiricism, is the group
of misconceptions related to empirical data. For instance, the size of
bonds or its energies, usually found in textbooks in table format. As
we show in Table 3, some of the reported studies show the association
made by secondary students and secondary science teachers, between
the concept of covalent bonds and a value obtained experimentally.?’-
This concept is also common in several other articles that define
the covalent bond as a range of the amount of energy or size. As
expected, it can directly influence the teaching process and appears
in different grades of teaching and learning.***° We also observed
the misconception about how these tabulated data are obtained, how
bond length is determinate, since students end up arbitrarily using
the process of forming or breaking the covalent bond, mixing them
with energy absorption or release. Both students and teachers need
to be aware of how these data are obtained and what the tabulated
number represents, as average numbers and the specific conditions.

Table 3. Empiricism epistemological theme misconceptions

Bond length

e The size of a bond is the distance between the atoms

e The size of a bond is not the distance between atoms

Bond energy

* Bonds are ways to store energy and its break releases the stored
energy

* The formation of the bond either release or absorb energy
* The energy is released when the chemical bond is formed

* [tis necessary to provide energy for formation or breaking of a bond

The Essentialism theme was identified from some definitions of
covalent bonds as exclusively composed of electrons in pairs between
atoms, as a simplistic attribution of an essential characteristic: all
bonds are covalent if present a pair of shared electrons, as can be
seen in Erman’s* study. Besides, it is a widespread idea. From the
seminal works of Lewis'”* and Langmuir,* it can hinder further
analysis or more complex systems. For instance, Salah and Dumon’s*
study shows the physical sciences higher students’ conception of
covalent bond as electrons shared in pairs poorly related to theories
of atomic orbitals or even hybridization. Once more, both conceptions
have no direct parallel in epistemological foundations. According to
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Table 4, other sentences include an association between the line’s
representation and evenly shared electrons, which is like the ones
identified in Realism, but now resonating with the Lewis structure.*¢

Table 4. Essentialism epistemological theme misconceptions

 Covalent bonds are related to pairs of electrons
 Atomic orbital is a pair of electrons
* Lines represent covalent bond from sharing of electrons pair

 Hybridization is the combination of two electrons of different atoms

The conceptions classified as Classical Rationalism show
close similarity with the previous theme because they were also
influenced by Lewis and Langmuir’s contributions but not limited
to the covalent bond as electrons shared in pairs. In fact, the
sentences reproduce the idea of a concept no longer isolated, but
dependent of a closely related network of concepts.*”** The reported
conceptions encompass the covalent bond present in every system
of atoms, as the only possible connection between them, instead
of a connection occurring in a specific way. In the ionic bonds, for
instance, as can be seen in Table 5, the covalence is a step to achieve
the ionic compound, which can be related to the formation of a
long-range chain, according to elementary school students.**-%!
The process, according to elementary and undergraduate students
of biology, include the formation of covalent bonds between sodium
and chlorine, for instance, followed by intermolecular forces, and
finally the whole progression would be called ionic.**? Generally,
the sentences show closer connections between the conceptions and
perform them more coherently. Also, we verified misconceptions
concerning the movement of electrons by the molecule, the octet
rule once more (as a property of each atom), the consequences of
the covalent bond on the molecular polarity, and the misrelation with
Bohr’s atom model (of size and valence shell).*>535* The sentences
related to electron movement show the difficulty of the students to
interpret the behavior of electrons in a molecule, as these electrons
could only be between the atoms or if they move in orbits, such
as in Bohr’s atomic model. Polarity related misconceptions show
ideas attributing the behavior (of being or not polar) to the covalent
bond as generic rules, and not as dependent of different properties
and molecular environment. Some sentences show the bond as a
property of atoms that controls it, or as a property of electrons to bind
(besides equal charge repulsion) seeking to complete the octet.> =’

The first considerations on theories derived from quantum
mechanics, as the valence bond theory, and its consequence on
misconceptions were identified as Modern Rationalism. The sentences
include concepts with more complex connections, related to a
broader network of concepts, and to differentiate it from the previous
epistemological theme.® As in Table 6, some conceptions show a
more detailed idea of covalent bond, using concepts of orbital and
hybridization, for instance. The sentences related to orbitals present
some interesting ideas for describing the concept, however they were
assigned as misconceptions because the higher education students
understand the space region of probability as a concrete part of the
atom, the absence of abstraction represented in these concepts, or the
formation of covalent bond from atomic orbitals as a description of
event happening in time. Next, the sentences consider the attraction
of shared electrons with the nuclei involved in the system for higher
education students,*>* or the repulsion presented by equal charges
for secondary upper-level students,® even though both still appear
only as isolated conceptions happening in the molecule or any similar
system. Other interesting conceptions show different ideas so far,
by describing the concept of hybridization, covalent bond using
orbital overlaps, mathematical instruments (e.g., probability), and
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Table 5. Classical Rationalism epistemological theme misconceptions
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Table 6. Modern Rationalism epistemological theme misconceptions

Link to ionic bond

Bonds properties

* The ionic bond involves the formation of a molecule, electron sharing, and
intermolecular interactions

* Bond as a combination of electrons sharing and transfer

* Bond as the attraction between electrons (which can present positive charge)

Electron movement

* Electrons in a bond can move between the atoms
» Electron stays still between the nucleus and closer to the electronegative atom

* Electrons in a bond move around the atoms

Octet rule and atom properties

» Bonds are formed to reach the octet
¢ Octet rule is used to predict whether the bond is ionic or covalent
* The covalent bond is the sharing of electrons between two atoms

* The type and quantity of bonds depend on the atom

* The covalent bond is the attraction between shared electrons and the nuclei
* There is repulsion between the atoms
* Bonds can be represented as boxes

Orbital

* Atomic orbitals are a space region with bigger probability of finding electron
* Orbital is a surface attributed to a probability

* Orbital is a graphic representation of a wavefunction

 Atomic orbital are complex functions

* The covalent bond is the overlaps of atomic orbitals

 Atomic orbitals are related only to covalent bonds

* sp® orbital is the combination/junction/mix/union/overlap of 1 s orbital and
3 p orbital

* The lateral overlap of orbitals happens only with half of the orbital

Polarity and electronegativity

Hybridization

« A polar molecule has a total dipole moment bigger than 0
« All bonds in a polar molecule are polar if they occur in the same direction
* Nonsymmetric molecules with polar bonds are polar

* Molecules can be polar if the nonbonding electrons form a partial negative
charge

* Nonbonding electron pairs influences in the position of bonding pairs and
determines the polarity of a bond

* Double bond between atoms with the same electronegativity and single bond
for atoms with different electronegativities

* Repulsion has no relevance for chemical bond

 Hybridization is the reorganization of atomic orbitals, resulting in a new
electronic configuration more accurate for the bond

» Hybridization is the electron transition for empty orbitals during bond
formation

* Hybridization is the observed result of interaction between particles

* Hybridization indicates how many electrons from each orbital participate
in the bond

 Hybridization is a spontaneous process
* Hybridizations are different forms of orbitals

» Hybridized orbitals are molecular orbitals

Valence shell and atom size

* Atoms can share as much electrons as they have in its valence shell

e The quantity of valence electrons determines how much electronegative
the atom can be

* Bonds can be described by the Bohr atomic model

* A larger atom applies more influence on the shared electron pair

representations of boxes where the electrons are supposed to fit in.!%4
Some of them, although more complex than previous conceptions,
present the misuse of graphical representations as orbitals, or the
quantum boxes, as concrete objects, just like some misconceptions
identified in Realism, for example.

Finally, a great number of misconceptions from undergraduate
students demonstrate the attempts of students to define the
concept of hybridization as a process that can occur to molecules,
as a mathematical method, or a subdivision of orbitals.!®*® The
epistemological theme named Contemporary Rationalism was
identified from theories also derived of quantum mechanics. Instead
of localized orbitals overlap, it was considered the concept of a
delocalized electron cloud over the molecule (or similar system)
present in the molecular orbital and density functional theory. The
first misconceptions are related to a different way of describing the
bond from the formation of a new orbital, and no longer by overlaps
in directional ways, as can be seen in Table 7. The sentences refer
to the papers of Bouayad et al.'® and Stefani and Tsaparlis,’ both
from undergraduate students, in which the authors identified a
misinterpretation of the delocalized electron representations, or the
combination of orbitals as something that happens like a concrete
mixture of shapes, as mixing modeling clay.

Moreover, we verified conceptions concerning the electron cloud
as if it were a hollow solid shell, where the electrons, still interpreted

Table 7. Contemporary Rationalism epistemological theme misconceptions

* Molecular orbital is the mixture of atomic orbitals

 Atomic orbitals look like a cloud with a specific form

* The electronic cloud shows how far the electron is from the nucleus
* Atomic and molecular orbitals are levels of energy

* Orbitals are spaces to be fulfilled with electrons

* Orbitals are representation of sub microscopic entities

e In the molecular orbital theory, a small bond order indicates a short bond

as particles, are running around the structure, and eventually could
be found, simply frozen,'” instead of a region in space provided by
probability density function. Even though the student used terms
such as “electronic cloud,” its use is associated with the particle—
not the wave-particle dualism—nature, showing again a mixture
of conceptions. Figure 2 shows a scheme with all epistemological
themes and examples of misconceptions for each one from Results
and discussion section for a broader view of our findings.

Strengths, limitations, and future research

In this paper, we presented how the concept of covalent bond
has been identified and reported in the misconception literature. By
gathering all these studies, we demonstrated that misconceptions
concerning the covalent bond appear in different scholar levels,
even for undergraduate students, and pre-service teachers, as well
as these misconceptions can be classified according to different
epistemological themes. Moreover, we also corroborated the literature
on misconceptions showing how much a specific belief can be overly
linked to a certain idea, persisting, and overlapping meanings in
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Figure 2. Scheme of epistemological themes and main conceptions regarding the covalent bond

order to maintain their primary understanding. As it happened to
Realism, for instance, when other misconceptions attributed a concrete
existence to orbitals or electronic cloud. Or as the Essentialism main
idea, attributing the evenly shared electrons for different theories, like
if it is the only possibility.

Simultaneously, this intersection of epistemological themes —
and the misconceptions — was not the focus of our analysis, that
is, we did not consider here that a misconception sentence could be
related, or be represented, to more than one epistemological theme,
although we know that may be possible. Moreover, it may not consider
all possible studies on the topic by using only “misconception,” even
though the parameters of the research were chosen to contemplate
papers looking for title, abstract, and keywords. In other words, even if
the paper used another termination, “misconception” could be present
in any topic. It is worth mentioning that this research depended on the
findings reported in the literature, assuming phrases and references
from other studies for what was considered by the authors as a
misconception. It was not our purpose to analyze whether any idea
could be plausible in any historical or teaching context, for example.
However, taking this into account, we point out new possibilities for
future research, like assessing these statements according to scientific
literature. As a large number of misconceptions are brought together
in the same article, it may be possible to take it to the next step and
return to the classroom with much more information on this topic
to plan teaching-learning sequences and better assessing students’
ideas about this content. For example, the epistemological themes
presented in Results and discussion section can serve as the basis for
a sequence of classes on covalent bonding in higher education, even
in high school, with the appropriate adaptations.

Lastly, through the systematic review, we contributed showing
how the research method was conducted and the implications
it brought to the process, allowing other similar searches to be
organized. Unlike leading an unsystematic review, here we can reach
and deal with research found by a more rigorous method that seeks to
decrease the authors’ biases—once all the steps are clear and anyone
can repeat it—allowing other research to be organized in similar
ways, considering occasional future changes in the research area. In
addition, the proposal of epistemological committed themes allowed

us to go beyond a simple list of phrases, to a classification of sentences
according to topics of different complexity levels.

CONCLUSIONS

Our review of misconceptions reported in literature shows a
panoramic view of the topic, how it has been conducted through
the years, the similarity between different articles, recent research
about the topic, and how they can be classified in epistemological
themes. Nevertheless, we considered all the epistemological themes
previously suggested, what indicates that much is known about the
misconceptions concerning the theme. Besides, this article was about
adifferent proposal to organize empirical data on misconceptions with
a panoramic and analytic view. It was not necessary to create new
epistemological themes during the process, once all the sentences
were associated with some theme. According to this work, all
themes present significant meanings related to some model or theory,
showing that it is possible to misinterpret all of them. However, not all
themes found the same quantity of papers, as for the Contemporary
Rationalism, indicating possible gaps in the topics, different publics,
or different levels of education.

In conclusion, for the covalent bond and related topics, we
discussed how a concept can be extremely complex considering all
established connections, also how the themes can be organized and
planned for a more effective teaching on chemical bonds. Although it
is possible that some topic was excluded, the themes from Animism to
Contemporary Rationalism contemplates several conceptualizations
and certainly a class about the covalent bond will cover, at least, a
part of what was discussed here, showing the extension of this study.
Once professors or teachers recognize the problematic of using such
ideas as animistic feelings, or the concrete existence of orbitals, for
example, they can warn students that these conceptions are simply
an analogy, or a metaphor, that may work “for now,” as a scaffolding
strategy, but these ideas need deeper understanding and planned
actions as an example of how the information can be used. While
for the general theme of misconceptions, it was possible to access
how studies have reported the content. It includes, for example,
different authors for different publics getting to similar statements
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over the same topic. For future research, our review may be used as
a starting point for discussing the mistakes on these misconceptions,
according to scientific reports, thinking on class context and in the
conceptualization process by the students, as well as for planning
and assessing teaching-learning sequences about covalent bonding.

SUPPLEMENTARY MATERIAL

The full material with all conceptions found by this article is
available at http://quimicanova.sbq.org.br, in PDF format, with full
access.
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