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ABSTRACT

The objective of this study was to analyze visual representations of redox reactions and related content in four Brazilian secondary
school chemistry textbooks. The study aimed to identify which representations were used and to evaluate how these representations were
linked to one another and to the main text. Data were analyzed regarding representational levels and the degree of relatedness between
the different levels and the main text. Further analysis focused on the intended function of images and which curriculum orientation
they indicated. The sample was comprised of 286 visual representations. The results showed that most of the visual representations
merely served a decorative function and were not explicitly used to further understanding of the content in the main text. The findings
indicated that the textbooks in this sample prioritized two separate levels of representation: The macroscopic and the symbolic. Only
a few submicroscopic and multilevel representations could be found. The textbook illustrations indicated a strong “structure of the
discipline” orientation of the curriculum, which was illustrated with orientations taken from everyday life, technology, and industry.
It emphasizes the importance of using illustrations in textbooks, because of its influence on the construction of concepts, in particular
the concept of redox reactions. Based on this research, it is possible for chemistry teachers to observe the limitation of these materials
and carefully select the textbook used in their curricula. Moreover, the results can contribute to improving the quality of textbooks.
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INTRODUCTION

edox reactions are a type of chemical reaction involving
Rtbhe gain and loss of electrons by electron transfer
etween different chemical species. This type of reaction
is essential for many basic life functions such as respiration and
photosynthesis. It is also the basis for many everyday processes
found in batteries, breathalyzer test, electroplating, corrosion, and
the oxidation of fruits and vegetables (Osterlund et al., 2010).
Redox reactions are one of the central concepts of chemistry
taught at the secondary school level in several countries (Adu-
Gyamfi et al., 2018; Basheer et al., 2017; De Jong et al., 1995).
However, redox reactions are commonly perceived to be one
of the most difficult topics to teach and to learn (De Jong and
Treagust, 2002). Furthermore, it is one of the content areas
in chemistry that allows for the inclusion of socioscientific
questions. Examples include reflection on the importance of
conscious consumption and discard of batteries, the production
of metals such as aluminum, and/or the protection of metals
against corrosion. It is possible to establish the relationship
between science, technology, and society. This approach has great
potential for developing students’ skills (Eilks, 2015).

One of the important aspects of an advanced understanding
of redox reactions is dealing with their three representational

levels: The macroscopic, submicroscopic, and symbolic levels
(Johnstone, 1991). Macroscopically, students are required
to observe, for example, changes in color, the formation of
precipitates, or gases released during a reaction. At the same
time, students are expected to understand electron movements
to describe the submicroscopic, particulate level. At the
symbolic level, students must be able to represent reactions by
writing redox equations. In general, it is difficult to establish
direct relationships between these three representational levels
of chemistry (Eilks et al., 2007; Tan et al., 2009). Unfortunately,
students tend to most frequently explain phenomena at the
macroscopic level, because they live in the macroscopic world
and can only make observations at this level (Gabel, 1999).

It is essential for teachers to know how to explain redox
reactions, how to connect the different representations
of corresponding phenomena, and how to use different
representations of the content (Valanides et al., 2003).
However, studies have revealed that even teachers sometimes
have difficulties in explicitly connecting the representational
levels. They either move between them without explanation or,
just like their students, tend to prioritize the macroscopic level
(Gabel, 1999). A study on experienced teachers in Germany
showed that even though teachers might know different
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approaches to teaching submicroscopic concepts, these
concepts are often poorly elaborated in teachers’ understanding
and teachers are reluctant to change their teaching practices
(Eilks, 2013).

Visual representations can help in reducing student difficulties
when moving between the different representational levels
(Gilbert, 2006) if pupils know how to interpret them
(Pint6 and Ametller, 2002). It has also been suggested that
visual representations have the potential to contribute to a
better understanding of the meaning of texts in textbooks
(Dimopoulos et al., 2003). Research reports that when
learners have access to visual representations in addition
to a text, it becomes easier for them to comprehend the
concepts presented (Carney and Levin, 2002; Tan et al.,
2009). Since much of the contact by the students with
the visual representation of content is mediated through
textbooks (Lee, 2010), it is important to ensure that visual
representations are carefully used in textbooks. It has been
noted that the mere presence of images in textbooks does
not guarantee that it will facilitate the understanding of
contents (Gkitzia et al., 2011), coherence between the text
and the images is necessary. Furthermore, identifying the
purpose of images in the textbook can help the teacher to
use them critically.

Although there are several studies that investigated the role
of images in textbooks (Gkitzia et al., 2011; Izquierdo and
Gouvea, 2008; Khaddoor et al., 2017; Llanos and Otero,
2018; Nyachwaya and Wood, 2014), further analyses may be
carried out for different topics and educational environments, to
compare and contrast how representations are used in chemistry
textbooks in the foreground of an international context (Kapici
and Savasci-Acikalin, 2015). The research interest of the
current study was: How is content related to redox reactions
visually represented in Brazilian chemistry textbooks? The
purpose of the study was not to indicate eventual conceptual
errors in the textbooks, but rather to characterize how the
textbook authors adapted visual representations related to
redox reaction content.

THEORETICAL FRAMEWORK

Textbooks have an important place in education, mainly as
a resource for teachers and students (Devetak and Vogrinc,
2013). Many teachers depend on the textbook to guide their
teaching efforts (Stern and Roseman, 2004). They use them to
select the subject matter, establish a teaching sequence, choose
exercises, and teach specific topics and activities (Bizzo et al.,
2012). Students interact with textbooks at school, use them
to study at home, and sometimes list them as references for
advanced papers or projects (Gkitzia et al., 2011). Textbooks
regularly represent commonly used practices in the curriculum,
since experienced in-service teachers frequently write them.
They are affected by authors’ styles as they transmit their
views on the national curriculum. In this sense, textbooks
direct the orientation of the curriculum (Roseman et al., 2010;

Khaddoor et al., 2017) and provide guidance about pedagogical
approaches (Souza and Porto, 2012).

Research reports those conceptual difficulties, alternative
conceptions, and even the use of inappropriate language
and misleading visual representations in textbooks occur
(Schmidt et al., 2007; Barke et al., 2009; Osterlund et al.,
2010). Besides that, inadequate images in textbook can be
didactical obstacles of learning (Carvalho and Clément,
2007). A study on how future chemistry teachers understand
electrochemistry concepts such as cell potential and galvanic
cell equilibrium attributed one learning difficulty “to the
insufficient explanation of the relevant concepts in textbooks”
(Ozkaya, 2002. p. 738).

Considering the importance of textbooks and realizing that
the representations found in them influence teachers’ teaching
and students’ learning (Pozzer-Ardenghi and Roth, 2005),
the current study analyzed the types of representations in
Brazilian chemistry textbooks on the concept of redox
reactions. While the content of redox reactions can be treated
as pure chemistry; it can also be presented within everyday
life situations, environmental questions, and technology
applications (Eilks et al., 2013). In the literature on chemistry
teaching, the research on redox processes can be divided
into categories:

e Teaching strategies and practical activities involving
redox and/or electrochemical processes (Huddle et al.,
2000; Niaz and Chacén, 2003; Sesen and Tarhan, 2013)

e Teaching and learning of redox and/or electrochemical
processes with a focus on students, including works on
alternative conceptions (Garnett and Treagust, 1992a;
1992b; Barral et al., 1992; Ringnes, 1995; Posada, 1997,
Sanger and Greenbowe, 1997a; 1997b; 2000; De Jong
and Treagust, 2002; Niaz and Chacén, 2003; Schmidt
etal., 2007; Lee, 2007; Barke et al., 2009; Osterlund and
Ekborg, 2009)

e Teaching and learning of redox and/or electrochemical
processes with a focus on teachers (De Jong et al., 1995;
Ozkaya, 2002; De Jong and Treagust, 2002)

e  Processes and/or electrochemistry in chemistry textbooks
(Sanger and Greenbowe, 1999; Mendonga et al., 2004;
Osterlund et al., 2010)

A fundamental aspect about the teaching of redox processes
that lead to alternative conceptions is the coexistence of several
explanatory models, which sometimes is confused by students,
teachers, and even authors of textbooks (Osterlund et al.,
2010). In addition, many students are unable to differentiate
reactions at the macroscopic level of substances and at the
submicroscopic level of particles (Barke et al., 2009).

The idea of the different types of representations of chemistry
generally refers back to the works of Johnstone from the 1980s
onward. Johnstone had already proposed a triple relationship
between the different representational levels of chemistry
as carly as 1982. For him, chemistry exists at least at three
levels: (a) Descriptive and functional, where is possible to
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see, handle and describe materials and their properties; (b)
representational, in which formulas and reaction equations
represent chemical substances processes; and (¢) explanatory,
which concerns the atomic and molecular level (Johnstone,
1982). Later, Johnstone strengthened his discussion about
the triple relationship and referred to it in various ways. In
1991, Johnstone arranged the three levels as the vertices of a
triangle (“triangle of levels of thought”) and renamed them the
macro, submicro, and symbolic levels (Johnstone, 1991). For
Johnstone, no level is superior, each merely complements the
others. In 1993, Johnstone emphasized this in his model by
naming the components, “the macrochemistry of the tangible,
edible, visible; the submicrochemistry of molecular, atomic,
and kinetic; and the representational chemistry of symbols,
stoichiometry, and mathematics” (Johnstone, 1993. p. 702).
In 2006, he explained the possible overlapping of the three
levels. The vertices of the triangle (Figure 1) were considered
“the three conceptual levels of chemistry” (Johnstone, 2006.
p- 59). In 2010, he presented the triangle as “three aspects of
representation in the physical sciences” (Johnstone, 2010.
p- 24). The vertices were called macro-tangible; molecular-
invisible; and symbolic-mathematical.

In his articles, Johnstone worried about the use of the three
levels at the same time. For him, a chemist may be able to
move between the sides of the triangle and into the triangle,
but students do not easily understand this. Becoming familiar
with the movement between the edges of the triangle was
considered by Johnstone to be a slow process. He, therefore,
suggested that chemistry “concepts must be built from the
macroscopic and gradually be enriched with submicroscopic
and representational aspects” (Johnstone, 2010. p. 28).

Despite different interpretations, varying representations,
and distinct terminologies (Gilbert and Treagust, 2009),
Johnstone’s model is still used by many researchers in
chemistry education (Treagust et al., 2003; Eilks et al., 2007;
Al-Balushi and Al-Harthy, 2015; Becker et al., 2015; Irby et
al., 2016). For this study, we decided to start our investigation
from using the chemistry triangle as initially proposed by
Johnstone (1991). Johnstone (2010) noted, “any additions
to it are superfluous and complicating. There is no hierarchy
implied in this model, and any additions to it are superfluous
and complicating. Let us keep things simple or the model

MACRO
Mainly macro with

some sub-micro T~

Mainly representational with
little macro

S

REPRESENTATIONAL
(symbols, formulas, equations, graphs)

SUB-MICRO
(atoms, molecules and ions)

All levels simultaneously, but
mainly sub-micro

Figure 1: The three conceptual levels of chemistry (Johnstone, 2006)

will not be used. However, further interpretations such as
those by Mahaffy (2004) and Sjostrom and Talanquer (2014)
did play a role in our interpretation of visual representations
in the textbooks. This occurred as we looked for curriculum
orientations as suggested by Eilks et al. (2013) and as it is
indicated by the use of corresponding illustrations connected
to the three representational levels. This interpretation is near
to Mahaffy (2004) as he suggested to add a dimension of
context to the triangle.

In addition to the different levels of representation, it
is important to analyze the functions of the images.
Visual representations can be classified as decorative,
representational, organizational, or interpretational (Slough
et al., 2010; Carney and Levin, 2002). Decorative images
are one of the most prevalent functions of representations
(Perales and Jimenez, 2002; Cook, 2006; Gibin et al., 2009;
Nyachwaya and Gillaspie, 2016). Similarly, it can be said
that the relatedness of the images to text is a complementary
function as it describes the image verbally and helps the readers
to understand what the image is about. Gkitzia et al. (2011)
found that more than half of the representations are generally
related to the corresponding concepts.

There is already research dedicated to studying issues related
to the different levels of representations used in the sciences
and their teaching, related to visual representations in general
(Cook, 2006; Eilks et al., 2012), and in textbooks in particular
(Cheng and Gilbert, 2014; Kapici and Savasci-Agikalin, 2015).
There is, however, very limited information available about the
visual representation of redox reaction content in chemistry
textbooks. Sanger and Greenbowe (2000), Mendonga et al.
(2004), and Osterlund et al. (2010) analyzed the content and
teaching models related to the redox and/or electrochemical
processes. However, only one of these studies had a focus on
the Brazilian educational context and this focused on the field
of organic chemistry (Mendonga et al., 2004).

Thinking about the difficulties reported in literature about
redox reactions content, and considering the hypothesis that a
significant part of the difficulties of the students can be derived
from the adoption of inappropriate language and misleading
illustrations, this study chose to describe the kinds of visual
representations regarding the macroscopic, submicroscopic,
and symbolic levels used in Brazilian chemistry textbooks for
redox reactions. Furthermore, the study explored how these
representations were linked one to another, how they were
related to the main text, and which curriculum orientations
were indicated by the visual representations.

This study was guided by the following research questions: (1)
What is the level of chemistry that chemical representations
in the chapter about redox reactions of Brazilian secondary
school chemistry textbooks emphasize? (2) How are the
representations levels linked to each other? (3) What is the
degree of relatedness between chemical representations in
the chapter about redox reactions and text content? (4) What
function do representations in the chapter about redox reactions
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serve in the textbooks? (5) Which curriculum orientation is
indicated by visual representations in the textbooks?

BACKGROUND AND METHODOLOGY OF THE
STUDY

At present, most of Brazilian public schools receive textbooks
approved by the National Textbook Program (PNLD —
Programa Nacional do Livro Didatico), a program of the
Brazilian federal government (Brasil, 2009). In the year 2015,
for example, the National Fund for Educational Development,
through the National Textbook Program (PNLD), benefited
more than 30 million students and more than 140 million
copies were distributed among 123, 000 schools, totaling
almost BRL 200 million (approximately USD 55 million)
distributed among the publishers (FNDE, 2017). This support
the argument that the official curriculum documents suggest the
programmatic content in textbooks and that the various authors
write textbooks in accordance with the national curriculum.

Given the wide access of students and teachers to the textbooks,
as well as their supposed use in school institutions for 3 years of
the high school, it seems reasonable to analyze the collections
approved. Each collection consists of three textbooks (three
volumes) and each volume is intended for 1 year of high school.
For this study, we focused only on the secondary chemistry
textbooks that were approved by the National Textbook
Program (PNLD) in 2015 and were currently being use in
schools in Brazil.

The textbooks collection was analyzed for any images in
chapters dealing explicitly with redox reactions. Two different
researchers analyzed the images independently. The four
textbooks chosen were the volumes in each collection that
address redox (Table 1).

Except for the first textbook (TB1), all of the other textbooks
deal with redox reactions mostly in the second volume, which
is generally meant to be used in the 2™ year of high school.
The fact that the redox content is concentrated in volume
two for three textbooks collection is in accordance with the
National Curricular Parameters for High School (PCN +) in
Brazil (Brasil, 1999).

The sample contained 286 visual representations. This
sample included all the visual representations in the related
chapters even though some of them implicitly related to the

Table 1: Chemistry textbooks analyzed in this paper

Texthook Reference

TBI1 Santos and Mol (2013). Quimica Cidada 3 (Citizen
Chemistry 3) (2nd ed.). AJS Ltda

TB2 Mortimer and Machado (2013). Quimica 2: ensino médio
(Chemistry 2: High School) (2nd ed.). Scipione

TB3 Fonseca (2013). Quimica 2 (Chemistry 2) (1st ed.). Atica

TB4 Antunes (2013). Ser Protagonista: Quimica 2 (Be

protagonist: Chemistry 2) (2nd ed.). Edigdes SM.

concept of redox reactions. These 286 visual representations
were analyzed using five different categories: Level of
representation, degree of correlation between representations
comprising two or more levels, relatedness to text, function of
images, and indications for the orientation of the curriculum.
The first three categories above were based on the criteria for
the evaluation of chemical representations given by Gkitzia
et al. (2011). One of the purposes of this research was to
analyze what kinds of representations were present in each
textbook and how they were used. Therefore, we decided
to classify each representation when it appeared alone or in
combination with another level of representation. We also
analyzed how the images and texts are related to one another,
based on three out of the six typologies initially proposed by
Gkitzia et al. (2011): completely related, partially related, and
unrelated. The categories and subcategories, as well as their
descriptions, are shown in Table 2.

Regarding the function of images, we chose Carney and
Levin’s (2002) three categories that had been used in several
works related to the analysis of visual representations in
textbooks (Slough et al., 2010; Nyachwaya and Gillaspie,
2016). Carney and Levin (2002) suggested four common
functions for images: Decorational, representational,
organizational, and interpretational. The functionality of the
illustrations was difficult to evaluate, so we could only consider
three categories of illustrations. After analysis, the decorational
and representational categories were grouped, because the
findings appeared to be very similar to one other. In these two
categories, the visual representations function to illustrate or
exemplify the content that is already in the text. Furthermore,
a lack of illustration for these categories would not negatively
influence the conceptual understanding of the text. The three
categories are described in Table 3.

As has already been mentioned above, textbooks also represent
orientations of the curriculum (Roseman et al., 2010). The
accompanying visual resources can indicate such orientations,
for example, by referring to the everyday life relevance of
chemistry, its historical development or chemistry’s industrial
ramifications. To dig into this question, the illustrations were
analyzed using the list of potential curriculum orientations
summarized in Eilks et al. (2013) (Table 4).

FINDINGS AND DISCUSSION

In this study, we found 286 visual representations in the
chapters related to redox reaction content. In general, the same
levels of representation appeared throughout the four chemistry
textbook series. Figure 2 presents the percentage of visual
representations in each textbook for each representational
level category.

None of the four textbooks covered all of the seven
representational levels as given in Table 2. Macroscopic
representations were the most common type identified (77%)
followed by combinations of the macroscopic and symbolic
levels (18%). These results are in line with the results by
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Figure 2: Distribution of visual representations regarding representational levels in four Brazilian textbooks (TB)

Table 2: Definition of analytical categories (adapted from Gkitzia et al., 2011)

Category Subcategory Description

Levels of representation Macroscopic Presents only observable and realistic aspects
Submicroscopic Illustrates unobservable and abstract aspects
Symbolic Uses symbols and codes of chemistry

Macro and submicroscopic
Macroscopic and symbolic

Submicroscopic and symbolic
Macroscopic, submicroscopic,

and symbolic
Degree of correlation between representations  Sufficiently linked
comprising two or more levels

Insufficiently linked

Unlinked

Relatedness to text Completely related
Partially related

Unrelated

Represents two levels: Macroscopic and submicroscopic

Represents two levels: Macroscopic and submicroscopic

Represents two levels: Submicroscopic and symbolic

Represents all three levels: Macroscopic, submicroscopic, and symbolic

Equivalence of the surface features of the components is clearly indicated

Equivalence of only some surface features is indicated clearly

Subordinate representations are just placed next to one another; there is
no indication of the equivalence of their surface features

Representation depicts the exact text content
Representation depicts a similar subject to the text but not the exact one

Representation is irrelevant to the text content; text describes the contents
without mentioning the correspondence to the representation

Table 3: Definition of image functions by category
(adapted from Carney and Levin, 2002)

Table 4: Evidence of a curriculum orientation (inspired by
Eilks et al., 2013)

Category  Subcategory Description Category  Subcategory Description
Function of Decorative Not relevant to the text — illustrations Curriculum  Structure of the Illustrations represent scientific
images can help the reader enjoy the textbook orientation  discipline orientation theories and facts and their relation
by making it more attractive. to one another
Organizational Illustrations can help the reader History of science Illustrations represent scientific
organize information into a coherent orientation content as it emerged in the past or
structure and encourage more detailed its historical development
processing of text Everyday life Illustrations represent questions
Interpretational ~ Strong relationship to the content — orientation from everyday life
illustrations can explain and help the Environmental Illustrations represent scientific
reader better understand concepts and orientation content behind questions of

ideas in the text.

Chen et al. (2019) in the case of chemistry textbooks from
the People’s Republic of China. More than half of the
images used illustrations that address only the macroscopic
level. The images in the Chinese textbooks have different

environmental protection
Industry and
technology
orientation

Illustrations represent chemical
technology, industry, and their
applications

Socioscientific issues Illustrations represent situations
orientation that provoke the students to think
about societal questions
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functions such as exemplification and contextualization.
One example is a picture made up of various objects, some
electronic, some not, which are fully or partially made of metal
(Figure 3 image a). These representations alone, however,
do not help the understanding of the other representational
levels in chemistry. Learning at only one level can lead to
fragmented knowledge since students do not know how the
same phenomenon can be represented and related at the other
levels (Treagust et al., 2003).

Representations at the submicroscopic level primarily
appear whenever illustrations portray two or more levels
simultaneously. Images classified solely as submicroscopic
are present in only two of the textbooks. They represent <2%
of the illustrations. For example, Figure 3 image b presents
a model explaining metallic bonds, in which it shows solid
metal as being constituted of atoms with positive charges (big
spheres), surrounded by free electrons (small dots). TB3 never
addressed the submicroscopic level visually, even though this
level of representation is fundamental in chemistry.

Submicroscopic illustrations represent unobservable aspects,
thereby propitiating the understanding of the behavior of ions,
atoms, and molecules. Due to the invisible and non-tactile
nature of the particle level, didactic approaches generally
suggest the thorough use of images and other forms of visual
illustrations at the submicroscopic level for effective learning.
Ideally, they should also be associated with the other levels
(De Jong et al., 2013).

[Nlustrations showing only the symbolic level appear in two
textbooks. The second most frequent form of representation
combined the symbolic level with the macroscopic level.
The symbolic level is essential for learning the language of
chemistry, which is formed by specific symbols and codes.
It cannot be left out of the learning of chemistry (Markic
et al., 2013). These symbols and codes are also used to
represent macroscopic and submicroscopic entities (Gilbert
and Treagust, 2009). For example, Figure 3 image ¢ shows a
representation of copper-zinc galvanic cell at the macroscopic
level and also describes the specific chemical reaction on the
symbolic level.

Only two textbooks contain images combining all three
representational levels. This represents <2% of the total
illustrations. Images linking different levels together can be
useful tools in the learning process because they establish a

relationship between theory and practice (Gibin and Ferreira,
2013). Out of 286 illustrations total, only 57 represent two or
three levels simultaneously. These illustrations were analyzed
to find the degree of correlation between the different levels.
Figure 4 suggests that the selected textbooks present most
of their multiple representations in an insufficiently linked
manner. This result differs to findings reported Chen et al.
(2019) for the case of Chinese chemistry textbooks. In the
case of textbooks from different Chinese communities, most
representations with two or three levels were sufficiently
linked. The different representations in the Chinese textbooks
were connected by arrows and/or lines.

Only two of the textbooks had representations which were
sufficiently linked. More than 50% of all the multiple
representations have an insufficient correlation between
different levels. Roughly 30% of the illustrations do not
indicate any relationships at all. This type of representation
has arrows to indicate the correlation between different levels.

For example, Figure 5 image A shows an insufficiently linked
representation, because the macroscopic and the symbolic
images are placed in parallel. Students may understand the
equivalence (Gkitzia et al., 2011), but it is not clearly indicated
that the element symbols are both the electrodes and the formula
for the aqueous solutions of the corresponding substances.
Figure 5 image B is an unlinked representation since the
macroscopic and the symbolic representation are merely placed
next to one another. There is no indication where the reactions
occur or what the relationship between these two levels is.
Generally, the textbooks did not explain the correlation between
the different levels of representation. This can be a hindering
factor if students are supposed to learn how to move between
and understand the different types of representations.

Relating images with the text is necessary because graphics
alone cannot express the intended meaning in most cases.
Images unrelated to the text can also cause misconceptions
(Gibin et al., 2009). Representations should be accompanied by
well-planned explanations that support students’ understanding
of the concept shown in the image. The meaning of certain
images may be quite obvious for teachers. However, this is
often the pupils’ first contact with such representations. A lack
of easily understood information may hinder their correct
understanding of the concept (Gibin et al., 2009). Figure 6
shows that the textbooks present the majority of images as

catodo
Cu

E
ponte salina
KCl 1 mol/L
é 2)

oxidagao

redugao
Zn—Zn* + 2¢°

Cu*+2e > Cu

Figure 3: Examples of visual representations regarding the categories (a) macroscopic level, (b) submicroscopic level, (c) macroscopic and symbolic
level. Santos and Mol (2013). Quimica Cidada (2ed. Vol.3). Sao Paulo: AJS Ltda. Reproduced by permission of AJS Ltda, Séo Paulo, S&o Paulo
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Figure 4: Distribution of visual representations regarding the degree of correlation between representations comprising two or more levels in four

Brazilian textbooks (TB)
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Figure 5: Examples of visual representations regarding the categories (a) insufficiently linked representation, (b) unlinked representation. Santos and
Mol (2013). Quimica Cidada (2ed. Vol.3). Sao Paulo: AJS Ltda. Reproduced by permission of AJS Ltda, S&o Paulo, Sao Paulo

73%

54%

44%
42% 41%

35%)

32%
30%

21%

TB1 B2 83 TB4
Completely related Partially related  ®m Unrelated

Figure 6: Distribution of visual representations and their relatedness to
the text in four Brazilian textbooks (TB)

unrelated to the text. The only exception was TB2. The rest of
the books did not establish clear and explicit correspondences
between the images provided and the subject matter directly
addressed in the texts.

More than half of the total representations (52%) were
unrelated to the texts, and 30% were only partially related. Only
17% of the images were completely and explicitly related. This
lack of relationship between text and images can contribute
to a lack of understanding among students. TB3 is somewhat
differently structured and has about 41% of its images
completely related to the relevant texts. This connectedness
helps students to understand the material presented in the text
offerings. This is another category of analysis that differs from
Chinese chemistry textbooks, in which more than 75% of the
representations were completely related to the text (Chen et al.,
2019). This category is related to the category of function of
images (Figure 7). From the result, it is more evident that one
of the main functions of the representations was just to get
readers’ attention. The decorative function dominates, with
more than 55% of the images serving a decorative purpose.

An example of such an illustration is given in Figure 8 image
A. Tt shows different battery types, it assumes that students
know what standard batteries look like. Figure 8 image B is an
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example of the organizational function of visual representation.
It sketches the setup of a hydrogen electrode, which has been
detailed in the text. This kind of image can help students to
organize textual information and connect it visually in their
imagination. Figure 8 image C focuses even more completely
on function. It intends to help students to picture better textual
information about the processes occurring within a Daniell
element (a voltaic cell). The illustration tries to illustrate the
flow of electrons and ions with the help of arrows. It must,
28%

68%
50%
47%
44%
30%
26 29% 50
10%
TB1 TB2 T TB4

B3

W Decorative = Organizational M Interpretational

Figure 7: Distribution of the visual representations regarding to function
of images on four Brazilian textbooks (TB)

however, be said that the graphic is a problematic construct.
Neither the zinc nor the copper electrode is composed of atoms
and, thus, cannot change in the fashion in which this figure
presents them (Eilks et al., 2012). A solid zinc electrode seems
to produce round zinc ions when it loses electrons magically.
Round copper ions seem to disappear as they absorb electrons,
become copper atoms, and attach themselves to the solid
copper electrode. This seeming sleight-of-hand often confuses
students, especially if they already know about the Law of the
Conservation of Mass.

We found that (except TB1) about half of the total illustrations
in the textbooks represent scientific theories or facts (Figure 9).

This indicates evidence for a structure of the discipline
approach. In that case, we should see more submicroscopic and
multilevel representations accompanying the written material.
This is unfortunately not the case. Similar to the study of
Izquierdo and Gouvea (2008), the analysis of images indicates
that textbooks present science as a theoretical point of view
on everyday life. Figure 10 image A gives an example of one
such figure. It shows a lab experiment which involves placing
a piece of copper in a solution of silver nitrate. The other
half of the illustration, however, approaches redox content
in a contextualized way. It tried to involve the students with
issues related to everyday life or technology and industry. This

fio de platina

-—

H,(9)

H'(aq)

mugao 1,0 mol/L de H'(aq)

_a

Hy(g), 100 kPa, 25 °C

placa de platina

[

parede porosa

&

Figure 8: Examples of visual representations of () decorative function, (b) organizational function, (c) interpretational function. Santos and Mol (2013).
Quimica Cidada (2ed. Vol.3). Sao Paulo: AJS Ltda. Reproduced by permission of AJS Ltda, Sao Paulo, Sao Paulo

53%

M Structure of the discipline orientation

7 Everyday life orientation

+ Technology and industry orientation

45%
43%

= History of science (chemistry) orientation

M Environmental orientation

Figure 9: Distribution of the visual representations regarding curriculum orientation in four Brazilian textbooks (TB)
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Figure 10: Examples of visual representations of (a) structure of the discipline, (b) everyday life orientation, and (c) industry and technology orientation.
Santos and Mol (2013). Quimica Cidada (2ed. Vol.3). Sdo Paulo: AJS Ltda. Reproduced by permission of AJS Ltda, Sao Paulo, Sao Paulo

7

Figure 11: Examples of visual representations of (a) environmental
orientation and (b) history of science orientation. Santos and Mal (2013).
Quimica Cidada (2ed. Vol.3). Sao Paulo: AJS Ltda. Reproduced by
permission of AJS Ltda, S&o Paulo, Sao Paulo

result confirms the dominant function of most of the images,
where the majority serves merely as decoration. The fact
that roughly half of the images examined are related to daily
facts and technology is corroborated by the predominance of
representations at the macroscopic level. Figure 10 images
b and ¢ are examples of such figures, which show things in
everyday life (b) or in the industry (c). Pictures focusing on
environmental issues and the history of chemistry are less
prevalent.

Figure 11 presents two examples: environmental (A) and
history of chemistry (B).

It is important to emphasize that the images alone cannot reveal
the curriculum orientation. This is a question of how they are
embedded and used by the teachers. They provide, however,
indications of how the content in question is suggested to
become visually contextualized. Figure 11 provides two
examples where one is near to everyday life of the students
and environmental problems associated with it, whereas the
other picture provides a historical sketch far away from today’s
life of the students. More in-depth analysis in the future might
investigate how teachers use the images provided in textbooks.

CONCLUSION

Given the influence of textbooks and the importance of using
representations in teaching chemistry (Devetak and Vogrinc,
2013), it is essential that the use of representations in the
textbooks be well-planned. It is fundamental for teachers
to review the textbooks critically concerning its visual
representations of content, for the topic of redox reactions in

particular, but also for other chemistry contents in general.
Characterizing and reflecting the representations can help
in understanding the content and facilitate the teaching of it.
Chen et al. (2019) recently presented a similar comparison
of representations of redox reactions in chemistry textbooks,
but the Chen et al. study had a focus on Chinese educational
contexts. The current study analyzed visual representations of
redox reactions found in four different chemistry textbooks
approved by educational authorities in Brazil. Textbooks are
widely used as teaching material in Brazilian schools. The
results show that the use of visual representations across the
four textbooks is very similar to each other. Besides that, they
reflect both the similar and different trends already identified
in the literature. Although images appear throughout the
examined textbooks, the number of disconnected illustrations
without relevant links to the information given in the main
text is quite considerable. It was found that only 17% of
the representations were completely related to the text in
question. More than 55% of the visual representations served
a decorative function only.

In the same way, the literature reveals a prioritization
among textbooks of two of the levels of representation: The
macroscopic and the symbolic. While the redox reactions
content covers many abstract concepts, illustrations at the
submicroscopic level are much less frequent in Brazilian
schoolbooks, representing <2% of the total. The redox
reactions concept should be represented in the textbooks more
thoroughly using images at different representational levels. In
this way, students might be better able to imagine the concept
in the connection between the different levels. Representations
combining two or more representational levels often are
employed without adequately emphasizing or explaining the
interconnectedness of the levels. Only 15% of the illustrations
could be characterized as sufficiently linked to the text. It is
difficult for students to understand what the image involves
and what the aim of it is. Thus, textbook authors should be
careful about linking any images to the text.

In general, the illustrations focus on a structure of the
discipline approach but also providing everyday life and
technology or industry references. Historical, environmental
and socioscientific aspects remain rare. Different curriculum
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orientations offer alternative ways of approaching chemistry
content. Everyday life and technology-industry orientations
provide an excellent way for students to realize the importance
of redox reactions and their pervasive applications in their
own lives. Our results show that textbooks are concerned with
contextualization and try to involve students with issues related
to life and the environment in which they live.

In the same way as in the results pointed out by Mendonga et al.
(2004), it was observed that the development of the concept of
redox reactions in the textbook was unfavorable to the teaching
and learning and could contribute to misconceptions in both
students and chemistry teachers. In addition to the results
obtained from the categories analyzes, it could be said that
the textbooks presented a relationship between the intended
chemistry curricula and certain characteristics of the country.
Brazil still has a more technical education but some changes
may be observed in the sense of more contextualized teaching.
Since the textbooks are subject to the approval of a Government
Program (the PNLD), their authors followed certain guidelines
and included some aspects like technology and everyday life,
but often disconnected with the text and content. This study
points out that textbooks may be indicators of educational
issues. For example, from the analysis of textbooks, it was
possible to find indications whether or not a country prioritized
context-based teaching.

The results of this study reveal much potential for improving
the representation of redox reaction content in chemistry
textbooks. Textbooks can be an excellent material for both
students and teachers. However, improving students’ deep
understanding of redox reactions requires that textbooks use
different representations and multilevel representations, which
help the learners to move between different representational
levels easily. This needs to be performed in a way to
represent the submicroscopic level better. Explanations of
the interconnectedness of and interrelatedness between the
different levels need to be added and more tightly tied to
the material presented in the main text. Another concern is
more thorough coverage of the historical, environmental, and
socioscientific orientation of science since such approaches can
support and enrich the contexts covered in Brazilian chemistry
textbooks, even if another curriculum focus for teaching redox
reactions is chosen.

The results of this paper provide useful information to help
chemistry teachers in choosing textbooks and supporting
media. It will hopefully aid curriculum developers, textbook
authors and teachers in their awareness of factors for improving
chemistry textbooks concerning redox reactions. Reforming
new textbooks can ensure that they include the three levels of
visual representation in a way to help students move between
different levels of representation. One limitation of this research
is that it only focused on book chapters dealing specifically
with redox reactions. Further research can elaborate on whether
the findings described in this paper are also valid for other
chemistry topics and how they are represented in chemistry

textbooks. Although the example relates to chemistry, the same
method can be used for any science textbook. It can also be
expanded to compare how the same material is represented
in textbooks from other countries. Moreover, further research
could be done on how teachers use images from textbooks in
their classrooms and how students interpret them.
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