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Abstract This study focused on the requirements that chemical representations should
meet in textbooks in order to enhance conceptual understanding. Specifically, the
purpose of this study was to evaluate the chemical representations that are present in
7 secondary Lebanese chemistry textbooks. To achieve the latter purpose, an instrument
adapted from Gkitzia, Salta, and Tzougraki (Chemistry Education Research and
Practice, 12, 5-14, 2011) was used. This instrument depends on 5 basic criteria: (a)
type or level, (b) surface features, (c) relatedness to text, (d) existence and properties of
a caption, and (e) degree of correspondence between representations comprising a
multiple representation. The results of the study revealed that the chemical representa-
tions used in the selected textbooks are focused on the macro level with either implicit
or ambiguous labels. Moreover, the selected textbooks use very few multiple, hybrid, or
mixed representations. In addition, most chemical representations are accompanied by
problematic or no captions. Recommendations for textbook writers and future research
are discussed in light of these findings.
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Visualizations in Chemistry

Kozma and Russell (2005) define visualizations in chemistry as “perceptible, symbolic
images and objects in the physical world that are used to represent aspects of chemical
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phenomena, much of which cannot be seen” (p. 123). Throughout history, the devel-
opment and use of visualizations have affected the way chemists have thought about
and conducted their work. According to Kozma and Russell (2005), chemists under-
stand chemical phenomena based on two types of representations: (a) the internal and
mental representations “such as concepts, principles, or mental models that encompass
the state of chemical understanding of the individual” (p. 123) and (b) the external
symbolic expressions or visualizations such as drawings, equations, instrumental
displays, printouts, and graphs used to represent, communicate, and depict the internal
representations.

In an ethnographic study, Kozma, Chin, Russell, and Marx (2000) identified four
different patterns in how chemists use visualizations in everyday chemical practice: (a)
to express their research goals in terms of molecular structures of compounds, (b) to
discuss the chemical and physical processes that are related to the synthesis of
compounds, (c) to verify the composition and structure of the synthesized compounds,
and (d) to convince the scientific community that the synthesized compounds are the
ones intended. It is thus evident that chemists used visualizations as tools to discuss and
express their internal representations that were, in turn, mostly focused on the molec-
ular properties of the compounds they were synthesizing or the potential reaction
mechanisms taking place during their experiments.

Unlike the discourse of chemists, Kozma (2000, 2003) reported that students rarely
used visualizations during their laboratory experiments. Instead, their discussions were
focused on the physical aspects of their experiments such as the laboratory equipment
and the physical properties of the chemicals. Students rarely discussed the molecular
level of the reactions that were taking place throughout the experiment. For example,
unlike chemists, students interpret the equation C(s) + O,(g) — CO,(g) as a group of
letters and lines rather than a process of bond breaking and bond formation. As a result,
students balance this equation algorithmically without having a conceptual understand-
ing of the phenomena (Kozma et al., 2000).

The aforementioned comparison between chemists’ and students’ use of visualiza-
tions suggests a difference between chemists’ and students’ understanding of various
forms of chemical visualizations and the uses of these visualizations in expressing and
explaining different chemical concepts. In an earlier study, Kozma and Russell (1997)
explored what chemists and novice students understand when they see and use various
chemical visualizations. They also examined whether participants revealed the connec-
tions between different chemical visualizations of the same phenomena or whether they
understood something specific about each type of visualization. Findings showed that
chemists’ understanding of visualizations is largely conceptual and directly related to
their mental models of chemical phenomena compared to students’ understanding
which is based upon the surface features of the visualizations or the physical properties
of the reactions. Moreover, chemists connected different types of visualizations to
describe a single chemical phenomenon compared to students who may exhibit
different types of visualizations but fail to connect them. For example, Ben-Zvi,
Eylon, and Silberstein (1988) explored the levels of descriptions generated by high
school students when asked to interpret the meanings of two visualizations: H>O(/) and
Cly(g). Although most students in the study were able to generate some macroscopic
description of water such as its properties, the submicro visualizations they used to
explain the phenomena were not appropriate. Some students viewed Cly(g) as a
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representation of one particle instead of a collection of multiple molecules because
unlike chemists, they did not recognize that (g) represents chlorine molecules in a gas
state which means a large amount of Cl, molecules. Such findings have significant
implications for the use of visualizations in chemical curricula and pedagogy.

Representational Competence

Chemistry is particularly conceived by many as a difficult subject to teach and learn. Its
abstract nature makes it appear unrelated to everyday experience. Helping precollege
students learn chemistry both as a process of investigation as well as a body of
significant concepts has been a major and common goal for different chemistry
curricula around the globe. The latter goal is considered achieved when students act
as chemists while conducting a scientific investigation or learning a new chemistry
concept. According to Kozma and Russell (2005), acting as chemists requires students
to develop a representational competence—"“a set of skills and practices that allow a
person to reflectively use a variety of representations or visualizations, singly and
together, to think about, communicate, and act on chemical phenomena in terms of
underlying, perceptual physical entities and processes” (p. 131).

Students with naive representational competence depend primarily on the surface
features of visualizations or the mechanical application of symbolic rules to construct
meaning, while students with robust representational competence use a variety of
visualizations to explain and discuss chemical phenomena (Kozma & Russell, 1997).
Consequently, the effective development of representational competence becomes a
major specific objective that must be included in a chemistry curriculum.

The Five Levels of the Representational Competence

Based on chemists’ use of representations, Kozma and Russell (2005) described five
levels of representational competence based on the generation, usage, and understand-
ing of visualizations. The five levels range from novices’ use of surface features to
define chemical phenomena (level 1) to experts’ rhetorical use of representations or
visualizations to argue, reason, discuss, and explain chemical phenomena (level 5). The
authors claim that these levels can be viewed as a developmental trajectory of repre-
sentational competence. Nevertheless, they do not assume that the development is
automatic or uniform. For example, an individual can exhibit representational skills
that are attributed to different levels in different contexts or display different types of
representational skills where each type can be associated with a different level.

Based on a scheme by Kozma and Russell (2005, p. 133), the five levels of
representational competence can be illustrated graphically, such as in Fig. 1 where
the different levels of representational competence are displayed as corresponding to
engagement with the process of dissolution of a salt in water. Students at level 1
represent the process only based on its physical features; those at level 2 represent the
process by including some symbolic elements such as NaCl; those at level 3 represent
the process based on observed physical features and unobserved entities. However,
without a clear connection between the two meaning that the relation between the NaCl
as a symbol and the NaCl as a submicro unit is not highlighted to serve explanatory
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Fig. 1 An illustration of the five levels of representational competence based on a scheme by Kozma and
Russell (2005, p. 133)

purposes. Those at level 4 represent the process adequately based on observed physical
features and unobserved entities. Correct explanatory diagrams may emerge at this
level and students will spontaneously employ the diagram shown at this level in
explaining a phenomenon, solving a problem, or making a prediction. Finally, students
at level 5 represent the dynamic nature of the process by highlighting the link between
the observed physical features and unobserved entities for the sake of constructing an
argument or interpreting a phenomenon.

Kozma and Russell (2005) claim that given the appropriate resources and contexts, a
student will develop advanced representational skills that can be integrated within their
reasoning about chemical practices. Consequently, chemical educators and curriculum
designers should focus on creating the appropriate resources and contexts for students
to develop higher levels representational competences. Examples of such resources
include textbooks, computer animations, and simulations.

Visualizations in Chemistry Textbooks

Textbooks are one of the primary learning tools from which students obtain knowledge
(Trez, 2009). They facilitate topic selection by teachers and provide an orientation for
how these topics are taught. Many teachers also rely on the textbook for what and how
to teach, especially when they are teaching outside their area of expertise (Stern &
Roseman, 2004).

Therefore, in accordance with the sections above, chemistry textbooks must be
designed according to specific criteria that foster students’ development of higher
levels of representational competence. Having said this, the aforementioned claim does
not imply that the appropriate presentation of visualizations will automatically result in
students using the visualizations in reasoning about chemical phenomena, nor will the
students necessarily develop higher levels of representational competence. Nonetheless,
the appropriate presence of visualizations in textbooks is a major key to achieve the
latter purpose. For one, they provide teachers with a variety of visualization resources
for different chemistry topics. They can also be used to design classroom activities,
lectures, laboratory activities, and assessment tools that may help in scaffolding
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students’ consistent use of visualizations in their own reasoning. Additionally, they
familiarize students with the notion that a chemical phenomenon can be presented
using different types of visualizations or by linking visualizations at different levels of
representation (i.e., the macro and the submicro level).

The criteria that can be used to appropriately evaluate visualizations in chemistry
textbooks can be obtained from Mayer’s (2002) work on multimedia learning and the
work of Gkitzia, Salta, and Tzougraki (2011) on chemical representations. Mayer
(2002) developed eight principles of multimedia learning that result in understanding
difficult concepts and procedures that can be used to solve novel problems. From the
eight principles, the multimedia and contiguity principles have direct implications for
chemistry textbook writing and are directly related to the ideas presented in this paper.
The multimedia principle urges the use of both pictures and words, and the contiguity
principle advocates presenting words and pictures simultaneously rather than
successively.

Alternatively, Gkitzia et al. (2011) argued that chemical representations or visuali-
zations can be categorised into three types (macro, submicro, and symbolic represen-
tations) that are equivalent to Johnstone’s (1993) chemistry levels. Macro representa-
tions depict phenomena according to the human visual sense. These are direct experi-
ences produced by laboratory experiments or by everyday life or by watching chemical
phenomena through videos, pictures, or diagrams (Treagust, Chittleborough, &
Mamiala, 2003). Submicro representations depict the structure and movement of
invisible particles such as atoms, ions, and molecules. One example of typical systems
that are used for the creation of these representations is molecular models such as the
ball and stick and the space filling models (Wu & Shah, 2004). Symbolic representa-
tions include symbols, letters, numbers, and signs that are used to represent atoms,
molecules, ions, substances, and chemical phenomena. Examples of symbolic repre-
sentations include chemical formulas, chemical equations, reaction mechanisms,
Newman and Fisher projections, Lewis structures, graphs, and algebraic equations.
They express three-dimensional particles in a two-dimensional way (Wu & Shah,
2004).

The works of Mayer (2002) and Gkitzia et al. (2011) urge chemistry textbook
writers to include both words and pictures simultaneously in representations where
pictures are viewed as chemical representations or visualizations that can be macro,
submicro, or symbolic. Consequently, chemistry textbook writers must not only include
words and macro, submicro, and symbolic visualizations simultaneously. In addition,
they need to present them in a way that encourages students to think as chemists as they
read the textbook; an approach which is aligned with Johnstone’s (1982) work on how
chemists think at three levels: (a) the macro level (observable and sensory phenomena),
(b) the submicro level (atoms, molecules, ions), and (c) the symbolic level (symbols,
equations, mathematical relations).

It is important to distinguish between Johnstone’s three levels and Kozma’s five
levels of representational competence. While those of Johnstone are related to con-
structing mental models for reasoning about chemical phenomena at the macro,
submicro, and symbolic levels, those of Kozma are related to the external representa-
tions of the constructed mental model at the macro, submicro, and symbolic levels.

Talanquer (2010) argues that Johnstone’s (1982) macro, submicro, and symbolic
model has served as a framework for many research studies in chemical education and

@ Springer



802 S. S. Shehab, S. BouJaoude

guided the work of chemistry teachers, curriculum and software developers, and
textbook writers across the world. It has offered researchers a new thinking model that
can be used to precisely explain how students learn and understand chemical concepts.
It can also be used to better identify and re-mediate students’ misconceptions. For
example, a student who changes a subscript in a chemical formula as s/he balances the
chemical equation does not possess a robust understanding of the meaning of the
symbolic representation at the submicro level.

Empirical research (e.g. Jaber & BouJaoude, 2012; Talanquer, 2010; Treagust et al.,
2003) supports the claim that conceptual understanding of chemistry requires building
mental models at each level and shifting between the levels to be able to solve different
chemistry problems in a variety of situations. Furthermore, Kozma and Russell (1997)
noted a correlation between the representational competence and students’ conceptual
understanding of chemistry. Also relevant are the findings of Stieff and McCombs
(2006) who observed that students who learn to use scientifically appropriate chemical
representations produce more conceptually correct diagrams of chemical phenomena
than students who use abstract or generic representations. Consequently, conceptual
understanding of chemical phenomena is correlated with the development of represen-
tational competence.

The Development of Criteria for Including Visualizations in Chemistry
Textbooks

In light of the previous two sections, chemistry textbooks should be designed based on
specific criteria that align with the work of Mayer (2002), Gkitzia et al. (2011), and
Johnstone (1982). Consequently, chemistry textbook writers must include words to-
gether with macro, submicro, and symbolic visualizations in addition to hybrid and
mixed visualizations that are assumed to help students develop high levels representa-
tional competence.

The latter assumption is not supported by specific empirical research on
whether or not students develop higher levels of representational competence
when they encounter textbooks that are written based on the aforementioned
criteria. However, studies that have shown that the three levels teaching ap-
proach (macro, submicro, symbolic) have a positive effect on students’ concep-
tual understanding of chemistry concepts. For example, Jaber and BouJaoude
(2012), Talanquer (2010), and Treagust et al. (2003) recommended that text-
books be designed in accordance with the proposed criteria. Even though these
textbooks may not necessarily help students to reason about chemical phenom-
enon from a three-level framework or develop higher level representational
competence, designing such textbooks is a major step towards helping students
to think about and discuss chemical phenomena at the three levels using
visualizations that reveal higher levels representational competence. Such text-
books will provide teachers with different visualizations’ resources similar to
those presented in the work of Jaber and BouJaoude (2012) and were used to
design classroom activities, lectures, laboratory activities, and assessment tools
that helped in scaffolding students’ attempts to develop conceptual understand-
ing of chemical phenomena at the three levels. Furthermore, such textbooks
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have the potential to familiarize students with the notion that a chemical
phenomenon can be presented using different types of visualizations or by
linking visualizations at different levels of representation (i.e. the macro and
the submicro level).

An Instrument for Analyzing Representations of Chemistry Textbooks

Gkitzia et al. (2011) translated the aforementioned discussion into an instrument that
can be used to analyze, evaluate, or design chemistry textbook representations. This
instrument (Table 1) includes five criteria: type of the representation (C1), interpretation
of the surface features (C2), their relationship to the text (C3), existence and the
properties of a caption (C4), and the degree of correspondence between the components
comprising a multiple representation (C5).

The criteria above are based on the theoretical literature discussed in the
previous sections of this paper. C3 and C4 are associated with Mayer’s (2002)
multimedia and contiguity principles. On the one hand, C3 examines the extent
to which a representation is coherent, related to text content and whether there
is a direct link represented by specific phrases that refer to the representation in
the text such as “as can be seen in the representation.” On the other hand, C4
examines whether a representation is accompanied by a caption and whether the
caption is appropriate or not. C1, C2, and C5 are related to Johnstone’s (1982)
three levels and Kozma and Russell’s (2005) levels of representational compe-
tence. C1 examines the type of each representation included in the textbook. A

Table 1 Criteria for the evaluating chemical representations and their characteristics Gkitzia et al. (2011)

Criterion Typology for each criterion
C1: Type of representation i. Macro
ii. Submicro

iii. Symbolic
iv. Multiple
v. Hybrid
vi. Mixed

C2: Interpretation of surface features i. Explicit
ii. Implicit
iil. Ambiguous

C3: Relationship to text i. Completely related and linked
ii. Completely related and un-linked
iii. Partially related and linked
iv. Partially related and unlinked
v. Unrelated

C4: Existence and properties of a caption i. Existence of appropriate caption (explicit, brief,
comprehensive, providing autonomy)
ii. Existence of problematic caption
iii. No caption

C5: Degree of correspondence between i. Sufficiently linked
representations comprising a multiple one ii. Insufficiently linked
iii. Unlinked
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representation presents chemical phenomena at the macro, submicro, or sym-
bolic level depending on the features used in creating it.

A representation is classified as multiple when it depicts the same chemical
phenomenon at two or three levels. For example, a diagram that shows solid
and liquid water at the macro level with their corresponding water molecules at
the submicro level is classified as multiple. A representation is classified as
hybrid when it depicts one part of a chemical phenomenon at one level and the
other part of the same phenomenon at a different level. For example, a diagram
that shows a beaker containing liquid water at the macro level and water
molecules at the submicro level is classified as hybrid. A representation is
classified as mixed when the characteristics of one level and the characteristics
of another type of representation such as an analogy coexist.

C2 examines the clarity of the elements that compose the representation. For
example, a representation of the Bohr’s atomic model must include labeled
features that will increase the probability that all students will understand its
contents and allow for the creation of a proper mental model of the Bohr
model. C5 concerns only the multiple representations that were identified by
using the first criterion in Table 1. It examines the extent to which the
correspondence between the surface features of the components of the multiple
representations is clearly indicated.

The Research Problem

In 1998, the Lebanese Center for Educational Research and Development (CERD)
implemented a new curriculum for all grade levels with a new set of instructional
objectives. The implementation of the new curriculum was accompanied by the release
of new textbooks on different subjects at different grade levels. These are still being
used in Lebanon today.

In the absence of any cited study that evaluates the structure and content of
the chemistry textbooks, the purpose of this study is to evaluate the chemical
representations that are present in the chemistry textbooks used in Lebanon
based on the instrument of Gkitzia et al. (2011). The results of analyzing the
representations included in the current textbooks will help determine if they
have the potential to provide teachers with different visualization resources to
familiarize students with: (a) the notion that a chemical phenomenon can be
presented using different types of visualizations or (b) the chemical phenome-
non can be presented by linking visualizations at different levels of represen-
tation (i.e. the macro and the submicro level). Specifically, the study aims at
answering the following research questions:

1. Do the chemical representations used in the secondary level chemistry textbooks
encompass the basic elements required for their effective incorporation in school
textbooks?

2. To what extent do the chemical representations used in the selected chemistry
textbooks accentuate the links between the three levels of chemistry (Macro,
Submicro, and Symbolic)?
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Methods
Choice of Grade Level

Linking different types of visualizations at different levels of representation is
relevant when presenting concepts such as the mole concept, atomic structure,
kinetic theory, thermodynamics, electrochemistry, chemical reactions, and chem-
ical bonding, among others. This linking has been shown to have a positive
effect on students’ conceptual understanding of chemistry (e.g. Jaber &
BouJaoude, 2012; Talanquer, 2010, Treagust et al., 2003). Therefore, textbooks
of grade levels that deal with such topics were selected for analysis of chemical
representations.

According to the objectives of the Lebanese secondary level curriculum of grades
10, 11, and 12, students should become knowledgeable about the particulate nature of
matter, the language of chemistry that comprises symbols, formulas, equations and
representations, chemical reactions, chemical bonding, chemical equilibrium, and
aqueous solutions. This matches the concepts that require the use of visualizations
for better understanding to the concepts required by the Lebanese secondary level
chemistry curriculum. This provided further incentive for the analysis of the secondary
chemistry textbooks.

Choice of Published Textbooks

Schools in Lebanon are of three types: public, private, and semi-private. While
public schools are required to use the textbooks published by CERD, private
schools are free to choose textbooks published by CERD or private publishers
which include American, French, and local publishers. The selection and use of
the textbook depend on each school’s mission and philosophy. As a result of
the variety of textbooks used in the Lebanese schools, the sample used for this
research utilized only currently used textbooks produced by Lebanese
publishers.

In order to decide which Lebanese publishers were to be included in this research
study and in the absence of formal statistics on the topic, the researchers contacted three
major Lebanese bookstores to determine which Lebanese secondary chemistry text-
books are being used by the most schools. The bookstores contacted are considered to
be the major bookstores in Lebanon each of which have more than five branches across
the country.

Another factor that was considered in the sample selection was the language used in
textbooks. The languages of science instruction in public, private, or semi-private
schools in Lebanon include French or English. The majority of the abovementioned
publishers have identical textbooks translated into the two languages. Therefore, the
English versions of each textbook were used in this study resulting in a sample of
textbooks from CERD and two private publishers:

e Chami, S., Chahine. B., El -Masri. M., El-Rifai, M., Kaoukabani, E., Sleiman, H.

(1998). Chemistry. Grade 10 basic education. Sin-El-Fil, Lebanon: Center for
Educational Research and Development.
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* Helou, J., Abdallah, H., Chahine, B., Kaoukabani, E., (1998). Chemistry. Grade 11
basic education. Sin-El-Fil, Lebanon: Center for Educational Research and
Development.

e Safa, A., Helou, J., Abdallah, H., Bachir, A., Chahine, B., Kawkabani, E.,
Zougheib, H, (1998). Chemistry. Grade 12 basic education for life and general
sciences. Sin-El-Fil, Lebanon: Center for Educational Research and Development.

* Bachir, A., Zeitunlian, M., Matta, R., El-Khatib, F., Farah, E., (1998). Chemistry:
First Year Secondary Level. Scientifica Series. Beirut, Lebanon: Dar Librairie
Habib

* Matta, R., El-Khatib, F., Farah, E., (1998). Chemistry: Second Year Secondary
Level Scientifica Series. Beirut, Lebanon: Dar Librairie Habib

* Dagher, R., Haykal, T., Raad, J., Khoury, K., Helou, B. (1998). Chemistry: Ist Year
Secondary. Beirut, Lebanon: Librairie Khoury.

* Dagher, R., Haykal, T., Raad, J., Khoury, K., Helou, B. (1998). Chemistry: 2nd
Year Secondary. Beirut, Lebanon: Librairie Khoury.

It is important to note that even though the textbooks were published in 1998, they
are still the textbooks being used in Lebanese schools at the present time. Moreover,
there are plans to review the curriculum and textbooks in the coming few years, and
thus, an analysis of these textbooks will provide useful information in addition to
contributing the knowledge base of science education.

Instruments

The instrument developed by Gkitzia et al. (2011) (Table 1) was used to conduct a
detailed analysis of the chemical representations included in each of the selected
textbooks listed above. A detailed description of this instrument was presented earlier
in this paper.

Analysis Procedures

Analysis of the chemical representations present in the textbooks was carried out
according to the following steps:

Step one: general description of the selected textbooks in terms of chemical
representations. Each of the selected textbooks was described based on unit titles
and the number of pages. Then, a quantitative analysis was performed to calculate
the number of chemical representations per page. Next, the chemical representa-
tions of each textbook were classified as photographs, photographs showing
chemical phenomena, diagrams, and drawings. The types of representations were
identified based on previous research (Pozzer & Roth, 2003) after which the
relative prevalence of different types of representations across textbooks was then
calculated based on the classification above.

Step two: analysis of chemical representations. All the chemical representations
that dealt with a certain chemical phenomenon were analyzed based on the
instrument described above. These phenomena included: description of submicro
particles, the mole concept, chemical reactions in solid and aqueous mediums,
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thermodynamics, electrochemistry, organic chemistry, chemical kinetics, chemical
equilibrium, and environmental chemistry.

Two raters: one of the authors and a chemistry teacher met to discuss the

analysis criteria of Gkitzia et al. (2011) presented in Table 1 after which they
independently analyzed the chemical representations of a 10 % sample of each
textbook after training on the process using the examples presented by Gkitzia et
al. (2011). The two raters then met to compare their results and reach a consensus
regarding the categorization. Following this step, the two researchers continued to
perform the analysis independently, and when discrepancies occurred, the raters
reached consensus after discussing their choices with a science educator. Inter-rater
reliabilities were calculated and are presented in the results section.
Step three: the significance of the analysis. The percentage of each typology of
chemical representation in a specific textbook was calculated by dividing the
number of representations under a specific typology by the total number of
representations that fit a specific criterion. The percentages of specific typologies
such as Cl macro level were later used to calculate the mean score of the
percentages of chemical representations under a specific typology for all textbooks
per one grade level. These inter- and intra-comparisons of the chemical represen-
tations present in the Lebanese secondary chemistry textbooks were conducted
based on the calculated parameters. On one hand, for each grade level, the
textbooks were compared using criteria under C1, C2, and C5 which are related
to Johnstone’s (1982) three levels and Kozma and Russell’s (2005) levels of
representational competence. While, on the other hand, they were compared using
criteria under C3 and C4 which are associated with Mayer’s (2002) multimedia
and contiguity principles. Further comparisons of textbooks across different grade
levels were carried out as well.

Results

The inter-rater reliabilities ranged from 85 to 96 % for the Grade 10 textbooks with a
mean of 90 % and from 80 to 89 % for the Grade 11 textbooks with a mean of 84 %.
For the Grade 12 level, the inter-rater agreement was 83 %. These percentages suggest
a high degree of agreement among the raters in classifying the chemical representations
under each of the five criteria before discussing the differences and reaching consensus.

The chemical representations of each of the seven textbooks were classified based
on the five criteria developed by Gkitzia et al. (2011) and their corresponding typol-
ogies. The analyzed chemical representations include photographs (scientists, labora-
tory materials and glassware, and natural scenes), photographs of chemical phenomena
(chemical reactions and separation techniques), diagrams (chemical equations, concept
maps, graphs, structural formulas of organic compounds), and drawings (drawn figures
of chemical reactions, electrochemical cells, and laboratory setups). Chemical repre-
sentations which were categorised as photographs were later analyzed based on the
third (C3) and fourth (C4) criteria only. All the other chemical representations were
analyzed based on the four criteria (C1-C4). Only the chemical representations that
were classified as “multiple” under the first criterion (C1) were further analyzed using
the fifth criterion (C5).
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General Description of the Selected Textbooks in Terms of Chemical
Representations

After 1 year of the implementation of the new Lebanese curriculum (1998), CERD
omitted units from each of the selected textbooks. These units were not included in this
analysis. Table 2 shows the general description of each of the selected textbooks by
listing the titles of the units analyzed, the number of pages analyzed, the mean number
of chemical representations per page, and the number of photographs, photographs
showing chemical phenomena, diagrams, and drawings.

Based on Table 2, the Grade 10 and 11 textbooks published by Librairie Khoury
showed the highest mean number of representations per page.

Analysis of the Seven Chemistry Textbooks

The results of the analysis of the seven textbooks with regard to C1, C2, and C5 on one
hand and C3 and C4 on the other hand are presented in Table 3. The mean percentages
of chemical representations under a specific typology for all textbooks per one grade
level were calculated and were used to conduct comparisons of textbooks under each
grade level and across grade levels.

Comparing Grade 10 Textbooks

The 1st Criterion (C1). The chemical representations of the three Grade 10 chemistry
textbooks focused on the “Macro” level, as shown in Fig. 2a, with a mean of 53 %
followed by the “Submicro” level with a mean of 23 %. Moreover, the three textbooks
included few representations that could be classified as “Multiple,” “Hybrid,” or
“Mixed” with an average of 6, 5, and 1 % respectively. These findings revealed the
“Macro” and “Submicro” nature of the textbooks.

The 2nd Criterion (C2). Approximately half of the representations present in the three
Grade 10 chemistry textbooks were “Ambiguous” (see Fig. 2b) with a mean of 57 %.
Few representations were labeled “Explicit” with a mean of 22 %. For example, only
9 % of the representations of the CERD textbook were labeled “Explicit”. These
findings indicate that there was no systematic labeling for interpreting the chemical
representations of the three textbooks.

The 3rd Criterion (C3). Most of the representations of the CERD textbook were
“Completely related to the text and linked” (42 %) (see Fig. 3a) or “Completely related
to the text and unlinked” (38 %). More than half of the representations of Librairie
Khoury book and Dar LibrairieHabib were “Completely related to the text and
unlinked” (62 and 53 % respectively) (see Fig. 3b). These findings indicate that more
than half of the representations of the three textbooks lack a direct link between the text
and the representation.

The 4th Criterion (C4). Approximately half of the chemical representations of the
three textbooks have either a “Problematic caption” (the content is not clear) or “No

caption” with a mean of 61 % (see Fig. 4a).

@ Springer



809

Chemical Representations in Secondary Lebanese Textbooks

Anstwayd parddy
SAnsruoyd orueSIO) (saseq
pue sproy ‘wnuqiinbe
[eO1WIAY) SUOT)OBAI JO

S0 Sid! 01 IL 8¢C LE 8LC S1ey -dJels Snodsen daggd ¢l eperd
Anstuayd d1esio
A1)STIOYO0109]
80 0¢l IS 9¢ L1 9C 8S1 ‘AnsiuoyoouLdy L, Aoy ALIeIqr]
Ansruoyd
omediQ ‘AS10us pue qIqeHoLneIqr]
S0 98 8¢C €C L1 81 91 SUONOEAI [BIIWSYY) Teqg
Anstwoyd oruesIQ
{ANSTuaYO0N9[q
90 SII €C €€ 123 ST LLT *AnsIuayo0ULIdY |, @yad 11 9peid
sisAeue
aAnEIUEN() $SASkq puB
SPIOY ‘I0JEA\ ‘SUONORDY
60 12¢ 74 09 08 99 9pT  SUO] ‘SO[NOSJOIN SwOJe YL, AIOYY SLIBIq]
ANSIuayd [eIoUdD) qIqeHoLIeIqI]
80 ST 6C 9 9¢ 9C 0T Ioyew Jo aImonng e
SUONNJOS PUE SUOHIENY
70 68 8 143 91 |53 Sic “IopEW JO AIMIONIS agad ol dperd
93ed 1od euowouayd pazAjeue
suonejuosardor  suonejuasardax sSurmerp sweigerp [eotwoyd Surmoys  sydeigojoyd soFed jo
JO Joquinu UedJ\  JO Joquinu [ejo], Jo JoquinN  Jo JoquunyN  sydeiSojoyd jo oqunN  Jo JoqunyN  Joquinu [ejo], PpazATeue syun Jo sOpI], Joysiqng

SY00qIX3) ANSIWAYO 2SOURGA PIIO[OS UAJS A Jo uondiwsog g dqeL

pringer

A's



S. S. Shehab, S. BouJaoude

810

uondes ou HN
‘uondeos onewsjqoid Hg ‘vondes syeudordde Hy ‘parejarun ) ‘paxyurl pue pajerar A[rened Qg ‘padur] pue pajejar A[rented 74 ‘padurjun pue pajejar Aje3e[dwos HH ‘paxul] pue paje[or
Aperorduos 75 “pedyurfun 773 “paxurf Apuorornsut 77 ‘paxur] Apustoygns 7g ‘snongiqure v yorjduur 7 y1ordxa 57 ‘poxiwt [y ‘puqAy 7 ofdnnu py O1OquIAS § ‘0I0IQNS JY§ ‘OIoBW J/
JIOQUINU S[OYM JSOIEdU ) 0} JJO PIPUNOI UAQ dALY $2100s oFejuadsad oyl 210N

0 I¥ 6S 0 I 8 0 16 0 0 0 19 € S 0 I 0 ¢ T e @Iad Tl opein
AT S AN 5 4 9 T € € LT 0 LI L1 TS 61 6C 0 T LY @8I €l L9 uesN
8¢ ST Lt 8 91 0 IL S 0 0 0 T € st 0 0 0 SI €L Amoysyy sureiqry
0 € Lt 8 Sl 0 LL 0 0 0SS 0s L¥ 1T T€ 0 0 (A SI 89  qIqeHaLILIqIT Ie(T
T2 (IS € v 8 0l SL 0 0 0 v € o€ 0 9 0 ¥z I 6 ayao 11 9pein
A T T A A | I IS #C w9 T LS ¥t 61 LY S 9 T € €S UEOA
85 LI ST 0T LI 0 I 0 1L 6T € 81 6l 0 ¥ S Il 61 19 Amoysy oureiqry
9 ¥ Ob 8  0I 0 €  6C ST L9 8 IS 0T 6T 0 6 01 € 6C  6F  qiqeHomreIqr Ie(q
0l  LE €S L 0l € 8 T 001 0 0 8 €€ 6 (AN € T w8 @Iad 01 9peiD
ON  od v n nNnd 1d nO 1O 1In T 18 V I 4 N H QA S WS W A3ojodA],
o) € S0) 0 1D UOLIRIID)

$D ‘€D pPue ¢D ‘7D ‘1D Jo sar3ojodA) ayy 03 presar s s 00qIxa) ANSIUAYO UIAIS Ay} UI Juasaid suonejuasardor [eoruayo jo saSejuasidd ¢ dqel,

pringer

A's



Chemical Representations in Secondary Lebanese Textbooks 811

Reaction between iron sulfide and
hydrochloric acid solution

Fig. 2 a An example of a photograph showing a chemical phenomenon at the macro level taken from the
Grade 10 chemistry textbook published by CERD. b An example of a diagram with ambiguous surface
features taken from the Grade 10 chemistry textbook published by Scientifica Series Dar Librairie Habib

The 5th Criterion (C5). The majority of the chemical representations that were
categorised as “Multiple” in the three textbooks either did not reveal the equivalence
between the surface characteristics at different levels or revealed insufficient indications
for the equivalences. It is worth mentioning at this stage that 29 % of the chemical
representations in the Librairie Khoury book that were categorised as “multiple”
revealed sufficient links between the surface characteristics at different levels (see
Fig. 4b).

Comparing Grade 11 Textbooks

The 1st Criterion (C1). The chemical representations of the three Grade 11 chemistry
textbooks were focused on the “Macro” level with a mean of 67 % followed by the
“Symbolic” level with a mean of 18 %. Moreover, the three textbooks included few
representations that could be classified as “Multiple” or “Hybrid” with an average of 1
and 2 %, respectively. The three textbooks did not include any representation that could
be categorised as “Mixed.” These findings revealed the “Macro” and “Symbolic”
orientation of the textbooks.

The 2nd Criterion (C2). Approximately, half of the chemical representations
present in the three Grade 11 chemistry textbooks were “Ambiguous” with a
mean of 52 %. Few representations were labeled “Explicit” with a mean of

When waler molecules Rutherford Experiment

b ecules are close together they exert an electro= T TR, et

sta 9 rected a beam tive

Orgc!)aoiujchun force between them, due to the polarity of the In 1911, Rnlhe_rfntd s di .ed a _ln(nlphapamcln. mm.

o "mnh;Q the atom O of one molecule attracts the H' atom icles - Helium atom without their electrons) at a very thin

i Wegk mr::’gv;\'r‘:::c‘mi (Thhws electrostatic attraction results gold foil. He observed that most of the alpha pmicles went
inks the water molecules: this bond is > Y

called hydrogen bond (fg, §.6) through the foil but a few didn't

lpha cmitter

Alpha
Particles Metal foil

B- few
Fluorescent screen

Fig.3 a Anexample of a diagram that is completely related to the text and linked. b An example of a diagram
that is completely related to the text and unlinked
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H | H
hydrogen Hj @ ()
i " 4
H H oxygen Oy
hydrogen
 J
= O O /
HY H HSY H

water HyO water H,O

Fig. 4 a An example of a drawing with no captions taken from the Grade 10 chemistry textbook published by
LibrairieKhoury. b An example of a diagram showing sufficient links between the submicro and symbolic
level of the reaction of formation of water taken from the Grade 10 chemistry textbook published by
LibrairieKhoury

29 %. These findings indicate that there was no systematic labeling that allows
the users to interpret the chemical representations of the three textbooks.

The 3rd Criterion (C3). Most of the representations of the CERD book were
“Completely related to the text and linked” (75 %); a clear reference that
connects the representation to the text was present. On the other hand, about
half of the representations of Librairie Khoury book and Dar LibrairieHabib
were “Completely related to the text and unlinked” (77 and 71 % respectively).
These findings indicate that more than half of the representations of the
Librairie Khoury book and Dar LibrairieHabib books lack a direct link between
the text and the representation.

The 4th Criterion (C4). Approximately half of the chemical representations of the
three textbooks had either a “Problematic caption™ (the content is not clear) or “No
Caption” with a mean of 57 %.

The 5th Criterion (C5). Only the textbook published by Dar LibrairieHabib
included representations categorized as “Multiple.” The latter representations
constitute 2 % of the total number of representations (Table 3). Fifty percent
of these representations revealed sufficient indications between the surface
characteristics at different levels. The remaining 50 % revealed insufficient
indications for the equivalences.

Discussion

The findings and comparisons above suggest that the chemical representations
of the secondary Lebanese chemistry textbooks were focused on the three levels
(macro, submicro, and symbolic) independently with a major emphasis on the
macro level. The seven textbooks analyzed included few multiple, hybrid, or
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mixed representations. Only few representations were characterized as
“multiple” in the seven textbooks; furthermore, many of them did not reveal
the equivalence between the surface characteristics at different levels or re-
vealed insufficient indications for the equivalences.

Based on these findings, we argue that the seven analyzed textbooks cannot
serve as effective resources that support students in developing Kozma and
Russell’s (2005) higher levels representational competence which can then be
integrated within their reasoning about chemical practices. Additionally, the
textbooks do not provide teachers with different visualization resources in
different chemistry topics; moreover, they do not familiarize students with the
notion that a chemical phenomenon can be presented using different types of
visualizations or by linking visualizations at different levels of representation.

From a different perspective, the emphasis of the textbooks on macro level repre-
sentations can assist students develop a deeper understanding of chemical concepts.
This view is supported by Dechsri, Jones, and Heikkinen (1997) who reported im-
proved student performance in the cognitive, affective, and manipulative domains as a
result of including chemical representations at the macro level within the text of the
laboratory manual.

Nevertheless, it is worth mentioning at this stage that the presence of
representations that cover different chemical phenomena at the macro level
does not necessarily lead to improved performance nor does it replace demon-
strating experiments or performing laboratory activities. Chemical representa-
tions of chemical phenomena at the macro level, for example, are only 2D
static images that cannot replace the educational impact of the real experiment.
In addition, according to Davidowitz and Chittleborough (2009), the use of
chemical representations at the submicro and symbolic levels is as important as
those used at the macro level. Chemical representations at the submicro level
allow students to construct mental models that help them understand concepts
in more depth, whereas chemical representations at the symbolic level can help
students understand the relation between the macro and submicro levels of
different chemical phenomena.

Most of the representations in the seven textbooks were completely related to
the text; however, they were ambiguous and did not provide an explicit
reference in the text that linked the representation to the text. Only the
CERD textbooks were characterized by high percentages of representations that
were linked to the text with a clear reference. Furthermore, most of the
representations in the seven textbooks were not accompanied by proper cap-
tions. This suggests that Mayer’s (2002) multimedia and contiguity principles
were—to a certain extent—taken into consideration when the textbooks ana-
lyzed were designed. Although CERD textbooks included better representations
than the others, all the textbook writers should consider the quality of the
chosen chemical representations. These representations should be supported by
clear labels and explicit, brief, and comprehensive captions that allow students
to interpret the correct message that the representation carry; otherwise, students
may consider the representations merely pictures used to decorate the textbook.
The may even receive false meanings from them which may cause misconcep-
tions in learning.
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Limitations of the Study

One limitation of this study is that it evaluates the chemical representations present in
seven selected secondary Lebanese chemistry textbooks based on five specific criteria
without taking into consideration the context in which the representations are used. For
example, not all the chemical concepts that are presented in the Lebanese curriculum
require a three-level approach. In some cases, the simple presence of a chemical
representation may convey a clear message to the student.

Moreover, the representations were analyzed from a science teacher’s perspective
ignoring the students’ perspective and what they see or understand from a certain
chemical representation. As the textbook is an essential tool used by teachers and
students, the absence of the students’ perspective is an issue worth considering.

Additionally, the selection of textbooks from specific publishers might affect the
generalizability of the findings. The results of the present study do not reflect the
chemical representations present in all secondary Lebanese chemistry textbooks.
Textbooks of other Lebanese publishers must also be analyzed to draw general
conclusions. However, this study can be considered a first in a series of research
projects that consider both the teachers’ and students’ perspective.

The two raters faced problems categorizing chemical representations under the
fourth criterion (C4). This is because the three indicators (explicit, brief, and compre-
hensive) of this criterion are very wide and subjective. Although consensus was
ultimately reached, the availability, or the development of other specific indicators
would have made the classification task of these representations more accurate.

Conclusion

The results of the study revealed that the chemical representations used in the selected
textbooks are focused on the macro level with either implicit or ambiguous labels.
Moreover, the selected textbooks use very few multiple, hybrid, or mixed representa-
tions. In addition, most chemical representations are accompanied by problematic or no
captions.

Since the chemical representations used in chemistry textbooks play a major role in
chemistry education, the evaluation of whether these representations meet the basic
requirements for conceptual understating of chemistry concepts will enrich the line of
research and benefit the educational system in Lebanon with the hope that change will
take place in the future.

The findings of this study indicate that multiple, hybrid, and mixed chemical
representations are almost neglected by the seven analyzed textbooks. Such represen-
tations support the conceptual understanding of different chemistry concepts such as
chemical reactions, electrochemistry, thermochemistry, and acids and bases. Therefore,
it is recommended that more representations under these typologies are included with
sufficient appropriate links between the different levels revealed by each representation.
Moreover, it is recommended that chemical representations be accompanied by clear
and explicit labels and explicit, brief, and comprehensive captions.

The analysis of textbooks in this study focused on secondary chemistry textbooks
produced by Lebanese publishers. It is recommended that further research be conducted
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to examine Lebanese chemistry textbooks at the intermediate grade levels (Grades 7, 8,
and 9).

Moreover, as mentioned earlier, this study focused on the basic requirements that
chemical representations fulfill in order to help students understand major chemistry
concepts. Future research may be conducted to investigate how teachers use the current
representations in explaining chemistry concepts and how students understand these
representations when reading chemistry textbooks. Furthermore, future studies may
investigate the textbook writing process. The absence of specific guidelines for writing
textbooks, choosing the suitable representations, and presenting them in textbooks
makes it hard to understand why textbooks writers and publishers produce textbooks
in their current form. Consequently, investigating this process and the factors that might
influence the decisions by writers and publishers might provide insights that have the
potential to help improve the textbook writing and publishing process. These studies
can be of qualitative rather than a quantitative nature because of the need for in-depth
understanding of the processes.
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