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Textbooks are one of the primary sources for students to obtain 

knowledge, so they should present accurate knowledge through textual 

and visual representations. The goal of the current study is to examine the 

representations in middle school science textbooks based on the diagram 

coding scheme to find out a general picture of how representations used 

in the science textbooks over the fifteen years.  The sample consists of 

6247 representations from twelve middle school science textbooks (four 

each of sixth, seventh, and eighth grades) from 2002 to 2017. Content 

analysis was used to analyze the representations in textbooks, which were 

gathered by document analysis. The representations were evaluated 

concerning the combination of two main diagram coding schemes. 

Findings showed that iconic representations are prevalent in middle 

school science textbooks. There are limited charts, graphs and augmented 

reality representations in the science textbooks. Furthermore, there are 

more male representations than female ones, representations are mostly 

indexed in the main texts, and captions are mainly problematic in middle 

school science textbooks. The findings based on the two diagrams coding 

scheme are mainly coherent with each other. Science textbooks should 

encourage students to interpret and translate between different 

representations to enable them accurate knowledge. 
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Introduction 

Textbooks are important instructional materials from which students gain knowledge 

during their schooling years by providing representations, examples, and exercises (Devetak 

& Vogrinc, 2013; Ilhan, Seker, & Kapici, 2015; Liu & Khine, 2016; Nakiboğlu, 2009; Postigo 
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& López-Manjón, 2019; van den Ham & Heinze, 2018). Furthermore, they are not only an 

important tool for enhancing students’ conceptual knowledge but also have crucial impacts on 

students’ cognitive and metacognitive skills (Liu & Khine, 2016). Therefore, textbooks have 

received great attention from scholars in science education (Abd-El-Khalick et al., 2017; 

Gkitzia, Salta, & Tzougraki 2011; Kılıç & Sert, 2015; Papageorgiou, Amariotakis, & 

Spiliotopoulou, 2017; Upahi & Ramnarain, 2019). 

The knowledge presented in textbooks is important because if they contradict scientific 

knowledge then students may misinterpret the concepts (Cheng & Gilbert, 2014). Textbooks 

facilitate the learning process by enabling students to connect real-world entities, theories, and 

phenomena (Ahtineva, 2005). This connection is usually done through diagrammatic 

representations (Liu & Khine, 2016). That’s why, if they are used well, then they can be an 

efficient instructional material to augment teaching and learning (Nyachwaya & Wood, 2014).  

In the current research, it was focused on the textual and pictorial representations used in the 

middle school science textbooks because students assess visual images as a part of the written 

text rather than independent way from the text (Pinto & Ametller, 2002). In particular, it was 

examined the representations in terms of several criteria such as graphical types, gender 

representation, indexing, captioning, formality and function of a visual image.  

Theoretical framework 

Theories related to multiple representations are mainly based on assumptions about 

knowledge processing and limitations of working memory due to the human mind structure 

(Opfermann, Schmeck, & Fischer, 2017). Opfermann and colleagues (2017) explain two 

fundamental theories on learning with multiple representations as Multimedia Learning 

Theory, and DeFT (Design, Functions, Tasks) Framework. The current research was also 

developed based on both of the theories. 

Multimedia learning 

The cognitive theory of multimedia learning was developed by Mayer (1997, 1999, 

2003). The theory mainly generated from dual coding theory (Paivio, 1986), the model of 

working memory (Baddeley, 1992) and generative theory (Wittrock, 1989). In the theory of 

dual coding approach developed by Paivio (1986), he explains that human cognition has 

separate information processing systems for handling simultaneously with the information 

which can involve verbal and visual representations. Working memory can only deal with a 

limited amount of information in an information processing system at a certain time 

(Baddeley, 1992). Furthermore, meaningful learning occurs when learners actively engaging 

cognitive processes by paying attention to relevant words and visuals, mentally organizing 

them into appropriate verbal and visual representations, and mentally associating these 

representations with each other and with previous knowledge (Mayer, 2003; Wittrock, 1989). 

To ensure meaningful learning, learners’ cognitive systems should be stimulated by two 

stimuli encoded in verbal and visual systems (Paivio, 1986). In other words, presenting text 

and images together provide more advantages for students’ understanding than presenting 

them alone. When these two representation types are presented together, interpretation of 

ambiguous representation (e.g., text alone) may be constrained by the specific representation 

(e.g., an image) independently of issues of familiarity or experience (Ainsworth, 1999, p.140).  
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In the textbook-based learning environments, the external stimulus can be printed words and 

representations, which are perceived by eyes. Then the learner selects relevant parts of the 

printed words and the representations for further processing. Besides, the learner can 

transform some parts of the printed words and even some of the visuals into verbal 

representations. The next process is organizing an appropriate mental representation based on 

verbal data and appropriate mental representation based on visual data. And the next step is 

integrating verbal and visual representations and with prior knowledge. Consequently, if the 

three processes (selecting, organizing, and integrating) occurs for verbal and visual 

representations successfully, then meaningful learning takes place (Mayer, 2003). 

DeFT (Design, Functions, Tasks) framework 

The framework is mainly developed by Ainsworth (2006) and can be assumed as an 

extensive form of multimedia learning because DeFT framework not only includes (written or 

spoken) words and corresponding pictures but also involves photos, diagrams, tables, graphs, 

concept maps, and other written materials (i.e. notes taken during learning). Ainsworth (1999, 

2006) claims that multiple representations have three fundamental functions, which are 

complementary roles, constrain the interpretation and constructing deeper understanding. The 

complementary role means that different representations (e.g. table and graph) show the same 

information or each of them conveys unique information but complementary to each other 

(Ainsworth, 2014; Opfermann et al., 2017). For example, presenting data on the table and 

showing the data on the graph may facilitate learning because each of these representations 

supports different cognitive processes (Opfermann et al., 2017). The second function of 

multiple representations is constraining interpretation that is constraining each other's 

interpretation possibilities when being presented together (Opfermann et al., 2017, p.10). For 

instance, spoken words can be unclear in some cases, so providing a picture can make more 

sense. Ainsworth (2006) explains this as when these two representations (spoken words and 

pictures) are being presented together, interpretation of the spoken words may be constrained 

due to its unclearness by the second representation (picture). The last main function of 

multiple representations is constructing a deeper understanding. This means that learners can 

connect the different representation types and so gain knowledge that would be difficult to 

gather from just one representation alone (Ainsowrth, 2006). Tsui and Treagust (2013) 

summarize the DeFT framework developed by Ainsworth (1999, 2006) as they support 

meaningful learning i) when they are designed to support different cognitive processes or 

convey complementary knowledge, ii) constraining interpretations protect the learners to 

make misinterpretations, iii) enhancing meaningful understanding via abstraction, extension 

and relation (for more see Ainsworth, 1999, 2006). 

The roles of textbooks in the learning process 

Textbooks have been commonly used in classes. For example, 77% of secondary 

science or mathematics teachers use published textbooks in the US (Banilower et al., 2013) or 

86% of teachers in Germany use mathematics textbooks in their classes (Mullis et al., 2012). 

In other words, textbooks are used at all levels of education as a primary organizer of content 

knowledge (Chiappetta & Fillman, 2007). One of the views about textbooks' role in the 

learning process is that when students read the text in a textbook, their prior knowledge 

interacts with the representations (visual image and text) in the textbooks which impact 

students' learning and recalling the knowledge (Bransford, Brown, & Cocking, 2000). One of 

the advantages of the textbooks is they involve visual images, explanatory drawings, and 

diagrams as an illustration of texts (van der Meij & de Jong, 2006). The crucial point is 
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encouraging students to translate between different representation types and levels. In this 

way, the cognitive load on the working memory of a student will diminish; thus, learning will 

be more easily (e.g., Chittleborough, Treagust, & Mocerino, 2005; Gabel, 1993).   

Students’ abilities to interpret and produce representations is also one of the factors which 

have an impact on their scores in standardized tests such as PISA and TIMMS 

(Anagnostopoulou, Hatzinikita, & Chritidou, 2012; Hatzinikita, Dimopoulos, & Christidou, 

2008). For example, PISA 2015 results showed that Turkish students ranked 55th out of 73 

countries for scientific literacy level (Taş et al., 2016). Similarly, TIMMS 2015 results also 

showed that Turkish fourth-grade students ranked 35th out of 47 countries and Turkish 

eighth-grade students ranked 21st out of 39 countries (Yıldırım et al., 2016). Textbooks can 

be also one of the possible agents for these outcomes. For instance, Hatzinikita and colleagues 

(2008) state that the differences between PISA test items and the Greek school science 

textbooks in terms of textual and graphical modes may be a reason for the low success of 

Greek students in the test. Similarly, Anagnostopoulou and colleagues (2012) compared the 

visual items about biological systems in 7th and 9th-grade biology textbooks in Greece and 

the visual images used in the PISA test. They concluded that there are tensions between visual 

images in the PISA test and the biology textbooks used in Greece concerning the type of 

visual representations and the functional role of graphs. Yeh and McTigue (2009) examined 

985 test items that involve representation in state science tests from 14 states in the US. They 

concluded that to have successful students in standardized tests, students should be familiar 

with how to interpret and how to produce a visual representation. In other research, Geske and 

Geske (2010) advocate that when science textbooks have less narrative and more activities for 

students in Latvia, the students' science scores increased in TIMMS. Consequently, multiple 

representations in science textbooks have crucial impacts on students' achievement and 

conceptual learning. 

Diagrams, illustrations, drawings, photographs, formulas, graphs, and tables are some main 

types of visual representations in science textbooks (Devetak & Vogrinc, 2013; Lee, 2010) 

and there are many studies about visual representations in textbooks. The studies mainly have 

been focusing on two different aspects, one of which is the theoretical basis for the functions 

of representations on learners' meaningful understanding (Ainsworth, 1999, 2006) and the 

other one is the examination of visual representations used in textbooks (Papageorgiou, 

Amariotakis, & Spiliotopoulou, 2017). Primary findings based on these studies reveal that 

whereas half of the page space in science textbooks is dedicated to visual images (Lee, 2010), 

most of those visual images are not related to content (Mayer, 1993). Another important result 

is that most of the representations are macroscopic ones (Lee, 2010), which are concrete and 

visible that can be seen by a naked eye (Johnstone, 1993). One of the recent textbook analyses 

was done by Liu and Khine (2016) on twenty primary students' textbooks used in the 

Kingdom of Bahrain. They reached that great amount of diagrams are used in the primary 

textbooks and most of these are iconic types. Demirdöğen (2017) examined the multiple 

representations used in four Turkish high school chemistry textbooks. She also reached that 

macroscopic representations are common in the high school chemistry textbooks. 

Furthermore, she concluded that the majority of the representations have proper captions and 

almost all of them are completely related to the texts. Similar research was done by Upahi and 

Ramnarain (2019) in the Nigerian chemistry textbooks. They found that symbolic 

representations such as equations, graphs, charts, and signs are the most common 

diagrammatic representations used in the chemistry textbooks. They also reached that 

although representations mainly related to the texts, there was no link in the texts to direct 

student's attention to the corresponding representation. Another research was done by Shebab 
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and BouJaoude (2017) to evaluate the visual representations in seven secondary Lebanese 

chemistry textbooks. They concluded that macroscopic representations are the most 

widespread representation types in the chemistry textbooks. They also found that most of the 

representations had problematic or no captions. Similar studies were also done with middle 

school science textbooks. For example, Kapıcı and Savasci-Acikalin (2015) examined 

representations about the particulate nature of the matter in eight middle school science 

textbooks used in Turkey. They also reached that macroscopic representations were the most 

prevalent ones and more than half of the visuals had no caption. 

Importance of the study and research questions 

Textbooks are one of the rich sources for diagrammatic representations and mainly 

have three fundamental components, which are the general structure, visual materials, and text 

(Devetak & Vogrinc, 2013). The general structure includes general information of the 

textbooks such as the number of pages and chapters. The other component is texts in the 

textbooks, which are also important because content knowledge is presented through it. 

Lastly, textbook illustrations constitute the visual aspect of textbooks. Textual and visual 

materials in the science textbooks have crucial roles in science teaching because inaccuracies 

in textbook illustrations and/or texts cause students' misconceptions (Kesidou & Roseman, 

2002). In related literature, the studies mainly examined the visuals related to a specific topic, 

especially in chemistry education. Yet, in the current research, all of the diagrammatic 

representations in 12 middle school science textbooks used in Turkey between 2002 and 2017 

were evaluated. Examining thousands of diagrammatic representations in middle school 

science textbooks enabled us to reach abundant information about the usage of multiple 

representations in middle school science textbooks. In this light, the purpose of this research 

was to examine the images in sixth, seventh and eighth grades science textbooks in terms of 

the types, gender representation, degree of relatedness to texts, properties of captions, 

formalities and functions from 2002 to 2017 (2002, 2011, 2014, and 2017).  Within this goal, 

the study was designed to answer the following research questions:  

• How did the types of images in the middle school science textbooks change 

from 2002 to 2017 according to the grade levels? 

• How did gender represented in the middle school science textbooks change from 

2002 to 2017 according to grade levels? 

• How did the degree of relationship between texts and images in middle school 

science textbooks change from 2002 to 2017 according to grade levels? 

• How did the properties of the captions in the middle school science textbooks 

change from 2002 to 2017 according to the grade levels?    

• How did the functions of the visuals in middle school science textbooks change 

from 2002 to 2017 according to the grade levels?  

Method 

The study is based on a qualitative research methodology. The data was gathered by a 

document analysis of the twelve middle school science textbooks used in Turkey from 2002 

to 2017. The representations gathered from the science textbooks were analyzed by content 

analysis. 
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Sample 

The representations in the 12 middle school science textbooks used in Turkey between 

2002 and 2017 were analyzed in the current research. The researchers considered two main 

criteria while choosing the middle school science textbooks: All textbooks must be approved 

by the Ministry of National Education (MoNE) and they must be widely used. Based on the 

considerations, four books from sixth grade, four books from seventh grade and four books 

from eighth grade were selected to examine (Appendix A). 

Instruments 

The representations in the middle school science textbooks were analyzed concerning 

the combination of two main diagram coding schemes. The first one was developed by Khine 

and Liu (2017) according to the Graphical Analysis Protocol designed by Slough, McTigue, 

Kim, and Jennings (2010). Four categories from the scheme, which are graphical types, 

gender, indexing and captioning involved in the scheme used for the current research. The 

second coding scheme, which is another basis for the coding scheme used for this research, is 

developed by Dimopoulos, Koulaidis, and Sklaveniti (2003). Two categories from the 

scheme, which are the formality of visual images and function of visual images, included in 

the scheme used for the current research. The coding scheme designed based on these 

categories is given in Table 1. 

Table 1. Rubric for coding the categories. 
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Graphical types were divided into four categories. The first one is the iconic representations. 

They are the direct appearance of the objects being shown (Lee, 2010), such as photographs 

or drawings (Figure 1) (Hegarty et al., 1991). The second category is schematic 

representations, which represent abstract concepts by conserving the physical relationships of 

the main information (Liu & Khine, 2016). A schematic representation of magnetic fields can 

be an example (Figure 2). The next category is charts and/or graphs that mainly involve 

numerical information such as line graphs, polar charts, and pie graphs (Figure 3) (Hegarty et 

al., 1991). Augmented reality was also used as another category, which was added to the 

original rubric by Liu and Khine (2016). The images created and designed multimedia 

technology considered under the category of augmented reality (Figure 4). 

Gender representation was categorized as male and female. For the indexing category, if there 

is no link in the text related to the visual, then it was coded as not indexed. If the visual is 
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mentioned in the text, then it was coded as indexed. Similarly, the visuals were analyzed 

based on captioning, which has two categories: no caption and captioned. No caption category 

includes any title or description under the visual (Figure 5). Captioned one has a title or 

description which is written under the representation (Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. An iconic image of corns 

taken from 6th grade science textbook 

(Güngör et al., 2002, p.40).   

 

Figure 2. A schematic image of 

magnetic fields taken from 6th grade 

textbook (Güngör et al., 2002, p.148). 

 

Figure 3. A chart taken from 8th 

grade science textbook (Çelik 

Koyuncu et al., 2002, p.112). 

 

Figure 4. An augmented reality of animal 

cell taken from 7th grade science textbooks 

(Tuncel, 2017, p. 16). 

 

Figure 5. No caption of a student 

working on microscope taken from 

7th grade science textbook (Tuncel, 

2017, p. 62). 

 

Figure 6. Captioned picture about fern 

taken from 6th grade science textbook 

(Güngör et al., 2002, p. 42). 
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The formality of visual images was analyzed in three categories. These are realistic images, 

conventional images, and hybrid images. Reality images represent the entities that can be 

perceived by a naked eye such as photographs and drawings (Figure 7) (Dimopoulos et al., 

2003; Devetak & Vogrinc, 2013). Conventional images represent reality in a codified way 

(Dimopoulos et al., 2003) such as diagrams, flowcharts, maps or graphs (Figure 8). Hybrid 

images are the ones that involve realistic and conventional images together in the same visual 

(Figure 9) (Dimopoulos et al., 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

The representations were also examined concerning their functions in four categories: 

Classificational, analytical, narrative and metaphorical. Whereas classificational and 

analytical images emphasize powerful visual images in terms of the educational context, 

narrative and metaphorical images emphasize weak visual images. Classificational images 

present types of relationships between the things, places or people presented in taxonomy 

(Figure 10) (Dimopoulos et al., 2003). Analytical images represent the visual in terms of part-

whole structure relationships (Figure 11) (Dimopoulos et al., 2003). Narrative images involve 

a vector (or arrow) either explicitly or imaginarily that shows the process of an action or event 

(Figure 12) (Dimopoulos et al., 2003) such as the carbon cycle. The last one is metaphorical 

images that represent the images harnessed with specific cultural symbols (Figure 13) 

(Dimopoulos et al., 2003).  

 

 

 

Figure 7. Realistic image of a snake 

taken form 7th grade science 

textbook (Tuncel, 2017, p. 24). 

 

Figure 8. Conventional image of diffuse 

reflection taken from 7th grade science 

textbook (Tuncel, 2017, p. 129). 

 

Figure 9. Hybrid image of static electric taken form 6th 

grade science textbook (Güngör et al., 2002, p.110). 
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In the next step, the reliability values for the research were calculated by Miles and 

Huberman’s formula (Reliability= consensus / consensus+disagreement). Three different 

researchers analyzed the 20% of representations for each category concerning the coding 

rubric independently. The inter-rater reliability coefficient for each category was given in 

Table 2. Agreement has been reached between researchers. 

Table 2. Miles and Huberman’s agreement percentage for each category. 

Category Miles and Huberman’s agreement percentage 

Graphical Types 79% 

Gender 81% 

Indexing 94% 

Captioning  91% 

Formality of Visual Images  83% 

Function of Visual Images 85% 

Figure 10. Classificational image of 

distribution of rain forests in the world 

according to years taken from 6th 

grade science textbook (Güngör et al., 

2002, p.46). 

 

Figure 11. Analytical image of a leaf 

structure under the microscope taken 

from 6th grade science textbook 

(Güngör et al. 2002, p. 32). 

 

Figure 12. Narrative image for life 

cycle of a plant taken from 6th 

grade science textbook (Güngör et 

al., 2002, p. 36). 

Figure 13. Metaphorical image of 

Antonie van Leeuwenhoek taken 

from 7th grade science textbook 

(Tuncel, 2017, p. 22). 
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Findings 

The results for the total number of representations and the average number of 

representations per page were given in Table 3. Subsequently, the findings were presented to 

each category.   

A total of 6247 representations (2078 visual images from sixth-grade science textbooks, 2472 

visual images from seventh-grade science textbooks and 1697 visual images from eighth-

grade science textbooks) from 2581 pages were collected. Findings revealed that whereas the 

seventh-grade science textbook, which was published in 2002, had many visual 

representations per page than others, the eighth-grade science textbook, which was published 

in 2017, had the least number of representations per page.   

Table 3. Number of the representations in the science textbooks.  

Grade Year # of Pages 

sampled 

Total # of 

representations 

Average # of 

representations per page 

6th 2002 171 414 2.42 

6th 2011 258 735 2.84 

6th 2014 176 309 1.75 

6th 2017 226 620 2.74 

7th 2002 159 507 3.18 

7th 2012 239 658 2.75 

7th 2014 243 547 2.25 

7th 2017 254 760 2.99 

8th 2002 156 448 2.87 

8th 2011 259 527 2.03 

8th 2015 258 439 1.70 

8th 2017 182 283 1.55 

Overall 6th grade   2078  

Overall 7th grade   2472  

Overall 8th grade   1697  

Overall results showed that there are more representations per page on seventh-grade science 

textbooks (2.79 representations per page) than sixth and eighth-grade science textbooks. The 

total number of representations and the average number of representations per page were the 

lowest for the eighth-grade science textbooks (2.04 representations per page). There are 2.44 

representations per page on the sixth-grade science textbooks. 

How did the types of images in the middle school science textbooks change from 2002 

to 2017 according to the grade levels? 

The findings showed that an iconic type of representations has been mostly used in 

middle school science textbooks. It had the highest ratio (71.3% iconic representations) for a 

total of four seventh grade science textbooks (Figure 14). It gradually decreased for sixth-

grade science textbooks (69.6% iconic representations) (see Figure 15) and had the lowest 

value (68.8% iconic representations) for the eighth-grade science textbooks (Figure 16). The 

science textbooks, which were published in 2011 for sixth and eighth grades, and published in 

2012 for seventh grade, involved more iconic representations than the others. The number of 

iconic representations in the science textbooks fluctuated from 2002 to 2017. 
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Figure 14. The seventh grade textbooks’ analysis based on the graphical types. 

Schematic representations also have been usually used in middle school science textbooks. 

The number of distribution of schematic representations was similar to iconic representations. 

It was at most for the seventh-grade science textbooks (22.1% schematic representations) and 

at least for the eighth-grade science textbooks (15.9% schematic representations). In a total of 

four sixth grade science textbooks, 20.6% of visuals were schematic representations. There is 

no certain conclusion about changes in the number of schematic representation in the science 

textbooks. Yet, the sixth and seventh-grade science textbooks published in 2017 included 

many more schematic representations than the ones published before. 

Charts and graphs rarely involved in the science textbooks. Whereas the eighth-grade science 

textbooks included the highest ratio of charts and graphs (7.6%), it was at the minimum level 

(3.3%) for the seventh-grade science textbooks. The value for charts and graphs was 6.1% in 

all of the sixth-grade science textbooks. 

 
Figure 15. The sixth grade textbooks’ analysis based on the graphical types. 

The total number of augmented reality used in the science textbooks was similar to charts and 

graphs (337 charts and graphs used in all science textbooks and 287 augmented reality 

representations included in all science textbooks). It had the highest value for the eighth-grade 

science textbooks (7.7% augmented reality) and had the lowest ratio (3.2%) for the seventh-

grade science textbooks. Only 3.7% of the visuals in all of the sixth-grade science textbooks 

were augmented reality representations. 
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Figure 16. The eighth grade textbooks’ analysis based on the graphical types. 

How did gender represented in the middle school science textbooks change from 2002 

to 2017 according to grade levels? 

The results showed that there were a total of 1137 gender representations (18.2%) in 

all of the twelve science textbooks. In the seventh-grade science textbooks, there were 502 

gender representations (20.3%). It was 327 representations (15.7%) for the sixth-grade 

science textbooks and was 308 representations (18.1%) for the eighth-grade ones. 

There were more female representations (167 images) than male ones (160) in the sixth-grade 

science textbooks especially the ones published in 2011 and 2017 involved more female 

representations than male representations (Figure 17).  

 
Figure 17. The sixth grade textbooks’ analysis based on gender representations. 

For the seventh-grade science textbooks, 304 male representations and 198 female 

representations included in all of the science textbooks. Only the textbooks published in 2017 

involved more female representations than male ones (Figure 18). 
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Figure 18. The seventh grade textbooks’ analysis based on gender representations. 
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Figure 19. The eighth grade textbooks analysis based on gender representations. 
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Figure 20. The sixth grade textbooks analysis based on indexing. 
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Analysis of the sixth-grade science textbooks showed that almost all of the representations 

indexed in the main texts. The relatedness between texts and visuals were 97.6%, 96.6%, 

93.9%, and 96.9% concerning the publication years of the sixth grade science textbooks, 

respectively. A similar result was also found for the seventh-grade science textbooks. The 

indexing ratios were 95.5%, 89.4%, 94.9%, and 92.1% with respect to the publication years of 

the seventh grade science textbooks, respectively.  

 
Figure 21. The seventh grade textbooks analysis based on indexing. 

For the eighth-grade science textbooks, the one published in 2017 had the highest ratio 

(96.5%). On the other side, 78.6% of the representations were indexed in the main texts for 

the textbook published in 2015, which was the lowest ratio in the total of four eighth grade 

science textbooks. Whereas it was 87.1% for the textbook published in 2002, the ratio was 

91.5% for the one published in 2011. 

 
Figure 22. The eighth grade textbooks analysis based on indexing. 
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Figure 23. The sixth grade textbooks analysis based on captioning. 
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captions. It had the highest ratio for the textbooks published in 2014 (26.0%) and had the 

lowest ratio for the ones published in 2002 (10.0%) (Figure 24). The ratio for the visuals that 

have proper caption in the seventh grade science textbook published in 2012 was 16.9%. In 

the recent textbook published in 2017, the ratio was 21.2%.  

 
Figure 24. The seventh grade textbooks analysis based on captioning. 
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Figure 25. The eighth grade textbooks analysis based on captioning. 
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How did the functions of the visuals in middle school science textbooks change from 

2002 to 2017 according to the grade levels?  

Realistic representations have been mainly used in middle school science textbooks. 

For the eighth-grade science textbooks, 64.3% of all representations were found as realistic. It 

was 55.3% for the sixth-grade science textbooks and 55.8% for the seventh-grade science 

textbooks. These data show that more than half of the representations from all science 

textbooks were realistic. Hybrid representations were at the lowest ratio. Furthermore, it was 

reached that about one-third of the representations (34.6%) were found as conventional 

representations. Analysis of the sixth-grade textbooks based on the formality of visual images 

showed that the textbooks published in 2011 had more realistic images (66.2%). The textbook 

published in 2017 had a similar ratio for both conventional and realistic representations 

(45.5% and 49.3% respectively) (Figure 26).  

 

 
Figure 26. The sixth grade textbooks analysis based on the formality of visual image. 
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Figure 27. The seventh grade textbooks analysis based on the formality of visual image. 
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19.8% from 2002 to 2017. There were very limited hybrid representations in the eighth-grade 

science textbooks (Figure 28). 

 
Figure 28. The eighth grade textbooks analysis based on the formality of visual image. 
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Figure 30. The seventh grade textbooks analysis based on the function of visual images. 

Although the eighth-grade science textbooks had the lowest ratio for the analytical images, it 

was still more than half of the images in this category (51.4%; 160 analytical images). Figure 
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Figure 31. The eighth grade textbooks analysis based on the function of visual images. 
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levels because eighth-grade middle school students' perceptions might be better to 

conceptualize the abstract concepts. Nonetheless, iconic representations have the highest ratio 

for seventh-grade science textbooks. Furthermore, the total number of images is at most for 

the seventh-grade science textbooks. The reason for these findings might be that the numbers 

of objectives in the science curriculum are the highest for this grade level. Schematic 

representations also have crucial roles in science teaching since they mostly represent the 

abstract concepts that are common in science education. It was unexpected finding that there 

was the lowest frequency for schematic representations in the eighth-grade science textbooks 

because it is usual that an increase in the grade level is parallel to the increase in 

understanding of abstract concepts (Kapici & Savasci-Acikalin, 2015). Charts, graphs, and 

augmented reality were the lowest type of images used in the middle school science 

textbooks. Abstract concepts are too small to be seen by a naked eye, so they are mostly 

represented by schematic representations, graphs, and tables. The lower ratios of usage of 

these representations mean that middle school science textbooks mainly didn't involve images 

of these types of concepts. This can be assumed as a big handicap for students because not 

understanding the meaning of such representations makes difficult to understand abstract 

concepts or ideas (Taber, 2009). Lastly, there were minimum representations about the type of 

augmented reality, which are produced by using computer technology. The nature of abstract 

concepts can be visible through computer technology, so using much more augmented reality 

images in middle school science textbooks might be beneficial for students. 

In terms of gender representations, there were more male representations than girl 

representations in the middle school science textbooks except for the sixth-grade science 

textbooks. Textbooks are important sources to teach children about their roles based on their 

gender (Brownlow & Durham, 1997). There are many more studies in the related literature 

(e.g., Kerkhoven et al., 2016) which concluded that male representations were used much 

more than female representations. The reason for this conclusion might be that there are many 

more men who are interested in workforce-related with science fields than women (UNESCO, 

2018). In order to encourage women to join for working in science-related areas, one of the 

efficient ways can be to include their views and ideas (European Commission Ethics and 

Gender, 2012), especially in science textbooks. There should be a balance about the 

distribution of gender representations in science textbooks which might have an impact on 

showing men and women can do science. 

For the relatedness to text criteria, most of the visuals were mentioned in the main text in the 

middle school science textbooks. This is also an important outcome of the research because 

exposing learners’ cognitive systems with two different and complementary stimuli can 

enable them to learn meaningfully and deeply. Main texts are primary sources for students to 

interpret the images (Pozzer Ardenghi & Roth, 2004). It might be difficult for learners to 

understand the images properly if there is no link or relation within the text. 

Captioning is also one of the important properties of images to inform the learner what the 

image is about (Pozzer & Roth, 2003). Yet, the findings showed that the images were the 

most problematic in terms of captions. It was seriously problematic for the representations in 

the seventh-grade science textbooks because there were only one out of five images had a 

proper caption. It might be difficult for middle school students to understand what the image 

aims to teach without a proper caption. 

For the criteria about the formality of the visual images, the findings were coherent with the 

ones about the graphical types of representations because more than half of the images in each 
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grade level’s (6th, 7th, and 8th) science textbooks were realistic. Although the definitions of 

iconic representations and realistic images are similar, there are some differences between the 

numbers of the images. The source of this difference might be due to the structure of the 

rubric because whereas the graphical types were examined under four categories (iconic, 

schematic, charts/graphs, augmented), formality of the visual images were evaluated under 

three categories (conventional, hybrid, realistic). Dimopoulos et al. (2003) also reached that 

the visuals in the science textbooks and science press are rich in terms of the physical 

appearances of the things or concepts. Another finding was that one out of three images were 

conventional images in the science textbooks which was another result similar to schematic 

representations. Lastly, hybrid representations, which involve the combination of realistic and 

conventional representations, had the lowest ratio. This kind of representation is also a 

powerful tool for teaching because students can see concrete and abstract forms of the 

concepts, so it would be better to understand easily. 

The last category was the functions of the visual images in the middle school science 

textbooks. It was reached that analytical images were commonly used in the science 

textbooks. This shows that the images had connections with the text or have surface labels. 

The main difference between a surface label and caption is that whereas surface label 

introduces the specific part of the image, caption identifies the mission of the images (Kapici 

& Savasci-Acikalin, 2015). In terms of pedagogical function, the better option is including 

both of them. Narrative, classificational and metaphorical images were used at very low levels 

in the science textbooks. This is also a big deficiency for the textbooks. This finding shows 

that there were limited images in the science textbooks to represent process-related topics 

(i.e., vector direction), technical issues (i.e., the procedure of an experiment) and cultural 

symbols. 

As mentioned in the literature (i.e. Anagnostopoulou et al., 2012; Hatzinikita et al., 2008), 

textbooks can be an important factor in students' scores in the (inter)national tests because 

textbooks are major sources of information for both teachers and students in Turkey. Since 

involving much more concrete images in the textbooks, students may have trouble 

interpreting the abstract concepts. Although there are limited graphs and tables in the 

textbooks, there are a lot of question items, which requires analyzing graphs and tables, in the 

(inter)national tests. The results of international exams such as PISA and TIMMS support the 

view presented in the current research. 

Conclusion 

All in all, there are abundant representations in Turkish middle school science 

textbooks. Yet, they mostly focus on real copies of objects or concepts. Although there are 

many topics, which involve abstract concepts, in science education, there are limited 

representations for those objects or concepts. Furthermore, there are rarely multiple 

representations in which students can see different representation levels (i.e., macroscopic, 

sub-microscopic, symbolic) together. It might be better for learners to observe different 

representation levels together. For example, a molecular structure of water can be represented 

with its chemical formula H2O. In this way, a learner might realize that whereas the two same 

molecules represent the H atoms, the unique molecule stands for the O atom.  

Most of the representations have connections with the texts. This is a good conclusion 

because the text and the representation complement each other and stimulate different parts of 

working memory that are important for learning. The problematic issue is the captions for the 
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representations. Captions can be assumed as an identity of a representation. It is possible to 

misunderstand what the representation aims to teach if it has no caption. The representations 

in Turkish middle school science textbooks mainly had a problem in terms of captioning. 

Gender representations in the textbooks are also important. It may have an impact on the 

status of a woman in society. The female representations have a disadvantage in terms of their 

numbers in the Turkish middle school science textbooks. Gender equity should be supplied in 

the textbooks. Females should be represented as engineers, scientists, software developer and 

technical workers in the textbooks. They should realize that they can work in science-related 

jobs as much as the male. 

The formality of visual representations also showed that most of the representations are 

realistic in the textbooks. It is a compatible finding with the one which showed the 

representations are mostly real copies of objects/concepts. The functionality of visual 

representations showed that the visuals in the textbooks mostly represent the part-whole 

structure of the concepts. It is a powerful kind of visual representations in terms of 

educational context. 
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