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ABSTRACT 

 
THE INFLUENCE OF GRAPHIC-TEXT CORRESPONDENCE AND TEXT 

COHERENCE ON CHILDREN'S READING COMPREHENSION 

AND ATTITUDE TOWARD READING 

by 

© Juliette C. Désiron 

Master of Arts in Interdisciplinary Studies 

International Cognitive Visualization 

California State University, Chico 

Summer 2014 

 
The aim of this study was to improve text comprehension, regardless of text 

coherence, thanks to the use of adjunct graphics at different levels of correspondence 

with the text. From the basis of Schnotz's integration of text and picture comprehension, 

we developed six modalities designed to enhance text comprehension for young readers. 

Two levels of text coherence were used: low coherence and high coherence. Two levels 

of adjunct graphics were used: low correspondence with the text and high correspondence 

with the text. Additionally a control condition was used, without adjunct graphic. We 

found no significant differences between the six conditions in the immediate performance 

of the readers. After a week delay, a decrease of comprehension was observed only for a 

text of low coherence accompanied by a low corresponding graphic.  

viii 
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 CHAPTER I  
 
 
 
 INTRODUCTION  
 
 

Background 

Leisure activities for children are multiple, but the one that is believed to be 

helpful in class is reading. There are numerous types of media from which one can read, 

whether it is a newspaper, a comic, or a book. The only one that is, however, used both 

for leisure and for academic reading is the book. 

The main requirements for young readers to learn from a book are both their 

ability to read, and their ability to comprehend the text. In an attempt to ease the 

understanding of a newly presented concept, or only with the intention to make reading 

more enjoyable, the use of adjunct pictures has gradually increased in textbooks and 

children's books. Publishers want to make books more attractive and topics easier to 

comprehend thanks to representational pictures (e.g. photographs) or visual metaphors 

(e.g. a thermometer to represent a fever). Performance on text comprehension is clearly 

higher when text and graphics are used together (Peeck, 1974; Mayer, 1989; Hegarty & 

Just, 1993; Schnotz & Bannert, 2003; Danielson, Schwartz & Lippmann, 2014 in 

review). On the other hand, text alone influences comprehension as well, and 

performance will vary depending on the extent to which the information present in the 

text is explicit (McNamara, Kintsch, Songer & Kintsch 1996, McNamara 2001, Ozuru, 

Dempsey, and McNamara 2009) 
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However, there is a problem in the epistemology underlying text-processing 

research. Adjunct graphics and text coherence both positively influence text 

independently, but the adequacy between the level of detail in the text and the level of 

detail in the graphic has generally not been taken into consideration. That is, using an 

inadequate graphic could increase the cognitive processing necessary to understand the 

information presented in the text if this information has not been made explicit. This 

study was design to address this problem by: a) examining the ability of the current 

theories on text comprehension (text processing and multimedia processing) to predict 

learning outcomes a priori, and b) controlling text coherence and text-graphic 

correspondence to better understand the best text and graphic combinations for text 

comprehension.  

Problems in Text Processing 

Understanding a text requires using both working memory and long term 

memory. Working memory is necessary to understand text level information (Daneman 

& Carpenter, 1980; Daneman & Carpenter 1983; Mason & Miller, 1983), and long-term 

memory allows the reader to make inferences with other parts of the text, or from prior-

knowledge (Langer, 1984; Graesser, Singer & Trabasso, 1994). Kintsch (Kintsch & van 

Dijk, 1978; Kintsch, 1979; Kintsch, 1988; Kintsch 1993) defined text processing as the 

ability for a reader to form an accurate mental representation of the gist of a text – the 

text-base. The text-base built by the reader includes mainly elements from the text, some 

inferred by the reader from the text, as well as elements inferred from the reader's prior-

knowledge. According to Kintsch, text comprehension can be enhanced when a text is of 
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high coherence level, and therefore requires no or very few inferences to be made by the 

reader (Britton & Gülgöz, 1991). 

However, readers have a need for cognitive engagement when reading. When 

this need is not satisfied and the reader is not engaged in the reading material, retention of 

information is low. In short, text processing does not only rely on the text itself but is 

influenced by the reader as well. McNamara and colleagues (McNamara, Kintsch, Songer 

& Kintsch 1996, McNamara 2001, Ozuru, Dempsey, and McNamara 2009) found that 

reducing the need for inferences by generating a high coherent text does not uniformly 

improve readers' performance. Indeed, McNamara and colleagues found that, when using 

texts manipulated for high- and low-coherence, low prior-knowledge readers benefited 

from the high-coherence version, but high prior-knowledge readers showed lower 

performance under this condition. For low coherence text, low prior-knowledge readers 

performed poorly, whereas high prior-knowledge readers performed well. 

The problem is that when textbooks or leisure books are written and published 

they aim for all readers, regardless of individual differences in prior-knowledge. 

Unfortunately, research in text comprehension only confirms the existence of a gap of 

performance for either high- or low- text coherence relative to high or low prior-

knowledge readers, without proposing a solution for enabling high level of 

comprehension for both readers. In the present investigation, we aim to close the gap in 

comprehension using adjunct pictures. 
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Problems in Multimedia Processing 

Another problem with the research in text comprehension is the significant 

differences in the extent to which adjunct graphics effectively enhance performance. 

Multimedia researchers (cf. Mayer, 2002; Schnotz, 2014) have attempted to explain how 

the processing of text and the processing of graphics is combined, allowing readers to 

create a mental model to support comprehension – a model based on Paivio's dual coding 

theory (DCT) (Paivio, 1971; Clark & Paivio, 1991). DCT states that readers process text 

and graphic representations through two different channels. The theory assumes that there 

are two cognitive subsystems, respectively specialized in the processing of verbal 

(logogens) and non-verbal (imagens) elements. These elements are first processed by the 

sensory system. Then, there is either, a direct activation of the verbal or non-verbal 

representations in long term memory, a referential connection of both verbal and non-

verbal systems, or an association of several elements within one of the two systems. 

However, the findings regarding the influence of graphics on text are mixed. Some 

researchers (Peeck, 1974; Mayer, 1989; Hegarty & Just, 1993; Schnotz & Bannert, 2003; 

Danielson, Schwartz & Lippmann, 2014 in review) provided evidence of better 

performance on text comprehension when a text and graphic were presented together. On 

the other hand, other studies (Vernon, 1953, 1954; Koenke & Otto, 1969) found no 

differences between text alone and text with graphics, or pointed out that text 

comprehension differs depending on the type of graphics accompanying the text (Haring 

& Fry, 1979; Schnotz & Bannert, 2003; Danielson, Schwartz & Lippmann, 2014 in 
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review). Thus, the problem remains: what type of graphic should be paired with texts, 

depending on the text's level of coherence? 

Schnotz (2014) considers that a single mental model combining the 

comprehension of a text and a graphic is built while reading the text accompanied by a 

graphic. This integrative model of text and picture comprehension (ITPC) explains that 

the mental model of a text and graphic is the result of a perceptual processing of a text 

and a graphic structure through external sensory systems, as well as semantic deep 

structure processing which links the input information to prior knowledge. The model 

predicts that if the amount of information to extract from the graphic is more important 

than the information present in the text, more mental effort will be allocated to processing 

the graphic over text, resulting in lower comprehension of the text. The model predicts 

that, similarly to the findings for text coherence, high prior-knowledge readers are able to 

construct a mental model of the text without another source of information. Thus, adjunct 

graphics should only be more beneficial for low prior knowledge readers. In short, the 

model predicts the risk of a redundancy effect for high prior knowledge readers when a 

graphic accompanies a text. That is, the combination of a text and a graphic may actually 

decrease comprehension for high prior knowledge readers, since those readers 

unnecessarily allocate time and mental effort to the graphic. Additionally, the ITPC 

model assumes that a good text-graphic paring implies that both the text and graphic are 

semantically related. Thus, both media should include a similar level of information, 

consisting of higher order ideas and details. Finally, the ITPC model advocates spatial 

and temporal contiguity between both media, recommending that the text and picture be 
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close together to limit the time required to allocate attention to both, therefore limiting a 

possible split of attention which would be detrimental to the formation of a single 

combined mental model. In the present investigation, we manipulated both the coherence 

of texts and the correspondence of graphics to those texts to observe the influence of each 

on readers' mental model construction. 

Graphical Representations 

As Bertin (1984) stated, "The potential utility of graphics can only be assessed 

if we are able to answer rigorously a […] question: What type of graphic should be 

used?". In the present investigation, we wanted to know how the correspondence between 

the explicitness of a text and the amount of detail shown in a graphic could improve 

comprehension. Explicitness refers to text coherence. When text coherence is high 

explicitness is high, and when text coherence is low explicitness is low (Dempsey, 

McNamara). Graphics always represent the gist of the text, but only high correspondent 

graphics represent detailed information presented in the text while low correspondent 

graphics only represent the gist of the text.  

Referring to the graphical taxonomy of Carney and Levin (2002), we opted to 

design graphics that Carney and Levin described as representational. Carney and Levin 

defined five function of graphic: decorative, representational, organizational, 

interpretational and transformational. Decorative graphics have little or no relation to the 

text content; organizational graphics are a framework of the text content; interpretational 

graphics give more details than the text content in order to ease comprehension; 

transformational graphics are considered as mnemonic aids for the reader; and 
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representational graphics mirror part or all of the text content. The problem is that the 

taxonomy developed by Carney and Levin is too broadly defined and remains inexplicit 

on the characteristics defining different degree of correspondence between text and 

graphic. 

To guide the design of graphics more precisely, Carney and Levin's (2002) 

taxonomy can be paired with another taxonomy developed by Marsh and White (2003). 

For Marsh and White, graphics can bear one or more functions out of 49, grouped into 

three main categories of strength of the relationship between a graphic and a text. One 

category includes graphics with little relation to the text (such as decorative graphics); a 

second category includes graphics in close relation with the text (such a representational 

graphics); finally, a third category includes graphics that go beyond the text (such as 

interpretational graphics). When graphics are in close relation with the text, Marsh and 

White explain that the graphics can have a "condensing" function and/or an "explaining" 

function. When a graphic condenses the information of a text, it depicts the gist of the 

text; when a graphic explains the information of a text, it depicts detailed information 

present in the text. The degree to which a representational graphic is close to a text was 

defined here as a graphic that always depicts the gist of the text, but can also depict a 

little or a lot of the information present in the text.  A graphic depicting a lot of the 

information present in the text has a high correspondence with the text; a graphic 

depicting little of the information in the text has a low correspondence with the text. In 

the present investigation we looked into the effect of representational graphics on text, 
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with different degrees of detail in the graphic crossed with the degree of explicitness of 

the text.  

 

The Present Study 

In the present investigation, we sought to determine whether the coherence of 

text and the correspondence of graphics with a text influence readers’ comprehension and 

attitude toward reading in children (2nd, 3rd, and 4th grade). We were also interested in 

whether the potential effects on comprehension and reading attitude endure over time. 

We asked participants to read two excerpts of a scientific book and retain as much as they 

could while reading. The excerpts were presented to the participants on paper in either 

one of six versions that differed in text coherence and graphic-text correspondence. Half 

of the modalities were high in text coherence, and half of the modalities were low in text 

coherence. Each high and low coherent text was accompanied with a low correspondent 

graphic, a high correspondent graphic, or no graphic at all. After reading one excerpt, 

participants were asked to answer comprehension questions as well as a pictorial likert 

scale measuring attitude toward reading. They repeated the same procedure after reading 

the second excerpt. To prevent text order effect, the order of presentation of the text was 

counterbalanced, while the modality for each excerpt was the same. Six days after the 

presentation of the text, participants were asked again to answer the same comprehension 

questions and likert scale, in the same order as when they read the text. 

Current research has shown that high coherent text structure suppresses the 

need to make inferences to understand a text (McNamarra, Kintsch, Songer & Kintsch, 
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1996; McNamara, 2001, O'Reilly & McNamara, 2007). However, although poor prior-

knowledge readers benefit from high coherence text structure, high prior knowledge 

readers are compromised by text whose coherence structure is high. We expect to find 

that children's comprehension of a scientific expository text at two levels of coherence 

will similarly be influenced by the children's prior knowledge, with high prior-knowledge 

readers benefiting more from a low coherent text and low prior-knowledge readers 

benefiting more from a high coherent text. 

With regard to the accompaniment of graphics, Peeck (1974) found that 

participants reading a text with a graphic retained significantly more information than 

participants reading a text alone; Mayer (1989) also found that graphics can help readers 

without prior knowledge recall more explanatory information of a braking system than 

when readers only have a text describing the system; finally, Hegarty and Just (1993) 

found similar results, with higher comprehension of a pulley system when readers had a 

text and a graphic than when the readers only had a text. Therefore, we expect to find that 

participants provided with a graphic will comprehend more from the text than 

participants provided with a text alone.  

On the other hand, the influence of graphics on the comprehension of text is 

not always enduring over time. Danielson, Schwartz & Lippmann (2014 in review) found 

that the effect of a graphic accompanying a text did not positively impact text 

comprehension immediately after reading the text; however, after a week delay, only the 

readers reading a text accompanied by a graphic high in correspondence with the text 

showed no decline in text comprehension. Therefore, we expect to find a stronger decline 
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of comprehension over time with a low correspondent graphic than a graphic whose 

correspondence with the text is high.  

Additionally, we were interested in the general impact of the coherence of text 

structure and graphic-text correspondence on text comprehension. Based on a review of 

the literature, we generated research questions to empirically observe predictions that 

would be expected from Kintsch's theory of text processing, Carney & Levin’s and 

Marsh & White’s taxonomies of graphics, and Schnotz's integrative model of text and 

picture comprehension: 

1. Would the presence of a representational graphic affect differently 

learning from a high coherent text and a low coherent text? 

2. Would a representational graphic with a high correspondence with the text 

yield a stronger mental model of the text than a graphic with low 

correspondence in both high and low coherent texts? 

3. Would a representational graphic with a low correspondence with the text 

yield a stronger mental model of the text than a graphic with low 

correspondence in both high and low coherent texts? 

4. Would the strength of the correspondence between a representational 

graphic and a text, and the degree of coherence of the text, moderate the 

decay of readers’ comprehension of text content information over time? 

In regards to question 1, Carney and Levin’s taxonomy (2002) and Marsh and 

White’s taxonomy (2003) would predict that the presence of a graphic should 

significantly enhance comprehension compared to a text-without an adjunct graphic. 
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Those taxonomies predict that the graphic will be first remembered, and in turn prompt 

the retrieval of the information present in the text. Kintsch's theory would predict that 

learning should be higher with the high coherent text compared to the low coherent text., 

because in a high coherent text, all the elements to construct a mental model of the text 

are available to the reader so the reader does not need to generate inferences from prior 

knowledge.  

Questions 2 and 3 examine the predictions of Schnotz's (2014) integrative 

model of text and picture comprehension, specifically the prediction of the necessity of 

semantically comparable text and graphics to enhance comprehension. That is, when a 

text and a graphic are paired together and include a similar level of information in each 

referent, the pairing best contributes to the construction of a learner’s mental model of the 

text. Schnotz's (2014) theoretical perspective would predict that a graphic with high 

correspondence with the text should yield better learning outcomes if the text is of high 

coherence; alternatively, a graphic low in correspondence with the text should yield 

better learning outcomes, but only if the text is of low coherence because each pair – high 

coherent text with a detailed graphic, and low coherent text with no detailed graphic– 

would be text-graphic pairs that are semantically close and consistent.  

In regards to question 4, we expected learning outcomes to decay over time. 

However, we expected this delay to reflect the strength of the learning outcomes – that is, 

deeper processing should be more resistant to decay, whereas shallower processing 

should decay significantly more. We predicted that the decrease in comprehension will 

depend on the pairing of text coherence and text-graphic correspondence, as a function of 
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semantic overlap (Schnotz, 2014). That is, a good pairing semantically – high coherent 

text with a detailed graphic and low coherent text with no detailed graphic– should show 

less decrease in comprehension over time than semantically poor pairing – high coherent 

text with no detailed graphic, or low coherent text with a detailed graphic. 

Finally, we also aimed to explore which of the readers' own characteristics 

(reading skills, prior knowledge, attitude toward reading and success after an immediate 

comprehension test) best predicted the readers’ comprehension performance for each of 

the text-graphic combinations. Schnotz's (2014) integrative text and picture 

comprehension model predicts that high prior-knowledge readers may not perform well 

when given a text with an adjunct graphic, because the graphic would operate as 

redundant information leading readers to unnecessarily allocate attention to the graphic. 

Regarding text coherence empirical research, McNamara and her colleagues (c.f. 

McNamara, Kintsch, Songer & Kintsch, 1996; McNamara, 2001; Ozuru, Dempsey & 

McNamara, 2009) found that readers' prior knowledge and reading skills influence the 

readers’ ability to make inferences, and in turn, ease their comprehension of a text. The 

results of research in text coherence indicate that high prior knowledge and high reading 

skills positively correlate with the comprehension of a low coherent text, but negatively 

correlate with the comprehension of a high coherent text; and low prior knowledge and 

low reading skills positively correlate with the comprehension of a high coherent text, 

while negatively correlating with the comprehension of a high coherent text. Based on 

McNamara and her colleagues' research, we expect to find that prior knowledge and 

reading skills will be better predictor of text comprehension with the low coherent text 



13 

than with the high coherent text. That is, readers should only refer to their prior 

knowledge to make inferences when reading low coherent texts. According to Schnotz's 

model (2014), we also expect to find that readers use their first comprehension of the text 

rather than their original prior knowledge after a week delay when there is a strong 

semantic relation between text and graphic – high coherent text with detailed graphic and 

low coherent text with no detail graphic. 
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CHAPTER II 

 
LITERATURE REVIEW 

 
Introduction 

 Since the invention of writing, texts have taken over the oral as a mean to 

transmit knowledge and stories to others. When writing a text, it is important to take into 

consideration what exactly has to be transmitted, and it is of utmost importance to take 

into account the intended reader. A writer wants to make sure that the reader will grasp 

the meaning of the text, will comprehend it. Research in text comprehension is mainly 

based on the construction and integration model developed by Kintsch (Kintsch & van 

Dijk, 1978; Kintsch, 1979; Kintsch, 1988; Kintsch, 1993). In this model the author has 

determined that a text structure can be divided into four levels. The coherence of the text 

can be manipulated at a macro-level, and modifications into a high-coherence text should 

result in ease of readers’ comprehension of the text. However, several empirical 

researches (McNamara, Kintsch, Songer & Kintsch, 1996; McNamara, 2001; Ozuru, 

Dempsey, & McNamara, 2009) have found that only low prior-knowledge readers benefit 

from a high-coherence text structure. These results indicate that modifying the coherence 

of a text is not the solution to allow all readers to construct the same mental 

representation, text-base, while processing a text. Recent research (Mayer, 2005; Schnotz 

& Bannert, 2003) investigated the possibility of creating a mental model not only from a 

written text, but from multiple representations. To further investigate the multiple  
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representations theory, researchers (Mayer, 1989; Hegarty & Just, 1993; Schnotz, 2005) 

have focused on the possibility of improving text comprehension thanks to the use of 

accompanying graphics. The nature of the relationship between text and graphic was in 

turn analyzed by several researchers (Carney and Levin, 2002; Marsh and White, 2003). 

To ease the determination of which graphic to use with a text, they have generated 

different, but complementary, taxonomies of graphics. In this investigation the impact on 

text comprehension of the reader's affection toward the text was also taken into 

consideration. 

 

Processing of Text 

The Construction and Integration Model 

The main model of text comprehension has been developed by Kintsch 

(Kintsch & van Dijk, 1978; Kintsch, 1979; Kintsch 1988,;Kintsch, 1993). According to 

this model, comprehension of a text can be divided into four levels: propositions, 

microstructure, macro-structure, and super-structure. 

The first level is made of sentences. Sentences need to be grammatically 

correct for the reader to understand them. Kintsch refers to sentences as « propositions ». 

The propositions are organized in a « microstructure », which is the linear or hierarchical 

organization of the propositions in paragraphs. Comprehension of the microstructure is 

formed through several cycles of integration. Kintsch considers that while reading a text, 

part of the proposition is stored in long-term memory, whereas only part of it remains in 

the short-term memory buffer. The reason underlying this assumption is that the short-
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term memory has a limited capacity. When reading on we are linking propositions 

together, using the elements that remained in the short-term memory buffer. When the 

elements from the previous and current propositions do not overlap, the reader will refer 

to his long-term memory or reread the text above. In the case of the absence of elements 

to link the proposition to the microstructure, the reader is going to infer the possible link 

thanks to his general prior knowledge in the topic treated. 

The next level of text processing is the creation of a « macro-structure », 

which includes the main elements that form the gist of the text. It is constructed from the 

microstructure, following three « macro-rules »: selection, generalization, and 

construction. While building the macro-structure, the reader selects the relevant elements 

from the propositions, decides to generalize some propositions, and constructs his version 

of the gist of the text. The macro-structure is not explicitly present in the text, but can 

sometimes be partly extracted from the construction of the text with the use of titles, and 

the particular construction of sentences. The construction of the macro-structure usually 

follows a pre-established schema stored in long-term memory. As an example, the 

schema for war requires to have information on the main actor, his opponent(s), the cause 

of the war, and its outcome (Kintsch, 1979). If the propositions in a text are unrelated, 

then it is incoherent. In a coherent text, propositions are either indirectly related, because 

they only share an argument and require the reader to make inferences, or directly related 

by an explicit sentence coupler. 

Finally, Kintsch considers a fourth level which is inherent to the type of text 

considered. This « super-structure » will give information to the reader that is related to 
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the nature of a text. As an example, a text beginning by "Once upon a time" has the 

super-structure of a tale, and the expected end is "happily ever after". This implicit 

structure of the text is often a guide for reading. As an example, a research article in 

psychology integrates a methodology section right after the introduction, whereas in a 

research article of chemistry the experimental section is usually located after the 

discussion section. 

Kintsch considers that adjusting the difficulty of the macro-structure can 

change text comprehension. At this level, readers have to gather the main elements of the 

text, sometimes using inferences. The reader constructs a textbase, which is « defined in 

terms of propositions and relations among propositions » (Kintsch, 1993). The textbase is 

the structure of the text, it is composed of interrelated networks of propositions. The 

actual comprehension process is assessed through a « situation model » constructed by 

the reader. It is formed of the information gathered from the text included in the textbase, 

as well as elements of prior knowledge. According to Kintsch's theory, this ability to 

make inferences varies according to the reader's prior knowledge. The result is a 

structured representation of the text, both locally and globally, in the form of a 

propositional network. The new knowledge constructed by the reader can later be reused. 

The Effects of Enhanced Text-Structure 

on Comprehension 

The theory of text processing developed by Kintsch has been tested in several 

empirical investigations. McNamara, Kintsch, Songer & Kintsch (1996) looked into the 

relationship between the readers prior-knowledge and text coherence. Their hypothesis 
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was that a single text would impact readers differently according to their prior knowledge 

of the subject treated. In a first experiment, the researchers used a text on mammals and 

created both a revised version with micro-signals, and an expanded version with 

additional relevant details. The researchers tested the performance of students (M = 13 

years, 2 months) on a sorting task, a set of questions, as well as a text recall. The subjects 

were to take the tests before and after reading one of the three sets of texts. At the micro-

proposition level, all three texts were coherent, but at a macro-proposition level, only the 

revised and expanded sets were coherent. The students with a revised version of the text 

obtained the best results for the text recall, primarily due to a better recall of the macro-

propositions. The participants in the revised text group also had better results in the 

questions, but there was no clear difference with the other groups concerning the 

questions requiring inferences. Finally, the sorting test revealed an important change in 

sorting between pre and post-test, in favor of the revised and expanded versions of the 

text. Modifying text structure in a way that its macro-structure is more salient does have a 

positive impact on the reader’s understanding of the text. 

A second experiment was designed to test whether some readers would benefit more 

from a text in which they had to create the coherence, than an already coherent text. 

Students (M = 13years, 11 months) were assigned to one out of four versions of a science 

text. The differences between the texts lied in the coherence of both micro and macro-

proposition level, which were either high or low. The prior-knowledge of the participants 

on the subject was assessed during a pretest through a sorting task and a questionnaire. 

The subjects had to realize a recall of the text, answer two sets of questions, and perform 
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a sorting task on a posttest. The results of the sorting task, as well as the inference 

questions, supported the hypothesis that the need for inferences is beneficial for the 

reader’s understanding of a text, provided that the reader has prior-knowledge on the 

subject. 

 McNamara (McNamara, 2001) further investigated the idea that if 

improving text coherence can help the reader, it depends of the reader’s prior-knowledge 

on the subject. The participants (undergraduate students) were assessed one out of four 

experimental conditions by reading twice the same text of the same coherence (high or 

low), or reading twice a similar text of different coherence (high then low, low then 

high). After reading the two texts, the students had to answer questions about the text, as 

well as questions of prior-knowledge. The comprehension questions were evaluating both 

the text-based and the situation model. The text-based questions required only one 

sentence to be answered, whereas to answer the situation model questions inferences 

from at least two sentences were needed. There were also questions designed to assess 

the readers’ mental model of the situation described, during each phase. Prior-knowledge 

was evaluated with questions that could not be answered from the text alone, or be 

inferred from it. The overall results showed that high prior-knowledge readers benefit 

from reading the low-coherence text first, whereas low prior-knowledge readers had 

higher comprehension results when reading the high-coherence text first. These effects 

however were only significant for the text-based questions. 

 Ozuru, Dempsey, and McNamara (Ozuru, Dempsey & McNamara, 2009) 

examined how text coherence, reading skills and prior knowledge influence text 
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comprehension. They assessed undergraduate students from both Psychology and 

Biology classes on high-school biology texts. After a biology knowledge test and a 

reading skill assessment, participants had to read two texts on two different topics (i.e. 

plant or heart), one of low-coherence and the other of high-coherence. After reading each 

text, the students had to answer sets of questions without access to the text. The questions 

were classified as “text-based“ when based on information within a sentence. When the 

question required integrating information from five clauses across multiple sentences, 

they we're classified as “near- or local-bridging“. Finally “far- or global-bridging“ 

questions required gathering and linking information from more than five clauses across 

multiple sentences, apart from at least two sentences. The results indicated that both 

reading skills and prior knowledge affect the comprehension of a science text, with prior 

knowledge having a more significant impact. Participants with high prior-knowledge 

were performing better than low prior-knowledge participants on the global-bridging 

questions. These researchers showed that answering a question that requires integrating 

elements from several propositions is primarily determined by the prior-knowledge of the 

reader on the topic. 

 

 Research in text comprehension reveals an actual impact of text-structure on 

comprehension, and underlines the importance of the reader’s prior-knowledge. Only 

high prior-knowledge readers benefit from low-coherence text, as they are effectively 

able to draw inferences with elements in the text, as well as with their prior-knowledge. 

Low prior-knowledge readers benefit from high text-coherence, but most available texts 
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are not often constructed this way. Without focusing on text structure, some researchers 

looked into the effect of adding pictures on text comprehension. 

 

 

Graphics Support Text Comprehension 

The Effects of Multiple Representations 

on Text Comprehension 

Using multiple representations to convey information has been primarily 

investigated by Paivio (Clark & Paivio, 1991), who developed a dual coding theory. 

According to this model, cognition involves the coordinated activity of two independent 

but connected systems. A non-verbal system that supports pictures and other sensory 

modalities, and a verbal system that processes language. When processing a text the 

reader creates a text-based mental model, and when processing pictures a picture-based 

mental model. 

 Mayer (Mayer, 2005) further developed this idea of processing text and 

pictures through a model of multimedia learning. Multimedia learning is the action of 

conveying a message using words and pictures. The model assumes that the processing of 

words and pictures happens in three steps. First, the learner selects the words or pictures 

from the presented material, through the process of attention. Then, the words or images 

are mentally organized into a coherent mental representation, and the pictorial or verbal 

information enters working memory. Within working memory, the mental representation 

is finally organized in a verbal or pictorial model to be integrated with elements of prior 
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knowledge present in long-term memory. In the case of printed words, they are first 

processed by the visual sensory store. As they are phonologically based, they are 

mentally converted from images to sounds in the working memory, and organized in a 

verbal model. 

Mayer (Mayer, 1989) looked into the effect of adding a picture to an 

explanatory text on a problem-solving situation. In a first experiment, female college 

students with low prior-knowledge on car mechanics were assigned to one out of two 

experimental conditions. In one condition they had to read a text about braking systems 

that contained labeled illustrations. In the other condition they had to read the text 

without illustrations. Labels of the illustrations used the same wordings as the text, thus 

adding no verbal elements. The participants' prior-knowledge was assessed with a 

questionnaire before giving them the text. After reading, the subjects had to take a recall 

posttest by writing short essays, a transfer posttest composed of five questions, and a 

recognition posttest requiring to pair sentences. The results showed that subjects in the 

text-illustration condition performed better in explanative recall than in other types of 

recall, and had better results for problem-solving than for recognition questions. In a 

second experiment, a third experimental condition was added, in which the participants 

had to read a text with non-labeled illustrations. The procedure used was similar to the 

one in the first experiment, with a longer time given to recall the text (10 minutes instead 

of 8 minutes). The results were similar to the ones obtained in the first experiment, and 

therefore confirmed that labeled illustrations can help a reader to focus his/ her attention 

on explanative information and organize the information into a coherent mental model. 
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The results of the second experiment demonstrated that the impact of adding an 

illustration on text comprehension also depends on the labels. 

Creating meaningful learning of a text could be eased by using pictures, and 

even more by repeating information from the text in the labeling of the illustration 

 Hegarty and Just (Hegarty & Just 1993) investigated the effect of adding a 

diagram on the comprehension of a technical text. In a first experiment, they studied the 

roles of text, diagram, and both combined in constructing a mental model of pulley 

systems. Participants were assigned to either one out of three experimental conditions 

including a text alone, a diagram alone, or a text and a diagram. In this experiment there 

was no explicit labeling of the diagram. The participants’ prior-knowledge on mechanics 

was first assessed to define their high or low mechanical abilities. After a reading or 

viewing time, subjects were asked comprehension questions constructed from the text-

base. The results showed that participants in the text and diagram condition performed 

better than participants in a single media condition, in understanding both kinematics and 

the pulley system configuration. The same tendency emerged from the questions about 

the kinematics of the pulley system. The first experiment indicated overall that the ability 

of the reader as well as the use of both text and diagram influenced comprehension of a 

technical subject. In a second experiment, the researchers studied how readers of a 

technical text with diagram integrated the information from those two media. The 

participants were presented with the text with diagram used in the first experiment, and 

their eye fixations were monitored while they were reading. As in the first experiment, a 

pretest to assess the subjects prior-knowledge was used, and they had to complete a 
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reduced set of the questions used in the first experiment after reading. The results showed 

that readers constructed a mental model of the pulley system by reading the text and then 

looking at the corresponding information of the part described from the diagram. The 

subjects referred to the diagram mainly for the information about the configuration of the 

system, and to establish the kinematic relations between the components. Additionally 

the results indicated that low prior-knowledge participants would look at the diagram, 

and re-read the text more often than high prior-knowledge participants. This second 

experiment overall indicated that readers integrate information from both the text and the 

diagram, by encoding a sentence or a clause, before directing attention to the diagram. 

The results from eye fixations indicate that readers form a mental model of the system by 

incrementing information from the medium at a local level and then a global level of 

representation of the components. This second experiment also showed that low prior-

knowledge participants referred to the graphic more often than high prior-knowledge 

participants, without getting as good results. 

Mayer (1989) and Hegarty and Just (1993) research both found a beneficial 

effect of adding graphical representations on the comprehension of a scientific text. Their 

results indicate that graphics influence the mental model that a reader generates while 

processing a text. Both research also indicate that low-prior knowledge participants 

mental model of a system are more complete when they have a picture accompanying the 

text, even though they have more difficulties than high prior-knowledge readers to 

construct this accurate mental model. For text comprehension, these results reveal an 
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alternative, or a complementary tool, to text coherence as a mean to enhance text 

comprehension for low prior-knowledge readers. 

 Schnotz (Schnotz & Bannert, 2003; Schnotz, 2005) has developed a 

different analysis of multimedia learning. It shares three main assumptions with Mayer’s 

model: dual-channel processing, limited capacity of the working memory, and active 

processing as a requirement of learning. The two models however differ in their 

interpretation of the construction of mental models. Schnotz proposes that a single, 

integrated mental model is created taking into account both pictorial and verbal content. 

According to this model, a reader first constructs a mental representation of the text 

surface (descriptions), from which a propositional representation of the text base is 

created. The mental model of the subject of the text is then constructed from the text 

base. When processing a picture (depictions) the individual constructs a visual mental 

representation of it through perceptual processing, from which a propositional 

representation of the picture is created. Finally, through semantic processes, a mental 

model of the picture is formed as well as a propositional representation of its subject. For 

example, when one sees the picture of a histogram, one first perceives vertical bars laying 

on an horizontal lane, this is the propositional representation of the picture. Then from 

this visual image one will associate meaning to the picture thanks to prior-knowledge 

information, thus creating the mental model of the picture. 

Schnotz and Bannert (2003) tested the impact of the type of diagram on the 

mental model created by students. They predicted that, according to Schnotz’s model, 

different pictures added to a text would have a different impact on text comprehension. 
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Participants (university students) were randomly assigned to one of three experimental 

conditions. One group had access to a text only about time differences, another to the text 

and a “carpet“ diagram (flat earth globe), and the last one to the text and circle diagram. 

The texts were giving the same information, with the exception of references to the 

diagrams in the text and diagrams conditions. During the test phase, students had to 

answer to a multiple-choice questionnaire about time difference and circumnavigation. 

The results indicated better performances in the text-only condition for the time 

difference task, and better results in the text and circle diagram condition for the 

circumnavigation task. This study demonstrated the importance of identifying the targets 

knowledge when adding representation to text. 

Depending on the representation added to a text, different mental models of 

the situation might be created. 

Taxonomies of Graphics 

To determine which graphic should be paired with a text, several researchers 

(Carney & Levin, 2002; Marsh & White, 2003) have established taxonomies of graphics. 

Their aim was to clearly define the function that the image is intended to serve. 

 Carney and Levin (2002) studied the function of graphics in text of 

educational content. This taxonomy only considers graphics as supporting the ideas 

expressed in a text. The researchers considered that one graphic-text relationship could be 

assigned to one single function out of five. The first function for a graphic in a text is 

decoration, where the graphic has little to no relationship with the text. For example, the 

sun in a traveling brochure for California would have a decorational function. The second 
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function for a graphic is representation, where the graphic depicts partly or completely 

what is described. For example, a book cover that illustrates a scene of the book would 

have a representational function. The third function for a graphic is organization, where 

the graphic provides structural information that the text contains. For example, a graphic 

of the steps to follow to set up the emergency slides in an airplane would have an 

organizational function. The fourth function for a graphic is interpretation, where the 

graphic depicts information that would have been more difficult to communicate only 

with text. For example the schema of a complex mechanical system such as a pulley 

would have an interpretational function. Finally the fifth function for a graphic is 

transformation, where mnemonic components are included in the graphic. The 

components of the graphic depict information from the text in a literal sense, but the 

whole graphic is not necessarily a literal depiction of the information. The example given 

by Carney and Levin (2002) is the combination of a picture of a bell with a text about the 

town Bellview. The reader should associate the elements of the text with the picture, 

which should later ease the retrieval of details in the text. 

This model delineates a strict classification of text-graphic relationship with 

only five categories and restrict to one possible function for a chosen graphic. Carney and 

Levin circumscribe graphics to an illustrative role, and do not develop how the different 

functions will influence, or not, the construction of a mental representation of the 

information. 

 Marsh and White (2003) developed another model on text-graphic 

interactions. As Carney and Levin (2002), they classified the relationship between a 
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graphic and a text, by characterizing the aim of the graphic. The researchers created a 

detailed taxonomy of graphics’ function including 49 different relationships, from the 

analysis of 24 articles in children literature, dictionaries, education and journalism. There 

are three levels of precision, with a first more general level composed of three graphics 

functions. This level represents three types of strength of text-graphic relationships. In the 

first group, the function of the graphic has « little relation to the text » (decorate, elicit 

emotion, and control). The second group comprises graphics with a « close relation to the 

text » (reiterate, organize, relate, condense, and explain). Finally, the third group contains 

graphics for which the function is to « go beyond the text » (interpret, develop, and 

transform), where the graphics include more information than the text. For the detailed 

taxonomy and the complete description, I refer to the appendix of Marsh and White 

(2003) pages 666-672. Each graphic-text pair can be associated with several graphics’ 

functions, as a single graphic may have several purposes. When creating a graphic, one 

could therefore combine different functions to create a detailed description of the text-

graphic relationship. 

This model is broader and much more detailed than the Carney and Levin 

(2002) model. To use this model one must consider and read the description of each 

function before hand, because of the large number of functions. However, it is still 

possible to follow a top-down analysis and define a text-graphic relationship from the 

first three general levels to one function on the third level. The descriptions of the 

functions are clear and in case of exceptions, they refer to a different function. In this 

model, the type of functions is mainly of graphics serving the text. 
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Attitude Toward Reading 

Beyond the considerations on how we read and what could help us to read, 

another question can be asked: What makes us read? Apart from mandatory readings for 

work, or to understand how a new tool works, we engage in reading because we enjoy 

this activity. Researchers have tried to define scales to more precisely measure how much 

we like to read, and more particularly how children feel about reading. Several scales on 

attitude toward reading have been developed over time by means of questionnaires 

(Estes, 1971), diaries techniques (Anderson, Wilson and Fielding 1988), and most 

recently using a pictorial likert scale called Elementary Reading Attitude Survey (ERAS) 

developed by McKenna and Kear (1990) (McKenna, Kear & Ellsworth, 1995). 

The aim of those researchers was to determine possible causes at the origin of 

differences in children reading attitude. Estes (1971) only confirmed that there is a 

difference in pupils attitude toward reading according to their grade level. Investigating 

pupils from third to twelfth grade, Estes noted a clear positive attitude toward reading 

until grade 6, which then turn to neutral. The evolution of children attitude toward 

reading as a result from aging was confirmed by Anderson and colleagues (1988) who 

observed a regression of the scores on attitude toward reading from the fifth grade. A 

linear dropping curve was also observed in studies using the ERAS in grades one through 

sixth (McKenna, Kear & Ellsworth, 1995; Kush & Watkins, 1996; Kazelskis, Thames, 

Reeves, Flynn, Taylor, Beard & Turnbo, 2004; Kazelskis, Thames & Reeves, 2004). 

Other factors of attitude toward reading have been investigated such as socio-economic 
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status of the parents, ethnic origin, gender, and motivation (Greany & Hegarty, 1987; 

Allen, Cipielewski & Stanovich, 1992; Backer & Wigfield, 1999; Kazelskis, Thames, 

Reeves, Flynn, Taylor, Beard and Turnbo 2004, Kazelskis, Thames & Reeves, 2004). 

The findings indicate that children's differences in attitude toward read can be the result 

of their gender, girls have higher score regardless of the measurement type; in the value 

of reading at home, the more the children are in a positive reading environment the more 

they like to read; there sometimes are ethnic differences. Overall these studies focused on 

the causes of attitude toward reading, but there has not yet been research on the outcomes 

of attitude toward reading, such as its impact on comprehension.   
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CHAPTER III 
 
 
 

METHODOLOGY 
 

Design 

 Four factors, 'Text-Topic', 'Text Coherence', 'Graphic-Text Correspondence', 

and 'Time' were combined to yield 12 experimental cells. The resulting study design was 

a 2-Text-Topic (Tsunami vs. Drought) 2-Text Coherence (High vs. Low) x 3-Graphic-

Text Correspondence (High vs. Low vs. No Graphic) x 2-Time (Immediate vs. Delay).  

 

Participants 

 One hundred and thirty-one elementary students (43 percent female, 57 

percent male) were sampled from 2nd, 3rd and 4th grade classes of an elementary school in 

the western United States, and randomly assigned to one of the three between-subject 

experimental conditions. Demographics data of the participants revealed that their 

primary language was English (73%). Mean age of the participants was 9 years (SD = 

1.06) with range of 6.66 to 11.17 years. 
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Experimental Materials 

The experimental material used in this investigation included 4 experimental texts, 4 

experimental graphics, a measure of reading skills, measures of prior knowledge, 

measures of attitude toward reading, a demographic questionnaire, and measures of 

reading comprehension. 

Experimental Texts 

  Two texts were used for the reading task. They were excerpted from the book 

Deadly Nature (High Noon Book Collection, Academic Therapy Press)—an elementary 

science book written with an explanatory rhetorical structure intended for readers with 

generally low reading skills. The excerpted texts described the causes and results of a 

tsunami (Tsunami text), and the other described the causes and results of a drought 

(Drought text). Both texts were of an explanatory nature, with a mean of 196 words, a 

mean of 18.5 sentences, and a mean Flesch-Kincaid grade level of 3.6. The texts were 

manipulated to obtain to texts of similar number of words and ease of reading. 

  In order to establish similarity, some words were replaced with synonyms and 

some compound sentences were converted to simple sentences. The number of words and 

the ease of reading were equated. The result was a Tsunami text composed of 194 words, 

18 sentences, and a Flesch-Kincaid grade level of 3.8, and a Drought text composed of 

195 words, 18 sentences, and a Flesch-Kincaid grade level of 3.8. They were then 

modified to produce low- and high-coherent texts. 

  Manipulations to increase coherence followed the rules developed by 

McNamara, Kintsch, Songer, and Kintsch (1996) and included: (1) replacing ambiguous 
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pronouns with nouns, (2) adding descriptive elaborations which link unfamiliar concepts 

with familiar ones, (3) adding connectives to specify relationship between sentences or 

ideas, (4) replacing or inserting words to increase conceptual overlap between adjacent 

sentences, and (5) changing sentence structures to incorporate the additions and 

modifications. The high coherence texts consisted of 218 words, 19 sentences and a 

Flesch-Kincaid grade level of 4.4 for the Tsunami text, and 224 words, 19 sentences and 

a Flesch-Kincaid grade level of 4.3 for the Drought text. 

  Manipulations to decrease coherence were achieved by the reverse 

application of the previous rules (e.g. nouns replaced with pronouns, removal of 

connectives). The low coherence texts consisted of 190 words, 18 sentences and a Flesch-

Kincaid grade level of 3.6 for the Tsunami text, and 194 words, 18 sentences and a 

Flesch-Kincaid grade level of 3.6 for the Drought text. 

  Overall, the concepts and information contained in the high- and low-

coherent texts remained identical to the ones contained in the original text for both the 

Tsunami text and the Drought text (see Appendix A). 

Experimental Graphics 

  The experimental graphics used in this investigation were four color-

illustrated pictures measuring 8.5 centimeters in height by 11.33 centimeters in width, 

designed as close representations of the texts – one strongly related to the detailed 

information within the texts, the other only with the main information. 

  When the graphic was depicting only the main information of the described 

phenomena, it depicted a drawing of a single large wave and a bright sun for the text on 
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Tsunami, and a dried soil with a bright sun for the text on Drought. When the graphic 

was depicting detailed information of the described phenomena, it depicted a drawing of 

series of high waves, an ocean ground with a hill, a shore, a palm tree, and a running 

human silhouette for the text on Tsunami, and a dried lake with a deck surrounded by tree 

stump, dried soil, and a mountain with a bit of snow and a trickle of water going down its 

side for the text on Drought (see Appendix B). 

  The choice of representational graphic in this study was guided by the nature 

of the text. The text is composed of two explanatory excerpts in the domain of natural 

sciences, written for 3rd grade students. As sciences textbook and encyclopedia for 

children often uses representational pictures to illustrate their texts, it was consistent to 

use representational graphics for the experiment. Representational graphics, are defined 

by Carney and Levin (2002) as graphics that « literally depict or overlap (part or all of) 

the text content. » (p.11). Representational graphics are « underlining, segmenting, or 

summarizing important text section » (Levin, 1979, p.18), they render the text that they 

accompany more concrete. In the study, we therefore designed representational graphics, 

which depicted the elements in the excerpts as realistic representations. 

  The relationship between text and graphic was defined from the taxonomy of 

text and graphic developed by Marsh and White (2003). Within this taxonomy, 

representational graphics belong to the category of graphics having a « close relation to 

the text ». According to Marsh and White, graphics classified under this category of the 

taxonomy can bear several (one or more) of the following characteristics regarding the 

information in the text: « reiterate », « organize », « relate », « condense », or « explain ». 
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We manipulated text-graphic correspondence by varying the levels of condensation and 

explanation in the graphics. A graphic condenses the information of the text when the 

elements depicted are reduced to the essential information contained in the text. A 

graphic explains the information of the text when the elements depicted make plain or 

understandable all or part of information contained in the text. A graphic visually detailed 

graphic, in high correspondence with the text, is both representing the essential 

information present in the text (high condensation) and explaining more precisely the 

information present in the text (high explanation). On the other hand, a visually simple 

graphic, in low correspondence with the text, represents the essential information present 

in the text (high condensation), it does not explain the information present in the text (low 

explanation). 

  To insure these properties we normed the material by asking 21 college 

students to rate each graphic on both condensation and explanation 7 points scales (from 

1 « not at all », to 7 « extremely well »). The results were consistent with our 

expectations. The visually detailed graphics rated high for both condensation (Tsunami M 

= 5.24, SD = 1.37; Drought M = 5.24, SD = 1.48) and explanation (Tsunami M = 5.14, 

SD = 1.31; Drought M = 5.14, SD = 1.35), and the visually simple graphics rated high for 

condensation (Tsunami M = 4.67, SD = 1.85; Drought M = 5.00, SD = 1.61) and low for 

explanation (Tsunami M = 1.67, SD = .73; Drought M = 1.95, SD = 1.24). 
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Reading Skills Assessment 

  Reading skills were assessed using Curriculum Based Measurement – Maze 

technique (CBM). The CBM was a 34-items forced-choice test comprised of 3-option 

multiple-choice words, designed to assess young readers reading skills. The design and 

administration of the test followed the guidelines provided by Fuchs and Fuchs (2007), 

from the original design of Deno (1985). The test consisted of an excerpt from the same 

book used in the experimental conditions. The passage contained 267 words, 30 

sentences, and a Flesch-Kincaid grade level of 3.7. The first sentence of the passage was 

identical as in the original text. After the first sentence, a 3-option test item replaced 

every seven word. A test item is composed of the original word place before, after, or 

between two distractor words. One of the distractor is of the same type as the original 

(e.g. noun, verb, adverb), and does not make sense or preserve the meaning of the 

sentence. The other distractor is of a different type than the original word, it is selected 

randomly from the original text, and does not make sense or preserve the meaning of the 

sentence. 

  For the administration of the test, the three words composing an item were in 

between parenthesis, in capital letters, separated by a slash sign « / ». The participants 

were instructed to read the read the passage and select the appropriate words by circling 

it. The duration of the test was 2.5 minutes. 

  The research on CBM was reviewed by Wayman, Wallace, Wiley, Tichá, and 

Espin (2007), who underlined the robustness of this measure across different text bases. 

Compared to three other measures of reading (question answering tests, recall 
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procedures, and cloze techniques), the maze task was found to be a good index of 

decoding, fluency, and comprehension (Fuchs & Fuchs, 1992). 

Prior-Knowledge Assessment 

  Prior-knowledge was assessed using a multiple-choice questionnaire (MCQ). 

The MCQ was a 20-item forced-choice questionnaire with four options. Half of the 

questions concerned facts of the phenomena (10 items on Tsunami, 10 items on 

Drought), which were stated in the texts. The questions were presented one at the time, 

assessing first the prior-knowledge on Tsunami and then the prior-knowledge on 

Drought.  

Attitude Toward Reading Measure 

  Attitude toward reading (ATR) was assessed using the Elementary Reading 

Attitudes Survey (McKenna & Kear, 1990, McKenna, Kear & Ellsworth, 1995). The 

ERAS is a norm-referenced measure containing a total of 20 statements about reading, 

starting by « How do you feel about ». Half of the statements assess recreational reading, 

and the other half assesses academic reading. Examples of recreational questions are, 

« How do you feel about getting a book for present? », « How do you feel about reading 

instead of playing? ». Examples of academic reading are, « How do you feel about 

reading a book in school? », « How do you feel about learning from a book? ». The 

assessment of each statement by the participants is done by circling a pictorial character, 

which best express their feeling towards the statement. The pictures depict Garfield the 

cat with four facial expressions ranging from « very happy » to « very upset ». McKenna 

et al. (1995) reported a reliability of the items with Cronbach’s alpha ranging from .74 to 
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.89, which was confirmed by a study of Lazarus and Callahan (2000).  Allen, 

Cipielewksi, and Stanovich (1992) obtained a split half reliability of .88 for the 

recreational sub-scale, and .81 for the academic sub-scale. 

  To analyze a possible difference between attitude toward reading in general 

and attitude toward reading natural sciences texts, the ERAS was adapted for a post-test 

administration. For example, the statement « How do you feel about reading instead of 

playing? » was modified into « How would you feel about reading the book on Tsunamis 

instead of playing? ». Two adaptations were built, one for each topic (Tsunamis, 

Droughts). Questions 9, 10, 14, 17 and 19 were statements that could not include the 

mention of the subject matter, and were therefore excluded from the post-test. 

  Contrary to the recommended procedure for administering the ERAS, and 

because the participants the order in which the participants had to answer to the modified 

versions was counterbalanced, the questions were not read out loud. For scoring 

purposes, the numerical values 4, 3, 2, and 1 were respectively assigned to the very 

happy, happy, upset, and very upset Garfield, with a total of 40 points for each 

recreational and academic sub-scales. The original ERAS was presented in a booklet 

format on the first day of the experiment. The modified versions of the EARS were 

presented after the comprehension questions. 

Comprehension Assessment 

  Comprehension was assessed using the same MCQ developed to assess the 

prior-knowledge of the participants. Additionally, comprehension was assessed using the 

Meaning Identification Technique (MIT). The MIT was a 12-item forced-choice test 
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comprised of two-option choice questions designed to assess the comprehension of a text 

(Marchant, Royer & Greene, 1988). Both comprehension tests were given directly after 

reading a text, and their order was counterbalanced.  

  The MIT was developed by Marchant, Royer, and Greene (1988), from the 

Sentence Verification Technique developed by Royer and colleagues (Royer, Hastings & 

Hook, 1979; Royer, Greene & Sinatra, 1987; Royer, 2001). In the MIT, participants have 

to indicate whether sentences presented to them have the same meaning or a different 

meaning than a sentence in the original text. Test sentences are divided between 

paraphrases and meaning-change paraphrases. Paraphrases are constructed by changing 

as many words as possible from the original sentence, without changing the meaning. 

Meaning-change paraphrases are constructed from the paraphrases, by changing only one 

or two words, with the intent of obtaining a meaning different from the sentence. In 

accordance to the technique, the MIT should contain an equal or close number of 

paraphrases and meaning-change paraphrases (Marchant, Royer & Greene, 1988). 

Additionally, the test should have an average score close to 70 percent to reduce the 

likelihood of a ceiling effect. 

  The MIT used in this investigation consisted of 12 sentences (6 paraphrases, 6 

meaning-change paraphrases) to assess the comprehension of both the Tsunami text and 

the Drought text. For each text, the test sentences were designed by first generating of a 

set of 4 to 6 paraphrases and 2 to 4 meaning-change paraphrases, for each original 

sentence of the text (with a total of 96 sentences by text). 

  The MIT was first presented as a written test after reading the corresponding 
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text, with each sentence presented individually, and without a time limit per sentence.  A 

week after reading the texts, the MIT was presented without reading the texts, with each 

sentence presented individually, and without a time limit per sentence. 

 

Procedure 

Participants were tested in groups, in their classrooms. The experiment was divided into 

three sessions. The first session lasted between 25 and 45 minutes. The participants first 

answered questions concerning personal information (e.g. age, grade, birthdate), as well 

as their prior-knowledge in the target topics. The participants reading skills and attitude 

toward reading were then evaluated. The second session took place the next day, and 

lasted between 30 and 45 minutes. The participants were asked twice to read a short text, 

and answer comprehension questions, additionally their attitude toward reading the 

excerpts was assessed. During this session the participants were randomly assigned to 

one of the 6 text-conditions (high text coherence, low text-coherence; no graphic, high 

correspondence graphic, low correspondence graphic). The order of presentation of the 

excerpts (Tsunamis, Droughts) was counterbalanced. The third session took place a week 

later, and lasted between 25 and 36 minutes. The participants were asked to complete 

again the comprehension test, and the modified attitude toward reading assessment. 
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CHAPTER IV 
 
 

RESULTS 
 
 

Introduction 

Significant Covariates 

 In order to determine how the graphics and the coherence of the text 

influenced readers’ comprehension of the texts, scores of total comprehension were 

entered into a 2 (Time) x 2 (Text Coherence) x 3 (Graphic-Text Correspondence) 

ANCOVA. Reading skills scores and subject-matter prior knowledge served as 

covariates, since both variables have been found to be significantly related to text 

comprehension in previous text coherence research (Ozuru, Dempsey & McNamara, 

2009); general attitude toward reading for leisure, and general attitude toward reading for 

school were also entered as covariates. (The means and standard deviations for 

comprehension, attitudes toward reading, and the subject matter knowledge and reading 

skill scores are shown in tables 1, 2, and 3, respectively). 
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Table 1 

Mean Level of Comprehension by Text-Graphic Correspondence and Text Coherence as 

a Function of Time (With Standard Deviation in Parenthesis) 

 Immediate  Delayed 

Comprehension M SD  M SD 

  High Coherence  

High Correspondence 6.46 1.99  6.16 2.26 

Low Correspondence 6.92 2.18  6.82 1.97 

No Graphic 6.25 2.02  5.70 2.56 

  Low Coherence  

High Correspondence 6.25 2.47  6.00 2.21 

Low Correspondence 6.85 2.52  6.04 2.67 

No Graphic 7.03 1.51  6.53 1.70 

 

Table 2 

Mean Level of Reading Skills and Prior Knowledge by Text-Graphic Correspondence 

and Text Coherence (With Standard Deviation in Parenthesis) 

 Reading Skills  Prior Knowledge 

Comprehension M SD  M SD 

  High Coherence  

High Correspondence 10.70 6.28  4.87 1.80 

Low Correspondence 13.90 7.38  5.59 1.40 

No Graphic 11.18 5.32  4.78 1.99 

  Low Coherence  

High Correspondence 10.85 6.93  4.88 1.98 

Low Correspondence 10.67 6.55  5.52 1.65 

No Graphic 12.24 5.38  6.11 1.37 
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Table 3 

Mean Level of Attitude Toward Reading by Text-Graphic Correspondence and Text 

Coherence as a Function of Type of Reading – leisure, academic (With Standard 

Deviation in Parenthesis) 

 Leisure Reading  Academic Reading 

Comprehension M SD  M SD 

  High Coherence  

High Correspondence 30.13 4.52  30.61 4.69 

Low Correspondence 30.33 4.60  28.81 5.37 

No Graphic 29.56 5.78  28.94 3.72 

  Low Coherence  

High Correspondence 29.30 5.88  32.05 4.87 

Low Correspondence 28.83 4.69  28.38 4.22 

No Graphic 31.59 5.80  30.00 5.75 

 

Results revealed a significant influence for reading skills F (1, 90) = 18.74, 

MSerr = 6.70, p < .001 partial η2 = .172, prior knowledge on tsunamis F (1, 90) = 10.20, 

MSerr = 6.70,  p = .002 partial η2 = .102, and prior knowledge on droughts F (1, 90) = 

17.29, MSerr = 6.70, p < .001 partial η2 = .161, with total comprehension expectedly 

higher for readers with higher reading skills and higher prior knowledge on each of the 

subject matter texts. Significant interactions were found between subject matter and prior 

knowledge on tsunamis F (1, 90) = 4.27, MSerr = 3.22, p = .042 partial η2 = .045, and 

between subject matter and prior knowledge on drought F (1, 90) = 5.34, MSerr = 3.22, p 

= .023 partial η2 = .056 indicating that higher prior knowledge for tsunami and drought 

significantly influenced the comprehension of the text on tsunami and drought, 

respectively.  General attitude toward reading for leisure, and general attitude toward 
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reading for school failed to show significant variation as covariates, F (1,90) = .34, MSerr 

= 6.70, p = .559 partial η2 = .004, and F (1,90) = .01, MSerr = 3.22, p = .913 partial η2 = 

.000, respectively. 

Immediate Differences 

In regards to question 1 "would the presence of a representational graphic 

affect the comprehension of a text differently as a function of text coherence?", three 

competing theoretical predictions were empirically contrasted – particularly that: 1. The 

graphics would not exert an influence on comprehension; 2. The graphics would 

uniformly influence comprehension; or 3. The level of correspondence between text and 

graphic would mediate comprehension. The results revealed that, for immediate 

comprehension, no statistical difference was detected for levels of text coherence, F (1, 

90) = .016, p = .900, partial η2 = .000, levels of text-graphic correspondence, F (2, 90) = 

.023, p = .977 partial η2 = .001, or the coherence x correspondence interaction, F (2, 90) 

= .283, p = .754 partial η2 = .006 . 

Question 2 'would the presence of a representational graphic with high 

correspondence lead to higher comprehension of the text, regardless of text’s degree of 

coherence?', targeted two competing theoretical predictions that were empirically 

contrasted – specifically that: 1. Text coherence would influence comprehension and 2. 

Graphic correspondence would influence comprehension. No significant results were 

revealed showing that neither the type of text graphic correspondence, nor the degree of 

coherence of the text influenced readers’ comprehension of the either text (Tsunami or 

Drought) immediately following reading.  
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Predictors of Immediate Comprehension 

To further explore the variables responsible for influencing comprehension 

within each factorial condition, stepwise multiple regressions analyses were used to 

predict immediate comprehension of tsunami and drought, independently, from five 

predictor variables: reading skills, prior knowledge on tsunamis, prior knowledge on 

droughts, attitude toward leisure reading in general, and attitude toward academic reading 

in general (Tables 4 and 5). 

Predictions of Comprehension for the Tsunami Text. The multiple regression 

model predicting comprehension was significant for the high coherent text, with high 

text-graphic correspondence, F (2, 20) = 24.31, p < .001, accounting for 70.9% of the 

variance in immediate comprehension of the tsunami text. Two predictors were 

statistically significant in that model: reading skills (t (1) = 5.85; β = .787, p < .001), and 

attitude toward leisure reading (t (2) = 2.47; β = - .982, p = .023). Specifically, the better 

the readers’ reading skills and the lower their attitude toward leisure reading, the more 

they comprehended from the tsunami text when text-graphic correspondence and text 

coherence were both high.  

The multiple regression model predicting comprehension was also significant 

for the high coherent text with low text-graphic correspondence, R = .761, F (1, 19) = 

26.09, p < .001, accounting for 57.9% of the variance in immediate comprehension of the 

tsunami text. One predictor was statistically significant: reading skills (t (1) = 5.11; β = 

.761, p < .001). Specifically, the better the readers’ reading skills, the more they 
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comprehended from the tsunami text when text-graphic correspondence was low, and text 

coherence was high. 

For the low coherent text with low text-graphic correspondence, the multiple 

regression model was significant, F (2, 20) = 34.92, p < .001, with 77.7% of the variance 

accounted for in immediate comprehension of the tsunami text. The two significant 

predictors were: reading skills (t (1) = 7.32; β = .848, p < .001), and attitude toward 

academic reading (t (2) = 2.30; β = .243, p = .033). Specifically, the better the readers’ 

reading skills and the upper their attitude toward academic reading, the more they 

comprehended from the tsunami text when text-graphic correspondence and text 

coherence were both low. 

Finally, for the low coherent text without an adjunct graphic, the multiple 

regression model was significant, F (2, 13) = 19.79, p < .001, with 75.3% of the variance 

accounting for in immediate comprehension of the tsunami text. The two statistically 

significant predictors were: reading skills (t (1) = 4.36; β = .759, p = .001), and attitude 

toward leisure reading (t (2) = -3, 053;β = - .447, p = .009). Specifically, the better the 

readers' reading skills and the lower their attitude toward leisure reading, the more they 

comprehended from the tsunami text when there was no graphic, and text coherence was 

low. 
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Table 4 

Predictors of Immediate Comprehension by Text-Graphic Correspondence and Text 

Coherence for the Tsunami Texts (with prior knowledge, reading skills, attitude toward 

leisure reading and attitude toward academic reading as independent variables) 

  Predictors β Total variance explained (%) 

High Coherence 

High 
Step 1: Reading Skills 

Step 2: Leisure Reading 

.787* 

-.982*** 
70.9 

Low Reading Skills .761* 57.9 

No Graphic    

Low Coherence 

High    

Low 
Step 1: Reading Skills 

Step 2: Academic Reading 

.848* 

.243*** 
77.7 

No Graphic 
Step 1: Reading  

Step 2: Leisure  

.759** 

-.447** 
75.3 

* p < .001, **p <.01, ***p <.05 

 

Predictions of Comprehension for the Drought Text. The multiple regression 

model predicting comprehension was significant for the high coherent text with high text-

graphic correspondence, F (1, 21) = 11.23, p = .003, accounting for 34.8% of the 

variance in immediate comprehension of the drought text. One predictor was statistically 

significant in that model: reading skills (t (1) = 3.35; β = .590, p < .001). Specifically, the 
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better the readers' reading skills, the more they comprehended from the drought text 

when text-graphic correspondence and text coherence were both low. 

The multiple regression model predicting comprehension was also significant 

for the high coherent text with low text-graphic correspondence, F (1, 20) = 30.32, p < 

.001, accounting for 61.5% of the variance in immediate comprehension of the tsunami 

text. One predictor was statistically significant: reading skills (t (1) = 5.51; β = .784, p < 

.001). Specifically, the better the readers' reading skills, the more they comprehended 

from the drought text when text-graphic correspondence was low, and text coherence was 

high. 

For the high coherent text without an adjunct graphic, the multiple regression 

model was significant, F (1, 14) = 13.53, p = .003, accounting for 51% of the variance in 

immediate comprehension of the drought text. One predictor was statistically significant 

in that model: prior knowledge on droughts (t (1) = 3.68; β = .714, p = .003). 

Specifically, the better the readers' prior knowledge on droughts, the more they 

comprehended from the drought text when there was no graphic, and text coherence was 

high. 

For the low coherent text with high text-graphic correspondence, the multiple 

regression model was significant, F (1, 19) = 17.80, p = .001, accounting for 49.7% of the 

variance in immediate comprehension of the drought text. One predictor was statistically 

significant: prior knowledge on droughts (t (1) = 4.22; β = .705, p = .001). Specifically, 

the better the readers' prior knowledge on droughts, the more they comprehended from 

the drought text when text-graphic correspondence was high, and text coherence was low. 
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Finally, for the low coherent text with low text-graphic correspondence, the 

multiple regression model was significant, F (1, 22) = 31.79, p < .001, accounting for 

60.2% of the variance in immediate comprehension of the drought text. One predictor 

was statistically significant: prior knowledge on droughts (t (1) = 5.64; β = .776, p < 

.001). Specifically, the better the readers prior knowledge on droughts, the more they 

comprehended from the drought text when text-graphic correspondence, and text 

coherence were both low.  

 

Table 5 

Predictors of Immediate Comprehension by Text-Graphic Correspondence and Text 

Coherence for the Drought Texts (with prior knowledge, reading skills, attitude toward 

leisure reading and attitude toward academic reading as independent variables) 

  Predictors β Total variance explained (%) 

High Coherence 

High Reading Skills .787* 34.8 

Low Reading Skills  .784* 61.5 

No Graphic Prior Knowledge  .714** 51 

Low Coherence 

High Prior Knowledge  .705** 49.7 

Low Prior Knowledge  .776* 60.2 

No Graphic    

* p < .001, **p <.01 
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Delayed Differences 

In regards to question 3 ' would the semantic overlap of graphic text 

correspondence and text coherence impact comprehension of the subject matter over 

time?', we extended the predictions of questions 1 and 2 to the delayed assessment of 

comprehension. The restated predictions were: 1. The graphics would not exert an 

influence on the decrease of comprehension; 2. The graphics would uniformly influence 

the decrease of comprehension (decreasing or maintaining comprehension); 3. The level 

of correspondence between text and graphic would mediate the decrease of 

comprehension; 4. Text coherence would mediate the decay of comprehension; and 5. 

Graphic correspondence would mediate the decay of comprehension.  

The results revealed a significant interaction between Time of Testing, 

Representational Graphic Condition, and Text Coherence F (2, 90) = 5.09, p = .008 

partial η2 = .102. Comprehension significantly declined over time only in the low 

coherent text with low text-graphic correspondence (M = 6.85, SD = 2.52; M = 6.04, SD 

= 2.67; 11.8% decrease); whereas comprehension maintained at a similar level across the 

other five conditions (see Table 1, Figure 1 and 2). 
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Following hypothesis 4 and Schnotz's (2014) predictions that when a text and 

graphic are semantically close, there should not be a decline in comprehension, simple 

effects for the high coherent text paired with a high corresponding graphic, and for the 
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low coherent text paired with a low corresponding graphic were tested. Simple effects 

tests revealed that the decrease of comprehension between immediate and delayed testing 

was significant for the readers of a low coherent text with a low text-graphic 

correspondence, t (23) = 4.15, p < .001, η = .654. Simple effects tests revealed no 

significant change in comprehension between immediate and delayed testing for readers 

of a high coherent text with a high text-graphic correspondence, t (18) = 1.681, p = .110. 

Predictors of Delayed Comprehension 

To further explore how readers constructed their mental representations of the 

presented information, simultaneous multiple regressions analysis were used to predict 

delayed comprehension of tsunami and drought, independently, from the same seven 

predictor variables as used for the immediate conditions: reading skills, prior knowledge 

on tsunamis, prior knowledge on droughts, attitude toward leisure reading in general, 

attitude toward academic reading in general, immediate comprehension results, attitude 

toward leisure reading of the text after reading it, and attitude toward academic reading of 

the text after reading it. (Tables 6 and 7) 

Predictions of Delayed Comprehension for the Tsunami Text. The multiple 

regression model predicting delayed comprehension was significant for the high coherent 

text with high text-graphic correspondence, F (1, 17) = 89.69, p < .001, accounting for 

84.9% of the variance in delayed comprehension of the tsunami text. One predictor was 

statistically significant in this model: immediate comprehension (t (1) = 9.47; β = .921, p 

< .001). Specifically, the better the readers' immediate comprehension, the more they 
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remembered from the tsunami text when text-graphic correspondence, and text coherence 

were both high. 

The multiple regression model predicting comprehension was also significant 

for the high coherent text with low text-graphic correspondence, F (1, 14) = 17.12, p = 

.001, accounting for 56.8% of the variance in immediate comprehension of the tsunami 

text. One predictor was statistically significant: immediate comprehension (t (1) = 4.14; β 

= .754, p = .001). Specifically, the better the readers' immediate comprehension, the more 

they remembered from the tsunami text when text graphic correspondence was low, and 

text coherence was high. 

For the high coherent text without an adjunct graphic, the multiple regression 

model was significant, R = .794, F (2, 14) = 10.23, p = .003, accounting for 63% of the 

variance in delayed comprehension of the tsunami text. The two predictors statistically 

significant were: prior knowledge on tsunamis (t (1) = 2.83; β = .617, p = .014), and 

attitude toward leisure reading the text on tsunamis (t (2) = 2.84; β = .502, p = .014). 

Specifically, the better the readers' prior knowledge on tsunami and the upper their 

attitude toward leisure reading of the text, the more they remembered from the tsunami 

text when there was no graphic, and text coherence was high.  

For the low coherent text with high text-graphic correspondence, the multiple 

regression was significant, F (1, 14) = 6.93, p = .021, accounting for 34.8% of the 

variance in delayed comprehension of the tsunami text. One predictor was statistically 

significant: reading skills (t (1) = 2.63; β = .590, p = .021). Specifically, the better the 
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readers' reading skills, the more they remembered from the tsunami text when text 

graphic correspondence was high, and text coherence was low. 

For the low coherent text with low text-graphic correspondence, the multiple 

regression was significant, F (1, 20) = 39.37, p < .001, accounting for 67.4% of the 

variance in delayed comprehension of the tsunami text. One predictor was statistically 

significant: immediate comprehension (t (1) = 6.27; β = .821, p < .001). Specifically, the 

better the readers' immediate comprehension of the text, the more they remembered from 

the tsunami text when text-graphic correspondence, and text coherence were both low. 

Finally, for the low coherent text without an adjunct graphic, the multiple 

regression model was significant, F (1, 15) = 12.13, p = .004, accounting for 46.4% of the 

variance in delayed comprehension of the tsunami text. One predictor was statistically 

significant in this model: immediate comprehension (t (1) = 3.48; β = .681, p = .004). 

Specifically, the better the readers' immediate comprehension of the text, the more they 

remembered from the tsunami text when there was no graphic, and text coherence was 

low. 

Predictions of Delayed Comprehension for the Drought Text. The multiple 

regression model predicting delayed comprehension was significant for the high coherent 

text with high text-graphic correspondence, F (1, 17) = 33.82, p < .001, accounting for 

67.9% of the variance in delayed comprehension of the drought text. One predictor was 

statistically significant in this model: immediate comprehension (t (1) = 5.82; β = .824, p 

< .001). Specifically, the better the readers' immediate comprehension of the text, the 
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more they remembered from the drought text when the text-graphic correspondence and 

the text coherence were both high.  

The multiple regression model predicting comprehension was also significant for the high 

coherent text with low text-graphic correspondence, F (1, 16) = 71.28, p < .001, 

accounting for 82.6% of the variance in delayed comprehension of the drought text. One 

predictor was statistically significant: immediate comprehension (t (1) = 8.44; β = .909, p 

< .001). Specifically, the better the readers' immediate comprehension of the text, 

Table 6 

Predictors of Delayed Comprehension by Text-Graphic Correspondence and Text 

Coherence for the Tsunami Texts (with prior knowledge, reading skills, attitude toward 

leisure reading, attitude toward academic reading, immediate comprehension, attitude 

toward leisure reading of the text, and attitude toward academic reading of the text as 

independent variables) 

  Predictors β Total variance explained (%) 

High Coherence 

High Immediate Comprehension .921* 84.9 

Low Immediate Comprehension  .754* 56.8 

No Graphic 
Step 1: Prior Knowledge  

Step 2: Leisure Reading  

.617*** 

.502*** 
56.9 

Low Coherence 

High Reading Skills  .590*** 34.8 

Low Immediate Comprehension  .821* 67.4 

No Graphic Immediate Comprehension  .681** 46.4 

* p < .001, **p <.01, ***p <.05 
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the more they remembered from the drought text when the text-graphic correspondence 

was low, and the text coherence was high. 

For the low coherent text with high text-graphic correspondence condition, the 

multiple regression was significant, F (1, 13) = 106.69, p < .001, accounting for 89.9% of 

the variance in delayed comprehension of the drought text. One predictor was statistically 

significant in this model: immediate comprehension (t (1) = 10.33; β = .948, p < .001). 

Specifically, the better the readers' immediate comprehension of the text, the more they 

remembered from the drought text when the text-graphic correspondence was high, and 

the text coherence was low. 

For the low coherent text with low text-graphic correspondence condition, the 

multiple regression was significant, R = .908, F (3, 21) = 28.08, p < .001, accounting for 

82.4% of the variance in delayed comprehension of the drought text. There were three 

predictors statistically significant: reading skills (t (1) = 6.47; β = .823, p < .001), attitude 

toward academic reading of the text (t (2) = 2.60; β = .297, p < .001), and prior 

knowledge on drought (t (3) = 2.53; β = .396, p < .001). Specifically, the better the 

readers' immediate comprehension of the text, the higher their attitude toward academic 

reading of the text, and the better their prior knowledge on droughts, the more they 

remembered from the drought text when the text-graphic correspondence and the text 

coherence were both low. 

Finally, for the low coherent text without an adjunct graphic the multiple 

regression was significant, F (1, 12) = 25.29, p < .001, accounting for 69.7% of the 

variance in delayed comprehension of the drought text. One predictor was statistically 
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significant: reading skills (t (1) = 5.03; β = .835, p < .001). Specifically, the better the 

readers' reading skills, the more they remembered from the drought text when there was 

no graphic, and text coherence was low. 

  

Table 7 

Predictors of Delayed Comprehension by Text-Graphic Correspondence and Text 

Coherence for the Drought Texts (with prior knowledge, reading skills, attitude toward 

leisure reading, attitude toward academic reading, immediate comprehension, attitude 

toward leisure reading of the text, and attitude toward academic reading of the text as 

independent variables) 

  Predictors β Total variance explained (%) 

High Coherence 

High Immediate Comprehension .824* 67.9 

Low Immediate Comprehension  .909* 82.6 

No Graphic    

Low Coherence 

High Immediate Comprehension .948* 89.9 

Low 

Step 1: Reading Skills 

Step 2: Academic Reading 

Step 3: Prior Knowledge 

.823* 

.297** 

.396** 

82.4 

No Graphic Reading Skills  .835* 69.7 

* p < .001, **p <.05 
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CHAPTER V 
 
 

DISCUSSION 
 
 

In this investigation, we asked participants to read two expository texts on 

science topics (droughts and tsunamis) alone or in the presence of a representational 

graphic. The text was presented to each participant in either one of six versions, which 

differed in the level of the coherence of the text, as well as of the text-graphic 

correspondence. The level of coherence featured the ease to process the text: high and 

low coherence; and the level of correspondence between the text and an adjunct graphic: 

high, low or no graphic. The different levels of text coherence were achieved by having 

either a high need to make inferences – low coherence – or a low need to make inferences 

– high coherence – to comprehend the text. The level of text-graphic correspondence was 

achieved by the design of graphics that either included a lot of details corresponding to 

the information presented in the text – high correspondence – or only represented the gist 

of the information presented in the text – low correspondence. The comprehension of the 

text was measured twice: immediately after reading the text, and after a week delay. In 

addition, we measured participants reading skills, prior knowledge on the topics, and 

attitude toward leisure and academic reading. 

The present investigation was an attempt to empirically confirm the integrative text and 

picture comprehension theoretical (ITPC) model developed by Schnotz (2014),  
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describing how readers’ text comprehension should benefit from pairing semantically 

close text and graphic. Questions 3 and 4 examined the predictions following the ITPC 

model for both immediate and delayed comprehension that deeper processing of 

information should be more resistant to decay, and that deeper processing would be 

achieved by pairing semantically close text and graphic. That is, according to Schnotz’s 

ITPC model, a graphic in high correspondence with an expository text would yield better 

retention of the information over time, than a graphic low in correspondence with the 

text. Looking at Figures 2 and 3, it appears that comprehension maintained over time 

when a text was paired with a high corresponding graphic, whereas the presence of a low 

corresponding graphic was detrimental to long-term comprehension when the text 

structure was of low coherence. While only the drop in comprehension for the low 

coherent text paired with of low corresponding graphic was reliable, these results 

partially confirm Schnotz’s ITPC model. That is, they indicate that pairing an expository 

text with a graphic high in text-graphic correspondence — semantically close to an 

expository text — leads to maintenance of text comprehension over time. Alternatively, a 

low corresponding graphic — semantically far from an explanatory text — can lead to a 

decrease of comprehension over time. The results of this investigation also concur with 

the findings of Danielson, Schwartz and Lippmann (2014, in review), that pairing a 

graphic of low correspondence with a text may lead to a decline of long-term 

comprehension. 

Additionally, the regression analyses indicated that immediate comprehension 

was a strong predictor of delayed comprehension for readers exposed to a text written at a 
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high level of coherence and paired with a graphic — of high or low correspondence. 

These regression analyses partly confirm Kintsch's theory (Kintsch & van Dijk, 1978; 

Kintsch, 1979; Kintsch, 1988; Kintsch 1993) that high coherent texts are beneficial for 

readers, as readers systematically used what they learned from reading the high coherent 

text when a graphic accompanied it. It is interesting to note that in the no graphic 

condition prior knowledge was the first predictor for the tsunami text, and no significant 

predictor was found for the drought text. These regression analyses indicate that the 

presence of a graphic yields better memory of the information present in the high 

coherent text, whereas in the absence of a graphic, readers presented with a high coherent 

text used their prior knowledge to answer to the delayed comprehension questionnaire. 

Thus, a high coherent text does improve comprehension of the text regardless of the topic 

of the text when it is accompanied by a graphic, regardless of the level of correspondence 

between the graphic and the text. 

The results of this investigation reveal that the effect of text coherence paired 

with the presence of a graphic does affect delayed text comprehension. Although the only 

reliable difference observed was for the low coherent text accompanied by a low 

correspondent graphic for the delayed comprehension test, there is a clear difference on 

how readers' responded to the delayed questionnaire. Indeed, only readers with a high 

coherent text accompanied by a graphic used what they learned from the text rather than 

the knowledge they had prior to their exposure of the graphic and text. Thus, our results 

indicate that if young readers do not necessarily benefit from high text structure 

compared to a low text structure when the text is presented alone, pairing the text with a 
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graphic – of high or low correspondence – clearly enables readers to benefit from a high 

coherent text structure on the long term. 

Questions 1 and 2 were an attempt to reproduce previous empirical findings of 

text coherence and text-graphic correspondence. These hypotheses predicted differences 

in comprehension resulting from the level of text coherence or the degree of text-graphic 

correspondence — specifically, that high text coherence, as well as high text-graphic 

correspondence would yield reliably higher text comprehension regardless of the nature 

of the text content.  The results of the analysis failed to reliably support these hypotheses.  

Failure to observe these hypotheses may have been due to a number of factors. 

For example, the absence of reliable differences in text comprehension between the high 

and low levels of text coherence may have resulted from the nature of the text or the 

nature of the comprehension questionnaire. That is, the expository nature of the text, as 

well as its short length, could have led to texts written in low coherence requiring the 

reader to make too little prior-knowledge inferences, and text-base inferences. 

Additionally, the construction of the comprehension test may also have been responsible 

for the absence of reliable differences between the two levels of text coherence. 

McNamara and colleagues (McNamara, Kintsch, Songer & Kintsch, 1996) found no 

significant differences in comprehension between a high and a low coherent text and 

associated it with the absence of distinction between bridging-inference questions and 

text-base questions. Bridging-inferences questions require the reader to make inferences 

between sentences, whereas text-based questions only require the reader's ability to 

integrate information explicitly stated in a single sentence. Therefore, it is possible that 
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the absence of significant differences between the two levels of text coherence in our 

research resulted from a dearth of bridging-inference questions, or the absence of a 

distinction between bridging-inference and text-base questions. It is also possible that the 

absence of significant differences in the comprehension between the high and low 

degrees of text-graphic correspondence may have resulted from the participants’ young 

age. Including an adjunct graphic does not insure that the reader will be able to interpret 

it, nor that the reader will even pay close attention to the graphic. Koenke & Otto (1969) 

found no differences in text comprehension of sixth grade students presented with either 

a text accompanied by a graphic, or a text presented alone. Vernon (1953, 1954) obtained 

similar results and considered that the absence of influence induced by the presence of a 

graphic on text comprehension could have resulted from how the readers attended to the 

graphic. Vernon observed that middle-school readers used the graphic to understand the 

gist of the text, rather than the details presented in the text. We concur with Vernon’s 

conclusions, considering that young readers' graphicacy skills may not be sufficiently 

developed to enable the readers to benefit from an adjunct graphic. 

Further analysis of the immediate comprehension questionnaires through 

regression analyses indicated that when readers have high prior knowledge or high 

reading skills, they perform better than when they have poor prior knowledge or reading 

skills. According to previous research on text processing (McNamara, Kintsch, Songer & 

Kintsch, 1996; McNamara, 2001), prior knowledge is a strong predictor of text 

comprehension and is correlated with text comprehension when the text is written at a 

low or a high coherence level. That is, low prior knowledge readers benefit from a high 
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coherent text structure that prevents the readers from having to make inferences while 

reading. On the other hand, high prior knowledge readers benefit from a low coherent 

text, because their need for cognition is fulfilled by the necessity to make inferences to 

comprehend the text.  The results from the present investigation showed that reading 

skills were a strong predictor of success in most of the conditions, whereas prior 

knowledge was a strong predictor of comprehension only when reading skills were not a 

predictor (drought low coherence with both graphics, drought high coherence without a 

graphic). These findings can be explained by the fact that the participants were living in 

an area subject to drought for several summers, but far from the coast and any risk of 

tsunami. Therefore, although no significant differences were observed between the prior 

knowledge on droughts and on tsunamis, it is likely that the readers’ prior knowledge on 

drought was stronger, and thus more influential on their comprehension of the drought 

text, than their prior knowledge on tsunamis. These findings are similar to those of Best, 

Floyd & McNamara (2008) who found that, for an expository text, reading skills are a 

better predictor of text comprehension than prior knowledge. In our study, we concur 

with Best and colleagues, and consider that young readers are not very familiar with the 

text structure of an expository scientific text, which can explain why reading skills were a 

stronger predictor than prior knowledge for the overall comprehension. Regarding text 

coherence, the results failed to confirm the findings of McNamara and colleagues 

(McNamara, Kintsch, Songer & Kintsch, 1996; McNamara, 2001; Ozuru, Dempsey & 

McNamara, 2009) as no differences in the comprehension of the text was found to be the 

result of an interaction between the level of coherence of the text and the readers' reading 
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skills or prior knowledge. The absence of interaction between prior knowledge or reading 

skills with text coherence may be attributed to the expository nature of text, which was 

probably in itself a high cognitive load for the readers, who therefore failed to make the 

extra cognitive effort of making inferences while reading. 

 

Limitations 

A first limitation of this study is the construction of the comprehension test. 

Indeed, it is possible that the failure to reveal reliable findings for text coherence is the 

result of the absence of a clear distinction between text-base and bridging inference 

questions.  

Another limitation to this study is common to research on texts accompanied 

by graphics, which is the absence of certitude that the readers paid attention to the 

graphic. With an eye-tracking device it would have been possible to determine whether or 

not the participants actually looked at the graphic, as well as to know precisely how they 

directed their attention toward the graphic and its different elements. Indeed, the use of an 

eye tracker would have permitted an analysis of whether the readers only looked at the 

graphic as a whole when the graphic was in low or high correspondence with the text, or 

if they paid attention to the details present in the graphics in high correspondence with 

the text. 

Although it was our intent to generalize the results of the present investigation 

to the natural sciences, the participants were located in an area of frequent drought, while 

not concerned by the risk of tsunamis. Although no significant differences in prior 
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knowledge were found between the topics, it is possible that the absence of participants' 

everyday knowledge of tsunamis tempered their ability to draw inferences.  

Finally, the limited number of participants in each grade level, and 

particularly in the 3rd grade, did not allow further analyses of within grade, or between 

grade differences in text comprehension. 

 

Implications for Publication in Children 

Science Books 

Publishers of children books often use representational graphics or other types 

of graphics. Our study shows that if no differences between the coherence of the text or 

the correspondence between text and graphic is observed immediately after reading, 

pairing a low correspondent graphic to a low coherent text is detrimental to readers' 

comprehension over time. Our results inform us that when high coherent texts are paired 

with a graphic – either of low or high correspondence with the text – retention of the 

information contained in the text is better than when the text is not accompanied by a 

graphic. When a high coherent text is not accompanied by a graphic, readers' 

comprehension relies on their prior knowledge rather than on their retention of the text 

they previously read. 
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EXPERIMENTAL TEXTS 

 
Text 1: Tsunami Low Coherence 

A tsunami is caused by an earthquake. Under the water there are mountains. 

When an earthquake shakes them, the water around them moves. When it is a big one, the 

waves are huge. 

A tsunami is not just one wave. An earthquake in the ocean might move the ocean floor 

up or down. If it does, it causes a sequence of waves to move out from the center of it. A 

wave is not just the highest that the water reaches. Between the high points of waves are 

low points. When a tsunami reaches land, the high points are the water that destroys 

things. After a high point comes onto the beach, the low point follows it. When the low 

point of the tsunami wave comes to shore, the water flows back into the ocean. This is the 

time when it carries people, buildings, and trash into the ocean. Then the next high point 

hits. One tsunami might have many waves. 

The low points of tsunami waves are dangerous, too. The water is low, so people think 

the land is safe. They do not know another tsunami wave is coming.  



73 

Text 2: Tsunami High Coherence 

An under water earthquake causes a tsunami. Under the water there are 

mountains. When an earthquake happens it causes the ground and the mountains under 

water to shake. As a result the water around the mountains moves. When the earthquake 

is a big one, the waves are huge. 

A tsunami is not just one wave. An earthquake in the ocean might move the ocean floor 

up or down. When it does, the earthquake causes a sequence of waves to move out from 

the center of the earthquake. But a wave is not just the highest point that the water 

reaches. Between the high points of waves the water is at a lower point. When a tsunami 

reaches land, the high points are the water that destroys things. After a high point comes 

onto the beach, the low point follows it. When the low point of the tsunami wave comes 

to shore, the water from the high point flows back into the ocean. This is the time when 

the water carries people, buildings, and trash into the ocean. Then the next high point 

hits. One tsunami might have many waves. 

The low points of tsunami waves are dangerous, too. The water is low, so people think 

the land is safe. They do not know another tsunami wave is coming. 
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Text 3: Drought Low Coherence 

In a drought, plants die because they do not have enough water. The water 

levels in lakes, rivers, and streams go down. 

Droughts can even happen when it does not snow in the winter. When it melts, it puts 

water into streams, lakes, and into the ground. If there is not much of it, there will not be 

as much water when it melts. The temperature of the ocean can cause droughts. Clouds 

form over warm ocean water. Cool oceans mean fewer of them, and less rain. Another 

cause of droughts is people chopping down large numbers of trees. They retain water in 

the soil, and their leaves lower the air temperature. People chop them down to make room 

for farms and houses. They can grow back, but slowly. When they are chopped faster 

than they can grow back, the soil gets dry. 

Droughts also mean there is not a lot of clean water for people to use. People need it to 

survive. If the water they drink is not clean, people will get sick. The elements in dirty 

water that make people sick are highly dangerous. Some people will die from drinking it. 

  



75 

Text 4: Drought High Coherence 

In a drought, plants die because they do not have enough water. During a 

drought the water levels in lakes, rivers, and streams go down. 

Droughts can even happen when it does not snow in the winter. When snow melts, it puts 

water into streams, lakes, and into the ground. If there is not much snow, there will not be 

as much water when the snow melts. The temperature of the ocean can cause droughts. 

Clouds form over warm ocean water. Cool oceans mean that fewer clouds are formed, 

and therefore it rains less. Another cause of droughts is people chopping down large 

numbers of trees. Trees retain water in the soil with their roots, and their leaves lower the 

air temperature. Lower temperature limits the soil from over heating and being dry. 

People chop down trees to make room for farms and houses. Trees can grow back, but 

slowly. When the trees are chopped faster than new trees can grow back, the soil holds 

less water and gets dry. 

Droughts also mean that there is not a lot of clean water for people to use. People need 

clean water to survive. If the water they drink is not clean, people will get sick. The 

elements in dirty water that make people sick are highly dangerous. Some people will die 

from drinking dirty water. 
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EXPERIMENTAL GRAPHICS 

 
Tsunami: Low Text-Graphic Correspondence  

 

 

Tsunami: High Text-Graphic Correspondence  
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Drought: Low Text Graphic Correspondence 

 

 

Drought: High Text Graphic Correspondence 

 


