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Carefully 

I held the book  

to my ear.  

 

cannons roar 

galloping horses 

screaming princesses  

in distress.  

 

Yeah, this is what 

I was looking for. 
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Chapter 1:  General Introduction 
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Teaching children to comprehend what they read is considered one of the most 

important objectives of primary education (Lancia, 1997; Oatley & Olson, 2010). Yet 

many school-age children struggle to acquire reading skills and experience difficulties 

in understanding texts. Internationally, more than thirty percent of fourth graders 

and twenty-four percent of eighth graders cannot read at a basic level (National 

Center for Education Statistics, 2011). This is also the case in the Netherlands where 

periodic surveys of reading show similar results (van Berkel, Krom, Heesters, van der 

Schoot, & Hemker, 2007; van der Schoot, 2008;). Additionally, children show a 

decrease in the motivation to read from Grade 2 onwards (Bos, De Koning, & van der 

Schoot, 2014; Stoeldraijer & Vernooy, 2007). These results are alarming as reading 

comprehension is crucial for the academic success of a child. That is, reading 

comprehension is not only a crucial aspect for specialized skills during the reading 

class, but it is also important for the understanding of questions in other areas such as 

mathematics, geography, and history. In a broader sense, reading comprehension 

skills are fundamental to children’s future working careers, daily activities, and social 

functioning in our increasingly text-based and complex information-communication 

society (Snow, 2002).  

 

It is largely unknown what actually underlies these problems, but several 

explanations can be offered. A possible explanation is that books are classified to a 

certain reading comprehension level (in Dutch: AVI-niveau). This can have a negative 

influence on the reading motivation of children, because the texts are not classified 

on experience but rather on technical reading skills. Another explanation for this 

phenomenon is that the approach in reading comprehension courses is focused on 

the exercise of individual reading strategies, whereby the importance of a 

challenging reading context is ignored. The risk, therefore, is that students will use 

the strategy only as a goal and not as a useful tool, and hence the reading motivation 

of the students will drop (PPON, 2007).  

 

These issues have led to public concern and policy initiatives that emphasize the need 

for effective approaches for teaching reading comprehension. Driven by these 

aspects, this thesis is dedicated to translational research in the field of reading 

comprehension using the Situation-Model Framework as foundation to the 

presented research questions.  
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Situation Model Framework 

It is by now well-established in reading comprehension research that a reader’s 

mental representation of text consists of different levels of comprehension (Kintsch, 

1988; Zwaan & Radvansky, 1998). Within the Situation Model Framework, three 

levels of representation are distinguished: surface-based representation, text-based 

representation, and situation model representation (Kintsch, 1994, 1998; Kintsch & 

van Dijk, 1987). The surface-based representation contains the literal words and 

clauses that are mentioned in the text. The text-based representation contains the 

meanings of the words, clauses, and sentences, as well as their mutual relations that 

are explicitly presented in the text. The situation model representation is an 

integrated, coherent, non-verbal, mental representation of the state of affairs 

described in a text (Zwaan & Radvansky, 1998). In fact, the situation model integrates 

the propositional content of the text with information from prior knowledge (Stine-

Morrow, Gagne, Morrow, & DeWall, 2004). When trying to comprehend texts, the 

situation model is gradually constructed by continuously monitoring information 

from different situational dimensions (space, time, protagonist, causation, and 

intentionality; Zwaan, Langston, & Greasser, 1995; Zwaan, Magliano, & Greasser, 

1995). By integrating information from these dimensions, readers gradually update 

their representation and put together a coherent and richly connected situation 

model. In contrast to the surface-based and text-based representations, the situation 

model representation is not restricted to the text information (Kintsch, 1994, 1998; 

Kintsch & van Dijk, 1987). Situation models, therefore, constitute the level of text 

representation which is associated with deep processing (van der Schoot, Horsley, & 

Lieshout, 2010).  

 

In summary, a situation model is a non-verbal mental representation of the text as a 

whole that reflects the reader’s understanding that goes beyond the text. In other 

words, it is a mental representation wherein the text information is integrated with 

the reader’s world knowledge and what the reader already knows from the topic (van 

der Schoot et al., 2010). Hence, the situation model will not only help to gain a 

deeper comprehension of text, but it also ensures that the reader is involved and 

connecting with the text (Van de Ven, 2009). That is, constructing a situation model 

helps readers to experience and vividly represent the situation described in the text 

(De Koning & van der Schoot, 2013, 2014). As such, the situation model is retained in 

memory much longer than the text-based and the surface representation. These 
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aspects make that readers can benefit from the construction of situation models both 

in terms of reading comprehension and reading motivation.  

 

Reading Comprehension: Situation Model Processes 

The studies included in this thesis focus on the construction of situation models from 

narrative text by investigating the skills and strategies that are crucial for the 

construction and revision of the situation model, namely mental simulation, 

comprehension monitoring, and inference making.  

 

Mental Simulation 

As just stated, language comprehension necessarily involves the construction of a 

mental representation (Zwaan & Radvansky, 1998), as such it can be considered the 

infrastructure of the construction of the situation model. Inspired by embodied 

theories of language comprehension, the view that situation-model representations 

formed during language comprehension involve sensory, motor, and emotional 

information is gaining popularity (De Koning & van der Schoot, 2013; van den Broek, 

2010; Zwaan, 2015). This observation has now been supported by numerous 

behavioral and neuroimaging studies (e.g., Louwerse, Hutchinson, Tillman, & 

Recchia, 2015; Pulvermüller, 2005). In capturing the meaning of a text, readers 

mentally simulate the described situations and events through the reactivation of 

previously acquired real-world perceptual, motor, and affective experiences 

(Barsalou, 1999, 2008). It follows that, in such an embodied view to language 

comprehension, the neural circuits involved in understanding sentences are of the 

same kind as those involved in having actual sensory and motor experiences. 

Consider, for example, the situation that you make a cup of coffee. During the actual 

experience, patterns of brain activation are formed across multiple modalities, which 

are then stored in your memory (e.g., how your coffee smells, looks, feels). Later on, 

when retrieving the stored experience from the long-term memory during reading, 

the multimodal representation captured during the actual experience is reactivated 

to reproduce how the brain represents perception and action.  

 

In sum, according to embodied theories of language comprehension, a deep 

understanding of text involves a mental simulation of described events and actions 

by reactivating and integrating traces of earlier experiences from multiple perceptual 

and motor modalities in the brain that were recruited when the actual experience was 
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acquired (Barsalou, 1999). So far, most of the research on mental and motor 

simulations was fundamental in nature and done with adults (Wellsby & Pexman, 

2014). Hence, relatively little is known about children’s mental simulations during 

reading and how, from a more applied perspective, mental simulation of text 

information can be stimulated. In this thesis, both of these aspects will be addressed 

by investigating how to enhance children’s mental simulation skills supportive to 

situation model construction and hence deeper comprehension of text. 

 

Comprehension Monitoring 

Besides mental simulation, comprehension monitoring is a reading comprehension 

strategy pivotal to situation model processing, in particular the updating of a 

situation model. Comprehension monitoring refers to the ability of readers to 

evaluate their understanding of a text. Readers engaging in comprehension 

monitoring processes continuously ask themselves if what they are reading makes 

sense. Rephrasing this in situation model updating terminology, skilled readers 

constantly check for themselves to what extent new text information is consistent 

with the information already present in their current situation model. If it is, the new 

information can be readily incorporated into the evolving situation model. If it is not, 

readers are required to resolve the inconsistency by using repair strategies to make 

sure their situation model corresponds to the described situation and so restore 

comprehension. 

 

The ability of a reader to be aware, while reading, whether a text still makes sense or 

not as well as adequately adapting one’s cognitive processing accordingly is central 

to comprehension monitoring, and more generally reading comprehension. 

Particularly, monitoring the different dimensions that a situation model contains 

during reading is crucial in achieving deep-level comprehension (Wassenburg, Beker, 

van den Broek, & van der Schoot, 2015). Related to this, it has frequently been argued 

that it is this comprehension monitoring ability which distinguishes skilled readers 

from less skilled readers (McNamara, Ozuru, Best, & O’Reilly, 2007; Pressley, 

Borkowski, & Schneider, 1987). Yet, whilst there is an increasing body of research on 

comprehension monitoring and its relevance for situation model construction, it 

remains largely unclear how we can encourage the usage of this strategy to achieve 

an intelligible situation model. In this thesis, we therefore will aim at teaching 

children monitoring strategies required for situation model updating. More 
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specifically, we will test an inconsistency-detection training developed to target 

comprehension monitoring strategies during reading. 

 

Inference Making 

Another central aspect of situation model construction is the need for coherence 

(McNamara & Magliano, 2009; van den Broek et al., 2011; van Silfhout, Evers-

Vermeul, & Sanders, 2014). Establishing coherence does not come naturally for many 

readers, given that texts often contain implicit information, semantic vagueness and 

ambiguities, or temporal, spatial and causal discontinuities which may result in 

comprehension problems (e.g. Zwaan, Magliano, & Graesser, 1995). That is, readers 

are not confronted with complete and cohesive descriptions of narrative situations 

and therefore need to engage in inferential processes to construct a coherent 

situation model. To supplement their situation model with inferences readers can 

draw upon prior knowledge and/or textual clues in an attempt to obtain sufficient 

coherence (Cain & Oakhill, 2007; van den Broek & Espin, 2012). This helps readers to 

infer what is implied, resolve vagueness and ambiguities, or fill in gaps in time and 

space or missing causal relations between text events. In line with this, making 

inferences to construct a coherent situation model appears to be associated with 

deep processing of text. In general, situation model construction and inference 

generation are said to have a mutual and interactive relationship; inference making 

supports situation model construction, and situation models facilitate inference 

generation (e.g. Graesser, Wiemer-Hastings, & Wiemer-Hastings, 2001; Rickheit, 

Schnotz, & Strohner, 1985). In this thesis, we will focus on the first direction of 

influence that from inference generation to situation model construction. More in 

particular, we will design and test a training program embedded within the situation 

model framework to enhance children’s inference making skills supportive to 

situation model construction and hence deep-level comprehension of text. 

 

Aims 

From the above theoretical and empirical background, it becomes evident that 

mental simulation, comprehension monitoring, and inference making are important 

strategies involved in understanding text at the situation model level. In the past 

years, reading comprehension researchers have made much progress in terms of 

fundamental empirical work on the use, role, and effectiveness of these component 

processes, or strategies, in relation to the construction of a situation model from text. 
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However, so far relatively little research has focused on how we can encourage the 

construction of a situation model. As such, the question as to how we can teach 

children to effectively construct situation models from text has mainly been 

unresolved. Therefore, this thesis primarily aims at bringing forth not only a 

significant theoretical stance, but also at fulfilling a practical contribution to the field 

of reading comprehension. In sum, the main goal was to investigate the influence of 

situation model construction on reading comprehension and how we can stimulate 

this construction. Another aim of this thesis was to investigate to what extent 

situation models play a role in other primary school subjects than reading 

comprehension. In doing so, we particularly looked at whether situation models can 

serve a functional role in producing, rather than understanding, text (i.e., writing a 

narrative). This extends the research on situation models in a novel direction and 

explores the applicability of the situation model framework to other disciplines. 

 

Approach 

The research presented in this thesis was conducted using an experimental approach. 

This yielded behavioral data which gained insight into both the end-product of the 

reading process (e.g., reading comprehension scores) and the processes leading to 

this end-product (e.g., use of the learned reading comprehension strategies). In all 

studies participants were primary school children (Grades 3-6) who were tested at 

their school, except for Chapter 6 where college students were tested in a more 

controlled laboratory setting. Throughout the studies, situation model theory was 

used as the main theoretical framework in which the studies were set-up and 

interpreted.  

 

The three intervention studies reported in Chapters 2 through 4 had a similar design, 

which enables a direct comparison between the effectiveness of the three situation 

model focused strategies. That is, the studies employed a pretest-posttest control 

group design in which the independent variable was training group (mental 

simulation, inference making, or comprehension monitoring vs. control) and the 

dependent variables were reading strategy use (i.e., pre- and posttest scores on tests 

measuring mental simulation, inference making, and comprehension monitoring), 

general reading comprehension level (measured by the CITO reading comprehension 

test), and reading motivation. Pre- and posttests consisted of different versions of 

the same tests. Children from Grades 3 and 4 received training in just one of the three 
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reading comprehension strategies. Each strategy was taught in a 4-week training 

course containing 8 lessons. Training occurred in groups of 5-6 children and consisted 

of direct instruction, modeling, guided practice, and individual practice. The control 

group followed the school’s regular reading comprehension curriculum. Several 

individual difference measures such as intelligence, decoding skill, vocabulary, 

working memory, visuo-spatial abilities, socioeconomic status and home literacy 

environment were included as control variables.  

 

Chapter Overview 

 

Chapter 2 investigates the effectiveness of a reading comprehension intervention 

study aimed at supporting mental simulation skills. Specifically, in the mental 

simulation training it was tested to what extent teaching readers to (1) connect their 

perceptual, motor, and emotional experiences to the text, and (2) mentally simulate 

visual and motor information that is implicitly described in a text, facilitates reader’s 

situation model construction and hence deep-level comprehension of text. Use of the 

learned reading comprehension strategy was examined with the sentence-picture 

verification task and the sentence-sensibility judgment task.   

 

Chapter 3 reports on the effectiveness of a reading comprehension intervention 

study for teaching comprehension monitoring strategies. The developed 

inconsistency-detection training specifically focused on situation model updating and 

aimed at teaching readers to maintain and restore comprehension during reading. To 

this end, children were trained to pay attention to the different situational levels 

(time, space, causation, intentionality, and protagonist) and also to find 

inconsistencies in the text. Use of the learned reading comprehension strategy was 

examined with the inconsistency-detection paradigm. 

 

Chapter 4 describes the results of the reading comprehension intervention study 

focusing on inference making. The inference making training aimed at enhancing 

readers’ inference making skills in order to construct a coherent situation model. It 

addressed the source (text-based versus knowledge-based), type (necessary versus 

unnecessary for (re-) establishing coherence), and depth of an inference (making 

single lexical inferences versus combining multiple lexical inferences), as well as the 
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type of searching strategy (forward versus backward). Use of the learned reading 

comprehension strategy was examined with the probe recognition task.  

 

In Chapter 5, the question is addressed whether the construction of a situation model 

also supports, next to comprehension, the production of text. This was approached 

by asking children to engage in writing a creative narrative and investigating their 

ability to construct a situational and sensory rich situation model. Using path 

analyses, these representational abilities of children and the narrative descriptions 

derived from their text were related to the children’s creative writing outcome.  

 

Chapter 6 takes a more fundamental perspective at mental simulation of text 

information during reading. Specifically, it directly investigates within a single study 

to what extent different implied visual characteristics of described objects (i.e., 

shape, color, size, orientation) are mentally simulated during sentence 

comprehension. In doing so, this study aims to provide insight into whether the four 

investigated visual object properties are mentally simulated to the same extent and 

whether they share a common underlying mechanism.  

 

Finally, in Chapter 7, the findings obtained from the research presented in Chapters 

two through six will be discussed in light of the aims of this thesis. Moreover, 

practical implications of the findings will be presented.  



 

  



 

 
 
 
 

Chapter 2:  Effects of a Reading Strategy 

Training Aimed at Improving 

Mental Simulation in Primary 

School Children 
 

 

Bos, L. T., De Koning, B. B., Wassenburg, S. I., van der Schoot, M.  
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Abstract 

 

This study investigated the effects of a mental simulation training targeted at 

improving children’s reading comprehension. In a four-week period, one group of 

third- and fourth-graders (n = 51) learned to draw upon their sensorimotor memories 

and experiences to mentally simulate text (experimental training group), whereas 

another group (n = 75) received the schools’ regular reading comprehension 

instructions (control training group). Pre-to-posttest differences in general reading 

comprehension, reading motivation, and mental simulation (distinguishing between 

perceptual and motor simulation) were examined to evaluate the trainings’ 

effectiveness. Compared to the control group, children who had received the mental 

simulation training showed improved performance on general reading 

comprehension and scored higher on reading motivation. There were no 

performance differences between groups on the mental simulation measures. These 

findings indicate that it is beneficial for children to encourage and teach them to 

connect their sensorimotor experiences to the text they are reading.  
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Reading comprehension research generally assumes that comprehension of a stretch 

of text involves the construction of a mental representation of the state-of-affairs 

described in a text, a situation model, rather than of the text itself (Kintsch, 1988; 

Kintsch & van Dijk, 1978; Zwaan & Radvansky, 1998). According to situation model 

theories such as the Event-Indexing Model (Zwaan, Langston, & Graesser, 1995) and 

the Construction-Integration model (Kintsch, 1988), situation models are 

constructed, and continuously updated, based on information that is presented in a 

story and/or reader’s knowledge of the world along multiple dimensions: character, 

time, space, intentionality, and causation. Over the years, complementary insights 

on situation models have been provided by embodied theories of language 

comprehension (Barsalou, 1999; Fischer & Zwaan, 2008; Glenberg, 1997). Perhaps 

the most influential one has been that the representations of the various situation 

model dimensions are (partially) based on (re-)activations of brain areas governing 

analogous perception and action in the real world (Barsalou, 2008; for an extended 

discussion on the interplay between symbolic and sensorimotor representations, see 

Zwaan, 2015). Accordingly, it has been proposed that understanding text involves a 

mental simulation of described events by reactivating and integrating traces of 

earlier experiences from multiple perceptual and motor modalities in the brain that 

were recruited when the actual experience was acquired (Barsalou, 1999). Readers 

who mentally simulate the story’s perceptual and motoric elements incorporating 

them into their evolving “embodied situation model” (Glenberg, 1999), appear to 

build a deeper understanding of a text (for an overview, see Meteyard, Cuadrado, 

Bahrami, & Vigliocco, 2012).  

 

So far, these recent insights have not yet found their way into the actual classroom 

practice of reading comprehension instruction. Filling this gap provides an 

opportunity to help children to become better text comprehenders, counteracting 

the worldwide expressed concern that a significant number of primary school 

children fail to attain a sufficient level of reading comprehension. For example, The 

National Center for Education Statistics (2011) reported that 33% of fourth-grade 

students and 24% of eighth-grade students in the U.S. are performing below basic 

standards. Periodic surveys of reading comprehension in the Netherlands have 

shown similar results (van Berkel, Krom, Heesters, van der Schoot, & Hemker, 2007; 

van der Schoot, 2008). In response to these issues, the present study sets out to 

demonstrate that a training aimed at the re-enactment of perceptual and motor 
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experiences when constructing a situation model during reading is capable of 

supporting children’s general reading comprehension performance.  

 

Mental Simulation as a Means to Support Reading Comprehension 

By now, a wealth of behavioral (Louwerse, Hutchinson, Tillman, & Recchia, 2015) and 

neuroimaging (Kiefer & Pulvermuller, 2014) evidence has accumulated 

demonstrating that reading comprehension involves the re-enactment of 

sensorimotor experiences, not only when processing individual words or sentences 

but also during comprehension of discourse (e.g., Nijhoff & Willems, 2015). 

Conceivably, in taking this a step further towards a mental simulation training there 

are several ways to involve readers’ sensorimotor experiences when processing text. 

According to De Koning and van der Schoot (2013, 2014) readers have at least two 

possibilities to connect sensorimotor experiences to text content: (1) reactivating 

one’s privately stored sensorimotor experiences relevant to the story and tying these 

to the situation described in a text, and (2) endowing readers with relevant 

sensorimotor experiences during reading such as when “acting out” a story using toy 

figures (Berenhaus, Oakhill, & Rusted, 2015; Glenberg, Gutierrez, Levin, Japuntich, & 

Kaschak, 2004). In the present study, the first one of these possibilities will be 

investigated as it has not yet received systematic attention from researchers (De 

Koning & van der Schoot, 2013). That is, we aim to encourage children inexperienced 

in constructing an embodied situation model to draw upon their sensory and motor 

experiences during reading. Retrieving these experiences, which involves the 

integration of neural patterns corresponding to prior perceptions with the events and 

objects mentioned in the text, enables readers to simulate the situation described in 

the text as vividly as possible (Barsalou, 2008; De Koning & van der Schoot, 2013). 

Doing so, readers place themselves mentally in the shoes of the story’s main 

character and use their multisensory experiences to simulate the described scenario 

as if they were actually experiencing the story (Zwaan, 2004). In other words, readers 

engage in an “emulative mental simulation” in which the simulated psychological, 

perceptual, and motoric processes mimic those involved in the simulated event 

(Moulton & Kosslyn, 2009). According to Moulton and Kosslyn (2009, also for a more 

extended discussion on this issue), mental imagery plays a key role in emulative 

mental simulations: “One uses imagery to simulate what one would perceive if one 

were in a specific situation; this is as true of imagery used to retrieve memories as it is 

of imagery used to predict the future.” (p. 1278). So, if imagery is used, which does 
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not necessarily occur in all emulative simulations, it is used in service of mental 

simulation. This provides a more comprehensive view of mental simulation compared 

to initial conceptions of mental simulation where a clear distinction is drawn between 

imagery and simulation, and one remains silent about their interplay. Whilst in these 

conceptions imagery is typically associated with deliberate, conscious attempts to 

construct a mental representation, simulation is assumed to involve automatic, 

unconscious processing (e.g., Barsalou, 2008; Kent & Lamberts, 2008). Our intention 

within the present study is to explore whether mental simulation via imagery can be 

supported as a means to enhance reading comprehension. That is, we investigate the 

extent to which making children aware of the importance of connecting their 

perceptual and motor experiences to the text content and teaching them how to do 

so helps them to mentally simulate the described situation, and ultimately improve 

their reading comprehension performance.  

 

Mental Simulation Training 

The training developed for this study consists of three parts. The first part works 

towards the construction of a multisensory representation of the situation described 

in a text. Essentially, children were made aware that they can use more than just their 

visual sense to represent the described situation. Encouraging and supporting 

children to also pay attention to the sounds, smells, tastes, movements, and 

emotions that can be experienced in the described situation in order to incorporate 

these experiences into a simulation of the text content has both practical and 

theoretical value. In reading comprehension instruction, teachers typically ask 

children to represent text content only visually and thus leave out the potential 

benefits of incorporating other sensory modalities unexploited (De Koning & van der 

Schoot, 2014; van de Ven, 2009). Additionally, research on stimulating mental 

simulation processes is scarce and lacks systematic studies particularly on how to 

support readers to connect experiences from multiple sensory modalities to a text 

(De Koning & van der Schoot, 2013). 

 

The second and third part of the training zoom in on stimulating visual simulation 

(second part) and motor simulation (third part). The present study contributes to 

existing work on (supporting) imagery and mental simulation in an important way. 

Rather than requiring readers to just represent described objects and events, we paid 

particular attention to the fact that information that is relevant to accurately 
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mentally represent the objects and events contained in a story is often not explicitly 

described. This was inspired by more fundamental embodied cognition research 

showing that mental simulations of objects and events are dependent upon the 

perceptual object features (Zwaan & Pecher, 2012) and motor movements (Glenberg 

& Kaschak, 2002) that are implicitly described in a sentence. For example, using the 

sentence-picture verification paradigm, Engelen, de Bruin, Bouwmeester, and Zwaan 

(2011) presented participants with sentences implying a particular object shape such 

as “The man saw the egg in the skillet”. After reading each sentence, participants had 

to verify whether a pictured object, which either matched (whole egg) or mismatched 

(egg sunny-side up) the shape implied in the sentence, had been mentioned in the 

preceding sentence. Readers verified pictures faster when they matched rather than 

mismatched the perceptual information from the preceding sentence. This so-called 

match-advantage has by now been found for multiple perceptual object features 

such as shape, orientation, color, and size (Bos, De Koning, & van der Schoot, 2015; 

for a review, see Horchak, Giger, Cabral, & Pochwatko, 2014).  

 

Similar findings showing a match-advantage have been obtained for motor 

simulations (e.g., Bergen & Wheeler, 2010; Gianelli, Farne, Salemme, Jeannerod, & 

Roy, 2011; Glenberg & Kaschak, 2002). Using a sentence-sensibility judgment task, 

Glenberg and Kaschak (2002), for example, asked readers to read meaningful 

sentences implying either a movement towards (e.g., He opens the drawer”) or away 

(“He closes the drawer”) from the body or nonsense sentences (e.g., “He boils the 

air”). In judging whether a sentence is meaningful, participants had to move their arm 

forward (away from the body) or backward (towards the body) to push the response 

button, creating a match (backward arm movement for the sentence “He opens the 

drawer”) or mismatch (forward movement for the sentence “He opens the drawer”) 

with the movement implied in the sentence. Results showed an action-sentence 

compatibility effect meaning that participants were faster to verify whether a 

sentence was meaningful or not when the direction of movement implied in the 

sentence matched the movement that was required for responding. Together, the 

above studies have been taken to suggest that perceptual simulations and motor 

simulations are sensitive to the way objects and events are described. Making readers 

aware of these subtle differences when teaching them to simulate perceptual and 

motor information described in a text thus seems relevant. Therefore, we addressed 

this in our training program, that is, we taught readers how they could make use of 
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words or phrases in the text to enable them to incorporate the objects and events 

into their mental simulation in a way that mimics the described situation. 

 

Evaluation of the Training’s Effectiveness  

So, our training program was developed to enhance children’s mental simulation 

skills contributing to an embodied situation model and hence a deeper 

comprehension of text. In evaluating the effectiveness of our training program we 

considered three aspects. First, we examined readers’ performance on a standardized 

general reading comprehension assessment. We anticipated the mental simulation 

training to result in higher pre-to-posttest improvements on general reading 

comprehension. This expectation is based on the fact that having received explicit 

instruction on mental simulation, readers are more likely to connect the described 

situation to their own sensorimotor experiences, and hence create a richer 

multisensory simulation that is associated with deeper comprehension. As our 

training aimed to equip readers with the necessary “cognitive tools” to embody text 

contents in general, it is likely that performance on measures of general text 

comprehension improves. 

 

Second, we explored the possibility that our mental simulation training would impact 

reading motivation. In particular, children may develop a more positive attitude 

toward reading comprehension after the training than they had before because the 

training particularly required children to draw upon their own experiences to simulate 

the text as if actually being part of the story. From research on the interplay between 

motivation and reading (comprehension), it is known that children who connect their 

own knowledge and experiences to the information in a text build a richer and more 

vivid mental representation of the text, which in turn, leads to an increased 

motivation to read (e.g. Retelsdorf, Koller, & Moller, 2011; Taboada, Tonks, Wigfield, 

& Guthrie, 2009; Van Sluys, 2008). Noticeably, such an improvement of reading 

motivation would be specifically desirable because of its bidirectional relation with 

reading comprehension, which was previously shown by numerous studies involving 

primary school children (for an overview see Morgan & Fuchs, 2007). 

 

Third, we looked in more detail at training-related changes in readers’ mental 

simulation skills. To keep a close link with the more fundamental research on mental 

simulation, we administered two (aforementioned) tasks that are well-known and 
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frequently used for measuring perceptual simulation and motor simulation: the 

sentence-picture verification task (e.g., Engelen et al., 2011) and the sentence-

sensibility judgment task (Glenberg & Kaschak, 2002). If our training helps children to 

become more sensitive to implicitly described perceptual and motor information, this 

should be reflected in the magnitude of the match-advantage in these two tasks. 

Children who have practiced mentally simulating implied perceptual and motor 

information in a text are likely to indicate faster whether this (re-)activated 

perceptual and motor information overlaps with visually depicted objects (SPVT) and 

actual physical (direction of) movements (SSJT). Consequently, after the training 

these children are expected to produce a stronger match-advantage than children 

who did not receive this training.  

 

Method 

 

Participants 

Participants were 143 third and fourth graders from five regular primary schools in a 

large urban area in the Netherlands. They were recruited as part of a larger reading 

comprehension intervention wherein other children received training in inference 

making skills (Bos, De Koning, Wassenburg, & van der Schoot, 2016) and 

comprehension monitoring strategies (Wassenburg, Bos, De Koning, & van der 

Schoot, 2015). The schools where this intervention study was conducted had a 

general cooperation agreement with the university, but they voluntarily participated 

in this study. In accordance with a procedure preferred by the schools and endorsed 

by the ethical committee of the faculty, a letter describing the aim and methods of 

the study was provided to the children’s parents. Parents could allow or deny the 

participation of their child by returning a preprinted objection/permission note.  

 

Children with dyslexia and/or an IQ less than 85, as indicated by school records, were 

excluded. Also children for which school records revealed (diagnosed) problems, 

indicating developmental or intellectual disadvantages, were excluded from the 

study. This resulted in removal of 17 children from the initial sample. Of the 

remaining sample, 51 children participated in the mental simulation training group 

and 75 children participated in the control training group.  
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Practical and organizational reasons imposed by the schools made it impossible to 

randomly assign children to training groups. For example, schools preferred not to 

make within-class divisions between groups of mental simulation training and control 

training children. However, after carefully assigning classes to training groups, it 

turned out that the two groups were comparable on age, socio-economic status (as 

indicated by the Dutch neighborhood level status score, which is computed from the 

average neighborhood income, the percentage of residents with a low income, the 

percentage of low educated residents, and the percentage of unemployed residents, 

derived from the Netherlands Institute for Social Research; Knol, Boelhouwer, & 

Veldheer, 2012), class size, decoding skill (as indicated by raw scores on a 

standardized Dutch word reading test [Een Minuut Test; Brus & Voeten, 1999]), and 

IQ (as indicated by raw scores on Raven's Standard Progressive Matrices - Short 

Form). Group characteristics are reported in Table 1. 

 

Design 

The study employed a pretest-posttest control group design with general reading 

comprehension, reading motivation, and mental simulation (i.e., visual and motor 

simulation as the trained reading skills) as dependent variables, and training group 

(mental simulation training vs. control training), time (pretest vs. posttest), and 

Grade (3 vs. 4) as independent variables. In the two weeks before and after the 

mental simulation training, trained research assistants administered the pre- and 

posttests. Pre- and posttests consisted of different versions of the same tests, and 

the order of the tests was counterbalanced across participants. 

 

Mental Simulation Training 

Mental simulation was taught in a 4-week training program containing eight 30-

minute lessons (two lessons per week). Half of the lessons were instruction lessons 

conducted in groups (lessons 1, 3, 5, and 7), whereas the other half were computer-

based lessons conducted individually (lessons 2, 4, 6, and 8). Instruction lessons and 

computer-based lessons were taught alternately, so each computer-based lesson was 

preceded by an instruction lesson. In all lessons, we used a balanced approach of 

direct instruction, modeling, guided practice and individual practice (Houtveen & van 

de Grift, 2007). Particularly, depending on whether it involved an instruction lesson or 

a computer-based lesson, relatively more time was spent on direct instruction, 

modeling, and guided practice (in the instruction lessons), or on guided and individual 
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practice (in the computer-based lessons). Lessons were conducted by trained 

research assistants who followed standardized instructions and had received 

elaborate training before the start of the training phase. 
 

Table 1  
Characteristics of participants in the mental simulation training group and the control training group. 

Note. Socio-economic status was inferred from area of residence, Decoding = raw scores on a standardized 

Dutch word reading test (Een Minuut Test; Brus & Voeten, 1999), IQscore = raw scores on Raven's Standard 

Progressive Matrices – Short Form. All statistical comparisons were nonsignificant. 

 

To promote children's engagement and motivation for the training, the following 

measures were taken. First, the training program was presented to the children as a 

‘movie director training’ meant to teach them, among other things, how to use their 

senses to create a ‘movie from the text’ in their head and experience the described 

events as if they were actually the main character in that ‘movie’. Second, an 

abundant variety of relevant, level-appropriate, and appealing text examples was 

used to explain the different instructions, and guide the children in reaching the 

training goals. Third, we applied scaffolding techniques including (1) gradual fading 

of teacher support and (2) transfer of responsibility from the teacher to the students 

once the latter were beginning to become more competent (Guthrie, Taboada, & 

Coddington, 2007; Houtveen & van de Grift, 2007). Fourth, each lesson ended with a 

reflective discussion about what and how the children had learned and why that is 

important. 

 

Instruction lessons. Instruction lessons were provided to groups of 5 or 6 children in a 

separate classroom. Rather than adopting a primarily top-bottom approach, these 

lessons were collaborative and interactive in nature with children in the role of 

engaged learners. The training aimed at teaching children why mental simulation of 

text content is important and how this can be done. Particularly, children learned to 

 Control Group Training Group t (df) 

 Mean (SD) Mean (SD)  

Age (year:month) 9:8 (0:9) 9:7 (0:8) .54 (122) 

Socio-economic status 0.54 (.62) 0.36 (.57) 1.69 (123) 

Class size 26.27 (4.72) 26.09 (.75) .27 (51.75) 

Decoding 67.90 (13.42) 63.81 (14.23) 1.61 (123) 

IQ 21.38 (3.93) 21.89 (3.34) -.78 (122) 
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draw upon their own sensory and motor experiences and to connect the 

sensorimotor information retrieved from memory to the text they were reading. The 

first three instruction lessons each addressed a specific aspect of mental simulation, 

while the fourth instruction lesson covered all of them simultaneously.  

 

During the first instruction lesson (Lesson 1), children were introduced to the idea 

that they can use all their senses, not just their mind’s eye, to represent the events 

and actions that are described in a text. For example, it was explained that when 

reading a narrative children could place themselves in the shoes of the main 

character and experience all colors, sounds, smells, tastes, movements, and 

emotions as if they were real. For example, children were provided with a description 

of a situation (e.g., enjoying a day at the beach) and then had to describe what they 

‘saw’, ‘heard’, ‘smelled’, ‘tasted’ as well as their tactile/motoric and emotional 

experiences given the described situation. So, children could indicate they ‘saw’ the 

blue color of the sea, ‘heard’ the waves clattering when reaching the shore, ‘smelled’ 

sunscreen, ‘touched’ the cold sea water with their feet, and ‘felt’ happy. Furthermore, 

by discussing the provided sensorimotor experiences in relation to the sentences 

children learned that using these multisensory experiences to construct a mental 

simulation actually facilitates comprehension of the text.  

 

The second instruction lesson (Lesson 3) focused on visual simulation, more 

specifically on simulating the visual appearance of objects, particularly object shape, 

that is described in a text. Children learned that visual information about objects is 

often implicitly described or “hidden” in a text. For example, the sentence “The girl 

looked at the paper in the dustbin” suggests a distinct shape for the paper (i.e., that 

the paper is crumpled up). They practiced identifying such implicit textual cues in 

cloze-exercises that were aimed at eliciting mental simulation. As an example, 

children had to fill in the term referring to an object’s changed shape (here: wad of 

paper) in “She grabbed the …[fill in] out of it and threw it to her brother.”, which 

could only be achieved if they were mentally simulating the event described in the 

text and use the words in the text as cues for guiding their mental simulation 

processes. Furthermore, it was explained that visually simulating information 

implicitly described in a text supports comprehension of that text. 
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In the third instruction lesson (Lesson 5), motor simulation was addressed. Children 

were taught that, similar to visual information, texts also often contain “hidden” 

information on the direction of movement, such as in “She handed over the key to 

her husband”, which suggests an arm movement away from the body. From 

identifying the direction of movement in sentences while actually performing the 

implied movement, children progressed to reading sentences and then simulating 

the movement in their head (without physically performing the movement), and then 

finally engaged in a matching exercise in which they had to indicate which of two 

sentences described a movement that runs in the same direction as the movement 

described in a target sentence. For example, children had to decide whether “You 

open the car door” or “You ring the doorbell” matches in terms of movement 

direction with the target sentence “You pull the plug out of the wall outlet”. 

Furthermore, it was explained that simulating information about direction of 

movement implicitly described in a text supports comprehension of that text. 

 

The fourth instruction lesson (Lesson 7), consisted of a recapitulation of the previous 

instruction lessons. Rather than the trainer re-voicing the previous instructions, it was 

up to the children to explain to themselves and to others the aspects of mental 

simulation that they had learned. So, they tried to explain what multisensory, visual, 

and motor simulation is, how this can be achieved and why it is important to mentally 

simulate text this way. The main purpose of this was to ensure that the learned 

information became further internalized. Moreover, by simultaneously addressing 

and practicing (intermixing) with the aspects of mental simulation that they had 

previously encountered in isolation, children learned to flexibly apply the different 

aspects of mental simulation to text.  

 

Computer-based lessons. In the computer-based lessons, the above mentioned 

multisensory-exercises (Lesson 2 and 8), cloze-exercises (Lesson 4 and 8), and 

matching-exercises (Lesson 6 and 8) were used to trigger the mental simulation 

processes trained in the instruction lessons. Their main purpose was to further 

practice with the mental simulation skills in order to automatize them. Additionally, 

the computer-based lessons aimed at furthering children’s understanding about the 

importance of mental simulation. That is, these lessons extended the instruction 

lessons by specifically addressing how mental simulation may affect subsequent text 

comprehension. For example, lesson 4, targeting visual simulation, explained that 
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visually simulating the objects in a sentence does not only result in better 

comprehension of that sentence, but also may help to better or quicken the 

understanding of the rest of the text if elsewhere in the text a reference is made to 

the visually simulated information. For example, for the previously mentioned “wad 

of paper” example, it was explained that after having mentally simulated the implied 

shape (i.e., wad of paper) likely facilitates reading a sentence like “The boy spread out 

the paper to take a final look at his failed drawing” later on in the text. The last 

computer-based lesson summarized what was covered in the previous lessons and 

consisted of a mixture of the previous exercises to support flexible application of 

mental simulation skills.   

 

The computer-based lessons took place in a separate (computer) classroom and 

involved the same groups of 5 to 6 children from the instruction lessons. Whereas the 

exercises during the computer-based lessons had to be completed individually, the 

lessons always started and ended with a plenary discussion. Specifically, each 

computer-based lesson started by recapitulating what was taught in the preceding 

instruction lesson and ended with a discussion in which the children reflected on the 

what, how and why of the strategic reading activities which were trained. 

 

Control Training 

Children in the control training group attended the school’s regular curriculum taught 

by their own teachers. This meant that, similar to children in the mental simulation 

training group, they received reading comprehension lessons twice a week. The 

reading lessons involved whole class reading as well as small group reading 

instruction appropriate for children’s reading level combined with individual practice. 

The reading strategies taught in these lessons included predicting, clarifying, and 

summarizing.  

 

Pre-and Posttests 

Children completed the reading comprehension test and the reading motivation 

questions in their classroom using a whole-class test taking approach. The sentence-

picture verification task and the sentence-sensibility judgment task were completed 

individually in a silent room at the children’s school. 
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Reading comprehension. Children’s reading comprehension skills were measured 

with the Grade 3 and Grade 4 versions of the standardized CITO Reading 

Comprehension Test (Institute for Educational Measurement, 2010). This test is part 

of the standard Dutch pupil monitoring system and is designed to determine general 

reading comprehension level in primary school children. It contains two modules, 

each consisting of a text and 25 multiple-choice questions. The questions address the 

word, sentence and text level, and aim to tap the text-based level and situation 

model level representations which can be constructed from the text (e.g., Kintsch, 

1988). Students’ raw test scores on the 50 items were rescaled to normed proficiency 

scores, enabling us to compare (1) the results of the pre- and posttest versions of the 

CITO Reading Comprehension Test, and (2) the performance of children from 

different grades (i.e., Grade 3 and 4). With Cronbach’s alpha’s of at least .85, the 

internal consistency coefficient of the tests was high (Feenstra, Kamphuis, Kleintjes, 

& Krom, 2010). 

 

Reading motivation. All participating children were asked how much they liked 

reading comprehension before and after the training. They answered using a 4-point 

Likert scale represented by cartoon figures (1 = I do not like it at all; 4 = I like it a lot). 

Next, children had the opportunity to orally explain why they did or did not like 

reading comprehension. The oral answers were not systematically documented and 

hence were not taken up in the analyses. Their purpose was to provide children the 

opportunity to voice their opinion and express their wishes for improvement. 

 

Sentence-picture verification task. Visual simulation abilities were measured using 

the sentence-picture verification task which was based on Zwaan, Stanfield, and 

Yaxley (2002) and Engelen et al. (2011). In this task, participants read a sentence 

implying a particular shape for an object and then had to indicate as fast and accurate 

as possible whether or not the object shown in a subsequently presented picture was 

mentioned in the sentence. A set of 24 sentence-picture pairs were used. Of the 24 

experimental sentences, there were two versions that only differed in the shape of 

the object that it implied (e.g., “He saw the egg in the skillet” vs. “He saw the egg in 

the box”). Participants read one of the two versions of each sentence (e.g., “He saw 

the egg in the skillet”) from the computer screen, and then were shown either a 

picture of the critical object that matched (e.g., egg sunny-side up) or mismatched 

(e.g., round egg) the shape implied in the sentence. All pictures were colored 
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drawings created by a professional draftsman and were scaled to occupy an area of 

approximately 15x15 cm on the computer screen.  

 

The two versions of experimental sentences and the two versions of pictures were 

arranged in four material sets using a Latin Square. This ensured that each sentence-

picture combination appeared equally as often in all conditions (i.e., match vs. 

mismatch) across participants. Each participant saw just one of these sets. In each 

set, half of the experimental sentence-picture items matched whereas the other half 

mismatched in object shape. All experimental items required a yes-response. To 

balance the number of yes/no responses, 24 filler items, which always required a no-

response, were added to each material set. Filler trials consisted of a sentence, 

similarly structured as experimental sentences, followed by a picture of an object that 

was not mentioned in the preceding sentence (e.g., the sentence “The girl put the 

ring on her finger” followed by a picture of a garbage bin).  

 

The sentence-picture verification task started with two practice trials to familiarize 

children with the task. For incorrect answers, the test leader explained why the 

answer they had chosen was wrong. On subsequent experimental trials, neither 

feedback nor explanations were provided. The task lasted approximately 10 minutes. 

The internal consistency of this test was high with a Cronbach’s alpha of .85 and .92 

in the pretest and posttest, respectively. 

 

Sentence-sensibility judgment task. Motor simulation abilities were measured using 

the sentence-sensibility judgment task which was based on, among others, Glenberg 

and Kaschak (2002). In this task, participants read sentences that implicitly described 

a movement towards (e.g., “You opened the drawer”) or away (e.g., “You closed the 

drawer”) from the body. For each sentence, participants indicated as fast and 

accurate as possible whether the sentence was sensible (like the above sentences) or 

not. A total of 48 experimental sentences were used, of which half implied a 

movement towards the body and the other half implied a movement away from the 

body. Experimental sentences always required a yes-response. Each sentence had a 

towards (e.g., “You grab the paper from the mailbox“) and an away (“You put the 

paper in the mailbox”) version. Experimental, as well as nonsense, sentences always 

were of the format “You - Verb - Object”. Nonsense sentences, such as “You boiled 

the air”, did not imply any direction of movement and always required a no-response. 
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These sentences (an equal number as the experimental sentences) thus served as 

fillers to balance yes/no responses. As we had two sentence versions (away vs. 

toward) and two response directions (away vs. toward; see below), we created four 

material sets using a Latin Square, similar to how this was done in the sentence-

picture verification task.  

 

Following Glenberg and Kaschak (2002), sensibility judgments on the sentences were 

given on a button box (28 x 16 x 6 cm). The button box was placed vertically on the 

table between the participant and the computer screen, that is, with the longest 

dimension projecting towards the computer screen. The button box contained three 

buttons that, with this placement of the button box, were near, middle, or far from 

the participant’s body. On each trial, visual presentation of the sentence was initiated 

by pressing and holding the middle button with the right hand index finger. The 

sentence was displayed as long as the middle button was held, until the participant 

had decided whether the sentence was sensible or not, whereupon they released the 

middle button and pressed the button labeled ‘yes - sensible’ or ‘no - nonsense’. The 

‘yes - sensible’ button was always the farthest away from the participant’s body and 

thus required a movement away from the body (i.e., forward movement from the 

middle button). The ‘no - nonsense’ button was always closest to the participant’s 

body and thus required a movement towards the body (i.e., backward movement 

from the middle button). Given that half of the experimental (i.e., sensible) sentences 

matched the response direction (the sentence implies movement away from the 

body and so does the required (yes) response direction) while the other half 

mismatched the response direction (the sentence implies movement towards the 

body whereas the yes-response required a movement in the opposite direction), it is 

possible to compare the responses on the matching and mismatching trials. In order 

to determine such a match-effect, or the so-called Action-sentence Compatibility 

Effect (ACE), in line with Glenberg and Kaschak (2002) we examined the time it took 

participants to read the sentence and then release the middle button. This measure 

has been particularly associated with motor simulation of sentences describing action 

performed by you (see Bergen & Wheeler, 2010). Given that this match-advantage 

does not vary depending on whether a ‘yes’/’no’-response requires a towards or away 

movement (Glenberg & Kaschak, 2002), for reasons of parsimony we decided to only 

ask participants to make ‘yes’-responses using an away movement and ‘no’-

responses using a towards movement. The sentence-sensibility judgment task 
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started with two practice trials to familiarize children with the task. For incorrect 

answers, the test leader explained why the answer they had chosen was wrong. On 

subsequent experimental trials, neither feedback nor explanations were provided. 

The task lasted approximately 10 minutes. The internal consistency of this test was 

medium (Cronbach’s alpha = .75) at pretest and high (Cronbach’s alpha = .75) at 

posttest. 

 

Results 

 
Reading Comprehension and Reading Motivation 

Regarding reading comprehension, a significant improvement was observed in 

children’s general reading comprehension performance due to the mental simulation 

training. In particular, as can be seen in Figure 1, children who had received the 

mental simulation training showed a larger improvement on the CITO Standardized 

Reading Comprehension Test than those in the control training group. An overall 2 × 

2 × 2 analysis of variance (ANOVA) on the reading comprehension proficiency scores 

with Time (pretest vs. posttest) as within-subject factor, and Training Group (mental 

simulation vs. control) and Grade (Grade 3 vs. Grade 4) as between-subject factors 

confirmed this pattern. Specifically, the Training Group × Time interaction was 

significant (F(1,93) = 4.29, p =.04, ηp
2 = 04). This interaction varied as a function of 

Grade (F(1,93) = 5.15, p = .03. ηp
2 =.05), indicating that the pre-to-posttest gain in 

reading comprehension scores in the mental simulation training group (as compared 

to the control training group) was larger for children in Grade 3 than for children in 

Grade 4. 

 

Furthermore, the gains in general reading comprehension were accompanied by 

higher levels of reading motivation. As shown in Figure 2, children in the mental 

simulation training group, but not those in the control training group, indicated that 

they enjoy reading more after the training than they did before the training. An 

ANOVA (with the above factors) on the motivation data confirms this in a significant 

Training Group × Time interaction (F(1,94) = 15.46, p < .001, ηp
2 = .14). There was no 

effect of Grade on these reading motivation scores (F(1,94) = 1.39, p = .24, ηp
2 =.02).  

 



36 Chapter 2 

 

 
Figure 1. Proficiency scores on the standardized, normed CITO Reading Comprehension Test presented as a 

function of Training Group (mental simulation vs. control) and Time (pretest vs. posttest) (+SE). 

 

 

 

 
Figure 2. Reading motivation score presented as a function of Training Group (mental simulation vs. 

control) and Time (pretest vs. posttest) (+SE). 
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Mental Simulation of Visual and Motor Information 

Analyses of the sentence-picture verification task (SPVT) and the sentence sensibility 

judgment task (SSJT) items showed that the average proportion of correct answers  

to all items was high at pretest (Mspvt= .96, SDspvt = .05; Mssjt= .93, SDssjt = .06) and at 

posttest (Mspvt = .95, SDspvt = .06; Mssjt = .93, SDssjt = .06). This indicates that in both 

tasks participants had understood the procedure and were not biased towards 

negative or affirmative responses. In both tasks, for the response time analyses, filler 

items were excluded and incorrect responses were eliminated. Outlier analyses in the 

SPVT and SSJT were conducted based on procedures used in prior studies. In the 

SPVT response times faster than 300ms and slower than 3000ms as well as response 

times which were more than 2.5 standard deviations from participants’ mean 

response time in the match and mismatch conditions were removed (e.g., De Koning 

et al., 2015; Wassenburg et al., 2015). In the SSJT, we removed all reading times 

faster than 50 ms as well as those more than 2.5 standard deviations from the 

participants’ mean (e.g., Bergen & Wheeler, 2010; Gianelli et al., 2011). This resulted 

in removal of less than 5.0% and 5.6% of the data in the SPVT and SSJT respectively. 

On the remaining response times, for each task a separate 2 × 2 × 2 × 2 analysis of 

variance (ANOVA) was conducted with Matching (match vs. mismatch) and Time 

(pretest vs. posttest) as within-subject variables, and Training Group (mental 

simulation vs. control) and Grade (Grade 3 vs. Grade 4) as the between-subject 

variables. 

 

Even though the main effect of Grade was significant in the SPVT, children from 

Grade 4 were faster than children from Grade 3 (139 ms on average; F(1,112) = 7.09, 

p=.01, ηp
2 = .06), but not in the SSJT, none of the other variables interacted 

significantly with Grade (all ps >.07). Therefore, for reasons of clarity, we decided not 

to include Grade in Figure 3 and 4. As shown in Figure 3, there was a significant main 

effect of Matching in the SPVT (F(1,112) = 9.04, p =.00, ηp
2 = .08), indicating that 

matching items (where the pictured shape was the same as the shape implied in the 

sentence) were verified faster than mismatching items (where the pictured shape 

was not the same as the shape implied in the sentence). Consistent with these 

results, as displayed in Figure 4, there was a significant main effect of Matching in the 

SSJT, (F(1,113) = 18.34, p < .001, ηp
2 = .14). These findings replicated the results of 

prior studies reporting a match-effect in the task for visual simulation (SPVT) (e.g., 

Engelen et al. 2011; De Koning et al., 2015; Zwaan et al., 2002) and in the task for  
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Figure 3. Response times to the pictures (in milliseconds) in the Sentence Picture Verification Task 

presented as a function of Matching condition (match vs. mismatch), Training Group (mental simulation 

vs. control), and Time (pretest vs. posttest) (+SE). 

 
Figure 4. Reading times (in milliseconds) in the sentence-sensibility judgment task presented as a function 

of Matching condition (match vs. mismatch), Training Group (mental simulation vs. control), and Time 

(pretest vs. posttest) (+SE).  
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motor simulation (SSJT) (e.g., Glenberg & Kaschak, 2002), and thus reinforced the 

validity of both tasks, warranting further analyses and interpretation of pre-to-

posttest performance.  

 

Regarding pre- and posttest training group differences, the pattern of findings for the 

sentence-picture verification task and the sentence-sensibility judgment task also 

appeared to be comparable. As can be seen from Figure 3 and Figure 4 respectively, 

the mental simulation training group and the control training group showed almost  

identical match-effects on the SPVT and SSJT at pretest (Matching × Training Group: 

Fspvt(1,119) =.00, p = .99, ηp
2 = .00; Fssjt(1,121) =1.50, p = .22, ηp

2 = .01) and posttest 

(Matching × Training Group: Fspvt (1,116) =1.14, p = .29, ηp
2 = .01; Fssjt (1,115) =.016, p 

=.90, ηp
2 = .00). Obviously, this resulted in a non-significant Matching × Training 

Group × Time interaction for both tasks (Fspvt (1,112) = .44, p = .506, ηp
2 = .004; Fssjt 

(1,113) = .83, p = .36, ηp
2 = .007).  

 

In both tasks, children in the mental simulation training and in the control training 

experienced an overall pre-to-posttest decrease in response times, presumably 

because they were more familiar with the task at posttest due to their prior 

encounter with this task at pretest (main effect Time: Fspvt (1,112) =26.87 , p <.001 , ηp
2 

= .19 ; Fssjt (1,113) = 16.61 , p <.001, ηp
2 = .13). Furthermore, for both the mental 

simulation training group and the control training group the magnitude of the match-

advantage was larger at posttest than pretest in the SPVT, whereas in the SSJT the 

match-advantage pattern was reversed, which was evidenced by a significant Time 

(pretest vs. posttest) × Task (SPVT vs. SSJT) interaction, F(1,108) = 4.73, p =.03. ηp
2 

=.042).  

 

In sum, the results indicate that after the mental simulation training children did not 

show evidence of improved visual simulation skills compared to the control training 

group based on their performance on the SPVT. Nor are the results indicative of 

improved motor simulation skills after the mental simulation training based on 

children’s performance on the SSJT. 
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Discussion 

 
This study sought to investigate the effectiveness of a mental simulation training to 

enhance reading comprehension in children. Essentially, this training focused on 

encouraging children to connect their sensorimotor experiences to the information in 

the text they were reading. Both this multisensory approach and the fact that 

particular attention was devoted to mentally simulating implicitly described visual 

and motor information provide an advance over prior empirical work (De Koning & 

van der Schoot, 2013). Also, it moves beyond current classroom practices on reading 

comprehension instruction where reading as a multisensory experience has so far 

hardly pervaded (De Koning & van der Schoot, 2014). Regarding training 

effectiveness, the mental simulation training provides the following valuable insights.  

 

The main finding of this study is that the mental simulation training improved 

children’s general reading comprehension performance. Children who had received 

the mental simulation training showed a pretest-to-posttest improvement on our 

standardized test of general reading comprehension. The fact that the control 

training group, consisting of children who had received the school’s regular reading 

comprehension instruction, did not show this improvement suggests that the 

observed gain is not just the result of having received extra instruction. Rather, 

considering the activities the training actually encompassed, this finding suggests 

that it seems important that reading comprehension instruction involves children’s 

sensory and motor experiences during reading in an attempt to build an ‘embodied’ 

situation model. Our study demonstrates that the aggregate of instructions and 

exercises encourage children to (1) connect the text to their sensorimotor 

experiences and memories to ‘experience’ the textual information as vividly as 

possible and (2) engage in visual and motor simulations of implicitly described 

information improve reading comprehension performance. It remains to be explored 

in future research to what extent each of these components of the mental simulation 

training individually contributes to improved reading comprehension.  

 

Interestingly, the improved reading comprehension performance of children in the 

mental simulation training was accompanied by increased levels of reading 

motivation. Compared to children in the control training group, children who had 

received the mental simulation training indicated that they liked reading 
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comprehension more after the training. This finding is consistent with prior research 

showing that being able to build a vivid mental representation from text, which we 

tried to stimulate in the present study, positively influences children’s reading 

motivation in general (Retelsdorf et al., 2011; Taboada et al., 2009). It should be 

stressed, however, that our reading motivation results only provide the first 

exploratory insight into whether a non-linguistic multisensory reading approach as 

investigated in this study would increase reading motivation. It is not possible to give 

more fine-grained information on the various aspects of reading motivation based on 

our one-item, four-point Likert scale measure (Wigfield & Guthrie, 1997). We 

therefore recommend future studies to use a more elaborate questionnaire to 

investigate effects of reading comprehension strategy trainings, like the one 

described in this study, on reading motivation more thoroughly.  

 

An unexpected result was that, even though reading comprehension and reading 

motivation improved, we failed to find direct evidence of improved visual and motor 

simulation skills due to the mental simulation training. That is, after the training 

children in the mental simulation training did not show a stronger match-advantage 

on the SPVT and SSJT than children in the control training. A possible explanation for 

this could be that taking (a different version of) the same mental simulation tasks 

both at pre-and posttest simply overshadowed the subtle millisecond-differences 

that one might expect in these tasks. So far, it is unknown whether and if so how the 

match-advantage in these mental simulation tasks is influenced by repeated 

encounters with such tasks (e.g., SPVT-SPVT; SPVT-SSJT); in prior research the focus 

typically is on only one of these tasks and participants perform a visual simulation or 

motor simulation task just once (Horchak et al., 2014). Our findings provide a first 

step in exploring this issue and through this can extend existing research on mental 

simulation during reading in a novel direction.  

 

In an attempt to further explain these findings it is important to realize that ‘mental 

simulation’ is a multifaceted concept of which the mental simulation tasks used in 

this study only capture a specific aspect (e.g., Horchak et al., 2014). Additionally, 

these mental simulation tasks are constrained in the sense that they require a speedy 

response on short sentences that all have a comparable structure. For example, 

sentences in these tasks are of the format “subject-verb-noun-location” (e.g., SPVT: 

The man saw the eagle in the sky; SSJT: He put the newspaper in the mailbox). A 
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potential risk of such a repeating sentence structure is that children strategically 

process the sentences, for example by only directing attention to critical words 

instead of reading naturalistically (Wassenburg, De Koning, de Vries, Boonstra & van 

der Schoot, 2015). This would suggest that our mental simulation tasks simply could 

not accurately detect the expected mental simulation processing. We cannot exclude 

the possibility that our mental simulation training has contributed to such a strategic 

processing approach. Although we emphasized that all words in the sentences were 

relevant for constructing a mental simulation of implied textual information, except 

for the final training lesson, there was always just one to-be-simulated concept or 

movement “hidden” in each practice and test sentence.  

 

In contrast to the mental simulation tasks, the texts in the general reading 

comprehension test were longer narratives which offered readers a more naturalistic 

reading experience with ample opportunities to mentally simulate the different 

concepts, situations, movements, and scenarios described in the text. That is, 

sentences in these texts included both explicit and implicit descriptions and 

substantially varied in structure and the number of concepts they contained. This 

required children to actively search for words and phrases which they can connect to 

their sensory and motor experiences to mentally simulate what is described. In doing 

so, the children presumably relied on all of the trained aspects (i.e., involving all 

senses, simulate implied visual and motor information) to mentally simulate the text 

information. Consistent with how mental simulation was trained, this likely occurred 

to a large extent by deliberately constructing a mental simulation of what was 

described in the text. Although the training attempted to stimulate children to 

internalize the learned mental simulation skills, this was restricted to requiring 

children to practice with different types of mental simulation exercises intermixed in 

the last two lessons. For the performance on the standardized general reading 

comprehension test this did not provide an obstacle as the test allowed children to 

read at their own pace and did not demand a fast response. For the mental 

simulation tasks, however, children had to provide a speedy response which likely 

reflects the extent to which the learned mental simulation skills have been 

automatized (Moulton & Kosslyn, 2009). This would be consistent with prior research 

showing that these types of mental simulation tasks effectively capture routinely 

simulated text information (e.g., Horchak et al., 2014). According to this 

interpretation, children in the mental simulation training might not have adequately 
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internalized the mental simulation skills and hence did not show improved 

performance on the mental simulation tasks. Presumably, this is partly due to the 

limited number of lessons and attention devoted to this aspect in the mental 

simulation training. Future research is warranted to investigate this issue as well as 

the above explanations in more detail.  

 

In conclusion, the current study demonstrates that it is possible to develop an 

effective intervention to promote reading comprehension in primary school which is 

based on recent insights from fundamental mental simulation research. Importantly, 

our findings suggest that it is important to move beyond the common practice of 

simply teaching reading strategies focusing readers’ attention on text-based 

processing like questioning and summarizing and draw more on readers’ 

multisensory and situational experiences during reading comprehension lessons (De 

Koning & van der Schoot, 2013). Rather than just supporting readers to ‘see’ the 

described situation visually in their mind, it is important to stimulate them to 

mentally experience explicitly described or implied text information based on 

reinstatements of sensorimotor experiences. This enables readers to also ‘feel’, 

‘hear’, ‘smell’, and ‘act out’ the described situation as if they were actually 

experiencing it. More research is definitely needed to further develop and refine such 

a multisensory reading approach. The present study not only serves as a useful 

starting point from which future endeavors can be explored, it also demonstrates 

that this would provide a valuable addition to reading comprehension instruction.  
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Abstract 
 

Grounded within the situation model framework, this study investigated the 

effectiveness of a reading comprehension strategy training aimed at improving 

children’s comprehension monitoring strategies. Sixty-four third and fourth graders 

received a 4-week training targeted at situation model updating, evaluative and self-

regulatory strategies, and metacognitive awareness. A group (n = 51) following the 

school’s regular reading comprehension curriculum served as a control group. The 

inconsistency-detection training was expected to show a pretest-to-posttest 

enhancement in comprehension monitoring strategies (measured with the 

inconsistency-detection paradigm), general reading comprehension, and reading 

motivation. Results showed that, compared to the control group, fourth grader’s 

inconsistency-detection performance significantly improved after the inconsistency-

detection training. Third graders did not show a significant gain. General reading 

comprehension and reading motivation scores were promising for children receiving 

the inconsistency-detection training. In sum, our inconsistency-detection training 

was an effective means to enhance children’s use of monitoring strategies required 

for constructing and updating a coherent situation model, and to transfer these 

strategies to novel texts.  
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A substantial number of primary school children have a poor level of reading 

comprehension. For example, according to the National Center for Education 

Statistics (2011), 33% of fourth-grade students and 24% of eighth-grade students in 

the U.S. are performing below basic standards. Periodic surveys of reading 

comprehension in the Netherlands (known as PPON) show comparable results (van 

Berkel, Krom, Heesters, van der Schoot, & Hemker, 2007; van der Schoot, 2008). 

Furthermore, although the most recent international Progress in International 

Reading Literacy Study (PIRLS) assessment indicates that the average reading 

achievement of fourth-grade students in the Netherlands is relatively good compared 

to other countries, Dutch students perform significantly lower than in 2001 (Mullis, 

Martin, Foy & Drucker, 2012).  

 

One way to improve reading comprehension is teaching children how to use 

cognitive reading strategies (National Reading Panel, 2000; Pressley, 1998). In the 

past decades, a considerable number of reading strategies have been proposed in 

order to improve text comprehension (for an overview, see De Koning & van der 

Schoot, 2013; Trabasso & Bouchard, 2002; van der Schoot, Vasbinder, Horsley, & van 

Lieshout, 2008). The Dutch national institute for curriculum development (SLO) 

formulates these in terms of sub-goals for reading comprehension for the Dutch 

educational curriculum. Children in Grade 4 are, for example, required to infer 

meaningful relations between sentences and paragraphs, recognize inconsistencies, 

and plan, navigate, monitor, and control their own reading behavior (Aarnoutse & 

Verhoeven, 2003). However, a gap remains between empirical findings and actual 

instruction (Aarnoutse & Weterings, 1995; Andreassen & Bråten, 2011; Liang & Dole, 

2006; van Keer & Verhaeghe, 2005). That is, curricular textbooks for reading 

comprehension are often inadequate and the effectiveness of the included reading 

strategies is not always supported by empirical evidence (Droop, van Elsäcker, 

Voeten, & Verhoeven, 2012; Houtveen & van de Grift, 2012; Stoeldraijer & Forrer, 

2012). Moreover, relatively little teaching time is spent on reading comprehension in 

Dutch primary schools with even less time devoted to explicit instruction (Houtveen 

& van de Grift, 2007; Periodic Survey of Educational Level, 2013; van Elsäcker, 2002). 

In particular, the high-level comprehension processes by which readers evaluate their 

understanding of a text have typically been overlooked (e.g., Houtveen & van de 

Grift, 2007). The goal of the present study is, therefore, to improve deep-level text 

comprehension in primary school children by teaching them evaluative reading 
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strategies. For these purposes, we adopted the situation model theory (van Dijk & 

Kintsch, 1983) to serve as our framework in which we set up the training program.  

 

Situation Model Theory 

According to the situation model theory, deep-level text comprehension involves the 

construction of a situation model (Kintsch, 1988; van Dijk & Kintsch, 1983). A 

situation model is a mental representation of the situation described in the text, 

rather than of the text itself (e.g., Zwaan & Radvansky, 1998). In order to construct a 

situation model, the reader is required to integrate information across the text, as 

well as to integrate text information with his or her background knowledge. Another 

requirement for readers who construct a situation model is that they have to 

constantly update the evolving model with new incoming information (Zwaan & 

Madden, 2004). The purpose of both integration and updating processes is to 

establish and maintain coherence in the situation model along a number of key 

narrative dimensions such as time, space, causation, and the protagonists’ 

characteristics, goals, and emotions (Graesser, Singer, & Trabasso, 1994; Zwaan, 

Langston, & Graesser, 1995; Zwaan, Magliano, & Graesser, 1995). Readers who 

effectively engage in these processes increase their chance to acquire deep-level 

understanding of the text; those who do not or do so sub-optimally may benefit from 

reading strategy instruction to engender these processes (Andreassen & Bråten, 

2011; Dole, Brown, & Trathen, 1996; Guthrie et al., 1998, 2004; van der Schoot, 

Horsley, & van Lieshout, 2010).  

 

A situation model strategy which has been much discussed in the literature on 

reading comprehension intervention research is inference making (Cain, Oakhill, 

Barnes, & Bryant, 2001; Elbro & Buch-Iversen, 2013; Mcgee & Johnson, 2003; Yuill & 

Oakhill, 1988). The reason for this is straightforward. In order to resolve breaks in 

continuity which typically appear in narrative texts (e.g. gaps in time and space, or 

causal discontinuities), readers have to learn how to infer the missing information on 

the basis of text-based or real-world knowledge (McKoon & Ratcliff, 1992). Whereas 

fostering the integration process during situation model construction seems to be 

well represented in the literature, surprisingly less attention has been devoted to 

another important situation model strategy which is mainly targeted at the updating 

process, i.e., comprehension monitoring (van der Schoot, Reijntjes, & van Lieshout, 

2012). Comprehension monitoring refers to the processes by which readers evaluate 
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their understanding of a text. Skilled readers who evaluate their comprehension 

constantly ask themselves if what they are reading makes sense. Or, to put it in terms 

of situation model updating: skilled readers constantly ask themselves whether new 

textual information is consistent with the information already present in their current 

situation model. If it does not, they apply repair strategies to resolve the 

inconsistency or incoherence and restore comprehension in their situation model. 

The ability to be aware of the ongoing cognitive process and its results as well as 

adequately adapting cognitive processes accordingly is at the core of comprehension 

monitoring in particular and reading comprehension more generally, and is often 

viewed as a key factor that distinguishes skilled readers from less skilled readers 

(McNamara, Ozuru, Best, & O’Reilly, 2007; Pressley, Borkowski, & Schneider, 1987). 

The present study aimed at teaching children these types of monitoring strategies 

required for situation model updating. More specifically, we tested an inconsistency-

detection training which was developed to target comprehension monitoring 

strategies in order to maintain and restore coherence during reading.  

 

The Inconsistency-Detection Training 

The inconsistency-detection training consists of four stages, each targeting one of 

the four goals of the training. In the first stage, learning goals focus on the reader's 

awareness of whether or not comprehension is occurring (e.g., August, Flavell, & 

Clift, 1984; Baker & Brown, 1984; Paris, Lipson, & Wixson, 1983). Obviously, it is 

useless to teach comprehension monitoring strategies to children if they do not know 

what monitoring is and why it is important (Graesser, 2007; Yuill, 2007). Therefore, 

children first acquire knowledge about the metacognitive aspects of reading 

comprehension in general and comprehension monitoring strategies in particular. It 

is important to note that, in our study, comprehension monitoring strategies include 

relevant repair strategies (e.g., generating inferences, explanation, elaboration) in 

order to restore comprehension when necessary. The importance of maintaining 

coherence is indicated by introducing them to narrative passages containing 

inconsistencies (Baker & Zimlin, 1989; Zipke, Ehri, & Cairns, 2009). Although previous 

studies have demonstrated the effectiveness of specific strategy instruction with 

regard to reading strategy use and reading comprehension (e.g., Brown, Pressley, 

Van Meter, & Schuder, 1996; Dole et al., 1996; Guthrie, Wigfield, & VonSecker, 2000; 

Jitendra & Kay Hoppes, 2000; Yuill & Oakhill, 1988), the present study is, to the best 

of our knowledge, the first reading intervention providing strategy instructions based 
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on encouraging children to detect (and resolve) inconsistencies in text. In the second 

stage of the training, children learn how to execute comprehension monitoring 

strategies required for situation model updating. Hereby, the focus is on strategies 

needed to identify and resolve the presented inconsistencies, such as inference 

making and text-level information integration. In the third stage, children are made 

cognizant of the multidimensional character of a rich and coherent situation model. 

Recognizing different types of narrative information in a text is necessary for 

indexing events along the relevant situational dimensions (Zwaan et al., 1995). 

Therefore, children are asked to apply the strategies taught in the previous stage to 

texts containing different types of contradictory information appearing along 

different situation model dimensions. In the final stage of the training, the primary 

focus is on the importance of using background knowledge in monitoring 

comprehension for coherence and misunderstanding. Usually, texts do not contain 

complete and cohesive descriptions of narrative situations. Therefore, readers are 

required to make inferences based on background knowledge to resolve breaks in 

continuity and coherence (e.g., to fill in gaps in time and space or missing causal 

relations between text events). The training program, including the training and 

testing materials, is purposefully developed for and delivered to children in the third 

and fourth grade of primary school. In the Netherlands, in second grade, children 

receive formal instruction in reading comprehension for the first time which primarily 

concentrates on basic reading comprehension strategies such as identifying main 

ideas, summarizing, generating questions, and clarifying (Palinscar & Brown, 1984). 

This forms the basis for learning the higher-order strategies, such as comprehension 

monitoring, that are crucial for deep-level understanding of texts that need to be 

acquired later on, from the third grade onwards. We took this into account while 

designing our training program. In order to explore possible grade-related 

developmental trends in the data, grade was used as a separate factor throughout 

the analyses.  

 

Evaluation of the Training’s Effectiveness 

As stated earlier, the inconsistency-detection training was designed to enhance 

children’s use of monitoring strategies supportive to situation model updating and 

hence deeper comprehension of text. The inconsistency-detection paradigm is often 

used to assess a reader’s ability to maintain coherence by connecting currently 

processed information with preceding context (e.g., Albrecht & O’Brien, 1993; Long 



Situation-Model Based Comprehension Monitoring Training 51 

 

& Chong, 2001). Readers are required to activate prior text information and update 

their developing situation model. To evaluate the effectiveness of the training, we 

therefore used an inconsistency-detection test to assess the comprehension 

monitoring strategies at pre- and posttest. In this test, participants read texts in 

which some piece of target information (e.g., being satisfied with one’s exam grade) 

is either consistent or inconsistent with regard to the “context” information (e.g., 

passing or failing the exam respectively) presented earlier. The difference in reading 

times between inconsistent and consistent passages provides information about 

their relative processing difficulty. The main assumptions of the inconsistency-

detection paradigm are that: (a) inconsistencies interfere with the updating process 

as these are difficult to integrate with the information already present in the evolving 

situation model (van der Schoot et al., 2012), and (b) inconsistency detection and 

resolution processes are associated with longer reading times (i.e., the so-called 

inconsistency effect; Hyönä, Lorch, & Rinck, 2003). Based on these assumptions, we 

hypothesized that a more effective use of the reading strategies acquired in the 

inconsistency-detection training would be reflected in a pretest to posttest 

enhancement of the inconsistency effect. When readers engage in updating and 

monitoring processes, it is more likely they detect the inconsistency. In addition, we 

expected the inconsistency-detection training to lead to increased general reading 

comprehension levels. This expectation is based on the notion that comprehension 

monitoring is an integral part of teaching reading comprehension and, as such, it was 

reasonable to hypothesize that training benefits would transfer to texts other than 

the ones developed specifically for our experimental purposes (i.e., the 

inconsistency-detection test). To increase the likelihood that improved monitoring 

strategies, due to the training, would transfer to general reading comprehension, 

children practiced with texts differing in length, difficulty, and types of incoherencies. 

In addition, to further promote transfer of acquired monitoring strategies, we used 

naturalistic or only loosely constrained texts that corresponded to the children’s own 

world of experience. Finally, we explored the possibility that our training in 

comprehension monitoring strategies would influence reading motivation. In 

particular, children may develop a more positive attitude towards reading 

comprehension after the training than they had before because the training was 

specifically designed to raise awareness of self-evaluation during reading. From 

research on training in metacognition, we know that children who actively deploy 

such self-regulatory strategies are more engaged in their learning and academic 
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performance and thus are more motivated (Bandura, 1997; Guthrie et al., 2004; 

Guthrie et al., 2007; Schunk & Zimmerman, 1997). 

 

Method 

 

Participants 

Participants were 115 third and fourth graders from four regular primary schools in a 

large urban area in the Netherlands. The schools where the intervention took place 

were in collaboration with the university, but participation in the intervention study 

was voluntary. In accordance with a procedure preferred by the schools and endorsed 

by the ethical committee of the faculty, parents were provided a letter about the aim 

and methods of the study and could allow or deny the participation of their child by 

returning a preprinted objection note.  

 

Children with dyslexia (n = 12) and an IQ less than 85 (n = 6), as indicated by school 

records, were excluded. In addition, children with diagnosed autism (n = 6) were 

excluded from the study. This resulted in the removal of 24 children from the initial 

sample. Of the remaining children, 64 children participated in the inconsistency-

detection training group and 51 children formed the control training group, which 

followed the school’s regular reading comprehension curriculum.  

 

Random assignment of children was not possible due to practical and organizational 

reasons imposed by the schools. For example, schools preferred not to make within-

class divisions between groups of experimental and control children. However, after 

carefully assigning classes to conditions, it turned out that gender ratio, age, and IQ 

(as determined by raw scores on Raven's Standard Progressive Matrices - Short 

Form) were comparable for the experimental group (31 boys, 33 girls; Mage: 9.65, SD = 

0.73; MRaven = 21.38, SD = 3.93) and control group (22 boys, 29 girls; Mage: 9.62, SD = 

0.71; MRaven = 20.87, SD = 2.80). All children had grade-level decoding skills.  

 

Design 

The study employed a pretest-posttest control group design in which the 

independent variables were time (pretest vs. posttest), training group (monitoring vs. 

control), and Grade (3 vs. 4), and the dependent variables were inconsistency 

detection (i.e., reading times on consistent vs. inconsistent sentences), general 
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reading comprehension level, and reading motivation. Pre- and posttests were 

administered by trained research assistants in the three weeks before and after the 

monitoring training, and consisted of different versions of the same tests. The order 

of the tests was counterbalanced across participants. 

 

Inconsistency-Detection Training 

Comprehension monitoring was taught in a 4-week training program containing 

eight 30-minute lessons (two lessons per week). Specifically, half of the lessons were 

instruction lessons conducted in groups (lessons 1, 3, 5, and 7), the other half were 

computer-based lessons conducted individually (lessons 2, 4, 6, and 8). Instruction 

lessons and computer-based lessons were taught alternately, so that each instruction 

lesson was followed by a computer-based lesson, together covering one of the four 

stages of the training every week. That is, the four main aspects, or goals, of the 

training program were taught in four corresponding stages such that in each stage an 

instruction lesson and a computer-based lesson comprised one of the four goals. All 

lessons consisted of a balanced approach of direct instruction, modeling, guided 

practice, and individual practice (Baumann & Schmitt, 1986; Brown et al., 1996; 

Houtveen & van de Grift, 2007; Palincsar & Brown, 1984). Particularly, depending on 

the type of lesson, relatively more time was spent on direct instruction, modeling, or 

guided practice (in the instruction lessons), or on guided or individual practice (in the 

computer-based lessons). The trainers who conducted the lessons followed 

standardized instructions and had received elaborate training before the start of the 

inconsistency-detection training. 

 

From the first stage of the training onwards, children were provided with practical 

guidelines which coincided with the goals set out for the training and served as a 

means to help the children perform, and learn from, the different exercises used to 

induce the required comprehension monitoring strategies. The guidelines were 

cumulative in nature in that new guidelines built on already established guidelines 

and practiced strategies. Inevitably, the different monitoring strategies that were 

trained were related to each other and difficult to isolate, so the presented guidelines 

overlapped in their content and use. Also, throughout the training, the group-based 

discussions about how to carry out the monitoring processes revolved around these 

guidelines. The guidelines had a prominent, recurrent role in the instruction lessons 
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and they were practiced with progressive difficulty during individual practice in the 

computer-based lessons. 

 

To promote the children's engagement and motivation for the training, a number of 

measures were taken. First, the training program was presented to the children as a 

‘professor training’, meant to teach them, among other things, how to ‘mark’ 

passages of text and indicate what is wrong with them in terms of internal coherence 

(within-text inconsistencies) or external coherence (inconsistencies between text 

information and prior knowledge). Second, an abundant variety of relevant, level-

appropriate, and appealing text examples was used to further explain the guidelines 

and instructions, and guide the children in reaching the training goals. Third, we used 

scaffolding techniques including (a) gradual fading of teacher support and (b) transfer 

of responsibility from the teacher to the students once the latter were beginning to 

become more competent (Guthrie, Taboada, & Coddington, 2007; Houtveen & van 

de Grift, 2007). Finally, each lesson ended with a reflective discussion about what and 

how the children had learned and why that is important. 

 

Instruction lessons. Instruction lessons were provided to children in groups of 5 to 6 

children in a separate classroom. Instead of relying primarily on a top-bottom 

approach, the instruction lessons were collaborative and interactive, with students in 

the role of engaged learners. Throughout the training, children practiced with 

passages of narrative texts containing some incoherence or inconsistency. These 

passages were split up into two parts. The first part was always consistent, whereas 

the second part contained an inconsistency with regard to the first part. After each 

part, a few questions were asked to check whether the children were engaging in the 

instructed strategies.  

 

The first instruction lesson (Lesson 1) was more or less introductory. Children were 

given general information about the training to make them familiar with its method 

and goals. The training goal for the first lesson specifically was to make children 

aware of their own comprehension and to teach them what they can do to monitor 

relevant information in the text. Furthermore, they were made aware of the 

possibility to use repair strategies when necessary (e.g., rereading, inference 

making). Questions that were asked during reading were of a metacognitive nature 

(e.g., ‘what am I reading about?’, ‘does this still make sense?’, or ‘can I resolve this?’), 
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in order to raise consciousness of the comprehension process (King, 2007; 

Scardamalia & Bereiter, 1992). When the children indicated that a passage did not 

make sense anymore, they were asked to explain why.  

 

In the second instruction lesson (Lesson 3), the focus was on specific monitoring 

strategies in order to foster situation model updating: recognizing what is important 

information and what is not, keeping the important information available during 

reading, validating new incoming information against it, and integrating all 

information into one situation model (Albrecht & O’Brien, 1993). Children were 

instructed to elaborate on what they read and integrate new information from the 

text with earlier encountered information. To illustrate this, children read passages in 

which an action of the protagonist (e.g., eating a hamburger at McDonald’s) was 

inconsistent with a description of his/her character or goals given earlier (e.g., a 

vegetarian, or someone who wanted to go wining and dining in a five-star restaurant) 

(Albrecht & O’Brien, 1993). After the first part of the passage (character description), 

participants were asked to describe what they knew about the protagonist. After the 

second part (containing the inconsistent information), children were asked to 

underline in the text what did not make sense to them and to explain why. Finally, 

they were asked to come up with plausible information that would possibly resolve 

the inconsistency (e.g., the protagonist may have ordered a veggie burger). 

 

In the third instruction lesson (Lesson 5), children practiced again with these 

comprehension monitoring strategies. However, in addition to Lesson 3, children 

were made cognizant of the different types of information in a narrative text. In 

particular, it was explained to them that the situational dimensions of protagonist 

(including his/her intentions and emotions), time, space, and causation should be 

considered the “cornerstones” laying the “foundation” of a situation model. Children 

were taught how to process these dimensions so as to construct and gradually 

update a rich and coherent situation model. They read passages of text of which the 

main topics could be classified into the narrative dimensions of time, space, 

causation, and emotion, comparable to the texts used at pre- and posttest in the 

inconsistency-detection paradigm (see Table 1 for an example situation within each 

dimension). After describing what was inconsistent in a passage and why, they had to 

indicate the “situational nature” of the contradiction.  
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In the fourth instruction lesson (Lesson 7), the focus was shifted from internal 

inconsistencies (i.e., inconsistencies within the text) to external inconsistencies (i.e., 

inconsistencies between text information and background knowledge) to teach 

children to involve their own background knowledge during reading (Elbro & Buch-

Iversen, 2013; Pressley et al., 1987). They were instructed to elaborate on what they 

read and integrate this with prior knowledge. To practice this, children read passages 

containing information inconsistent with regard to general world knowledge (e.g., 

‘blue with green makes red’, ‘eating soup with a fork’, ‘it is cold in Africa’). They 

indicated what was wrong and explained why. 

 

Table 1      

Samples of consistent vs. inconsistent situations for the four narrative dimensions  

Context sentence Target sentence 

Emotion:   

Eric had just heard that he got an A on his last exam.  Eric was very happy and could not 
wait to tell everyone. Eric had just heard that he got a F on his last exam.  

Time:   
John’s train arrived 20 minutes later than Sarah’s 
train. Sarah was already waiting when 

John arrived at the station.  John’s train arrived 20 minutes earlier than Sarah’s 
train.  

Space:   
Construction workers were busy in the basement of 
the house. The landlord walked up all the stairs 

to bring them a drink.  Construction workers were busy in the attic of the 
house. 

Causation:   
The boy scout threw some more wood on the 
campfire.  The campfire flared up and kept 

everybody nice and warm.  The boy scout threw some more water on the 

campfire.  

Note. The combinations of the top context sentence with the target sentence are the consistent 
versions. The inconsistent versions are obtained by combining the bottom context sentences with 
the target sentence. Target sentences were the same in both conditions. Relevant information is 
printed in italics for illustration only. In the near condition, context and target sentences were 
adjacent. In the distant condition, the context and target sentence were separated by a neutral filler 
paragraph. We used some example stimuli of Ferstl and von Cramon (2007).  
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Computer-based lessons. In the computer-based lessons, which took place in a 

separate computer classroom, children read passages of text of which some 

contained inconsistencies. Question-answering techniques were used to trigger the 

monitoring processes that were taught in the instruction lessons. The exercises in the 

computer-based lessons were constructed in such a way that they followed the 

cumulative nature of the guidelines. The purpose of these exercises was to practice 

the learned monitoring strategies in order to automatize them. The passages 

increased in length, from two-sentence passages to longer multi-sentence passages. 

With the increasing length of the passages, we were able to manipulate the distance 

between the two pieces of conflicting text information. Research shows that is it 

more difficult to detect “distant” than “near” inconsistencies, because of the 

increased working memory demands (Oakhill, Hartt, & Samols, 2005; Orrantia, 

Múñez, & Tarín, 2013). Practicing both these types of inconsistencies presumably 

fosters transfer of strategies to longer discourse.  

 

In the first computer-based lesson (Lesson 2), the focus was, as in the first instruction 

lesson, on raising awareness about comprehension and text coherence. During 

reading, children indicated the sentence from where a passage did not make sense 

anymore by clicking on it. After that, they were required to click on the specific words 

that caused the inconsistency and to elaborate on exactly why it did not make sense 

by writing an explanation in a separate textbox under the text. In the second 

computer-based lesson (Lesson 4), children were specifically asked to explain why a 

passage did not make sense. Subsequently, they answered questions regarding the 

situation-relevant context information which served as the source of the 

inconsistency (in this case, the description of the character of the protagonist) and 

against which later information in the text (in this case, the actions of the 

protagonist) could be evaluated. This way, they were able to check their own answer 

before the correct answer was provided. Finally, they were asked whether they could 

come up with some plausible explanation for the inconsistency.  

 

The goal of Lesson 4 was for children to practice executing the different monitoring 

strategies, like integrating information across text into one situation model, updating 

this model with new incoming information while maintaining coherence, and using 

repair strategies if necessary. In the third computer-based lesson (Lesson 6), children 

additionally answered questions about the nature of the contradictory information 



58 Chapter 3 

 

(i.e., was the inconsistency related to the temporal, spatial, causal or emotional 

aspects of the described situation?). In the last computer-based lesson (Lesson 8), in 

addition to internal inconsistencies, children also practiced with external 

inconsistencies. In all computer-based lessons, after giving the answer, children were 

provided with the correct answer as well as an explanation of why this answer was 

correct and other answers were not. 

 

Although the assignments during the computer-based lessons had to be made 

individually, the beginning and end of these lessons were held in groups. In the same 

groups as in the instruction lessons, each computer-based lesson started with a 

recapitulation of what was taught in the preceding instruction lesson and ended with 

a discussion in which the children reflected on the what, how and why of the strategic 

reading activities which were trained. 

 

Control Training 

Children in the control training group followed the school’s regular curriculum taught 

by their own teachers. This meant that they attended reading comprehension 

courses twice a week, just like the children in the inconsistency-detection training 

group. The reading lessons involved whole class reading as well as a small group 

reading instruction at their appropriate reading level combined with individual 

practice. Reading strategies that were taught included predicting, clarifying, and 

summarizing.  

 

Pre- and Posttests 

Pre- and posttests were administered at school. Children individually completed the 

inconsistency-detection test in a silent room. The reading comprehension test and 

the reading motivation question were completed in the classroom using a whole-

class test taking approach.  

 

Inconsistency-detection test. In the pre- and posttests, comprehension monitoring 

strategies were measured using an inconsistency-detection test adapted from 

previous research (Albrecht & O’Brien, 1993; van der Schoot et al., 2012; Wassenburg, 

Beker, van den Broek, & van der Schoot, 2015). The test consisted of 32 passages of 

which half contained inconsistencies between different pieces of information, 

whereas the other half were consistent. Children were instructed to read silently at a 
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normal pace. They were under the assumption they would read ‘normal’ passages; no 

information was provided with regard to inconsistencies. After each text, a question 

about non-critical information (i.e., information that is held constant for all 

experimental versions of a passage and is not relevant to the inconsistency) from the 

passage appeared on the screen. Participants answered the question by saying yes or 

no to the experimenter. The purpose of these questions was to ensure that 

participants would read the passages for comprehension. In total, the inconsistency-

detection test took approximately 25 to 40 minutes, depending on the participants’ 

reading speed. 

 

In the inconsistency-detection test, participants read a passage in which an action of 

the protagonist or certain aspect of the situation (i.e., target sentence) was either 

consistent or inconsistent with information presented earlier in the text (context 

sentence). The context sentence provided critical information on one of four 

situational dimensions (i.e., time, space, causation, and emotion). The context 

sentence and the target sentence were adjacent (near condition) or separated by a 

substantial amount of intervening text (distant condition). The purpose of this 4-

sentence filler paragraph was to ensure that context information was no longer active 

in the working memory (Albrecht & O’Brien, 1993; Long & Chong, 2001). Consistency 

was manipulated by changing one or two words in the context sentence. Within each 

situational dimension, the number of syllables, words and characters were 

approximately the same for context sentences across all conditions. Target sentences 

were exactly the same in all conditions for a certain passage to ensure comparability 

between the conditions. Passages always started with an introductory sentence and 

ended with a wrap up sentence. All of them were designed to match the students’ 

reading levels and had the same structure. 

 

In total, there were 16 within-subject conditions formed by crossing three factors: 

consistency (consistent vs. inconsistent), location (near vs. distant), and situational 

dimension (time, space, causation, and emotion). Each participant was presented 

with 32 experimental passages, 2 in each condition. In other words, for every 

dimension, 8 different passages were constructed, with four versions of every 

passage (i.e., near/consistent, near/inconsistent, distant/consistent and 

distant/inconsistent). Table 1 shows an example passage for consistent and 
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inconsistent situations for each narrative dimension (table taken from Wassenburg et 

al., 2015).  

 

The stimuli were arranged into four lists, each containing the 32 stories. In order to 

ensure a full combination of conditions and materials, the four different versions of 

each story within each dimension were counterbalanced across the lists by means of 

a Latin square design. Each list was presented to approximately the same number of 

children. Thus, across lists and across participants, each passage within each 

dimension occurred equally as often in the near/consistent, near/inconsistent, 

distant/consistent and distant/inconsistent versions. Passages within each list were 

presented in a pseudo-randomized order. Reading times on the target sentences 

were collected using the self-paced moving window method (Just, Carpenter, & 

Woolley, 1982; for more information, see van der Schoot et al., 2012; Wassenburg et 

al., 2015).  

 

Reading comprehension. The Grade 3 and Grade 4 versions of the standardized 

CITO Reading Comprehension Test were used to measure children’s reading 

comprehension skills (Institute for Educational Measurement, 2010). This test is part 

of the standard Dutch pupil monitoring system and is designed to determine general 

reading comprehension level in primary school children. It contains two modules, 

each consisting of a text and 25 multiple-choice questions. The questions were 

designed to tap both the text-base and situation model representation which can be 

constructed from the text (e.g., Kintsch, 1988) and pertained to either the word, 

sentence or text level. 

 

Normed proficiency scores were obtained by rescaling students’ raw test scores on 

the 50 items. The rescaling procedure enabled us to compare the results of the pre- 

and posttest versions of the CITO Reading Comprehension Test. Furthermore, the 

proficiency scores allow for comparisons between children from different grades (i.e., 

Grade 3 and 4). The internal consistency coefficient of the tests was high with 

Cronbach’s alphas no lower than .85 (Feenstra, Kamphuis, Kleintjes, & Krom, 2010). 

 

Reading motivation. We asked the children how much they liked reading 

comprehension before and after the training. Children had to answer on a 4-point 

Likert scale represented by cartoon figures (1 = I do not like it at all; 4 = I like it a lot). 
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After this, children were provided the opportunity to orally explain why they did or 

did not like reading comprehension. The oral answers were not documented. Their 

purpose was to give the children the chance to provide their opinion and express their 

wishes for improvement. 

 

Results 
 

Inconsistency-Detection Test 

Analysis of the comprehension questions showed that responses were above chance 

(M = 85% correct, range 60-100%), suggesting that, as instructed, participants read 

the passages naturally. That is, it is likely that they did not just guess or read the 

passages too thoroughly. Reading times < 80 ms per syllable as well as reading times 

± 3 standard deviations from the overall condition mean were excluded from the 

analyses. This resulted in removal of less than 3% of the reading times. 

 

An overall 2 × 2 × 2 × 2 mixed analysis of variance (ANOVA) was conducted with 

Consistency (consistent vs. inconsistent) and Time (pretest vs. posttest) as within-

subject factors, and Training Group (inconsistency-detection vs. control) and Grade 

(Grade 3 vs. Grade 4) as between-subject factors1. In Figure 1, reading times for target 

sentences per syllable are represented as a function of Consistency, Time, and 

Training Group for Grade 3 and 4. The results show that overall reading times were 

slower for inconsistent than for consistent target sentences, F(1, 106) = 19.56, p < 

.001, ηp² = .16, indicating that, generally, children were able to detect the 

inconsistencies. Children read faster at posttest than pretest, F(1, 106) = 23.81, p < 

.001, ηp² = .18, and children in Grade 4 read faster than children in Grade 3, F(1, 106) = 

9.80, p = .002, ηp² = .09. As can be seen in Figure 1, the effects of Consistency, Time, 

and Training Group on reading time varied as a function of Grade, as was evident in 

the significant 4-way Consistency × Time × Training Group × Grade interaction, F(1, 

106) = 4.55, p = .035, ηp² = .04. Therefore, further analyses on reading times were 

performed for Grade 3 and 4 separately. 

 

                                                           
1 The within-subject factors Location (near vs. distant) and Dimension (time vs. space vs. causation vs. emotion) 
did not show any effects relevant to the intervention (i.e., there were no significant interaction effects with Time 
and Training Group). Reporting all effects and discussing the non-significant 5 and 6-way interactions goes 
beyond the theoretical scope of this paper. Therefore, we decided to exclude both factors from the analyses. 
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Figure 1. Reading times per syllable on target sentences (in ms) as a function of consistency, time, and 

training group for Grade 3 and Grade 4. Error bars depict standard errors of means.  
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Whereas the results showed no significant main effects or interactions for Grade 3, 

Fs(1, 27) < 4.15, ns, children’s reading times for Grade 4 showed clear effects of 

Consistency, F(1, 79) = 25.87, p < .001, ηp² = .25, and Time, F(1, 79) = 42.25, p < .001, 

ηp² = .35, indicating that children in Grade 4 read inconsistent sentences slower than 

consistent sentences and read faster at posttest than at pretest. More interestingly,  

however, were the pre- and post-training group differences in reading time patterns 

for Grade 4. At the pretest, the inconsistency-detection and control training groups 

performed similarly with regard to showing an inconsistency effect, Consistency × 

Training Group: F(1, 81) = .99, ns. At posttest, however, performance differed for the 

two groups. Specifically, children in the inconsistency-detection training group 

showed a significantly larger inconsistency effect (i.e., slower reading times on 

inconsistent than consistent target sentences) than children in the control training 

group, Consistency × Training Group: F(1, 81) = 5.28, p = .024, ηp² = .06. This pattern 

of results was evident in the significant Consistency × Training Group × Time 

interaction, F(1, 79) = 4.47, p = .038, ηp² = .05. In sum, these results indicate that Grade 

4 children who had received the inconsistency-detection training slowed down their 

reading more upon encountering an inconsistency than children who had followed 

the school’s regular curriculum.  

 

Reading Comprehension and Reading Motivation 

The inconsistency-detection training did not only result in more effective usage of 

the trained reading strategies as measured by the inconsistency-detection test. From 

Figure 2, it can be seen that the inconsistency-detection training also led to increased 

general reading comprehension levels. An overall 2 × 2 × 2 mixed analysis of variance 

(ANOVA) was performed on the reading comprehension proficiency scores with Time 

(pretest vs. posttest) as the within-subject factor, and Training Group (inconsistency-

detection vs. control) and Grade (Grade 3 vs. Grade 4) as between-subject factors. 

The results indicated that the interaction between Training Group and Time was 

statistically significant, F(1, 106) = 4.93, p = .028, ηp² = .04, and that this interaction 

did not vary as a function of Grade, F(1, 106) = .34, p = .562.  

 

Despite the fact, however, that the Training Group × Time interaction was not 

statistically affected by Grade, Figure 2 clearly showed different patterns of 

performance between the two groups. The Training Group × Time interaction for 

fourth graders appeared to be based on the similarity of the training and control 
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groups at post-test while the training group was less proficient on the pretest. For the 

third graders, the Training Group × Time interaction seemed to have arisen, at least 

in part, from a drop in performance at posttest in the control group. Therefore, we 

decided to also analyze the data separately for each group. The results showed that 

the Training Group × Time interaction was not significant for Grade 4, F(1, 80) = 2.41, 

p = .125, and marginally significant for Grade 3, F(1, 26) = 3.88, p = .060, ηp² = .13. 

In addition to the gains in general reading comprehension, we also examined 

whether children would develop a more positive attitude towards reading 

comprehension due to the inconsistency-detection training. In Table 2, the mean 

reading motivation scores are presented as a function of Training Group and Time for 

both grades. Results from the ANOVA (with the above factors) on the motivation 

data revealed that children tended to become more positive about reading 

comprehension from pretest to posttest, F(1, 108) = 3.02 , p = .085, ηp² = .03. Although 

visual inspection of Table 2 shows that the gain in motivation was larger for children 

in the inconsistency-detection training group than for children in the control training 

group, the ANOVA 108) = 2.23 , p = .138, ηp² = .02.  

However, when the ANOVA was recalculated excluding the between-subjects factor 

of Grade 2, the interaction reached a marginal level of significance, F(1, 110) = 2.88, p 

= .093, ηp² = .03, with post hoc tests revealing a significant increase in reading 

motivation for children who had received the inconsistency-detection training, t(62) 

= -3.62, p < .001, d = .46, but not for children in the control training group, t(48) = -.52, 

ns. 

Table 2. Mean reading motivation score as a function of Grade and Training Group (standard deviations are 
shown in parenthesis.  

                                                           
2 Grade did not confound the effects of Training Group and Time, as evidenced by the absence of significant 

interactions between these critical factors and Grade. When using a more conservative value of p > .25, it is 

generally permitted to pool across the levels of a factor in order to increase power and create a more 

parsimonious model (e.g., Hines, 1996).  

    Grade 3 Grade 4 

    Control  Training Control  Training 

How much do you like reading 

comprehension? 

Pretest 1.92 (1.16) 1.94 (1.03) 2.46 (.90) 2.02 (.91) 

Posttest 1.83 (.94) 2.18 (1.01) 2.59 (.76) 2.48 (.96) 
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Figure 2. Reading comprehension proficiency scores as a function of Training Group and Time for Grade 3 

and 4. Error bars depict standard errors of means.   
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Discussion 

 
This study examined the effectiveness of a reading strategy training aimed at 

improving children’s evaluative and self-regulatory strategies. Situated within the 

situation model framework, this intervention moves beyond previous training studies 

in that it mainly focuses on creating coherence from texts by integrating information 

and updating the evolving situation model during reading. It was hypothesized that 

teaching third- and fourth-grade children these comprehension monitoring 

strategies would improve their situation model updating ability and subsequently 

enhance deep-level text comprehension. Overall, the present results provide support 

that the inconsistency-detection training was effective at fostering specific 

comprehension monitoring processes. Moreover, the training seems to have a 

positive influence on general reading comprehension performance. 

 

The first major finding of this study is that fourth-grade children showed improved 

comprehension monitoring strategies (e.g., integration and updating processes) after 

the inconsistency-detection training but not after the control training, as evidenced 

by a pretest to posttest enhancement of the inconsistency effect. That is, only after 

the inconsistency-detection training did fourth graders slow down their reading on 

encountering inconsistent information, as compared to consistent information. 

Applying the inconsistency-detection paradigm as a main outcome variable at pre- 

and posttest is an important added value of this study as it enabled us to provide a 

process-oriented perspective on the effectiveness of our intervention. Online 

measures of reading comprehension are thought to have advantages over traditional 

offline measures such as question answering and self-report of reading strategy use. 

For example, they are less contaminated by processes not relevant to internal text 

representation (Gorin, 2005). Also, unlike verbal reports, self-paced reading 

methodology does not run the risk of biasing the readers’ attention to the 

experimenter’s hypotheses (Kirk & Ashcraft, 2001). Combining these aspects with the 

fact that children were not aware of the nature of the test (i.e., they were not told 

that some texts contained inconsistencies) suggests that the observed effects are 

most likely due to the content and nature of the inconsistency-detection training 

rather than specific task demands or other instructions.  
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Interestingly, children in Grade 3 did not show evidence of a more effective use of 

monitoring strategies. A possible explanation is that the tasks or training materials 

were too difficult for third-grade children, although this is not very likely because our 

training program was purposefully developed together with teachers to be level-

appropriate for both third- and fourth-grade children. The gradual progression from 

simple and short texts to more complex and longer texts within and between lessons 

ensured that there were enough level-appropriate passages for each child to practice 

with. A more plausible explanation is that children in Grade 3 are simply less matured 

and have had less practice with deep-level reading strategies than children in Grade 

4. Children at the beginning of Grade 3 have only received one year of formal 

instruction in basic reading comprehension strategies such as identifying main ideas, 

summarizing, generating questions, and clarifying. Presumably, only when they 

move beyond these more basic comprehension strategies in Grade 4, children are 

“ready and well-equipped” to acquire more deep-level reading strategies such as 

situation model processing and comprehension monitoring (Pressley, 2002; 

Stoeldraijer & Vernooy, 2007). Shifting to more advanced reading strategy use as 

early as possible is crucial for accurate acquisition of these deep-level reading 

strategies and to prevent later reading comprehension difficulties (Snow, 2002). It is 

important to realize, however, that it may take children more than one year to 

master these metacognitive strategies (Garner & Taylor, 1982). Therefore, training 

benefits are expected to not only accrue from Grade 3 to Grade 4, but also from 

Grade 4 up to Grade 5 (or even Grade 6), in spite of the probable existence of 

substantial individual differences in the rate of strategy acquisition (Baker, 1984; 

Markman, 1981). Future research should examine this issue more closely. 

 

Related to this developmental explanation is the possibility that third-grade children 

in our sample were mature enough to learn and improve the trained strategies, but 

did not execute them spontaneously, as fourth graders did, during the inconsistency-

detection test (Flavell, 1970). This would be consistent with research showing that 

children as young as third grade already have the prerequisite skills to detect 

inconsistencies in text passages and can improve these skills by inducing constructive 

reading processes (Rubman & Waters, 2000). In a similar vein, research has pointed 

out that we may not simply assume that primary school children spontaneously 

evaluate their understanding of text (Graesser, 2007; Markman, 1979; van der Schoot 

et al., 2012). Many of them have been found to have insufficient awareness and 
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knowledge of metacognitive reading strategies (e.g., Baker, 1985; Myers & Paris, 

1978; Markman, 1979; Periodic Survey of Educational Level, 2013). However, applied 

comprehension instruction research conducted in classrooms has typically focused 

on the teaching of cognitive instead of metacognitive reading strategies (Cromley, 

2005). The present study expands this research base by putting a strong focus on 

metacognitive awareness in the training and shows that even in this case the 

spontaneous use of monitoring strategies may not show up.  

 

The second major finding of this study is that the effects of the inconsistency-

detection training also transferred to general reading comprehension. Children who 

had followed the inconsistency-detection training showed a pretest to posttest 

improvement on our general reading comprehension measure. A significant 

improvement was not seen in children who had followed the school’s regular reading 

comprehension curriculum. However, this result should be put in perspective, given 

that clearly different things were going on in the third and fourth grade. In Grade 3, 

the interacting effect of group and time on reading comprehension was influenced by 

the poor performance of the control group at posttest. Possibly, this drop in 

performance from pre- to posttest can be explained by the posttest version of the 

reading comprehension test (for Grade 3) being more difficult than the pretest 

version. Assuming that this is true, it certainly puts the relatively small gain in reading 

comprehension performance in the inconsistency-detection training group in a 

different, more positive light. In Grade 4, the interacting effect of group and time on 

reading comprehension was influenced by the poor performance of the 

inconsistency-detection training group at pretest. Due to the schools’ preference that 

classes stay intact, we were not able to match individuals in the different groups on 

the basis of pretest levels of reading comprehension. Although this can be considered 

as a limitation of the study design, it also can serve as an explanation for the specific 

pattern of performance in fourth grade children. That is, children in the experimental 

group started off from a lower baseline of reading comprehension performance, but 

due to the inconsistency-detection training, they were able to catch up with their 

peers who had initially outperformed them at pretest.  

 

Importantly, a transfer of strategies would fit the idea that higher-level complex 

strategies like comprehension monitoring that support the construction and 

updating of a coherent situation model during reading, underlie deep-level text 
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comprehension and that training these strategies fosters comprehension of texts in 

general (van der Schoot et al., 2010). The fact that for the inconsistency-detection 

training several measures were taken that would potentially facilitate the transfer of 

the acquired knowledge to more general reading comprehension is an important 

contribution. For example, the texts used for training contained several types of 

incoherence such as that the distance between the two pieces of conflicting text 

information was either “near” or “distant” (e.g., van der Schoot et al., 2012), and that 

inconsistencies appeared along various situational dimensions (e.g., Wassenburg et 

al., 2015). Taken together, the findings suggest that, despite a seemingly unaltered 

ability to detect inconsistencies in text, children in Grade 3 apparently did benefit 

from the explicit instruction in monitoring strategies and practice with the carefully 

designed texts, in comparison to children who had followed the regular curriculum. 

This is consistent with the view that children in Grade 3 are able to learn and improve 

the trained strategies, but only use them when it is evident to the children that the 

situation asks for them (Rubman & Waters, 2000). On the standardized test for 

general reading comprehension, for example, children answered questions about 

what they were reading and were encouraged to make inferences, which 

corresponded to elements of our training used to induce comprehension monitoring. 

In the inconsistency-detection test, on the other hand, children “naturally” read 

passages without being guided by questions about the text that supported them to 

actively make text-to-text or text-to-world connections. So, it seems that the 

inconsistency-detection test taps into comprehension monitoring processing more 

implicitly.  

 

A third aspect we investigated was the extent to which reading motivation increased 

due to the inconsistency-detection training. Obviously, increasing children’s reading 

motivation is desirable because of its positive influence on reading effort, 

engagement, and reading growth (Morgan & Fuchs, 2007). It should be emphasized, 

however, that this study only intended to provide a first exploratory look at whether 

instruction in a situation model-focused reading strategy would lead to higher 

motivation. For example, it is unclear from the present study whether our one-item 

four-point Likert scale is valid and reliable enough to serve as a sole measure of 

reading motivation. Also, the scale prevented us from gathering more fine-grained 

information on the various aspects of reading motivation (Wigfield & Guthrie, 1997). 

Hence, using a more elaborate questionnaire is recommended for future research in 
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order to more thoroughly investigate the motivational effects of reading strategy 

trainings such as the one described in this study. Though the positive effects on 

motivation were not statistically reliable, the trends suggest that, regardless of grade 

level, children who had received the inconsistency-detection training enjoyed reading 

more after the training, whereas children who had received the control training did 

not. This finding is in line with evidence showing that metacognitive awareness and 

self-regulatory strategies, both of which are central components of our 

inconsistency-detection training, are related to both reading performance and 

learning engagement (Bandura, 1997; Guthrie et al., 2004; Schunk & Zimmerman, 

1997).  

 

In conclusion, the present study shows that the situation model framework provides 

a useful context for setting up a reading comprehension strategy training aimed at 

comprehension monitoring. By comparing this inconsistency-detection training to a 

control training (i.e., regular reading curriculum) that was as similar as possible in its 

form (e.g., lessons were held twice a week and involved small-group reading 

instruction combined with individual practice) and only differed in its content, we 

were able to rule out alternative explanations related to adverse side-effects like 

instruction time and/or alternative explanations based on natural development 

(Houtveen & van de Grift, 2007). Therefore, we conclude that teaching children 

metacognitive awareness through the explicit instruction of comprehension 

monitoring strategies during only a four-week period effectively improves strategies 

that are required for situation model updating, and can be transferred to novel texts. 
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Abstract 
 

This study aimed to enhance third and fourth graders’ text comprehension at the 

situation model level. Therefore, we tested a reading strategy training developed to 

target inference making skills, which are widely considered to be pivotal to situation 

model construction. The training was grounded in contemporary literature on 

situation model-based inference making and addressed the source (text-based versus 

knowledge-based), type (necessary versus unnecessary for (re-)establishing 

coherence), and depth of an inference (making single lexical inferences versus 

combining multiple lexical inferences), as well as the type of searching strategy 

(forward versus backward). Results indicated that, compared to a control group (n = 

51), children who followed the experimental training (n = 67) improved their inference 

making skills supportive to situation model construction. Importantly, our training 

also resulted in increased levels of general reading comprehension and motivation. In 

sum, this study showed that a ‘level of text representation’-approach can provide a 

useful framework to teach inference making skills to third and fourth graders. 
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Generally, it is recognized that many primary school children fail to attain a sufficient 

reading comprehension level. The National Center for Education Statistics (2011), for 

example, reports that 33% of all fourth-grade children and 24% of all eighth-grade 

children in the United States perform below the required standards. Periodical 

analyses of children’s reading comprehension performance in the Netherlands have 

shown similar results (e.g., van der Schoot, 2008). One way to enhance reading 

comprehension is to teach children how they can use reading strategies (see Pressley, 

2000, for a review on comprehension instruction). Over the years, various reading 

strategies have been suggested to improve text comprehension (De Koning & van der 

Schoot, 2013; Trabasso & Bouchard, 2002; van der Schoot, Vasbinder, Horsley, & Van 

Lieshout, 2008). However, a gap remains between research findings and educational 

practice (Andreassen & Bråten, 2011; Liang & Dole, 2006; Van Keer & Verhaeghe, 

2005). That is, instructional methods and materials to teach reading comprehension 

are often insufficient and the empirical support for the taught reading strategies’ 

effectiveness is equivocal (Droop, van Elsäcker, Voeten, & Verhoeven, 2012; 

Houtveen & van de Grift, 2012; Stoeldraijer & Forrer, 2012). In particular, it has been 

suggested that instructional methods have not been sufficiently grounded in relevant 

reading comprehension literature focusing on the different levels of mental text 

representation. For example, van der Schoot, Horsley, and van Lieshout (2010) 

argued that there are astonishingly few studies directly examining the type of 

instructional support that encourages readers to construct a situation model from 

text (see Zwaan & Radvansky, 1998, for a review on situation models). To help fill this 

gap in the literature, the present study aimed to improve children’s text 

comprehension at the situation model level. To achieve this, we tested a reading 

strategy training which was developed to target inference making skills, which are 

widely considered to be the key factor in situation model construction (e.g. Kintsch & 

Rawson, 2005; McMaster et al. 2014; van den Broek & Espin, 2012; van den Broek, 

Bohn-Gettle, Kendeou , Calson, & White, 2011). Noticeably, the present training was 

part of a broader large-scale reading comprehension intervention aimed at improving 

children’s ability to form a situation model of text. In this intervention, three crucial 

situation model strategies were trained: (1) inference making (focusing on (re-

)establishing coherence in situation models), (2) comprehension monitoring 

(focusing on situation model updating), and (3) mental simulation (focusing on the 

(re-)enactment of perceptual and motor experiences). The effects of the latter two 

reading strategy training interventions are reported elsewhere (respectively, 
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Wassenburg, Bos, De Koning, & van der Schoot, 2015, and Bos, De Koning, 

Wassenburg, & van der Schoot, 2016). Here, we present the aim, content, and 

outcomes of the first one (i.e., inference making).  

 

Situation Model Theory and Inference Making  

According to research on reading comprehension, a text can be represented at three 

levels: the surface representation, the text-based representation, and the situation 

model representation (Kintsch, 1988; Kintsch & van Dijk, 1978). The surface 

representation consists of the verbatim words and clauses extracted from the text. At 

the text-based level, the meanings of words and clauses are processed and 

subsequently stored in the reader’s memory. A situation model representation is a 

coherent and non-linguistic mental representation of the ‘state-of-affairs’ described 

in a text, rather than a mental representation of the text itself (van den Broek et al., 

2011; van der Schoot et al., 2010; Zwaan & Radvansky, 1998). During text 

comprehension, readers construct a situation model representation by monitoring 

various basic narrative dimensions such as protagonist, time, space, causality, and 

intentionality (van der Schoot, Reijntjes, & van Lieshout, 2012; Zwaan, Langston, & 

Graesser, 1995). Integrating information from these dimensions enables readers to 

gradually update their mental representation of the text resulting in a coherent 

situation model (van der Schoot et al., 2008). Notably, the ability to construct and 

update situation models is considered not only at the heart of reading 

comprehension. Rather, it is seen as the core component of comprehension in 

general, including comprehension of oral language. For example, it is in this context 

that we can understand the simple view of reading introduced by Gough and Tunmer 

(1986), which states that reading comprehension ability can be decomposed into 

word decoding and listening comprehension. 

 

The most distinctive aspect of situation model construction is the need for coherence 

(McNamara & Magliano, 2009; van den Broek et al., 2011). Texts usually do not 

describe narrative situations completely and in full cohesion. Rather, they often pose 

comprehension problems due to implicitness of information, semantic vagueness 

and ambiguities, or temporal, spatial and causal discontinuities (e.g. Zwaan, 

Magliano, & Graesser, 1995). When a particular text segment lacks information 

required to obtain sufficient coherence, readers need to supplement their situation 

model representation with inferences by drawing upon prior knowledge or textual 
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clues (see below) (Cain & Oakhill, 2007; van den Broek & Espin, 2012). Only then, they 

can infer what is implied, resolve vagueness and ambiguities, or fill gaps in causal, 

spatial and temporal descriptions. In this regard, situation models constitute the level 

of text representation which is associated with deep processing (van der Schoot et 

al., 2010). In contrast to surface-level and text-based representations, situation 

models are not restricted to only the actual textual information; rather, they are 

“amalgamations from information stated explicitly in the text and inferences” 

(Zwaan & Radvansky, 1998, p. 163). Generally, the relationship between situation 

model construction and inference generation is considered to be a mutual one, that 

is, inferences are critical for constructing situation models, and situation models 

facilitate inference generation (e.g. Graesser, Wiemer-Hastings, & Wiemer-Hastings, 

2001; Rickheit, Schnotz & Strohner, 1985). Here, we focused on the first direction of 

influence; that from inference generation to situation model construction. Or, to put 

it in terms of the training: our training program was designed to enhance children’s 

inference making skills, contributing to situation model construction and hence deep 

text comprehension. 

 

The Inference Making Training 

The inference making training was structured in a sequence of alternating instruction 

lessons (conducted in groups) and computer-based lessons (conducted individually). 

To teach children why inference making skills are important and how they can be 

applied, the instruction lessons made a major distinction between what in the 

literature on inference generation during text comprehension is referred to as 

knowledge-based and text-based inferences (e.g. Graesser & Kreuz, 1993). That is, 

children were taught how to make inferences using their prior knowledge (i.e., 

knowledge-based inferences) or information presented elsewhere in the text (i.e., 

text-based inferences). In particular, knowledge-based inferences have been 

proposed to contribute to the situation model level of text representation (e.g. 

McNamara & Magliano, 2009). In support of this, Radvansky, Zwaan, Curiel, and 

Copeland (2001) even pointed out that the “creation of a situation model is 

essentially an inference-making process in which the given information and general 

world knowledge is used to construct an understanding of the described situation” (p. 

156). Or, to put it in terms of the construction-integration model (Kintsch, 1988): 

readers draw knowledge-based inferences from text to build a situation model by 

integrating their existing world knowledge with the information in the propositional 
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text base. In our training program, children were encouraged to generate knowledge-

based inferences by presenting them with passages of text wherein the basic 

messages could not be easily understood without making knowledge-based 

inferences.  

 

In addition to knowledge-based inferences, integrated situation models are also 

constructed from inferences readers make on the basis of textual clues (e.g. 

McNamara & Magliano, 2009). It is generally agreed upon that in reading 

comprehension, readers need to connect incoming information to previous 

information to construct a coherent situation model from the text (e.g. Zwaan et al., 

1995). Since texts almost never contain fully explicit descriptions, this mapping 

process requires readers to make text-based inferences in order to understand what 

is implied and fill in the gaps left by the author. By making connections between text 

constituents, they can infer the implicit relationships among the propositions in a text 

and hence (re-)establish coherence in their situation model (e.g., Kintsch & Rawson, 

2005; Perfetti, Landi, & Oakhill, 2005).  

 

Although the texts used for our training required readers to make different kinds of 

inferences – for example, inferences concerning the setting of a story, or inferences 

about the internal states of characters including their intentions and emotions – they 

were particularly designed to promote the generation of causal inferences. Causal 

inferences are considered critical for obtaining coherence in situation models 

because they explain why things happen in a given context (e.g. Graesser, Singer, & 

Trabasso, 1994; Langston & Trabasso, 1999). As such, causal inferences help readers 

to link the bits and pieces of text into a coherent whole. For example, look at the 

following sentences: “The campfire started to burn uncontrollably. The boy scout 

grabbed a bucket of water” (example adopted from Bowyer-Crane & Snowling, 

2005). To make sense of the latter sentence, readers should relate it to the former 

and have to infer that the boy scout mad an attempt to extinguish the fire. For this, 

they should activate the mediating idea that ‘water extinguishes fire’ from their prior 

knowledge available in the long-term memory (Bowyer-Crane & Snowling, 2005; 

Singer, Harkness, & Stewart, 1997). 

 

In the instruction lessons on both text-based and knowledge-based inference 

strategies, it was explained to children that generating inferences helps them (1) to 
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resolve coherence breaks (such as vagueness of meaning, ambiguities, and 

discontinuities) encountered when reading particular passages, and (2) to understand 

what is, or could be, implied in a text but not explicitly stated. Although both 

purposes of inference generation largely overlap, they differ in the extent to which 

implicitness of information leads to actual problems of understanding and 

interpretation disturbing the ‘flow’ of comprehension (e.g. Beeman, Bowden, & 

Gernsbacher, 2000). The more it does (purpose 1), the more readers will feel 

externally motivated, by the text, to generate an inference and restore coherence. 

The less it does (purpose 2), the more their decision to generate an inference has to 

come from internal motivation to go beyond the propositional content of the text, 

and embellish on the story being described. The above distinction comes close to the 

difference between bridging and elaborative inferences made in the inference 

making literature (e.g. Millis & Graesser, 1994). Bridging inferences (or coherence-

based inferences as they are also called) are required in order to (re-)establish 

coherence within a text, and can be generated by referentially tying a word or a 

clause that has just been read to a previously read word or clause (e.g. Schmalhofer, 

McDaniel, & Keefe, 2002). In contrast, (predictive) elaborative inferences are not 

required to comprehend text, but they help in enriching reader’s mental text 

representation based on their related world knowledge and personal experiences 

(e.g. Bowyer-Crane & Snowling, 2005). In our inference making training, we took the 

opportunity to address this difference in an integrative manner when explaining the 

children to resolve coherence breaks and to infer the information implied in a text. 

 

In teaching text-based inferences, emphasis was placed on two aspects of inference 

generation: making single lexical inferences and linking multiple lexical inferences 

together to make sense of what is really happening in a story (see also Yuill & Oakhill, 

1988). With regard to the former, children were encouraged to look for important 

word clues and to reflect on, and utilize, the information they provided about the 

meaning of the text. For example, texts contained keywords (e.g., ‘menu’, ‘towel’, 

and ‘sand’) from which the setting of a story could be inferred (restaurant, bathroom, 

and beach, respectively). Subsequently, they were taught how to combine clues in 

order to acquire a more complete and refined picture of what was most probably 

going on in the story. Continuing on the importance of the setting of a story, it was 

explained to children that in the light of the setting of a story, vague or ambiguous 

information presented elsewhere in the text can be resolved. Consider, for example, 
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the sentences ‘Peter put the candle-lit cake on the table. He wondered what present 

his little sister would get’. By using the story setting inferred from the words ‘candle-

lit cake’, readers might deduce that Peter’s sister was about to receive presents for 

her birthday, not for Christmas or some other occasion. Over the course of the 

inference making training, children were specifically challenged to chain inferences 

together in order to create a coherent causal situation model. In doing so, it was 

emphasized that backward as well as forward clues in the text can be used to 

understand what is implied and (re-)establish coherence between sentences. 

 

In the instruction lessons, children were provided with a wealth of appealing text 

examples to illustrate the different explanations. In both the instruction and 

computer-based lessons they were required to make exercises which were 

specifically designed to induce the inferential processes taught to them. The 

exercises included question-answering and CLOZE techniques both of which were 

used in a progression from simpler two-sentence texts (beginner texts) to more 

difficult, longer multi-sentence texts (advanced texts). 

 

Evaluating the Training’s Effectiveness 

As mentioned above, the inference making training was developed to improve 

children’s inference making skills contributing to situation model construction and 

therefore deeper text comprehension. To evaluate the effectiveness of the training, 

we used the probe verification task (e.g., Friese, Rustschmann, Raabe, & 

Schmalhofer, 2008; McDaniel, Schmalhofer, & Keefe, 2001; Yang, Perfetti & 

Schmalhofer, 2007) to measure the level of mental text representation at pre- and 

posttest. In this task, participants read short text scenarios. After each scenario, a 

probe statement was presented. Children had to decide whether or not this 

statement was a good title for the scenario. Probe statements differed with respect 

to the level of text representation (surface, text base, situation model) required to 

make the yes/no decision. Since the inference making training was specifically 

targeted at enhancing the key skill in situation model construction (i.e. inference 

making), we hypothesized that our training would lead to a significant improvement 

of posttest relative to pretest performance on the probe verification task. In 

particular, we expected that, after the training, children in the experimental group 

would show longer response times (indicating greater effort involved in creating 

coherent meaning from text; e.g. Rayner & Pollatsek, 1989) and higher accuracy 
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rates in the (inference) condition in which they were required to base their yes-or-no 

decisions on a situation model representation of the presented scenarios. 

 

Additionally, we anticipated the inference making training to result in higher levels of 

general reading comprehension. This was motivated by the idea that inference 

making is essential to (teaching) reading comprehension and, as such, we 

hypothesized that benefits arising from the training would transfer to other texts 

than those developed with the specific experimental purposes (i.e., the probe 

verification task) in mind. To raise the probability that improved inference making 

skills, as a result of the inference making training, would transfer to general reading 

comprehension, we let children practice with narratives that differed in difficulty, 

length, and type of implicit information (also see Wassenburg, Bos, De Koning, & van 

der Schoot, 2015). Additionally, in an attempt to foster transfer of the learnt 

inference making skills, naturalistic texts adapted to children’s own personal 

experiences were used.  

 

Finally, we also explored to what extent the inference making training influences 

reading motivation. Particularly, children’s attitude towards reading comprehension 

may become more positive because the training was specifically developed to help 

children gain a deeper understanding of text. In doing so, we departed from the 

assumption that by teaching children how to make knowledge-based and text-based 

inferences, they will be better equipped to move beyond understanding a text at the 

propositional level, and form a non-linguistic, situation-based representation of what 

it is about. In particular, the latter type of inferencing might lead to increased 

motivation to read. From research on the relation between reading (comprehension) 

and motivation, we know that children who connect information in a text to their 

own background knowledge and experiences build a richer and more vivid mental 

representation from the text, which in turn, leads to increased motivation to read 

more (e.g. Retelsdorf, Koller, & Moller, 2011; Taboada, Tonks, Wigfield, & Guthrie, 

2009; Van Sluys, 2008). Noticeably, such an improvement of reading motivation 

would be specifically desirable because of its bidirectional relation with reading 

comprehension, which was previously shown by numerous studies involving primary 

school children (for an overview see Morgan & Fuchs, 2007). 
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Methods 

 
Please note that parts of the descriptions of the sample, trainings, and procedures 

are taken from an article by Wassenburg, Bos, De Koning, and van der Schoot (2015), 

which, as already mentioned in the Introduction, covers another aspect within the 

same overarching intervention study conducted by our research group. 

 

Participants 

Participants were 143 third (age range: 8 years and 3 months - 9 years and 11 months) 

and fourth (age range: 8 years and 10 months - 12 years) graders from six regular, 

average performing primary schools in a large urban area in the Netherlands. The 

schools where the intervention took place had a collaboration with the university, but 

participation in the intervention study was voluntary. In accordance with a procedure  

preferred by the schools and endorsed by the ethical committee of the faculty, 

parents were provided a letter about the aim and methods of the study. They could 

allow or deny the participation of their child by returning a preprinted objection note. 

 

Children with dyslexia and/or an IQ of less than 85, as indicated by school records, 

were excluded. In addition, we excluded children for which school records indicated  

(diagnosed) problems, pointing to developmental or intellectual disadvantages. This 

resulted in the removal of 25 children from the initial sample. Of the remaining 

children, 67 children participated in the inference making training group and 51 

children formed the control training group, which followed the school’s regular 

reading comprehension curriculum. Random assignment of children was not possible 

due to practical and organizational reasons imposed by the schools. For example, 

schools preferred not to make within-class divisions between groups of experimental 

and control children. However, after carefully assigning classes to conditions, it 

turned out that the two groups were comparable on age, socio-economic status1, 

gender ratio, class size, decoding (indicated by raw scores on a standardized Dutch 

word reading test [Een Minuut Test; Brus & Voeten, 1999]) and IQ (indicated by raw 

scores on Raven's Standard Progressive Matrices - Short Form). Group characteristics 

are presented in Table 1.  
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Design 

The study used a pretest-posttest control group design wherein training group 

(inference making vs control) was the independent variable and situation model-

based inference making ability (i.e. the reading skills which were trained), level of 

general reading comprehension, and reading motivation were the dependent 

variables. Pretests and posttests were administered individually by trained research 

assistants in the two weeks before and after the inference making and control 

training, and consisted of different versions of the same tests. We counterbalanced 

the order of the tests across participants. 

 
Table 1 

 Characteristics for each group. 

Note. Socio-economic status was inferred from area of residence 3, Decoding = raw scores on a standardized 

Dutch word reading test (Een Minuut Test; Brus & Voeten, 1999), IQscore = raw scores on Raven's Standard 

Progressive Matrices – Short Form. All statistical comparisons were nonsignificant (p > .14).  

 

The Inference Making Training  

Inference making was taught in a 4-week training program containing eight 30-

minute lessons (two lessons per week). Specifically, half of the lessons were 

                                                           
3 As an indicator of socio-economic status, we used Dutch neighborhood level status scores derived from the 

national Institute for Social and Cultural Research in the Netherlands. A status score is indicative of a 

neighborhood’s relative social status in comparison with other neighborhoods. The status score is a compound 

measure that is computed based on the following features of people living in that neighborhood: average 

neighborhood income, the percentage of people in that neighborhood who have low incomes, who have a low 

educational level, and who are unemployed. The 2010 status scores, from which we derived the status scores 

used in this study, range from -7.19 to 3.19. The higher the status score of a neighborhood, the higher the socio-

economic status in that neighborhood (Knol, Boelhouwer, & Veldheer, 2012).  

 

 Control Group Training Group t (df) 

 Mean (SD) Mean (SD)  

Age (years:months) 9:8 (0:9) 9:8 (0:8) -0.13 (115) 

Socio-economic status 0.54 (.62) 0.57 (.54) -0.27 (116) 

Gender ratio (% of boys in class)  50.07 (7.11) 50.25 (6.56) -0.14 (116) 

Class size 26.27 (4.72) 25.43 (4.14) 1.03 (116) 

Decoding 67.90 (13.42) 63.72 (15.85) 1.51 (115) 

IQ 21.38 (3.93) 21.28 (4.00) 0.14 (113) 
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instruction lessons conducted in groups (lessons 1, 3, 5, and 7), the other half were 

computer-based lessons conducted individually (lessons 2, 4, 6, and 8). Instruction 

lessons and computer-based lessons were taught alternately, so each instruction 

lesson was followed by a computer-based lesson. All lessons consisted of a balanced 

approach of direct instruction, modeling, guided practice and individual practice 

(Houtveen & van de Grift, 2007). Particularly, depending on the type of lesson, 

relatively more time was spent on direct instruction, modeling, and guided practice 

(in the instruction lessons), or on guided and individual practice (in the computer-

based lessons). Lessons were conducted by trained research assistants. They 

followed standardized instructions and had received approximately16 hours of 

training before the start of the training phase. 

 

To promote the children's engagement and motivation for the training, we took into 

account the following aspects. First, the training program was presented to the 

children as a ‘detective training’ meant to teach them, among other things, how to 

‘hunt for’ clues in a text or their background knowledge in order to gain a more 

complete and in-depth understanding of what they are reading about. Second, an 

abundant variety of relevant, level-appropriate, and appealing text examples was 

used to explain the different instructions, and guide the children in reaching the 

training goals. Third, we used scaffolding techniques including (i) gradual fading of 

teacher support and (ii) transfer of responsibility from the teacher to the students 

once the latter were beginning to become more competent (Guthrie, Taboada, & 

Coddington, 2007; Houtveen & van de Grift, 2007). Finally, each lesson ended with a 

reflective discussion about what and how the children had learned and why that is 

important. 

 

Instruction lessons. Instruction lessons were provided to children in groups of 5 – 6 in 

a separate classroom. Instead of relying primarily on a top-bottom approach, the 

instruction lessons were collaborative and interactive, with students in the role of 

engaged learners. The goals of the training were to teach children why inference 

making skills are important and how they can be applied. The inference making skills 

which were taught and practiced could be used for knowledge-based or text-based 

inferences; that is, children had to make inferences using their prior knowledge or 

information presented elsewhere in the text. Children were told that skilled adult 

readers make these different types of inferences in order to (i) understand what is, or 
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could be, implied in a text but not explicitly stated or (ii) to resolve coherence breaks 

(i.e. comprehension difficulties including vagueness of meaning, ambiguities, and 

discontinuities) encountered when reading particular passages.  

To illustrate this, children had to, among other things, select keywords in texts, and 

indicate what information they gave about the text (i.e. make lexical inferences). As 

in the inference training by Yuill and Oakhill (1988), children were stimulated to 

combine single lexical inferences. For instance, by using the story setting inferred 

from the word ‘wave’, readers might deduce that the word ‘tower’ referred to a 

sandcastle (example taken from Yuill & Oakhill, 1988). In explaining the importance 

of inferences for maintaining coherence in the reader’s mental representation of a 

text, it was emphasized that backward as well as forward clues in the text can be used 

to understand what is implied, resolve vagueness, ambiguities or discontinuities, and 

repair comprehension. Within lessons, texts increased in length, from single 

sentences or two-sentence texts to multi-sentence discourses. At the end of each 

instruction lesson, children practiced, with paper and pencil, with the type of exercise 

they had to make in the subsequent computer-based lesson (see below), namely 

question-answering/beginner exercises in lesson 1, CLOZE/beginner exercises in 

lesson3, question-answering/advanced exercised in lesson 5, and CLOZE/advanced 

exercises in lesson 7. 

 

From the first lesson onwards, children were provided with a set of six practical 

guidelines. These guidelines coincided with the goals set out for the training and 

served as a means to help the children perform, and learn from, the different 

exercises used to induce inferential processes. Also, throughout the training, the 

group-based discussions about how to carry out the inferential processes centered 

around these guidelines. Inevitably, the different inference making skills which were 

trained were related and difficult to isolate. As a consequence, the presented 

guidelines overlapped in their content and use, and they were taught in an 

integrative manner in all lessons. Besides their prominent, recurrent role in the 

instruction lessons, the guidelines were incorporated in the exercises children had to 

practice in the instruction lessons and perform in the computer-based lessons (see 

below). Exercises were presented interchangeably and with progressive difficulty. In 

Table 2, the overall structure of the training program as well as two text examples of 

each guideline are presented.  

 



86 Chapter 4 

 

Computer-based lessons. In the computer-based lessons, the purpose was to (1) offer 
children the opportunity to engage in additional practice with the inference making 
skills learned in the instruction lessons, (2) practice these skills individually, and (3) 
doing so in a way that aligns with current educational practice where the computer is 
being increasingly used during reading comprehension lessons. The computer-based 
lessons, which took place in a separate (computer) classroom, contained question-
answering (lessons 2 and 6) and CLOZE techniques (lessons 4 and 8) to trigger the 
inferential processes which were taught in the instruction lessons. Both techniques 
were used in a progression from two-sentence texts (beginner texts used in lesson 2 
and 4) to longer multi-sentence (8 ± 3) texts (advanced texts used in lessons 6 and 8). 
the question-answering procedure children had to read texts, after which they were 
required to answer inference questions concerning, for example, causal antecedents 
and consequences, or character intents and emotions. The CLOZE tests required 
children to fill in blank spaces in a text. To complete the blanks, and bring closure to 
the text, children needed to understand a sentence in relation to the text that 
contained it. 
 

As explained above, to generate correct inferences in the computer-based lessons, 

children had to employ both backward and forward searching strategies to locate the 

appropriate clues in the text (text-based inferencing) and/or they had to integrate the 

text information with their existing world knowledge (knowledge-based inferencing). 

In all computer-based lessons, after giving the answer, children had to indicate the 

words which helped them to make the required inference. Both techniques were used 

in a progression from two-sentence texts (beginner texts used).  

 

Although the assignments during the computer-based lessons had to be made 

individually, the beginning and end of these lessons were held in groups. With the 

children being assigned to small groups of 5 – 6 children, each computer-based 

lesson started with a recapitulation of what was taught in the preceding instruction 

lesson and ended with a discussion in which the children reflected on the what, how 

and why of the strategic reading activities which were trained. 

 

Training for the Control Group 

Children in the control group followed the regular curriculum taught by their own 

teachers. This meant that they attended reading comprehension lessons twice a 

week, just like the children in the experimental training group. For the reading 

comprehension lessons one of the most popular reading comprehension methods in 
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the Netherlands (i.e., Nieuwsbegrip) was used. These lessons involved whole class 

reading as well as small group reading instruction at the children’s appropriate 

reading level combined with individual practice. Reading strategies which were 

taught included predicting (i.e., using text characteristics such as the title and 

headings before reading the text to make predictions about what the text will be 

about, which involves thinking ahead and anticipating information and events in the 

text.), clarifying (i.e., identifying unfamiliar or difficult words and phrases and 

learning how to get to the appropriate meaning or interpretation), and summarizing 

(i.e., learning to extract the key information described in (part of) a text in order to 

get a more concise understanding of the main ideas and consolidate important 

details related to it).  

 

Pre- and Posttests 

Pre- and posttests were administered at school. Children individually completed the 

probe verification task in a silent room, and the reading comprehension test and the 

reading motivation questions were completed in the classroom using a whole-class 

test taking approach.  

 

Probe verification task. In the pre- and posttests, inference making abilities were 

measured using a probe verification task adapted and translated to Dutch from, 

among others, Friese et al. (2008). The task consisted of 84 two-sentence text 

scenarios presented on the computer screen. The scenarios described stereotypical 

situations such as ordering at McDonald’s or stepping on broken glass while barefoot. 

After each scenario, a two-word probe statement was presented which represented 

the typical outcome of the situation (e.g., eating hamburgers, cut foot). Children had 

to decide whether or not this statement was a good title for the scenario by pressing 

a ‘yes’ or ‘no’ key on the keyboard.  

 

By modifying the ending of the scenarios, different relations were established 

between the probe statements and scenarios. There were four experimental 

conditions, each with 14 trials (i.e. scenario/statement combinations). In Table 3, a 

sample scenario is presented in each experimental condition. In the explicit condition, 

the probe statement could be typified as an explicit repetition of the scenario’s 

ending. In the paraphrase condition, the scenario ended with a paraphrase of the 
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Table 2 

Overview of the overall structure of the training program including two text examples of each guideline. 

 

 Guideline Example 1 Example 2 

Text-based 
inferencing 

Use clues to 
understand 
what is, or 
could be, 
implied 

Look for 
clues 

(1) 
Peter wondered what 
present his little sister 
would get. 

Little Tim brought the rifle to 
his shoulder and confidently 
hit the target. 

Combine 
clues 

(2) 

Peter put the candle-lit 
cake on the table. He 
wondered what present 
his little sister would get. 

Little Tim won a huge stuffed 
animal. He brought the rifle to 
his shoulder and confidently 
hit the target. 

Use clues to 
resolve 
vagueness, 
ambiguities or 
discontinuities 

Backward 
searching 

(3) 
The sand tickled Trudy’s 
toes. […←…] Her castle 
made Trudy proud. 

This was not Chris’ favorite 
lesson, he  had always been 
better with words. […←…] He 
looked at the tables one more 
time. 

Forward 
searching 

(4) 

Curiously, Mary looked at 
her new face in the 
mirror. […⟶…] Luckily, 
the bruises faded and she 
was allowed to leave the 
hospital soon. 

Lisa almost stepped on the 
town hall.[…⟶…] Like most 
children, she was excited 
about the miniature park and 
how they reconstructed the 
city in all its details. 

Knowledge-
based 
inferencing 

Use prior knowledge to 
understand what is, or could 
be, implied 

(5) 

It was a warm summer 
night in the park. Anne 
and David really enjoyed 
what they saw. Anne 
bought a cinnamon stick 
and David purchased 
candy floss. Lights were 
flickering everywhere. 
Anne was very excited. 
She took a ride on a small 
train. They walked home 
after they had spent all 
their money. 

Finally there was enough wind, 
which made David and his 
father decide to head for the 
beach. “I really hope it will 
work”, David said. They had 
spent at least two hours of 
tinkering, in the shed next to 
their house. At first they made 
one out of a plastic bag, but 
this one did not even 
withstand the test flight in 
their backyard. 

Use prior knowledge to 
resolve vagueness, 
ambiguities or 
discontinuities 

(6) 

Lisa and Susan played in 
shallow water. The girls 
were throwing around a 
large inflatable ball 
between them. While 
attempting to catch the 
ball Lisa suddenly 
stepped in a piece of glass 
from a broken bottle. For 
the remainder of the 
afternoon, Susan 
reluctantly joined Lisa in 
reading magazines while 
lying on their beach 
towels. 

The lame old man still tried to 
wrap his head around the news 
his doctor just shared with him 
when he stepped outside. 
Walking by a toy store, he 
suddenly realized that he had 
to rush as he would otherwise 
arrive too late at his 
grandson’s birthday party. He 
accelerated his pace just 
before entering the busy 
intersection without even 
noticing the roaring engines 
passing by. Blaring sirens 
sounded when the ambulance 
set off to the hospital. 
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probe statement. In the inference condition, the scenario did not mention the probe 

statement but provided enough information to infer it as a plausible outcome of the 

described situation. In the unrelated condition, the probe statement was consistent 

with the situation but the scenario did not give any logical explanation for it. In 

contrast to the other statement types, unrelated statements therefore required a ‘no’ 

response. As a result of our manipulations, children had to base their yes/no-decision 

in the inference and unrelated condition on a situation model representation of the 

presented scenario, but could rely on a surface and text base representation in the, 

respectively, explicit and paraphrase condition. In the remainder of this paper, less 

weight will be given to the unrelated condition, since the interpretation of the results 

in this condition was complicated due to the fact that ‘no’ responses had to be given 

for the unrelated statements while for the other conditions we looked at ‘yes’ 

responses (see also Friese at al., 2008; Ratcliff, 1987; Ratcliff & Hacker, 1981). 

 
Table 3 

Sample scenario and required response to the probe statement ‘wine spilled’ in each condition in the probe 

verification task 

Condition Scenario Required response 

Explicit The flight attendant served the passenger red wine. At that 

moment, turbulence caused the wine to spill. 

Yes 

Paraphrase The flight attendant served the passenger red wine. At that 

moment, turbulence caused the wine to splash. 

Yes 

Inference The flight attendant served the passenger red wine. At that 

moment, turbulence occurred which was very severe. 

Yes 

Unrelated The flight attendant served the passenger red wine. At that 

moment, the plane was at cruising altitude. 

No 

Note. Example taken from Friese et al. (2008). 

 

Each scenario consisted of 18 (± 1) words. The first sentence (7 words) as well as the 

first three words of the second sentence were identical in all conditions (based on 

Dutch sentences). The remainder of the second sentence varied across conditions as 

explained above. To make sure that each scenario appeared equally as often in all 

conditions across participants, we arranged the total set of scenarios in four material 

sets and counterbalanced sets and conditions by a Latin square (see Friese et al., 

2008). To balance the ratio of ‘yes’ and ‘no’ responses, we included 28 filler trials 

which had to be answered with ‘no’. In the filler trials, statements had nothing to do 
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with the preceding scenarios. Responses to filler items were excluded from the 

analyses. 

 

The probe verification task started with five practice trials. When an incorrect answer 

was given, the test leader explained to the children why the answer they had chosen 

was wrong. During the experimental trials no further explanations or feedback were 

given. The task lasted approximately 30 minutes. The probe verification task had a 

very good internal consistency given that the Cronbach’s alpha’s were .82 in the 

pretest and .91 in the posttest. 

 

Reading comprehension. The Grade 3 and Grade 4 versions of the standardized CITO 

Reading Comprehension Test were used to measure children’s reading 

comprehension skills (Institute for Educational Measurement, 2010). This test is part 

of the standard Dutch pupil monitoring system and is designed to determine general 

reading comprehension level in primary school children. It contains two modules, 

each consisting of a text and 25 multiple choice questions. The questions pertain to 

the word, sentence or text level and tap both the text base and situation model 

representation which readers can construct from texts (Kintsch, 1998). For each 

student, the total score on all items was converted into a normed proficiency score. 

The rescaling procedure enabled us to compare the results of the pre- and posttest 

versions of the CITO Reading Comprehension Test. In addition, the obtained 

proficiency scores made it possible to compare the scores of children from a different 

grade (i.e. Grade 3 and 4). The internal consistency coefficient of the tests was high 

with Cronbach’s alpha’s not less than .85 (Feenstra, Kamphuis, Kleintjes, & Krom, 

2010).  

 

Reading motivation. We asked the children how much they liked reading 

comprehension before and after the training. Children had to answer on a 4-point 

Likert scale represented by cartoon figures (1 = I do not like it at all; 4 = I like it a lot). 

After this, children were provided the opportunity to orally explain why they did or 

did not like reading comprehension. The oral answers were not documented. Their 

purpose was to give the children the chance to provide their opinion and express their 

wishes for improvement. 
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Results 
 

Probe Verification Task 

Response times. In Figure 1, the correct response times to the probe statements (in 

milliseconds) is presented as a function of Probe Statement (explicit vs paraphrase vs 

inference vs unrelated), Training Group (inference making vs control) and Time 

(pretest vs posttest). On the response times, a 4 × 2 × 2 × 2 analysis of variance 

(ANOVA) was performed with Probe Statement and Time as within-subject variables, 

and Training Group and Grade (Grade 3 vs Grade 4) as the between-subject variables. 

Although there was a main effect for Grade, Grade did not interact with any of the 

other variables (all F values < 2.00, all p values > .10). Therefore, results were 

averaged across Grade in the subsequent analyses. Additionally, main effects for the 

factors Time and Training Group are not reported given that these results do not 

contribute to providing an answer to the hypotheses and can only be meaningfully 

interpreted when these two factors are combined. 

 

As can be seen from Figure 1, the probe verification task showed a main effect of 

Probe Statement (F(3,333) = 74.11, p < .001, ηp
2 = .40), reflecting the expected increase 

in response latencies from the explicit condition (in which decisions could be based 

on the surface representations of a text scenario), via the paraphrase condition (in 

which decisions required a text base representation), to the inference and unrelated 

conditions (in which decisions required a situation model representation). As such, 

we replicated the results of previous studies (e.g. Friese et al., 2008), and reinforced 

the validity of the probe verification task. 

 

Of more interest are the pre- and post-training group differences in task 

performance. At pretest, the inference making and control training groups 

performed similarly in all probe statement conditions (Probe Statement × Training 

Group: F(3,339) =1.60, p = .16, ηp
2 = .02). However, in the posttest, the performance of 

the experimental and control training groups was different. In particular, children 

who had received the inference making training tended to show larger inference–

paraphrase probe statement differences in response time (Probe Statement × 

Training Group: F(3,336) = 2.38, p = .07, ηp
2 = .02). The above findings were confirmed 

by a significant interaction between Probe Statement, Training Group, and Time 

(F(3,333) =2.62, p = .05, ηp
2 = .02). Planned pairwise comparisons were conducted to  
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Figure 1. Response times to the probe statements (in milliseconds) presented as a function of Probe 

Statement condition (explicit vs paraphrase vs inference vs unrelated), Training Group (inference making 

vs control) and Time (pretest vs posttest) (+SE). 
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further examine this three-way interaction. The only significant group difference 

which was found was between the paraphrase and inference condition in the posttest 

(Probe Statement × Training Group: F(1,111) = 5.02, p = .03, ηp
2 = .04). In sum, the 

results indicate that, after the inference making training, children took more time 

making a yes-or-no decision in the probe verification task when they were required to 

base their decision on a situation model representation of the scenario (in the 

inference condition), but not when they could base their decision on a text base 

representation (in the paraphrase condition) or surface representation (in the explicit 

condition). 

 
Figure 2. Accuracy rate in the probe verification task presented as a function of Training Group (inference 

making vs control) and Time (pretest vs posttest) for the inference probe statements and unrelated probe 

statements (+SE).  

Accuracy rate. Importantly, the accuracy data showed that, for the inference probes, 

children profited from the extra effort they invested in making the verification 

decisions as the increase in response time yielded a higher accuracy rate. This can be 

clearly seen in Figure 2, where the percentage of correct responses to the inference 

probes is presented as a function of Training Group and Time. A significant 

improvement of posttest relative to pretest performance was only observed for 

children in the inference making training and not for children who had followed the 
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control training (Training Group × Time: F(1,111) = 3.87, p = .05, ηp
2 = .03. For the 

unrelated probes (Figure 2), on the other hand, neither the inference making training 

nor the control training led to a significant increase in accuracy rate (Training Group ×  

Time: F(1, 111) = .02, p = .90, ηp
2 = .00). As hypothesized and in line with the response 

time results, no Training Group by Time interactions for accuracy rate were obtained 

for the explicit and paraphrase probe statements (p’s >.74, see Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Accuracy rate in the probe verification task presented as a function of Training Group (inference 

making vs control) and Time (pretest vs posttest) for the explicit probe statements and paraphrase probe 

statements (+SE).  
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(ANOVA) with the within-subject variable Time and the between-subject variable 

Training Group. The results of the ANOVA analysis showed a significant interaction 

between Training Group and Time (F(1,108) = 4.20, p = .04, ηp
2 =.04). 

 

Figure 4. Proficiency scores on the standardized, normed CITO Reading Comprehension Test presented as 

a function of Training Group (inference making vs control) and Time (pretest vs posttest) (+SE). 

 

Figure 5. Reading motivation score presented as a function of Training Group (inference making vs 

control) and Time (pretest vs posttest) (+SE). 
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In addition to the gains in general reading comprehension, the inference making 

training led to higher reading motivation: children indicated that they 

enjoy reading more after the training than they did before (see Figure 5). Again, this 

effect was not observed in the control group, resulting in a significant Training Group 

× Time interaction (F(1,110) = 7.06, p = .01, ηp
2 = .06). 

 

Discussion 
 

This study aimed to enhance text comprehension at the situation model level in 

primary school children. Extending beyond literal and propositional representations, 

situation models are constructed when readers integrate information across the text 

and information in text with background knowledge into a coherent mental 

representation of what is happening in a story (e.g. van den Broek et al., 2011; Zwaan 

& Radvansky, 1998). To this end, we developed a reading strategy training targeted 

at strengthening children’s inference making skills, which are generally regarded as 

essential for situation model construction (e.g. McNamara & Magliano, 2009; 

Radvansky et al., 2001). In doing so, the situation model theory not only served as our 

framework within which the training program was set up, it was also used to guide 

the evaluation of its effectiveness. That is, we used the probe verification task (e.g., 

Friese et al., 2008; McDaniel et al. 2001; Yang et al., 2007) to measure the level of 

mental text representation (surface, text base, situation model) at pre- and posttest. 

To the best of our knowledge, we are the first to apply such an all-encompassing 

‘level of text representation’-approach to teaching inference making skills to third 

and fourth graders. In the interpretation of the results, the focus will first be on the 

inference making skills supportive to situation model construction (i.e., the skills in 

which the children were trained). Then, the transfer of these skills to general reading 

comprehension will be discussed. Finally, we will take an exploratory look at the 

motivational effects of our training and draw some overall conclusions.  

 

The first main finding of this study is that the inference making training led to a 

significant improvement of posttest relative to pretest performance on the probe 

verification task. After the training, children showed longer verification times in the 

condition in which they were required to base their yes-or-no decision on a situation 

model representation of the presented text scenarios (inference condition) compared 

to the conditions in which they could rely on a text base or surface representation 
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(respectively, the paraphrase and explicit condition). Children in the control group did 

not show this effect. This finding can be explained by assuming that the experimental 

training has caused children to put more effort in generating inferences contributing 

to a situation model representation of the text they are reading. Importantly, this was 

not only apparent in the children’s probe verification latencies but also in the 

accuracy of their responses. Their higher accuracy rate for the inference probes 

suggests that, due to the additional time they invested in making an appropriate 

decision, children derived more coherent, situation-based meaning from the text 

scenarios. It should be added here that, in absolute terms, the pretest-to-posttest 

gain in accuracy displayed by the inference making training group was small.  

However, to fully appreciate this effect, it should be realized that the significant 

group by time interaction on the probe verification accuracy scores were affected by 

the control group’s poorer posttest performance relative to their pretest 

performance. Most likely, this pretest to posttest decline (p = .04) results from the 

fact that the probe verification task was somewhat harder in the posttest than in the 

pretest version. This would undoubtedly provide another, more positive perspective 

on the relatively small increase in task accuracy for children in the inference making 

training. That is, the experimental training group was able to improve their probe 

verification task performance at posttest despite an increase in task difficulty. 

 

Our second finding is that the inference making training results showed a transfer to 

a general measure of reading comprehension. The children in the experimental 

training significantly improved from the pretest to the posttest on the used 

standardized reading comprehension test. There was not such an enhancement 

observed in the control group in which children received the reading comprehension 

lessons offered by their school. To understand this finding, it should be noted that 

our standardized test for general reading comprehension was designed to reflect the 

text base and situation model components of the mental representations children 

construct from narrative texts. Given what was actually taught to the children, the 

results indicate that especially the increased ability to draw inferences at the 

situation model level may have been due to our training program. This finding is 

consistent with the notion that higher-order reading strategies like inference making 

that support readers to construct a coherent situation model underlies deep-level 

comprehension of text and that training these skills promotes text comprehension 

more generally (van der Schoot et al., 2010). We believe that the measures we have 
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taken in developing the text materials used in the training have contributed to the 

successful transfer of learning. In particular, as mentioned before, children practiced 

with texts of increasing length and difficulty. Additionally, to further promote 

transfer of the learnt reading comprehension skills, naturalistic texts were used which 

were matched to the children’s abilities and interests. 

 

A third issue that we investigated was the extent to which the inference making 

training resulted in increased reading motivation. Evidently, it is desirable to improve 

children’s reading motivation given that it positively influences the effort children put 

into reading (Morgan & Fuchs, 2007). The results of the inference making training on 

reading motivation are promising in that after this training the children indicated that 

they liked reading comprehension more, while this was not the case for children in 

the control training. This result is consistent with at least two pieces of empirical 

evidence: (1) children who have learned how to connect information in a text to their 

own background knowledge and personal experiences, which was one of the main 

goals of our training, build fuller and more vivid mental representation from text; (2) 

being able to build such rich mental text representations positively affects children’s 

level of motivation to read in general (e.g. Retelsdorf et al., 2011; Taboada et al., 

2009; van Sluys, 2008). However, it is important to stress that our study just aimed to 

offer the first exploratory insights into the extent to which teaching a reading 

comprehension strategy directed at situation model construction would increase 

reading motivation. It is for instance not clear from this study whether the one-item 

Likert scale that we have used is a sufficiently reliable and valid reading motivation 

measure. Also, this scale did not enable us to get more detailed information on the 

various aspects involved in reading motivation (Wigfield & Guthrie, 1997). So, a more 

elaborate questionnaire should be used in future research to investigate more 

thoroughly what effects reading strategy trainings like the one investigated in this 

study have on reading motivation.  

 

Added Values of the Inference Making Training 

In our view, the positive effects of the inference making training as described above 

can be attributed to both the nature of its content and the educational needs of the 

target group. To start with the latter, the training program, including the materials 

for training, practice and testing, was specifically tailored to our target group of third 

and fourth graders. In the Netherlands, children receive formal instruction in reading 
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comprehension for the first time in the second grade. The first year of reading 

comprehension strategy instruction focuses on basic strategies like writing a 

summary of the text, making predictions based on text information, and extracting 

the main message from a paragraph (Palincsar & Brown, 1984; Stoeldraijer & 

Vernooij, 2007). This lays the foundation for learning the higher-order skills, such as 

situation model-based inference making, which are essential for deep-level 

understanding of text. Mastery of the high-level text representation skills should be 

accomplished later in the primary school’s curriculum, starting at the third grade 

(Aarnoutse & Verhoeven, 2003). This was taken into account when designing the 

training program and our findings suggest that by doing so it is possible to develop an 

effective reading strategy training that is grounded in the contemporary literature on 

inference making in particular and reading comprehension more generally. We are 

confident that this is not restricted to the strategy trained in the present study (i.e., 

inference making), as we recently have shown a similar transfer effect to general 

reading comprehension as a result of training comprehension monitoring skills 

(Wassenburg, Bos, De Koning, & van der Schoot, 2015). 

 

In addition to its appropriateness for the target group, we believe that also the 

structure, instructional design, and content of the training program were key factors 

in its effectiveness. It should be recalled that: (1) the inference making training was 

structured in a sequence of alternating instruction lessons (conducted in groups and 

with a focus on direct instruction, modeling and guided practice) and computer-

based lessons (conducted individually and with a focus on guided and individual 

practice), that (2) all lessons centered around a set of carefully crafted guidelines 

which were taught in an integrative manner and practiced with increasing difficulty, 

and, most importantly, that (3) the guidelines were derived from the literature on 

situation model-based inference making (e.g., Graesser et al., 1994; Kintsch & 

Rawson, 2005), making distinctions based on the source of an inference (text-based 

versus knowledge-based), the type of an inference (necessary versus not necessary 

for (re-)establishing coherence), the depth of an inference (making single lexical 

inferences versus combining multiple lexical inferences), and the type of searching 

strategy (forward versus backward). Our study does not allow us to single out the 

individual contributions for each of these aspects. Even if we would have wished to 

aim for that, it would not have been very informative as the different kinds of 

inferences will always show some overlap and are often taught in an integrative 
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manner at school. Rather our study indicates that, together, this set of factors and 

the carefully crafted and appealing texts have contributed to the effectiveness of the 

training program we designed (and evaluated) to support inference making skills.  

 

However, we also have to point the reader to some limitations of the study. First, the 

present results, while significant, are relatively small. Clearly, this reinforces the need 

to examine the present intervention under realistic, yet carefully controlled, 

conditions. For example, in a cluster randomized controlled trial (e.g., randomized 

classroom trial), it should be investigated which teacher-, class-, and school-level 

variables may influence the course and effectiveness of the inference making training 

when implemented in actual daily classroom practice. Second, teachers were not 

involved in the actual training phase. Rather, trained research assistants conducted 

the training using a standardized protocol to minimize the effects of variables other 

than the independent variables of interest. It is therefore unknown how the inference 

making training will work out when it is conducted by teachers in a more naturalistic 

way. This issue is related to the previous one and should also be investigated in future 

research. Third, the strategy training has adopted a one-size-fits-all approach, 

meaning that all children irrespective of their cognitive abilities received the same 

training in the same way. That is, the training did not take into account the fact that 

for some children the to-be-learned skills might already be better developed. It is yet 

unknown whether and how the reported strategy training can be adjusted in a way to 

adequately meet the individual demands of children who vary in their level of reading 

comprehension abilities. Again, future research should explore this in more detail. 

Fourth, it could be argued that, despite our attempt to keep the experimental and 

control training groups as comparable as possible, children in the experimental 

training group may have been at an advantage in comparison to children in the 

control training group. That is, it is impossible to rule out that in the experimental 

training group factors such as motivation on the side of the learner (e.g., children 

were told that they participated in a ‘detective training’ whereas children in the 

control group followed their regular reading comprehension lessons) and/or on the 

side of the trainers (e.g., the experimental group was trained by trainers that were 

motivated and enthusiastic about the training) might have played a role in improving 

performance. Future research should take this aspect into account.  

 



Situation-Model Based Inference Making Training 101 

 

In conclusion, this study shows that a ‘level of text representation’-approach can 

provide a useful framework to teach inference making skills to third and fourth 

graders. Importantly, the only difference between the inference making training and 

the control training was the content of the trainings (i.e., the number of lessons, its 

form, and small-group approach were similar between the groups). So, it is unlikely 

that our findings are the result of other training aspects or alternative explanations, 

such as instruction time and natural development, than the elements in our inference 

making training (Houtveen & van de Grift, 2007). Therefore, we conclude that 

teaching children to create coherent meaning from text through explicit instruction 

in inference making strategies during only a four-week period effectively enhances 

situation model construction and hence deep comprehension of text. 

 
Notes 
1 As an indicator of socio-economic status, we used Dutch neighborhood level status scores derived from the 

national Institute for Social and Cultural Research in the Netherlands. A status score is indicative of a 

neighborhood’s relative social status in comparison with other neighborhoods. The status score is a compound 

measure that is computed based on the following features of people living in that neighborhood: average 

neighborhood income, the percentage of people in that neighborhood who have low incomes, who have a low 

educational level, and who are unemployed. The 2010 status scores, from which we derived the status scores 

used in this study, range from -7.19 to 3.19. The higher the status score of a neighborhood, the higher the socio-

economic status in that neighborhood (Knol, Boelhouwer, & Veldheer, 2012).  
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Abstract 

 
Evidence is accumulating that the level of text comprehension is dependent on the 

situatedness and sensory richness of a child’s mental representation formed during 

reading. This study investigated whether these factors involved in text 

comprehension also serve a functional role in writing a narrative. Direct influences of 

situatedness and sensory richness as well as indirect influences via the number of 

sensory and situational words on the creativity (i.e., originality/novelty) of a written 

narrative were examined in 165 primary school children through path analyses. 

Results showed that sensory richness and situatedness explained 35% of the variance 

in creativity scores. Sensory richness influenced the originality/novelty of children’s 

narrative writing directly, whereas situatedness had an indirect influence, through 

the number of sensory words, but both pathways influenced the outcomes to a 

comparable extent. Findings suggest that creative writing requires similar 

representational processes as reading comprehension, which may contribute to the 

development of instructional methods to help children in creative writing 

assignments.  

 

 

  



Influence of the Situation-Model on Creative Text Production 105 

 

Comprehending written text and writing comprehensible text are important skills 

that children are required to master in primary education (Broekkamp, Janssen, & 

van den Bergh, 2009; Choo, 2010; Lancia, 1997; Oatley & Olson, 2010). Reading 

comprehension and writing traditionally have been considered to be related activities 

involving related language processes (Langer & Fliban, 2000). Evidently, readers and 

writers both work towards constructing meaning (Choo, 2010; Tierney & Pearson, 

1983) and engage in meaning-making activities that require similar prior knowledge 

and experiences with the topic, knowledge about language, knowledge about 

structure and so on (e.g., Kucer, 1987). However, text comprehension and text 

production mainly constitute distinct bodies of research (Langer & Flihan, 2000). The 

present study aims to bring together these two related, yet largely unconnected, 

areas of research. The focus will be on the extent to which two components of 

meaning-making drawn from reading comprehension research (i.e., situatedness and 

sensory richness) also contribute to primary school children’s creative writing, which 

was operationalized as the originality/novelty of a produced narrative (e.g., Barbot, 

2012; Sternberg & Lubart, 1999). 

 

Text Comprehension 

In recent years, there has been substantial interest in reading comprehension and the 

factors associated with becoming a proficient reader (Glenberg, Brown, & Levin, 

2007; Kendeou, Smith, & O’Brien, 2013; Yuill & Oakhill, 1988; Zwaan & Radvansky, 

1998). According to contemporary theories of reading comprehension, such as the 

Situation Model framework (Zwaan & Radvansky, 1998), comprehending text 

involves constructing a mental representation of the described situation. This so-

called Situation Model representation is gradually built up along a number of key 

situational dimensions such as the story’s protagonist, time, space, causality and 

intentionality (Zwaan et al., 1995). By integrating this situational information with 

the readers’ background knowledge, a non-linguistic, coherent, and integrated 

mental representation of the ‘state of affairs’ described in a text is formed (for more 

detailed information, see Zwaan & Radvansky, 1998; for an extension to non-

narrative text, see Bråten, Britt, Strømsø, & Rouet, 2011). Engaging in these higher-

order cognitive processes helps readers to develop an in-depth understanding of a 

text (Van Dijk & Kintsch, 1983). This way, readers develop a deeper understanding of 

a text than when they just process words, phrases, and clauses in the text and the 
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relations between them, which results in lower levels of text representation that are 

linguistic in nature (i.e., text-base or surface-level representations). 

 

Furthermore, the view that Situation Model representations formed during language 

comprehension involve sensory, motor, and emotional information is gaining 

popularity (e.g. De Koning & van der Schoot, 2013). This view has now been 

supported by numerous behavioral and neuroimaging studies (Holt & Beilock, 2006; 

Pulvermüller, 2005). Particularly, according to embodied theories of cognition, 

readers construct a mental simulation of events described in the text (Kintsch, 1988; 

van den Broek, 2010). This involves the re-activation of sensory, motor, and 

emotional experiences which are stored in brain areas responsible for actual 

perception, action, and emotion, and which the reader has acquired during previous 

real-world interactions (Barsalou, 2008; Zwaan & Radvansky, 1998). For example, 

understanding a sentence like ‘She saw the egg in the skillet’ requires the re-

activation of perceptual information to simulate the form of the object (egg sunny-

side up) which is implied in the sentence (Engelen, Bouwmeester, de Bruin, & Zwaan, 

2011; Zwaan & Pecher, 2012). Accordingly, text comprehension requires readers to 

draw upon the real-world experiences that are stored in all sensory modalities in the 

brain in order to ‘see’, ‘hear’, ‘feel’, ‘smell’, and ‘touch’ the situations and events 

described in the text, and in which they can ‘move along’ with the protagonist (S. 

Zimmerman & Hutchins, 2003). The idea of reading as a ‘multisensory experience’ to 

gain an in-depth understanding of the described events is increasingly being 

acknowledged by reading comprehension researchers (e.g., De Koning & van der 

Schoot, 2013).  

 

Text Production 

So, the extent to which situations and events described in a text are accurately 

represented depends largely on the level of situatedness and sensory richness of the 

Situation Model representation. A relatively fair amount of research is currently 

available indicating that these two factors are essential for comprehension of 

narrative text (i.e., from text to Situation Model) (Zwaan & Pecher, 2012; Zwaan, 

Stanfield, & Yaxley, 2002). However, it has not yet been studied whether the 

situatedness and sensory richness of mental representations can also serve a 

functional role in the production of creative narrative texts (i.e., from Situation Model 

to text). This is unfortunate, since it can be argued that writers first have to produce a 
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mental representation of the characters, situations, and events of the story they have 

in mind before starting to write a text (e.g., Bereiter & Scardamalia, 1987; Plum, 

1982; for a similar view, see Oatley & Olson, 2010). By determining the situational 

dimensions like the protagonist, the spatio-temporal setting in which the protagonist 

acts and the goals he or she seeks to achieve (situatedness), as well as perceptual, 

action-related, and emotional aspects of the story (sensory richness), writers have 

access to structural, thematic, and plot-related ‘mental guidelines’ which can help in 

writing a narrative.  

 

Notably, this argumentation comes close to the main features of the cognitive theory 

of writing (Flower & Hayes, 1981, 1984; Olson & Oatley, 2013), which states that 

writing consists of three major processes: planning the text, translating ideas into 

textual output, and reviewing (i.e., evaluating and revising) the narrative draft as it is 

written. A similar proposal has been formulated by other cognitive process models of 

writing such as Bereiter and Scardamalia’s (1987) knowledge transforming model of 

writing and the ‘simple view of writing’ (Berninger et al., 2002). The processes of 

writing are presumed to take place in a cyclic, or recursive, sequence rather than 

following a linear path (Flower & Hayes, 1984; Olson & Oatley, 2013). For example, 

whereas writing usually starts with planning, according to Murray (1990) people 

sometimes just start writing without knowing where the story will go, which will 

become clear along the way during writing. Importantly, given this cyclic approach to 

writing, for writing to occur successfully writers are required to effectively apply self-

regulatory strategies (B. J. Zimmerman, 1997). Self-regulatory strategies, such as 

mental imagery, help people to continuously decide on which information to present, 

revise or remove as well as where, when and how to describe this information in 

order to create a meaningful story (Bereiter & Scardamalia, 1987; Zimmerman & 

Risemberg, 1997).  

 

Especially planning of writing is relevant here in that planning involves generating 

information to be included in the text, setting goals for the narrative, and organizing 

information which becomes available from memory (Rogers & Graham, 2008). 

However, encouraging writers to engage in these cognitive processes is often not 

sufficient; they need to be provided more direct guidance to do so effectively 

(Graham & Perin, 2007). Using mental imagery to envision the plot, characters, or 

setting, like skilled readers do, provides a way to help to accurately describe details or 
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make a story as vivid as possible (Bereiter & Scardamalia, 1987). In our study, this is 

specifically looked at in terms of embodied Situation Model construction. In other 

words, planning a narrative comes down to creating multisensory images in the mind 

while actively drawing from one’s own experiences (Barbot, Randi, Tan, Levenson, 

Friedlaender, & Grigorenko, 2013). Consistent with this, there is empirical evidence 

that Situation Model representations are needed to, for example, retell a story or 

identify a theme in it (van den Broek et al., 2005). Moreover, it appears that 

constructing and recalling visual mental representations enhances writing 

descriptions or idea generation in creative writing work (Barbot et al., 2013; Flower & 

Hayes, 1984). Particularly skilled writers appear to naturally use mental imagery while 

planning and composing texts (Bereiter & Scardamalia, 1987). Together, findings 

suggest a possible role for the Situation Model representation, including the 

situational and sensory elements contained in it, in the text production process.  

The present study, therefore, was aimed at investigating whether reading 

comprehension measures tapping the situatedness and sensory richness of mental 

representations of narrative text also underlie individuals’ creative writing of a 

narrative. Although there is no general consensus on the definition of creative writing 

(Carlson, 1965; Barbot et al. 2012), most researchers operationalize the concept in 

terms of novelty and originality (e.g., Barbot, 2012; Sternberg, 1999; Broekkamp, 

Jansen, & van den Bergh, 2009; Flower & Hayes, 1989; Nettle, 2009). In this study, 

narratives are considered creative when they are novel, original, inventive, and 

unexpected in nature (Sternberg, 1999; Carlson, 1965). To help elicit this type of 

writing, we used an open ended writing assignment (i.e., ‘Write a story beginning 

with If I was invisible for one day….’) which fully enabled children to draw on their 

creative potential (see also Chen & Zhou, 2010), either with regard to the amount and 

nature of situational descriptions (i.e., the ‘who’, ‘what’, ‘where’, ‘when’, and 

‘how/why’ of story passages) or with regard to the amount and nature of sensory 

descriptions (i.e., sensory details of sights, sounds, tastes, smells and 

feelings/textures).  

There is, however, limited empirical guidance on the precise interconnections 

between situatedness, sensory richness, and creative writing outcome. The few 

studies that exist on this topic come from creative writing literature (see Zimmerman 

& Risemberg, 1997), and seem to converge on the idea that creativity of 

compositions increases when students receive instructions to make (more) use of 
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their senses in their writing (Barbot et al., 2012, 2013; Jampole et al., 1991, 1994; 

Long & Hiebert, 1985). Barbot et al. (2012) investigated creativity of writing in a 

population of regular children who just entered school (Grade 1 and 2). Children’s 

perceptual skills were stimulated by teaching them to derive meaning from visual 

images through visual-literacy practice (i.e., creating a visual mental image of a 

previously seen illustration). Observations of children’s verbalizations while working 

in groups and an examination of their story writing skills showed that visual-literacy 

practice influenced children’s originality of story writing. In a similar vein, Long and 

Hiebert (1985) found that gifted children in Grade three to six improved in writing 

quantity and quality after a visual imagery intervention. Jampole et al. (1991) 

extended previous findings by involving all five senses in their mental imagery 

training, rather than exclusively focusing on visualization. In their study, 38 gifted 

children from fourth and fifth grade were randomly assigned to two groups: an 

imagery training group, who practiced making multi-sensory mental images based 

on text passages, and a control group who did not receive any training. Results 

showed that mental imagery training enhanced the creative writing product as 

indicated by the Carlson Analytic Scale for Measuring the Originality of Children’s 

Stories (Carlson, 1965). Moreover, the written text also included more sensory words 

(i.e., visual, auditory, tactile, kinesthetic, olfactory, organic, and gustatory) in the 

imagery than in the control group. In a subsequent study, Jampole, Mathews, and 

Konopak (1994) replicated these findings in a group of third and fourth grade gifted 

children. Interestingly, mental imagery instructions have not consistently led to 

similar beneficial effects on creative writing at secondary school level (e.g., Chevreau 

& Smith, 1989).  

 

The Present Study 

Together, the above studies suggest a positive relation between mental imagery and 

creative writing outcomes for primary school children. However, evidence has come 

almost entirely from the effects of mental imagery instruction in gifted children. To 

the best of our knowledge, no study yet has examined the extent to which primary 

school children’s ‘natural’ mental representational abilities to vividly imagine a 

written story are also related to creative text production. Furthermore, earlier 

research has typically focused on the sensory dimension of writers’ mental 

representations while overlooking the situational dimension. Therefore, in this study, 

we aimed at simultaneously investigating both sensory and situational dimensions 
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enabling us to examine the individual contributions of these two dimensions to the 

originality/novelty of a written narrative. As we were interested in children’s reliance 

on their sensory and situational representational skills in naturally writing a narrative, 

no specific sensory and/or situational instructions were provided. To get insight into 

these aspects in a broader group of children, we shifted focus from gifted children to 

normally developing, healthy children with an average level of intelligence. In doing 

so, there were two questions we specifically wanted to address. First, what are the 

relative influences of situatedness and sensory richness on creative writing outcome? 

Second, are these influences direct or indirect? The latter question refers to whether 

text comprehension measures of situatedness and sensory richness (from text to 

mental representation) can directly predict the assessed originality/novelty of 

children’s narrative writing, or whether the relationship is mediated by corresponding 

text production measures of situatedness and sensory richness (from mental 

representation to text), respectively, the actual number of situational and sensory 

descriptions given in the narrative text they have written. 

 

We took text comprehension measures of situatedness and sensory richness from 

contemporary theoretical and empirical work on reading comprehension (e.g., De 

Koning & van der Schoot, 2013; Mcnamara & Magliano, 2009). Situatedness was 

measured using a standardized reading comprehension test (CITO) which provides an 

indication of the extent to which a created mental text representation is situation-

based (Feenstra, Kamphuis, Kleintjes, & Krom, 2010). The extent to which children’s 

mental text representations involve sensory information (i.e., sensory richness) was 

measured using the sentence-picture verification task (SPVT; e.g., Zwaan et al., 

2002). This task was specifically developed to test whether language comprehension 

involves use of perceptual, motor, and emotional symbols during text comprehension 

(Zwaan & Pecher, 2012). To verify our assumption that high scores on these text 

comprehension measures of situatedness and sensory richness would contribute to 

high scores on the corresponding text production measures, we counted the number 

of situational and sensory characteristics of the narrative texts produced by children. 

At this, situational descriptions were defined as descriptions along the key situational 

dimensions of protagonists (‘who’), time (‘when’), space (‘where’), causation (cause-

effect connections between text events) and intentionality (character goals). Sensory 

descriptions, on the other hand, describe what the protagonist sees, hears, smells, 

touches, and tastes (Holliway, 2004; Schunk & Swartz, 1993) and provide an 
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indication of the liveliness and sensory detail of images in the writer’s mind. 

Creativity of the written narrative was measured with the ‘Novel Qualities’-subscale 

of the Carlson Analytic Scale for Measuring the Originality of Children’s Stories 

(Carlson, 1965), assessing those aspects of text which can be regarded as novel, 

original, inventive, and unexpected.  

 

By using path model analysis, we investigated whether our text comprehension 

measures of situatedness and sensory richness have a direct effect on the 

originality/novelty of writing a narrative, or whether these relations are indirect, 

running via – that is, being completely mediated by – the text production measures of 

situatedness and sensory richness. In addition, we compared the direct and indirect 

models against the complete model, in which effects of the two text comprehension 

measures are partially mediated by their corresponding text production counterparts 

(see Figure 1). Using this approach of model comparison allowed us to settle down on 

the best path model in terms of model fit and model complexity. Although some 

relations in the path models have been investigated in prior studies, the present 

study is unique in that it considers all mentioned variables simultaneously within a 

single study.  

 

Methods 

 

Participants 

One hundred and sixty five children from fourth (n = 59), fifth (n = 56), and sixth (n = 

50) grade participated in this study. This sample consisted of 93 boys, (Mage = 10.61 

year, SDage = 0.98 year) and 72 girls (Mage = 10.69 year, SDage = 0.92 year) from seven 

public elementary schools in the Netherlands. The schools participated voluntarily. A 

passive consent was sent out to children’s parents before the start of the study to 

provide them with information about the study and to offer them the opportunity to 

withhold their child from participating in this study.  

 

Materials 

Writing Assignment 

To measure the originality/novelty and text production variables, children were asked 

to write a narrative during their regular writing course. Written narratives were 

analyzed by a team of six research assistants all of whom were trained prior to rating.  
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Figure 1. Path model with all hypothesized pathways. Dashed lines represent the indirect effects. 

They counted the number of sensory words, the number of situational words, and 

assessed the originality/novelty of the story. To ensure that similar standards of 

scoring were used by all raters, they used a standardized protocol. In addition, ten 

randomly selected narratives across the three different grades were scored by all 

raters to help them reach consensus on the scoring method. Hereafter, all narratives 

were randomly distributed across the six raters, with each text being scored by two 

raters. A mean score (based on the two ratings) was calculated for the number of 

sensory words, the number of situational words, and the assessed originality/novelty. 

 

Predictors  

The sensory richness of the mental representation. To measure the sensory richness 

of the mental representation, we used the Sentence-Picture Verification Task (SPVT; 

Zwaan et al., 2002). For this task, children had to read a sentence at their own pace 

and were subsequently presented with a picture. Then the child had to indicate 

whether or not the object depicted in the picture was mentioned in the preceding 
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sentence (see Table 1). The task consisted of 72 pictures to accompany 72 sentences 

divided over 24 filler items and 48 experimental items. The pictures were colored 

drawings of approximately 15x15 cm presented on the computer screen. 

 

For the experimental items, each sentence implicitly described a distinct shape of an 

object. The subsequently presented pictures either matched or mismatched the 

shape of the object implied in the sentence. For example, the sentence ‘The chef saw 

the egg in the fridge’ or the sentence ‘The chef saw the egg in the skillet’ was either 

followed by a picture of an egg in its shell or by a picture of an egg sunny-side up (see 

Table 1). By crossing the two versions of experimental sentences and the two 

versions of pictures, four experimental lists were created. Across the four versions, all 

item combinations were used equally as often. On each list, half of the experimental 

sentence-picture pairs matched whereas the other half mismatched in object shape. 

As the answer to experimental items always required a yes-response, an equal 

number of filler items (requiring a no-response) was added to balance responses. 

Filler items contained sentences of the same form as the experimental items except 

that they were followed by a picture depicting an unrelated object (i.e., an object not 

mentioned in the sentence). Children were told that they had to respond as fast and 

accurate as possible on all sentence-picture trials.  

 

Consistent with previous research using the SPVT, reaction time data were 

preprocessed using the following procedure (e.g., Zwaan & Pecher, 2012). First, data 

of two items were removed from the experiment because of low accuracy scores 

(accuracy below .55) due to the pictures being difficult to recognize. Second, data of 

two participants were excluded from the dataset. One participant only gave no-

responses on all trials, whereas another participant gave no-responses on all 

corresponding pictures in the mismatch condition, reflecting inaccurate 

understanding of the task. Third, reaction times shorter than 300 milliseconds 

(anticipatory responses, fast guesses) or longer than 3000 milliseconds (delayed 

responses, lapses of attention) were not considered to be indicative of the cognitive 

processes involved in the current task and were excluded from the analysis as outliers 

(Connel, 2005, 2007). Also, reaction times 2.5 standard deviations above or below the 

mean in each condition (match vs. mismatch) for each participant were treated as 

outliers and excluded (De Koning, Wassenburg, Bos, & van der Schoot, 2015; Ratcliff, 

1993). This resulted in a removal of less than 5% of the data. Accuracy for all 
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remaining trials, excluding fillers, was high (M = .96, SD = 0.06). The high percentage 

of correct responses indicates that participants adequately understood the 

procedure. Importantly, for reaction time analyses only reaction times on correctly 

answered trials were used. The difference between the average reaction times on 

mismatch trials and match trials (RTmismatch – RTmatch) per child was calculated as an 

index of a child’s sensory richness of the mental text representation. We thereby 

follow the argumentation given by Zwaan and Pecher (2012): the larger the 

difference score, the more the child mentally simulated the object in the shape of 

how it was implied by the sentence (as a consequence of which a faster response on 

match trials could be given). 

 

The situatedness of the mental representation. The situatedness of the mental text 

representation was measured by the standardized Test for Reading Comprehension 

of the Dutch National Institute for Educational Measurement (CITO; Feenstra et al., 

2010). This test is a nationwide test to follow primary school student’s general 

reading comprehension skills in the Netherlands and is designed to be grade level 

appropriate. The test contains two modules (i.e., start module and follow up module) 

each consisting of a text and multiple choice questions. All children take the start 

module which contains 25 questions, after which the children are assigned (based on 

their scores on the start module) to either the follow up 1 module or the follow up 2 

module. The follow up 1 module is designed for the less successful readers (which had 

a score between 0 and 12 on the start module), where the follow up 2 module is 

designed for the successful readers (which had a score between 13 and 25 on the start 

module). The follow up modules contains 25 questions in Grade 4 and 30 questions in 

Grade 5 and Grade 6.  
 

Questions pertain to the word, sentence and text level, and, in addition to the text-

based level of comprehension, tap into the Situation Model level of comprehension 

(Kintsch, 1988). Due to CITO regulations only standardized, grade-normed 

proficiency scores were available for children’s performance on this test, which were 

obtained from the school teachers. The internal consistency coefficients of the Grade 

4-, 5-, and 6- versions of the CITO Test for Reading Comprehension were good with 

Cronbach’s alpha’s of, respectively, .85, .90, and .88. Cronbach's alpha’s were 

calculated using data from a previous norming study (Feenstra et al., 2010; Tomesen 

& Weekers, 2012).  
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Table 1 

Sample sentences and pictures of the match and mismatch conditions in the sentence-picture verification 

task 

 Match Mismatch 

 

The chef saw the egg in the 

fridge   
 

The chef saw the egg in the 

skillet   

 

Mediators  

Number of sensory words. For counting the number of sensory words in each written 

narrative, we used the approach described in Jampole et al. (1991). This scoring 

method consisted of counting all words in a narrative that refer to one of the 

following modalities: visual, auditory, tactile, kinesthetic, olfactory, organic, taste, 

emotional, and action words. This resulted in a ‘total number-of-sensory-words’-

score for each child. Note that each score was the mean of the two raters' scores. 

Since the children were allowed to spontaneously use as many sensory words as they 

liked, there was no maximum score on this variable. The maximum mean score 

reached in our sample was 48.00. The internal consistency between the two raters 

was excellent with a Cronbach’s alpha of .93. 

 

Number of situational words. For counting the number of situational words in each 

written narrative, we drew upon prior work on reading comprehension research in 

general and the situational nature of mental text representations in particular (e.g., 

Zwaan et al., 1995). We took the five key situational dimensions (the ‘who’/‘what’, 

‘where’, ‘when’, ‘how’ and ‘why’ of story passages) that lay the foundation for a story 

and counted, for each narrative, the words that referred to each of these dimensions. 

This resulted in a mean ‘total number-of-situational-words’-score (across the two 

raters) for each child. For the same reason as for the sensory words, there was no 

maximum score on this variable. The maximum mean score reached in our sample 

was 72.50. The internal consistency between the two raters was excellent with a 

Cronbach’s alpha of .93.  
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Outcome variable 

The originality/novelty of the story was measured by the ‘Novel Qualities’ subscale of 

the Carlson Analytic Scale for Measuring the Originality of Children’s Stories (Carlson, 

1965). This subscale measures the originality of written narratives using 16 items: 

novelty of names, novelty of locale, unique punctuation and expressional devices, 

new words, novelty of ideas, novel devices, novel themes, quantitative thinking, new 

objects created, ingenuity in solving situations, recombination of ideas in unusual 

relationships, picturesque speech, humor, novelty of form, inclusion of readers, and 

unusual related thinking (Carlson, 1965). Following Jampole et al. (1991), each of the 

16 items were scored on a four-point Likert scale, ranging from ‘absent’ (0) to ‘highly 

present’ (3). From these scores, a total score (0 - 48) was computed for each child 

reflecting his/her originality/novelty of writing. A mean score was computed across 

the two raters, demonstrating a good internal consistency (Cronbach’s alpha = .75). 

 

Procedure 

As mentioned above, the standardized CITO Test for Reading Comprehension is part 

of the regular school curriculum assessment to follow children’s progress in reading 

comprehension. It has a whole-class test taking approach and is administered by the 

classroom teacher in January – February of each school year. The normalized scores 

were received from the school administration. One month later, the written narrative 

was administered, also by the regular classroom teacher, who followed a written 

protocol. The teacher explained to children that the assignment was to write a story 

that started with the sentence: ‘If I were invisible for one day….’. All children were 

provided with a protocoled definition of the word ‘invisible’ to ensure that the 

assignment was clear and the same for all children. Therefore, we may assume that 

all children understood what was expected from them. Except that there was a 

maximum writing time of 20 minutes, the assignment had no restrictions (e.g., there 

was no limitation of the number of words that could be used). The teacher warned 

children when they only had five minutes left. 

 

After the narrative was written, children were individually tested on the SPVT in a 

silent classroom by a trained research assistant. We did not counterbalance the order 

of the writing task and the SPVT because the SPVT could influence children’s writing 

performance. Children sat behind a 15.6’ research laptop and were instructed to read 

each sentence at their own pace. Each trial started with a horizontally and vertically 
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centered sentence on the computer screen, displayed in a black 24-point Courier New 

Bold font against a white background. Children pressed the spacebar when the 

sentence was understood, after which a 500 millisecond fixation cross appeared, 

followed by a picture. Participants indicated whether the pictured object was 

mentioned in the preceding sentence or not by pressing the keys marked by a green 

sticker (yes-response) and a red sticker (no-response). The task started with two 

practice trials to familiarize children with the task. Next, experimental and filler trials 

were presented in a random order. The SPVT took approximately 15 minutes to 

complete.  

 

Data analysis 

Path analyses using MPlus Version 6 (Muthén & Muthén, 2010) were performed to 

examine which model fitted the data best: the direct model (with only direct 

pathways), the indirect model (with only indirect pathways), or the complete model 

(with both direct and indirect pathways). To assess model fit, a standard Maximum 

Likelihood method of estimating free parameters in path methods was used. 

 

In evaluating the effectiveness of fit of the models, the chi-square test statistic 

associated with a p-value, the Confirmatory Fit Index (CFI), the Root-Mean-Square 

Error of Approximation (RMSEA), and Standardized Root-Mean-Square Residual 

(SRMR) values are reported. In this procedure, a non-significant chi-square value, a 

CFI of more than 0.95, and a RMSEA and SRMR under 0.05 indicate a close fit. A CFI 

of more than 0.90, and a RMSEA and SRMR between 0.05 and 0.08 indicate an 

adequate fit. Finally, a significant chi-square test, a CFI lower than 0.90, and a RMSEA 

and SRMR above 0.08 indicate poor model fit (Hu & Bentler, 1999; Kline, 2005).  

 

To be able to investigate which model is best (in terms of model fit and model 

complexity), the Akaike’s information criterion (AIC) and the Bayesian information 

criterion (BIC) are reported. For both measures lower AIC and BIC values indicating a 

better model (Kline, 2005). Furthermore, in order to directly compare two nested 

models, we calculated the change in the chi-square test statistic with correction for 

nested models using the Satorra-Bentler formula (Bryant & Satorra, 2012). 
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Results 
 

Descriptive statistics 

Table 2 shows the correlations, means, standard deviations, kurtosis, and skewness 

of the five variables in this study. All correlations reached significance, except for 

three: the correlation between sensory richness of the mental representation with 

the variables number of sensory words, number of situational words and situatedness 

of the mental representation.  
 
Table 2 
Correlations, means, standard deviations, kurtosis, and skewness for all variables 

 1. 2. 3. 4. 5. M (SD) Kurtosis Skewness 

1. Sensory 
richness of MR - .09 .008 .07 .21* 62.93 (197.93) 0.47 0.20 

2. Situatedness 
of MR  - .30** .21* .27** 53.92 (21.58) -0.82 0.18 

3. Number of 
sensory words  

  - .77** .56** 12.92 (7.71) 3.10 1.49 

4. Number of 
situational words    - .43** 19.21 (10.53) 4.04 1.53 

5. Originality/ 
novelty of 
writing 

    - 4.97 (2.62) 0.14 0.63 

Note. MR = mental representation; *p < .05, **p < .01 

Comparing models 

The direct and indirect model had poor fit indices on the chi-square test and RMSEA. 

In addition, the direct model had a poor fit on SRMR and acceptable fit for CFI, 

whereas the indirect model had an acceptable fit for SRMR, and a close fit on CFI 

(direct model: χ2 (5) = 15.469 p = .009; CFI = .95; RMSEA = .11; SRMR = .09, AIC = 

6118.07, BIC = 6164.66; indirect model: χ2 (3) = 11.84, p = .008; CFI = .96; RMSEA = .13; 

SRMR = .06, AIC = 6118.44, BIC = 6171.24). The complete model, however, had a 

close fit on all fit indices (χ2 (1) = .99, p = .32; CFI = 1.00; RMSEA = .00; SRMR = .02; 

AIC = 6111.59; BIC = 6170.60).  

 

In order to test which model is the ‘best’ model, the complete model was compared 

to both the indirect and direct models. The results of these tests showed that adding 

terms to the direct and indirect model had surplus value, that is, the complete model 
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is a significantly better model than both the direct model (Δ χ2 (4, N = 165) = 17.20, p = 

.002) and the indirect model (Δ χ2 (2, N = 165) = 9.24, p = .010). This finding is 

supported by the finding that the AIC (AIC = 6111.59) of the complete model was 

lower than the AIC of either of the other two models (AIC = 6118.07 and AIC = 

6118.44). In addition, the complete model had a lower BIC (BIC = 6170.60) compared 

to the indirect model (BIC = 6171.24), but not compared to the direct model (BIC = 

6164.66). Taken together, we conclude that the complete model, in which the effects 

of the two text comprehension measures (sensory richness and situatedness of the 

mental representation) are partially mediated by their corresponding text production 

counterparts (respectively, number of sensory words and number of situational 

words), is the best model in terms of model fit and model complexity.  

 

 
Figure 2. Complete model with standardized path coefficients (with standard errors in brackets) and 

percentages of explained variance (indicated by R2). Dashed lines represent the indirect effects. * p < .05, 

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

Figure 2 shows the graphical representation of the complete model, including the 

standardized parameter estimates. As can be seen in this figure, the following 

pathways reached no significance: sensory richness of the mental representation 
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towards the number of sensory words (β = -0.01, p = .890), situatedness of the mental 

representation towards originality/novelty (β = 0.10, p = .195), the number of 

situational words towards originality/novelty (β = -0.03, p = .807), and sensory 

richness of the mental representation towards the number of situational words (β = 

0.06, p = .461). For the sake of parsimoniousness, we removed the non-significant 

pathways (see Figure 3) and evaluated whether or not this model decreased in its fit 

indices. The effective fit indices of this final model, that is, the model in which only 

the statistically significant pathways were retained, indicated a close model fit (χ2 (5, 

N = 165) = 4.46, p = .486, CFI = 1.00, RMSEA = .00, SRMR = .034, AIC = 6107.06, BIC = 

6153.65). 

 

 
Figure 3. Final model with standardized path coefficients (with standard errors in brackets) and 

percentages of explained variance (indicated by R2). Dashed lines represent the indirect effect. * p < .05, 

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

Statistical comparison of this model to the complete model using the Satorra-Bentler 
formula did not reach significance (Δ χ2 (4, N = 165) = 3.62, p = .46), that is, adding 
terms to the final model did not improve the model. In addition, both AIC and BIC 
were lower for the final model compared to the complete model (AIC = 6107.06, BIC = 



Influence of the Situation-Model on Creative Text Production 121 

 

6153.65). Consequently, we conclude that this final model is the better model, 
therefore we will discuss the results of this more parsimonious final path model 
below.  

 
As can be seen in Figure 3, the path analysis showed that 35.2% of the variance in the 

creative narrative writing outcomes (i.e., originality/novelty) was explained by the 

sensory richness of the mental representation (β = 0.198, p = .002), the number of 

sensory words (β = 0.56, p < .001), and the indirect effect of situatedness of the 

mental representation on originality/novelty running via the number of sensory 

words (β = 0.165, p = .001). In addition, situatedness of the mental representation 

explained 4.1% of the variance in the number of sensory words (β = 0.294, p < .001) 

and it explained 8.7% of the variance in the number of situational words (β = 0.203, p 

= .013).  

 

Discussion 
 

The present study investigated whether reading comprehension measures tapping 

the situatedness and sensory richness of mental representations also underlie 

children’s creative narrative writing outcomes. Besides determining their relative 

influences on creative writing, our objective was to see whether these measures can 

directly predict the originality/novelty of writing, or whether the relationship is 

mediated by their corresponding text production measures, respectively, the actual 

number of situational and sensory descriptions used in the stories. 

 

The results of the path model analyses give an understanding of the elements 

involved in creative writing and how they are related to each other. Although sensory 

richness and situatedness of mental representations both influenced the creative 

writing outcomes of children, they followed their own distinctive pathway. Sensory 

richness was found to be directly related to the originality/novelty of their writing 

whereas the effect of situatedness was mediated by the number of sensory words in 

the texts they had produced. Together, the two variables explained roughly 35% of 

the variance in creative writing, with both of them influencing the outcomes to a 

comparable extent as the estimation of the path coefficients was found to be 0.20 

and 0.17, respectively. 
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The first and most obvious conclusion to be drawn from the former result is that the 

sensory richness of mental representations does not only play a role in reading 

comprehension (from text to mental representation; e.g., Zwaan & Pecher, 2012) but 

also in creative writing of a narrative (from mental representation to text). 

Remember that our reading comprehension measure of sensory richness reflects the 

extent to which readers mentally simulate the perceptual, motor, and emotional 

content of a narrative. Mental simulation is thought to be central to reading 

comprehension (Barsalou, 2008) and explains why the latter is generally considered 

as a process which involves (re-)creating multi-sensory experiences in one’s mind (De 

Koning & van der Schoot, 2013). Our results extend this idea by showing that the 

same can be said about creative writing of narratives. That is, while planning what to 

write about, writers ought to imagine the situations and events to be included in the 

story as vividly as possible, as if they are really experiencing them themselves (see 

also Bereiter & Scardamalia, 1987). At least, the path model results suggest that 

performing such mental simulations before and during writing helps writers to tap 

into their creative potential and hence write a narrative with originality/novelty.  

 

What is of particular interest here is that the effect of mental simulations (i.e., the 

sensory richness of a mental representation) on creative writing outcomes was direct 

in the sense that the assessed creativity did not lie in the number of sensory words 

used in the stories, but rather in the ability to use words in a way that evokes 

compellingly vivid, multi-sensory, images in the reader’s mind. Although sensory 

word use was found to have a (mediating) effect on children’s writing outcomes in 

the indirect pathway between the situatedness of mental representations and 

creativity of writing (as will be discussed later), the direct path from the sensory 

richness variable to creativity of writing indicates that mental simulation of the 

events one wants to write about (at least also) involves a mental process for which 

sensory language is not per se required. To understand this, it is useful to recognize 

that one-or-few-words creative expressions, such as the comparison made in the 

sentence ‘his house is like a zoo/prison/et cetera’, can be used to simultaneously 

evoke multiple sensory details (e.g., information about texture, temperature, taste, 

smell, size; see also Zimmerman & Hutchins, 2003). In a similar manner, a single word 

has the capacity to evoke a variety of mental images appealing to the reader’s senses 

depending on the context in which it was described (e.g., the word ‘bumpy’ used by 

an airline pilot warning his passengers for bumpy weather; De Koning, Wassenburg, 
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Bos, & van der Schoot, 2015; De Koning & van der Schoot, 2013). So, a child who 

writes about a ‘Hipagardocason’ (an animal which has combined features of a 

hippopotamus, giraffe, rhinoceros, dog, cat, and person; example taken from 

Carlson, 1965) obviously has a rich mental representation in which sensory details are 

creatively combined. Hence, this child would most probably get a high rating for 

creativity in spite of having used only one (pseudo)word to evoke this powerful multi-

sensory image in the reader’s mind. 

 

In contrast to its sensory richness, the situatedness of a writer’s mental 

representation influenced creative writing indirectly through the number of narrative 

descriptions of interest that children actually provided in the text. More in particular, 

the effect of this text comprehension measure on the originality/novelty of a story 

was mediated by the number of sensory words, not by the number of situational 

words. In light of the above considerations, attention should first be directed to the 

second step of this indirect pathway, as it shows that the amount of sensory 

language does have an impact on the originality/novelty of the text in which it occurs. 

This effect can be explained by assuming that sensory words contribute to the 

richness and vivid power of images created in the reader’s mind (Sadoski & Paivio, 

2001). This notion is consistent with previous studies that addressed the relationship 

between sensory language and creative expression in language (e.g., Jampole et al., 

1991, 1994). Above all, this relationship has been attributed to the fact that sensory 

words serve as an important tool in several types of figurative language. For example, 

similes (e.g. her breath is as fresh as a cool breeze), metaphors (e.g. love is a warm 

fire on a cold day) and personifications (e.g. the flowers danced in the gentle wind) 

are expressions of figurative language which often make use of sensory words. The 

close relation between sensory and figurative language is not difficult to understand, 

nor are their relations with creative originality. By definition, sensory words appeal to 

our senses, and as such, they can function to make one’s writing come to life when 

captured in figurative language, resulting in a more original and creative story (Stern 

& State, 1988). 

 

Perhaps the most striking feature of the path model concerns the source of sensory 

language as sensory word use seems to be rooted in the situatedness of a mental 

representation rather than in its sensory richness. Here, in an attempt to understand 

this finding it is important to consider the reading comprehension literature on 
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embodied Situation Models (De Koning & van der Schoot, 2013). In particular, two 

assumptions of embodied Situation Model theory seem to be relevant. First, the 

situational dimensions of protagonist, time, space, intentionality, and causation are 

the cornerstones laying the foundation of a Situation Model (Zwaan et al., 1995). 

Second, Situation Models are implemented by the same sensorimotor neural 

representations formed while actually perceiving and acting out the described events 

(Barsalou, 1999, 2008). Against this background, the significance of our findings is 

that the use of sensory language in narrative writing seems to be related to the 

former feature of Situation Models (indexed by the situatedness variable), more than 

to the latter (indexed by the sensory richness variable).  

 

To clarify this further, it should be recognized that the situatedness of mental 

representation variable serves a double function in the path model, which tells us two 

things about writers who create a clear situational framework in their mind along the 

narrative dimensions of ‘who and what’, ‘where and when’, and ‘why and how’. First, 

they are inclined to use more situational words, that is, words which lay the 

foundations for a situation-based story structure. Second, they are more likely to 

bring their stories alive with sensory descriptions. Whereas the former finding was to 

be expected, the latter is somewhat surprising and deserves an explanation here. In 

our view, the path between situatedness of mental representations and sensory word 

use suggests that, in narrative writing, the dimensions of protagonist, time, space, 

intentionality and causality serve as the ‘mental clotheslines’ on which sensory 

descriptions can be hung (De Koning & van der Schoot, 2014). In other words, 

producing a situation-based mental representation of a story line before starting to 

write may incite children to include the senses in their writing and enrich the 

narrative they are working on with sensory details (and hence make it more original). 

Such enrichments likely differ between individuals due to their subjective nature and 

can be seen as an intra-personal enhancement of the constructed mental text 

representation (Long & Hiebert, 1985; Plum, 1982). On the contrary, as was discussed 

earlier, mentally simulating the events you have in mind before writing them down 

does not necessarily lead to more sensory language (albeit we have shown that 

mental simulation processes influence the originality/novelty of writing, only not 

through the use of sensory vocabulary). 
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Educational implications 

If the goal is to teach children to write creatively, the results of this study underscore 

the importance of representational skills as part of the methods used in (creative) 

writing instruction in primary schools. We have demonstrated that representational 

skills which are considered to be key in the field of reading comprehension are also 

relevant for children’s creative narrative writing outcomes. This has educational 

implications in the sense that teachers concerned with narrative writing instruction 

now can extend their repertoire of tools by incorporating aspects of Situation Model 

and mental simulation theory, not only in reading comprehension lessons, but also in 

(creative) narrative writing lessons. For example, teachers should find appropriate 

ways to teach children how to create mental representations that involve situational 

plot structures (Zwaan et al., 1995) as well as sensorimotor simulations (Zwaan & 

Pecher, 2012). In doing so, situatedness and sensory richness should receive similar 

amounts of attention as they appear equally relevant for the creativity of writing 

(though in different ways).  

 

Instructional approaches and strategies used in reading and writing lessons might 

fulfill similar or complementary roles. Moreover, aspects learned during reading 

lessons might be transferred to narrative writing instruction and vice versa. For 

example, while reading lessons might involve instruction on the importance of 

situatedness and sensory richness for narrative text comprehension, writing lessons 

may focus more on whether children are able to apply this knowledge when 

composing a narrative. Future research should examine whether and how this 

scenario actually can be implemented in school curricula.  

 

Limitations 

In considering the weight that should be given to the earlier interpretations and 

implications, we would like to discuss two limitations of the present study. First, we 

focused on creative expression in narrative, or story, writing. One must, therefore, be 

careful with generalizing the current results to other genres such as informational 

writing (e.g., reports), functional writing (e.g., formal letters), literary writing (e.g., 

poetry) or persuasive writing (e.g., stating an opinion). Different genres of writing not 

only have different purposes, structures, audiences, and conventions (Knapp & 

Watkins, 2005), but, more importantly here, also require and reward different kinds 

of creativity. Second, we did not differentiate the (level of) instruction to different 
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grades. Since narrative writing outcomes likely develop over time, future research 

should consider grade-related differences and developmental trends in creative 

writing (including the role of mental model construction) and the potential need for 

grade-specific interventions. The results from the present study at least provide a 

starting point from which such endeavors could be further explored. 

 

Conclusions 

Taken together, the findings of this study have two theoretical implications regarding 

the role of mental representations in creative writing. First, both situational and 

sensory word use in a creative narrative depend on the extent to which the mental 

representation which is generated prior to writing is situation-based, rather than to 

the extent to which it is sensory-rich. Second, the originality/novelty of a story is 

more related to the writer’s ‘sensory profile’ than to his ‘situational profile’, where 

‘sensory profile’ refers to both the sensory aspects of his mental representation 

guiding the creative writing process as well as the sensory aspects of the actual story 

which has been produced (i.e., the amount of sensory language). With this study, we 

have extended previous research by showing that representational processes 

involved in narrative reading comprehension also underlie creative writing of 

narratives. In turn, this has implications for future writing research suggesting that its 

theoretical and applied orientation should be broadened to the various disciplines in 

reading comprehension research, in particular those related to mental representation 

and embodiment.  
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Abstract 
 

In the Sentence-Picture Verification (SPV) task, people read sentences in which a 

particular shape/size/color/orientation of an object is implied. They then indicate for 

each subsequently presented picture, which either matches or mismatches the visual 

information implied in the preceding sentence, whether the object it depicts was 

mentioned in the sentence. Faster verification times on matching than mismatching 

trials (i.e., match-advantage) are generally considered supportive to the notion that 

readers engage in mental simulation during sentence comprehension. The present 

study advances this work by applying a within-subjects design to the SPV task, 

enabling us to directly address the strength of and correlation between the match-

advantages for the visual object properties shape, size, color, and orientation. Results 

showed varying match-advantages for shape, size, and color, with color showing the 

strongest effect, but no match-advantage for orientation. Additionally, shape, size, 

and color appeared to be significantly correlated, whereas there were no significant 

correlations with orientation. These findings suggest that the interpretation of 

match-advantages would benefit from a re-evaluation of the mental simulation 

account based on a distinction into intrinsic (i.e., shape, size, color) and extrinsic (i.e., 

orientation) object properties. 
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In capturing the meaning of text, readers mentally simulate the described situations 

and events through the reactivation of previously acquired real-world perceptual, 

motor, and affective experiences (Barsalou, 1999). Retrieving such an experience 

entails the re-enactment of the neural states from the brain systems that govern 

perception, action, and emotion which were recruited and stored at the moment the 

original experience was acquired. Integrating these traces of earlier experiences from 

multiple perceptual and motor modalities into a mental simulation enables readers to 

experience the described events as if they are actually part of it (for an overview, see 

De Koning & van der Schoot, 2013). It follows that, in such an embodied view to 

language comprehension, the representations involved in understanding sentences 

are of the same kind as the representations involved in having actual sensory and 

motor experiences. At present, there are a growing number of studies substantiating 

the claim that readers indeed activate sensory and motor information in language 

comprehension (Barsalou, 2008). In this article, we will concentrate on the work that, 

using the Sentence-Picture Verification (SPV) task, has demonstrated that perceptual 

information related to an object’s shape, size, color, and orientation is activated 

during sentence comprehension (De Koning, Wassenburg, Bos, & van der Schoot, 

2015; Zwaan & Pecher, 2012; for an overview, see Horchak, Giger, Cabral, & 

Pochwatko, 2014). 

 

In the SPV task, participants read sentences implying a visual property of an object 

like “The ranger saw the eagle in the nest” (e.g., Engelen, Bouwmeester, de Bruin, & 

Zwaan, 2011). They then indicate whether or not an image, which depicts the object 

in such a way that it matches (i.e., an eagle with folded wings) or mismatches (i.e., an 

eagle with its wings outstretched) the visual property (here: object shape) as implied 

by the sentence, was mentioned in the sentence. Across numerous studies, readers 

appear to verify pictures faster when they match rather than mismatch the 

perceptual information from the preceding sentence. A finding which has been 

demonstrated for, among other things, multiple visual object properties (i.e., shape, 

size, color, and orientation) in both children and adults (e.g., De Koning, Wassenburg, 

Bos, & van der Schoot, 2015; Engelen et al., 2011; Zwaan & Pecher, 2012). This so-

called match-advantage is consistent with the idea that readers reactivate previously 

stored perceptual information from the brain during the processing of sentences and 

have this information available when verifying subsequently presented pictures, 

resulting in shorter verification latencies. Conceivably, such findings are typically 
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considered supportive of the general tenet of embodied approaches to language 

comprehension that mental representations formed during sentence comprehension 

contain perceptual information (Barsalou, 1999).  

 

Whilst the findings derived from all of the SPV task studies so far seem 

straightforward, zooming in on these findings shows a less clear and less consistent 

pattern of results. Whereas these variations could actually be existent representing 

real differences in mental simulation between different visual object properties, they 

could also just be the result of differences in characteristics of the sentence-picture 

verification task used in different studies. For example, studies differed in whether 

(line-)drawings (e.g., Stanfield & Zwaan, 2001) or real photographs (e.g., Engelen et 

al., 2011) were presented as pictures. In addition, the pictures used in prior studies 

inevitably varied in visual appearance such as their style and colorization. Also, these 

studies varied in the populations that were studied (children, Engelen et al., 2011; 

psychology students, Zwaan et al., 2002; older adults, Zwaan & Pecher, 2012) and the 

settings in which they were tested (e.g., online platforms, Zwaan & Pecher, 2012; lab 

cubicles, Zwaan et al., 2001; school classrooms, Bos, De Koning, Wassenbrug, & van 

der Schoot, 2016; Engelen et al., 2011). Moreover, at present, the often implicit 

assumption articulated by Zwaan and Pecher (2012) that “If comprehenders perform 

mental simulations [for one visual dimension], then other visual dimensions should 

also be simulated (p. 2)” has only received circumstantial support given that a direct 

comparison between visual object properties has yet to be made. Stronger support 

for this assumption would be obtained if prior results on each of these individual 

visual object properties could be replicated in such a direct comparison. Based on 

these considerations, the present study employed, as far as we know for the first 

time, a within-subjects design to the SPV task so as to investigate the mental 

simulation of the visual object properties shape, size, color, and orientation during 

sentence comprehension. This within-subjects design enables us to address at least 

two aspects related to the mental simulation of these visual object properties that 

research using the SPV task so far has not been able to answer.  

First of all, it offers the possibility to take a look at the fact that across studies 

employing the SPV task, the magnitude of the match-advantages appears to vary 

from one visual property to the other. A relatively large and robust match-advantage 

(averaged over studies approximately 63 ms, see Zwaan & Pecher, 2012) is typically 

reported for studies involving the mental simulation of object shape (e.g., Rommers, 
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Meyer, & Huettig, 2012; Zwaan, Stanfield, & Yaxley, 2002; for a more elaborated 

discussion, see Zwaan & Pecher, 2012). Recently De Koning, Wassenburg, Bos, and 

van der Schoot (2015) have reported a match-advantage for the mental simulation of 

object size which was of comparable magnitude (61 ms for children and 69 ms for 

adults). Also for object color large match-advantages have been reported (averaged 

over studies approximately 121 ms, see Zwaan & Pecher, 2012), although it could be 

questioned to what extent the color effect is robust given that the opposite pattern 

of results, a mismatch-advantage, has also been observed (Connell, 2007). 

Nevertheless, Zwaan and Pecher (2012) have argued that future studies are more 

likely to show match-advantages for object color rather than mismatch-advantages. 

For object orientation, however, much lower match-advantages are reported across 

studies (38 ms, see Zwaan & Pecher, 2012). Importantly, there are even studies that 

fail to find a match-advantage for orientation at all (e.g., Rommers et al., 2013).  

 

Although these findings suggest clear differences in the reported match-advantages 

for each of the visual object properties, to the best of our knowledge, no study has 

yet attempted to actually test this assumption directly. Studies have typically 

focused on just a single visual object property at the time (e.g., Connell, 2007; Zwaan 

et al., 2002), have intermixed different visual object properties (i.e., shape and 

orientation) in one SPV task (e.g., Engelen et al., 2011), or if more than one visual 

object property was investigated in a study have treated them as between-subjects 

factors in different sentence-picture verification tasks (Zwaan & Pecher, 2012). 

Hence, empirical evidence is yet inconclusive about the relative magnitude of the 

match-advantages of different visual object properties observed in previous studies. 

By applying a within-subjects design in the present study, we aim to clarify this issue 

by directly comparing the magnitude of the match-advantages for each of the four 

examined visual object properties (i.e., shape, size, color, orientation). 

Interestingly, embodied accounts of language comprehension do not seem to make 

any predictions that would lead one to hypothesize differential match-advantages 

depending on the visual property (i.e., shape, size, color, orientation) that is studied. 

An approach that could provide some more guidance in this respect is to consider the 

kind of visual object property. Shape, size, and color are intrinsic visual properties of 

an object meaning that they are properties an object has of itself regardless of other 

things, like its relation with other objects, and thus are invariant. Instead, orientation 

is an extrinsic visual property in that it is not inherent to an object, but rather varies 
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depending on aspects like the observer (e.g., rotating his/her head or not), the 

particular condition of observation (e.g., looking straight ahead while standing 

upright or when lying on your side), or the way an object is positioned (e.g., holding a 

sword upright or directing it at someone in front of you) (Borghi, Caligiori, & Scorolli, 

2010; Scorolli & Borghi, 2008). It is important to realize that such variations in the 

orientation of an object do not change the object itself, but only how the object is 

held or perceived. Applying this intrinsic-extrinsic distinction to the previously 

reported match-advantage findings learns that both intrinsic and extrinsic properties 

are sensitive to sentence context, but that the extrinsic visual object property (i.e., 

orientation) shows the least favorable results. The three intrinsic visual object 

properties (i.e., shape, size, color) all show more positive results as well as appear 

somewhat more comparable in terms of the magnitude of the match-advantage. 

This is particularly the case for shape and size, which show a striking resemblance. 

Following this line of thinking, it could be argued that match-advantages vary 

depending on whether sentences contain an intrinsic or extrinsic visual object 

property. Therefore, the present study examines the extent to which the distinction 

between extrinsic and intrinsic properties is useful in helping us to explain the 

observed differences in the magnitude of the match-advantages. More precisely, it 

examines whether, as suggested by previous literature (e.g., Rommers et al., 2013; 

Zwaan & Pecher, 2012), the match-advantage is smallest, or even non-existent, for 

extrinsic properties (i.e., orientation) as compared to intrinsic properties (i.e., shape, 

size, color).  

 

A second, yet unexplored, aspect the within-subjects design enables us to investigate 

is whether a participant who is mentally simulating one visual object property (e.g. 

shape) while reading, is also mentally simulating other visual object properties (e.g., 

orientation). Addressing this issue moves beyond getting insight into whether or not 

each of the visual object properties alone is mentally simulated as it primarily targets 

the stability of an individual’s reliance on mental representations over all of the visual 

object properties. Assuming that an individual consistently engages in mental 

simulation irrespective of which visual object property is involved, then all visual 

object properties should elicit a similar match-advantage on the sentence-picture 

verification task, and more importantly, we would expect these effects to be 

correlated. Such a finding would provide direct support for the assumption derived 

from embodied theories of language comprehension that mental simulation is the 
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common underlying mechanism involved in the comprehension of sentences 

implying visual properties (e.g., shape, size) of objects (Barsalou, 1999; Zwaan & 

Pecher, 2012). This would be a valuable contribution to the literature as so far this 

assumption has at best only received indirect support. That is, the empirical findings 

on the SPV task discussed above are often considered sufficient to be interpreted in a 

way suggestive of a common mental simulation mechanism that underlies sentence 

comprehension for the different visual object properties. 

 

Importantly, we also should consider the possibility that a pattern of findings 

emerges which is inconsistent with this idea. Under this view, only for some, or even 

none, of the visual object properties correlations between match-effects would be 

observed. For instance, reverting to the intrinsic-extrinsic distinction alluded to 

earlier, one could envision a scenario in which there are significant correlations 

among the intrinsic visual object properties (i.e., shape, size, color) but no 

correlations between each or all of the intrinsic visual object properties with the 

extrinsic visual object property (i.e., orientation). This, then, would be indicative of a 

common underlying mechanism (i.e., mental simulation) for intrinsic visual object 

properties that is to a greater or lesser extent different from the mechanism involved 

for extrinsic visual object properties. One possibility worth mentioning in this regard 

is that, in the SPV task, irrespective of the context in which an extrinsic visual object 

property is described (e.g., screw [in the wall/in the ceiling]) exactly the same object 

(i.e., the object itself does not change) is involved and that this object is associated 

with the same knowledge schema (e.g., metal, sharp, construction, screwdriver). In 

verifying the depicted image, readers might engage in mental rotation of the image 

depending on what information they gained from the sentence context. In contrast, 

for intrinsic visual object properties verifying a matching (e.g., picture of a white bear 

following the sentence “He saw a bear at the North pole”) or mismatching (e.g., 

picture of a brown bear following the sentence “He saw a bear at the North pole”) 

picture involves a different object which is associated with a (partly) different 

semantic network (for a similar suggestion, see Zwaan & Pecher, 2012). For example, 

a polar bear typically is more strongly associated with concepts like snow, cold, 

white, ice, whereas a regular brown bear is typically associated with concepts like 

wood/tree, honey, and nuts. Obviously, sentence context influences which of these 

are activated and thus whether or not an extra processing step (in case of a 

mismatch, to another semantic network) is needed to accurately verify the depicted 
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image. That this possibility of different processing mechanisms is not as unlikely as it 

may seem, becomes clear when we move beyond the SPV task and consider the 

literature in adjacent fields of research. For example, by now several studies have 

shown that for object manipulation the grasp component of a movement is 

influenced by intrinsic object properties, whereas the reaching component of a 

movement is influenced by extrinsic object properties, suggesting that different 

processes are associated with intrinsic and extrinsic object properties (Gentilucci, 

Chieffi, Scarpa, & Castiello, 1992; Jeannerod, 1981; Jeannerod, Arbib, Rizzolatti, & 

Sakata, 1995). The within-subjects design in the SPV task employed in the present 

study provides a first step to investigate whether or not all examined (intrinsic and 

extrinsic) visual object properties share a common underlying mechanism, which 

from an embodied view to language comprehension is assumed to be mental 

simulation. 

 

Taken together, the present study aimed to provide novel insights into the mental 

simulation of visual object properties during sentence comprehension by taking a 

within-subjects design approach to the SPV task. In this study, participants thus 

completed a sentence-picture verification task four times, one for each of the visual 

object properties shape, size, color, and orientation. Our first interest was to 

investigate the yet untested suggestion that the magnitude of the match-advantages 

differs depending on the visual object property involved. Based on previous empirical 

work, we may expect intrinsic visual object properties (i.e., shape, size, color) to show 

significantly stronger match-advantages than extrinsic visual object properties (i.e., 

orientation). A second aim of this study was to examine whether the match-

advantages for the four visual object properties would show a correlation, and thus 

be indicative of a shared processing mechanism (i.e., mental simulation). Although 

embodied accounts of language comprehension would expect this to be the case, for 

reasons mentioned earlier, we anticipated that there may only be significant 

correlations among the visual object properties shape, size, and color. This is 

motivated by the fact that these visual object properties are intrinsic properties, 

whereas orientation is an extrinsic visual object property for which the verification 

decisions presumably invoke a different processing mechanism (i.e., mental 

rotation).  
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Method 
 

Participants 

The participants were 169 university students recruited from different educational 

programs of a large Dutch university. Consistent with biased gender ratios in these 

programs, there were 125 woman and 44 men, with an average age of 20.97 years 

(SD = 2.19 years). The participants provided written consent indicating that they 

voluntarily took part in the experiment. Participants received course credit for their 

participation. All participants participated in a counterbalanced within-subjects 

design with the factors Visual Property, consisting of four levels (i.e., shape, 

orientation, color, size), and Matching, consisting of two levels (i.e., match vs. 

mismatch), both of which are discussed in more detail below. 

 

Materials 

Sentence-Picture Verification Task 

In the Sentence-Picture Verification (SPV) task, readers read a sentence implying a 

visual property of an object (e.g., shape, orientation) and subsequently had to 

indicate whether or not the object shown in a subsequently presented picture was 

mentioned in the sentence. In this study, four SPV tasks were used, each targeting a 

different visual property for an object: shape, orientation, color, and size. These tasks 

were based on the original experimental sentence and picture stimuli that have been 

used to study the object properties shape, orientation, color, and size developed by 

Zwaan et al. (2002), Stanfield and Zwaan (2001), Connell (2007), and De Koning, 

Wassenburg, Bos and van der Schoot (2015) respectively. Where appropriate, we 

translated items into Dutch, rephrased sentences, and constructed new items (for 

example, the color task developed by Connell (2007) contained only half as much 

items as the other SPV tasks). An example of each, as used in the current study, is 

provided in Table 1.  

 

In all four SPV tasks, a set of experimental sentences (presented in Dutch) and 

pictures were used. Sentences all were of the format “Subject-Verb-Object-Adverb” 

(e.g., The cook saw the egg in the skillet). For the experimental sentences, there were 

always two versions that only differed in the visual property of the object that it 

implied. For example, the sentence “The man saw the eagle in the sky” suggests a 

different shape of the critical object than the sentence “The man saw the eagle in the 
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nest”. Participants read one of the two versions of each sentence and subsequently 

saw a picture that either matched or mismatched the visual property implied in the 

sentence (see Table 1). All pictures were colored drawings made by a qualified 

draftsman and were scaled to occupy a square of approximately 15x15 cm on the 

computer screen. This ensured that all pictures were comparable on aspects like 

style, brightness, color use, and size. Importantly, each picture only showed the 

critical object, except for the pictures in the SPV task involving implied object size 

where the critical object was always presented on the same table (see Table 1). As 

determining object size requires contextual cues, this table provided a necessary 

reference point which enabled participants to “read off” an object’s size directly (De 

Koning, Wassenburg, Bos, & van der Schoot, 2015). The SPV tasks involving the 

visual object properties color, orientation, and shape, contained 24 experimental 

sentence-picture items, whereas for the SPV task involving implied size, there were 

28 experimental sentence-picture items.  

 

For each SPV task, we created four experimental lists by crossing the two versions of 

experimental sentences and the two versions of pictures, using a Latin Square design. 

As a result, each list included one of the four possible sentence-picture combinations 

for an object. Each participant saw just one of these lists per SPV task that he or she 

completed. Across the four lists, all item combinations were used equally often. On 

each list, half (i.e., 12) of the experimental sentence-picture items matched whereas 

the other half (i.e., 12) mismatched on the visual property of interest. As the answer 

to the 24 experimental items always required a yes-response, an equal number of 

filler items were added to balance responses. Filler items consisted of a sentence 

which had the same amount of words as the experimental sentences which was 

followed by a picture unrelated to the critical object mentioned in the sentence. Filler 

items thus always required a no-response. 

 

Procedure 

All four SPV tasks were administered individually in a single session in a quiet cubicle 

in the university’s lab facility. The order of presentation of the SPV tasks was 

counterbalanced across the participants to diminish unwanted serial order effects 

(e.g., fatigue, improved performance due to experience with the task). Participants 

were instructed to read each sentence at their own pace and to indicate as fast and  
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Table 1 
Examples of sentence-picture pairs (match and mismatch) used for each visual object property  

Visual property Sentence-picture combinations 

Orientation 
The handyman put the drill against 

the wall (match) / ceiling 
(mismatch) 

The handyman put the drill against 
the wall (mismatch) / ceiling 

(match) 
 

Color 

 
 
 
 
 

The girl licked the ice cream with 
chocolate (match) / vanilla 

(mismatch) flavor 
 

 
The girl licked the ice cream with 

chocolate (mismatch) / vanilla 
(match) flavor 

 

Size 
 

The man saw the sculpture in the 
windowsill (match) / garden 

(mismatch) 
 

 
The man saw the sculpture in the 
windowsill (mismatch) / garden 

(match) 
 

Shape 

 
 
 
 

The chef took the egg out of the 
skillet (match) / box (mismatch) 

 

 
 

The chef took the egg out of the 
skillet (match) / box (mismatch) 

 

accurate as possible whether or not the depicted object had been mentioned in the 

sentence. Upon the first encounter of each SPV task, participants were presented 

with a few practice trials. Next, the experimental and filler trials were presented in a 

random order. Each trial started with a horizontally and vertically centered sentence 

on the computer screen, displayed in a black 24-point Courier New Bold font against 

a white background. Participants pressed the spacebar when they had understood 
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the sentence, after which a 500 ms fixation cross appeared, followed by a picture. 

Participants indicated whether the pictured object was mentioned in the preceding 

sentence or not by pressing the keys on the keyboard marked by a green sticker (yes-

response) and a red sticker (no-response). After having worked through all four SPV 

tasks, participants were thanked for participating and they left the room. The whole 

experiment lasted approximately 40 minutes. 

 

Results 

 
Data trimming consisted of removing all reaction times (RT) slower than 300 ms and 

faster than 3000 ms (Connell, 2007), and all responses that were more than 2.5 

standard deviations from the participant’s mean reaction time in the relevant 

condition. This resulted in removal of less than 5% of the data in all SPV tasks (color: 

4.14%; shape: 3.20%; orientation: 2.52%; size: 4.18%). In line with the procedure used 

by Zwaan and Pecher (2012), data of participants with an accuracy score of .80 or 

lower were left out of our analyses as such unusually low accuracy scores on this task 

are considered to not accurately reflect the cognitive processes the task aims to 

target. For RT analyses, incorrect responses were eliminated. First of all, we aimed to 

test whether the match-advantage in the SPV task differs between visual properties 

(i.e., size, shape, color, and orientation). Therefore, we conducted a 4 (Visual 

Property: shape, color, orientation, size) × 2 (Matching: match vs. mismatch) within-

subject repeated measures ANOVA. Interestingly, we obtained a significant 

interaction effect between Visual Property and Matching (F(3,363) = 10.01, p < .001, 

ηp
2 = .08). As can be seen in Figure 1, the reaction time patterns on the different SPV 

tasks differed from each other as a function of the visual property implied in the SPV 

task. Although the main effect for Matching seems to suggest that overall matching 

sentence-picture trials were responded to faster than mismatching sentence-picture 

trials (F(1,121) = 26.57, p < .001, ηp
2 = .18) this was only the case for SPV tasks 

involving size, shape and color and not for the SPV task involving orientation. The 

match-advantage was the largest for the visual property color (ΔRT = 88 ms, t(138) = -

5.69, p < .001, ηp
2 = .17), followed by shape (Δ RT = 39 ms, t(159) = -3.42, p < .001, ηp

2 = 

.07), size (Δ RT = 24 ms, t(148) = -2.31, p = .02, ηp
2 = .04), and orientation (Δ RT = 7 ms, 

t(166) = -.92, p = .36, ηp
2 = .005). Additionally, post hoc contrast analysis comparing 

intrinsic visual properties (i.e., shape, size, color) on the one hand and extrinsic visual 

properties (i.e., orientation) on the other hand showed a significant interaction effect 
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between Visual Property (intrinsic vs. extrinsic) and Matching (match vs. mismatch), 

(F(1,121) = 17.83, p < .001, ηp
2 = .13), indicating that SPV tasks involving intrinsic visual 

properties showed a match-advantage whereas the SPV task involving extrinsic 

visual properties did not. These findings suggest that obtaining a match-advantage in 

the SPV task is influenced by, among other things, the nature (i.e., intrinsic vs. 

extrinsic) of the visual object property. These effects occurred despite the fact that 

there was a main effect for Visual Property (F(3,633) = 67.45, p < .001, ηp
2 = .36), 

indicating that overall reaction times on the color and size task were higher than 

those on the shape and orientation tasks (see Figure 1). 

A second issue we wanted to investigate is the strength of the relationship between 

the visual properties shape, color, orientation, and size. If all of these visual 

properties share a common underlying mechanism, the performance on the four SPV 

tasks implying these visual object properties are expected to be correlated. To test 

this hypothesis, we first calculated the effect size (i.e., match-advantage) for each 

visual object property (Zwaan & Pecher, 2012). The effect size was calculated as the 

difference between the reaction time on mismatch items and match items divided by 

the pooled standard deviation. 

Figure 1. Mean reaction times in milliseconds (+ SE) for the four visual object properties of the SPV task in 
the match and mismatch conditions 
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Next, a correlation analysis was conducted on each of these SPV tasks effect sizes. As 

shown in Table 2, the correlation between the visual object properties shape and size 

was significant, as well as the correlations between the visual object properties size 

and color, and the correlation between the visual object property shape and color. 

However, we found no significant correlation between the object property 

orientation and any of the other visual object properties. So, 3 out of 4 visual object 

properties appeared to be significantly correlated. Consistent with the reaction time 

analyses, the significant correlations included the visual object properties size, shape, 

and color but not orientation. In other words, there was a significant correlation 

among the intrinsic visual properties and these did not correlate with the only visual 

object property that is extrinsic in nature. Taken together, these results only partially 

support the hypothesis of a common underlying mechanism involved in perceptually 

simulating the visual properties of objects in the SPV task. 
 

Table 2 

Correlations between the effect sizes of the four visual object properties 

 1. 2. 3. 4. 

1. Orientation 1 -.04 .05
 

.13
 

2. Color  1 .23**
 

.16* 

3. Size   1 .36**
 

4. Shape    1 

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

  

Discussion 

 
This study applied a within-subjects design to the SPV task in order to address two 

yet unresolved issues regarding the mental simulation of the visual object properties 

shape, size, color, and orientation. First, we directly investigated whether, as 

suggested by prior research, the match-advantages for these visual object properties 

actually show a distinct pattern of findings. Second, to investigate whether all four 

visual properties share a common underlying mechanism, we examined whether 

there is a correlation among the match-advantages of the four visual object 

properties. For both of these aspects, we used the distinction between intrinsic (i.e., 
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shape, size, and color) and extrinsic (i.e., orientation) visual properties as a potential 

source for possible variations.  

 

The results of this study provide direct evidence that some visual object properties 

show stronger match-advantages than others. This confirms our presumption 

derived from prior (between-subject) SPV task studies (e.g., De Koning, Wassenburg, 

Bos, & van der Schoot, 2015; Stanfield & Zwaan, 2002; Zwaan & Pecher, 2012), and 

indicates that differences in the match-advantages of the four visual object 

properties exist independent of variations in stimuli, settings, and populations. In 

fact, we used a set of stimuli that was carefully constructed so that the stimuli were 

as comparable as possible. For example, all pictures were drawn by a professional 

draftsman to ensure that across SPV tasks there were no differences in terms of the 

pictures’ appearance (e.g., style, brightness, color use). Together, this adds to the 

suggestion that match-advantage differences are most likely due to the extent to 

which readers engage in mental simulation. 

 

In particular, our findings demonstrate the expected variations in the match-

advantages for the visual object properties shape, size, and color. Of these, color 

showed the strongest match-advantage, which is consistent with the findings 

previously reported by Zwaan and Pecher (2012). Using a larger set of color stimuli 

than prior studies, our study now puts the balance on three strong match-advantages 

against one mismatch-advantage for color (Connell, 2007). This indicates that the 

color effect does not appear as weak and unstable as initially thought (also see 

Zwaan & Pecher, 2012). It is unclear from the present study, however, to what extent 

the fact that overall participants responded slower to the pictures on this task, may 

have contributed to this strong match-advantage of color. Shape and size showed 

comparable match-advantages, with shape exhibiting a slightly stronger effect. This 

finding provides direct evidence for De Koning et al. (2015) suggestion that a close 

correspondence exists between these two visual object properties. Interestingly, this 

pattern showed up even though overall participants took longer to verify the pictures 

on the size task. Our findings suggest that it does not matter for obtaining a match-

advantage that an extra object (i.e., a table on which the critical object was displayed 

to “read off” objet size directly) was presented; it only seemed to take somewhat 

longer to obtain such an effect as two objects rather than one had to be dealt with 

when verifying the pictures. Whilst these findings together are in line with our 
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expectations, the match-advantages obtained in our study are somewhat smaller 

than those in previous studies. One possible reason for this is that, in contrast to 

previous SPV task studies, the present study employed a within-subjects design in 

which each participant completed four SPV tasks each targeting another visual 

object property instead of having to complete just one SPV task. Consistent with this, 

Zwaan and Pecher (2012) reported that match-advantages did not disappear as 

participants completed multiple SPV tasks (in a between-subject design), but it did 

reduce the strength of the match-advantage.  

 

Importantly, our findings thus demonstrate a match-advantage, of varying strength, 

for all three intrinsic visual object properties. Instead, as anticipated, the only 

extrinsic visual object property investigated in this study, orientation, did not show 

such a match-advantage. This finding is not surprising as we consider that findings on 

the orientation effect appear weak and not very consistent (e.g., Zwaan, 2014). 

Whereas some researchers (e.g., Zwaan & Pecher, 2012) have found a match-

advantage, albeit a small one compared to other visual object properties, others 

(e.g., Rommers et al., 2013) have failed to obtain a match-advantage for orientation. 

Such divergent findings are typically explained by arguing that failures to replicate 

the orientation effect are due to slight deviations from Zwaan et al.’s (2001) original 

orientation experiment and thus do not allow for meaningful comparisons (Zwaan, 

2014). However, the fact that our study contained four SPV tasks which all followed 

exactly the same procedures and were comparable in the design of the stimuli 

enables us to make straightforward comparisons between match-advantages on the 

SPV tasks. So, it does not seem likely that the failure to find an orientation effect in 

our study emanates from differences between SPV tasks. Rather, the present 

findings more likely fit the idea put forward in the Introduction that the match-

advantage is sensitive to the kind of visual object property (i.e., intrinsic vs. extrinsic) 

that should be mentally simulated when reading a sentence.  

 

The findings following from the correlation analyses are in line with this 

interpretation. Specifically, significant correlations were found between all of the 

three intrinsic visual object properties (i.e., shape, size, color); the extrinsic visual 

object property orientation appeared not to be significantly correlated with any of 

the intrinsic visual object properties. So, our study shows that a reader who mentally 

simulates the shape implied in a sentence, as evidenced by a match-advantage, also 
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mentally simulates the size and color implied in a sentence, but does not necessarily, 

or at least to a lesser extent, mentally simulate an object’s orientation as implied in a 

sentence. Obviously, this seems to challenge the theoretical stance adopted in 

previous SPV task studies, which assumes that mental simulation represents the core 

common underlying mechanism involved in processing both the intrinsic and 

extrinsic visual object properties investigated in this study (e.g., Horchak et al., 2014; 

Zwaan & Pecher, 2012). Our findings suggest that it would advance the 

interpretation of match-advantages if distinctions were made between the effects 

obtained for intrinsic visual object properties and those obtained for extrinsic ones. 

Following up on this, we suspect readers to engage in a similar processing 

mechanism, presumably mental simulations, when reading a sentence implying an 

object’s shape, size, or color (i.e., intrinsic object properties). In this view, match-

advantages are believed to arise from a relatively larger overlap between activated 

brain patterns resulting from (re-)enacting perceptual information of the described 

situation and seeing the object picture (Barsalou, 2008). Based on the intrinsic-

extrinsic distinction and its associated rationale provided in the Introduction, we 

assume that for matching trials the part of the semantic network that is activated by 

an object with the particular shape/size/color implied in the sentence appears to be 

consistent with that needed to accurately verify the picture. Rather, for mismatching 

trials at least part of the semantic network that is activated does not overlap with the 

information required to adequately verify the picture. Having this information 

available may interfere with the verification process, resulting in longer verification 

latencies in the mismatch condition. Presumably, these processes together 

contribute to the match-advantage for intrinsic visual object properties.  

 

Importantly, based on our study, there is reason to assume that representing 

extrinsic visual object properties (i.e., orientation) implied in a sentence relies less, if 

at all, on mental simulations. We speculatively attribute our finding that the extrinsic 

property orientation is the only visual object property that “falls out” to the fact that 

readers relied on a processing mode in which mental rotation was involved. We assert 

that to make a verification decision, readers try to map the presented picture to the 

visual-spatial mental image they created from the object described in the sentence. 

Depending on the extent to which the implied and pictured orientation of an object 

match, readers (have to) engage in a ninety-degree mental rotation of the object so 

as to let it correspond to the presented picture. The time needed to be able to make a 
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decision about whether the orientation in the sentence and picture match likely 

changes accordingly. That this appears to be a fast process can be derived from the 

observation that overall verification times on orientation items were short, which 

presumably relates to the fact that the object itself does not change in the match and 

mismatch conditions. In this sense, sentence context appears to have less of an 

influence on the verification process of an extrinsic property such as orientation than 

it has on intrinsic properties. Whether the above suggestions adequately account for 

the match-advantage differences found between intrinsic and extrinsic visual object 

properties in the SPV task remains to be examined in future research, for example by 

studies that more directly address the processing mechanisms involved in this task.  

 

In conclusion, this study demonstrates that, consistent with our predictions, different 

kinds of visual object properties (intrinsic/extrinsic) have somewhat different effects 

in a SPV task. The three intrinsic visual object properties shape, size, and color all 

showed clear match-advantages, with color showing the strongest effect, followed 

by shape and size which exhibited more or less comparable effects. The extrinsic 

visual object properties orientation, however, did not show a significant match-

advantage. Moreover, we found significant correlations among the intrinsic visual 

object properties and these did not correlate with the extrinsic visual property 

orientation. These findings suggest that the distinction between intrinsic and 

extrinsic visual object properties might be helpful to explain the variations in the 

reported match-advantages and provides a useful supplement to the mental 

simulation account. Importantly, more research is required to substantiate this claim 

and to clarify whether other processing mechanisms are responsible for the fact that 

some visual object properties (shape, size, color) are strongly activated during 

language comprehension, while others (orientation) are not. This study provides a 

starting point from which such endeavors can be further explored. 
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The research in the present thesis was motivated by the alarming findings regarding 

primary school children’s poor reading comprehension performance and declining 

reading motivation. In line with the increasing need for effective approaches for 

teaching reading comprehension, the main goal was to develop and test reading 

strategy trainings aimed at improving reading comprehension and reading 

motivation. To ensure the trainings were theoretically sound, they were set up within 

a well-known cognitive theory of reading comprehension, namely the Situation 

Model framework. In particular, the trainings targeted the situation model strategies 

mental simulation (Chapter 2; also see Chapter 6 for a more fundamentally-oriented 

study on mental simulation that can be used to inform future trainings), 

comprehension monitoring (Chapter 3), and inference generation (Chapter 4), which 

are associated with deep-level text comprehension. Additionally, this thesis also 

investigated the extent to which the situation model framework provides a useful 

approach for understanding children’s ability to produce, rather than comprehend, 

text (Chapter 5). Together, having a specific focus on narrative text, this thesis makes 

an important contribution to translating what is known from basic reading 

comprehension research to classroom practice at the primary school level. In the 

following, the main findings will be further discussed and recommendations for 

educational practice and future research will be provided.  

 

Getting From the Text to the Situation Model 

The findings of the training studies (Chapters 2-4) showed that all of the three 

situation model strategies (i.e., mental simulation, comprehension monitoring, and 

inference making) effectively influenced children’s processing of written text (see 

Table 1). First, looking at reading comprehension strategy use, children who had 

received the comprehension monitoring training or the inference making training 

showed a significant improvement of posttest relative to pretest performance on 

respectively the inconsistency detection task or the probe verification task. Children 

in the control group, who followed their regular reading comprehension curriculum, 

did not show evidence of improved performance on these tasks. So, only children 

who were taught the comprehension monitoring skills or inference making skills 

made better and more frequent use of these skills during reading. Hence, they were 

better able to understand the text at the situation model level. For the mental 

simulation training there was no such significant pre-to-posttest gain, and hence 

improved strategy use, was observed regarding visual simulation (i.e., sentence-
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picture verification task) and motor simulation (sentence-sensibility judgment task). 

In sum, two out of the three situation model strategy trainings led to improved use of 

the trained strategy.  

 

Second, next to a more effective use of the trained reading skills, all three situation 

model strategies resulted in improved general reading comprehension levels as 

assessed by a standardized, normed reading comprehension test (i.e., CITO reading 

comprehension test). So, in each of the three situation model strategy trainings 

children were able to transfer the trained reading skills to general reading 

comprehension. The gains observed for these experimental training groups (roughly 

between +6.5 and +9.5 CITO-points) was significantly larger than the improvements 

made by children in the control training (roughly +2 CITO-points). Third, in 

correspondence with these findings, the mental simulation training, the 

comprehension monitoring training, and the inference making training also resulted 

in increased reading motivation. Children in these trainings indicated that they 

enjoyed reading more after the training than before the training. Children in the 

control training did not show this effect. Together, the three situation model strategy 

trainings led to improved general reading comprehension performance and increased 

reading motivation.  

 
Table 1 

Overview of the results of the intervention studies 

 Strategy use 
General reading 

comprehension 
Reading motivation 

Mental simulation 

 

 

 

Comprehension Monitoring 

  

 

Inference making 

  

 

 

From these findings, it can be concluded that it is possible to encourage children to 

construct a situation model during reading and that this helps them to gain a deeper 

understanding of the text and to experience reading as a more joyful activity. The 

reading comprehension strategy trainings described in this thesis are also illustrative 

of how situation model-focused trainings can be effectively designed. More broadly, 
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the presented findings demonstrate that the situation model framework provides a 

solid and suitable framework for developing an intervention aimed at supporting 

reading comprehension and reading motivation in primary school children. Thereby, 

this thesis concurs with and extends an emerging body of research that stresses the 

importance of applying theoretical and empirical findings from cognitive science to 

develop reading comprehension interventions that are feasible for classroom use 

(e.g., McMaster et al., 2015). The importance of this contribution is underscored by 

the increasing awareness that strengthening the connections between theory and 

practice is needed to build effective reading comprehension interventions (e.g., 

McKeown, Beck, & Blake, 2009). 

 

Getting From the Situation Model to the Text 

This thesis also provides a first insight into the interconnections between situation 

models and the production of a narrative text. The results from Chapter 5 show that 

abilities involved in constructing a situation model from texts are also relied upon 

when asked to write a creative story. More specifically, children’s ability to construct 

a sensory rich situation model appeared to directly influence their creative writing 

outcomes. The extent to which children can construct a situational mental 

representation indirectly influenced creative writing outcome through the amount of 

narrative descriptions they produced. Together, these factors explained 37% of 

children’s creative writing outcomes. From these findings, it can be concluded that 

situation models and the processes giving rise to them serve a functional role in 

writing a narrative. In other words, situation models not only appear to help children 

in the comprehension of text but also in the production of text. Or, translating this to 

the school situation, children rely on situation model processes for both the subjects 

reading and writing. This nicely fits the increasing awareness that situation models 

are involved in other school subjects than just reading. According to Boonen, van der 

Schoot, van Wesel, de Vries, and Jolles (2013), for example, situation model 

construction is at the core of problem solving success in mathematics. Children who 

fail to accurately represent the problem situation that is hidden in a mathematical 

word problem in their situation model experience difficulties in trying to provide the 

correct answer to the problem. Evidently, the findings of this thesis extend the 

research on situation models in a novel direction (i.e., writing) and add to the notion 

that the situation model framework is applicable to multiple school subjects.  
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Implications for Education 

The results of the studies described in this thesis have direct implications for 

educational practice. Constructing situation models heavily depends on non-

linguistic representational abilities to represent what the text is about. The findings 

from Chapters 2-4 indicate that the situation model strategies mental simulation, 

comprehension monitoring, and inference making all effectively contribute to such a 

visuospatial, multisensory mental representation of the situation that is described in 

a text, and hence reading comprehension. Generally, this connects to discussions on 

whether the present school system in the Netherlands puts too much emphasis on 

text-based and verbal-linguistic (e.g., summarizing, questioning) and too little 

emphasis on visuospatial learning and information processing strategies. The results 

of the studies presented in this thesis reinforce the idea that higher-order 

representational and imagery skills should be given a far more prominent role in 

reading comprehension instruction. This idea is supported by neurocognitive and 

psychological science wherein it has for example been shown that visual and motor 

experiences derived from actual interactions with the environment are involved in 

understanding text (Barsalou, 2008). Importantly, the findings from Chapter 2-4 

suggest that using situation model strategies can already pay off in terms of 

immediately improved reading strategy use, reading comprehension, and reading 

motivation within a relatively short period of time (i.e., four weeks). Whether or not 

even more progress can be made with a prolonged training period and/or to what 

extent the obtained training effects are retained over time remains to be investigated 

in future research. 

 

The findings of the reported intervention studies also give rise to some more specific 

recommendations. First, it seems relevant to stimulate children to connect the text 

they are reading to their own sensory, motor, and emotional experiences. Taking 

such a ‘mental leap into imagined worlds’ (Zwaan, 1999), in which readers can see, 

feel, hear, and ‘act out’ the described situation, helps readers to experience the story 

as if they were actually part of it. Besides mentally simulating explicitly described 

information, readers also seem to benefit from being encouraged and taught to 

simulate implicitly described information (e.g., simulating a bird with its wings 

outstretched instead of drawn in when reading the sentence “He saw the bird in the 

sky”). The findings from Chapter 6 provide a further specification for this 

recommendation. It showed that readers experience more difficulties to simulate the 
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orientation of an object as implied in a sentence (e.g., He put the screw in the 

wall/ceiling) than simulating an object’s implied shape (e.g., He saw the egg in the 

box/skillet), color (e.g., He saw the bear in the woods/at the North Pole), and size 

(e.g., he saw the statue in the garden/windowsill). Future empirical and/or practical 

interventions aimed at improving mental simulation skills supportive to reading 

comprehension should take this effect into account. All in all, helping readers to 

‘mentally experience’ the described situation during reading provides an innovative 

approach for teachers as not much attention is currently being paid to reading as a 

sensory experience (De Koning & van der Schoot, 2014). 

 

Second, stimulating readers to make connections between the different elements 

described in the text as well as connecting the text to their knowledge of the specific 

topic appears to enable children to move beyond the text and actually develop a 

deeper understanding of the described situation. Reserving room for activating prior 

knowledge and teaching children how to use this knowledge for the sake of reading 

comprehension during reading comprehension lessons thus seems relevant. Also, 

encouraging readers to search for words or phrases in the text that can be 

meaningfully linked warrants attention. These aspects likely avoid 

misunderstandings of the text, aids readers in overcoming incoherencies, enables 

them to flexibly fill in spatial, causal, and temporal gaps, or assists them in simply 

enriching the evolving situation model that they construct during reading. 

 

Third, it appears important to stimulate children to continuously monitor their 

comprehension, that is, check for themselves whether they still understand the text. 

It seems useful to make readers aware that when updating their situation model of 

the text with new incoming information, they should be sensitive to whether or not 

this information is consistent or inconsistent with their current situation model. A 

training specifically focused on detecting inconsistencies appears helpful in this 

regard. Moreover, such a training targeting all situational dimensions (time, space, 

causation, intentionality, protagonist) seems conducive to teaching readers 

inconsistency detection skills. Nevertheless, in a recent study Wassenburg, Beker, 

van den Broek, and van der Schoot (2015) showed that readers particularly 

experience difficulties in detecting temporal and spatial discontinuities in a text. 

Therefore, it could be argued that extra attention should be devoted to these 

dimensions in an inconsistency detection training. 
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Besides the implications stressing the importance of stimulating situation model 

construction for improving text comprehension, the results reported in Chapter 5 also 

emphasize the relevance of situation models in writing assignments. Arguably, 

writing effectively depends upon having flexible access to context-relevant 

information in order to produce texts. In this respect, the “situatedness” and “sensory 

richness” of children’s situation model appear relevant factors to take into account. 

Whereas situatedness seems useful for laying the foundation for the story in terms of 

the dimensions (e.g., location, time) along which the story is built, sensory richness 

influences the extent to which this foundation can be filled in or enriched (De Koning 

& van der Schoot, 2014; Zwaan, 2015). So, for purposes of guiding the writing process 

or supporting writing skills teachers should pay attention to both of these aspects 

while clearly explaining the functions of each. Particularly children who need further 

assistance or training to develop and use situational and sensory rich situation 

models might be encouraged to explicitly draw upon their imagination. Doing so 

might help them to produce richer and more lively texts.  

 

Finally, the combination of findings regarding the role of situation models in the 

comprehension and production of text provides another, more general, implication 

for teaching reading comprehension and writing skills. Given that similar situation 

model processes are relevant for both reading a text for comprehension and writing a 

text, it might be worth exploring to integrate, at least partially, reading 

comprehension and writing lessons. Irrespective of whether children engage in 

situation model processing for reading or writing a text, the same skills are learned 

and practiced. This way, the relevant processes underlying reading and writing can be 

addressed more efficiently. Such an integrative approach would provide a gladly 

received response to the growing demand to offer reading and writing instruction not 

as separate elements and in a less fragmented manner (e.g., Nout, 2015).  

 

Future Directions 

The studies described in this thesis suggest several avenues for further research. 

First, for the intervention studies described in Chapters 2-4, the training materials 

and lessons were developed in close collaboration with primary school teachers. 

However, teachers were not involved in the actual training phase. Rather, trained 

research assistants conducted the trainings using a standardized protocol to 
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minimize the effects of variables other than the independent variables of interest. It 

is therefore unknown how the three situation model strategy trainings will work out 

when they are conducted by teachers in a more naturalistic way or to what extent the 

trainings are as effective when actually implemented in daily classroom practice. 

These issues can be investigated in future research. 

 

Second, the strategy trainings have adopted a one-size-fits-all approach, meaning 

that all children irrespective of their cognitive abilities received the same training in 

the same way. That is, the trainings did not take into account the fact that for some 

children the to-be-learned skills might already be better developed. It is yet unknown 

whether and how the reported strategy trainings can be adjusted in a way to 

adequately meet the individual demands of children who vary in their level of reading 

comprehension abilities, reading skills, and reading comprehension strategy use. 

Future research could explore this in more detail. 

 

Third, the effectiveness of the strategy trainings was only tested immediately after 

the training phase. Although this is the typical approach in this type of research, it is 

being increasingly suggested to also evaluate the long-term effects of reading 

comprehension intervention research (e.g., Snow, 2002). Adopting such a long-term 

perspective could provide insight into the extent to which the effects of the learned 

strategies endure.  

 

Fourth, the reading comprehension strategies mental simulation, comprehension 

monitoring, and inference making were developed and tested as individual trainings. 

In a sense, this is an artificial distinction given that these three strategies partly 

overlap. Particularly the skills subservient to inference making and comprehension 

monitoring are difficult to isolate (McNamara, 2007). It would be interesting for 

future research to investigate whether it is possible to combine the different 

strategies within a single training. Importantly, this would require a clear 

understanding of the unique contributions of each training as well as the extent to 

which cross-over effects from one reading comprehension strategy to another (e.g., 

improved inference making due to comprehension monitoring training) are possible. 

 

Fifth, the situation model strategies were taught using direct instruction during 

multiple training sessions. It would be interesting to also investigate alternative 
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approaches to stimulate readers to construct a situation model, perhaps ones that 

requires less effort from teachers. In this regard, one potentially useful approach that 

has recently been proposed in the field of multimedia learning is to briefly show 

learners a picture before reading a text (Eitel & Scheiter, 2015) or before each 

paragraph to help readers to mentally represent the described information (Leopold 

& Mayer, 2015). The instruction to process the picture before reading a scientific text 

appears to have a positive influence on the amount of information that is learned 

from the text (Eitel et al., 2013). The extent to which such an approach is helpful to 

improve comprehension of narrative texts remains to be investigated. Also, whether 

inspecting a picture alone before reading is sufficient or whether this needs to be 

combined with additional instructions or generative activities supporting situation 

model construction is an issue for further research. 

 

Sixth, the studies reported in this thesis exclusively focused on narrative text. For the 

reading comprehension intervention studies (Chapter 2-4) this raises the question as 

to whether the situation model strategy trainings are also effective for other types of 

text such as expository text. Similarly, for the findings regarding the role of situation 

models in writing (Chapter 5), one could wonder whether the representational factors 

“situatedness” and “sensory richness” are as relevant to writing a narrative as to 

writing other types of text such as a poem or a newspaper article. These issues could 

be investigated in further research. 

 

Seventh, in Chapter 5 children’s ability to construct a situational and sensory rich 

situation model was related to their creative writing outcome using path analyses. 

However, the results of this study are only suggestive to the fact that writing 

processes and outcomes are supported if the situatedness and sensory richness 

would be stimulated in children. This has not been examined directly, so it is yet 

unknown whether this actually leads to improved performance. Moreover, this study 

was restricted to only two representational abilities, so it would be interesting to 

investigate other factors relevant to situation model construction as well.  

 

Conclusion 

Taken together, the results reported in this thesis demonstrate that the situation 

model framework provides a useful foundation for supporting both reading 

comprehension and writing in primary school children. By applying situation model 
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strategies and engaging in processes conducive to situation model construction, 

children move beyond the text itself and draw upon their imagination to develop an 

understanding of what the text is about or to produce a text. An important 

contribution of this thesis is the finding that such a non-linguistic approach to reading 

can be taught straightforwardly in a relatively short period of time. This could be an 

interesting starting point to help the current generation of children who increasingly 

process written textual information (e.g., via social media, email, chats), but 

nevertheless read a book less often and long, to regain interest in reading books 

attentively and with comprehension. The research in this thesis hopefully brings this 

prospect a step closer. In the end, we all aim for a situation where children loose 

themselves again in a book and enjoy the story as if they were “going to the movie in 

their head”. 



 

 
  



 

  



 

 
 
 
 

Summary 
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The research in the present thesis was motivated by alarming findings regarding 

primary school children’s poor reading comprehension performance and declining 

reading motivation. The main goal of the research in this thesis was to develop and 

test reading strategy trainings aimed at improving reading comprehension and 

reading motivation. To ensure that the training sessions were theoretically sound, 

they were set up within the Situation Model framework. More specifically, we wanted 

to investigate the influence of situation model construction on reading 

comprehension and how we can stimulate this construction. Another aim of this 

thesis was to investigate to what extent situation models play a role in various 

primary school subjects other than reading comprehension, we particularly looked at 

whether situation models can perform a function role in producing rather than 

understanding texts (i.e., writing a narrative). Together, this thesis makes a 

contribution to translation that is known from basic reading comprehension research 

to classroom practice at primary school level. 

 

Chapter 1 outlines the theoretical background on reading comprehension from the 

Situation Model Framework. This chapter presented the main concepts, definitions, 

and theoretical assumptions. In particular, this chapter elaborates on three cognitive 

processes important for deep text comprehension on which we developed our 

differing interventions. Notably, the interventions targeted the situation model 

strategies of mental simulation, comprehension monitoring, and inference making. 

The three varying interventions (reported in Chapter 2 to Chapter 4) had a similar 

design, which enables a direct comparison between the effectiveness of the three 

situation model focused strategies. The studies employed a pretest-posttest control 

group design with the dependent variables reading strategy usage, general reading 

comprehension, and reading motivation. Pre- and posttests consisted of different 

versions of the same tests. Children from Grades 3 and 4 received training in just one 

of the three reading comprehension strategies. Each strategy was taught in a 4-week 

training course containing 8 lessons. The control group followed the school’s regular 

reading comprehension curriculum. Finally, this chapter describes the outline of the 

empirical chapter within this thesis.  

 

Chapter 2 describes the study investigating the effectiveness of a reading 

comprehension intervention study aimed at supporting mental simulation skills. 

Specifically, during the mental simulation training it was tested to observe as to what 
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extent teaching readers to (1) connect their perceptual, motor, and emotional 

experiences to text, and (2) mentally stimulate visual and motor information that is 

implicitly described in a text, facilitates readers situation model construction and 

hence deep- level comprehension. Effectiveness of the training was evaluated with 

the sentence-picture verification task and the sentence-sensibility judgment task. 

The results showed that, compared to the control group, children who had received 

the mental simulation training showed improved performance on general reading 

comprehension and scored higher on reading motivation. There were no 

performance differences between groups on the mental simulation measures. These 

findings indicate that it is beneficial for children to be encouraged to read and to 

teach them to connect their sensorimotor experiences to the text they are reading.  

 

Chapter 3 presents an inconsistency-detection intervention aimed at supporting 

comprehension monitoring strategies to enhance reading comprehension. In 

particular, the comprehension monitoring training targeted at the updating of the 

situation model, evaluative and self-regulatory strategies, and metacognitive 

awareness. Effectiveness of the training was evaluated with the inconsistency-

detection task. The results showed that, compared to the control group, fourth 

graders’ inconsistency-detection performance significantly improved after the 

inconsistency-detection training. Third graders did not show a significant gain, 

suggesting that this age group may be too young for the presented training. General 

reading comprehension and reading motivation scores, however, were promising for 

all children receiving the inconsistency-detection training. These findings indicate 

that the inconsistency-detection training was effective to enhance children’s use of 

monitoring strategies required for constructing and updating a coherent situation 

model and to transfer these strategies to novel texts.  

 

Chapter 4 reports on the effectiveness of a reading comprehension intervention 

study with a focus on inference making. The inference making training aimed at 

enhancing readers’ inference making skills in order to construct a coherent situation 

model. It addressed the source (text-based versus knowledge-based), type 

(necessary versus unnecessary for (re-) establishing coherence), and depth of an 

inference (making single lexical inferences versus combining multiple lexical 

inferences), as well as the type of searching strategy (forward versus backward). Use 

of the learned reading comprehension strategy was examined with the probe 
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recognition task. Results indicated that, compared to a control group, children who 

followed the experimental training improved their inference making skills to the 

advantage of situation model construction. Importantly, our training also resulted in 

increased levels of general reading comprehension and motivation. In sum, this study 

showed that a ‘level of text representation’ was valuable and such an approach can 

provide a useful framework to teach inference making skills to third and fourth 

graders 

 

In Chapter 5 we describe a study that focused on exploring the question as to 

whether the construction of a situation model supports not only the comprehension 

of, but also the production of a text. This was conducted by asking children to engage 

in writing a creative narrative and observing their ability to construct a situational and 

sensory rich situation model. Using path analyses, these representational abilities of 

children and the narrative descriptions derived from their text were related to the 

children’s creative writing outcome. Results showed that sensory richness and 

situatedness explained 35% of the variance in creativity scores. Sensory richness 

influenced the originality/novelty of children’s narrative writing directly, whereas 

situatedness had an indirect influence through the number of sensory words, yet 

both pathways influenced the outcomes to a comparable extent. Findings suggest 

that creative writing requires similar representational processes as reading 

comprehension which may contribute to the development of instructional methods 

to help children in creative writing assignments.  

 

Chapter 6 proposes a more fundamental perspective at mental simulation of text 

information during reading. Specifically, it directly explores, within a single study, to 

what extent different implied visual characteristics of described objects (i.e., shape, 

color, size and orientation) are mentally simulated during sentence comprehension. 

Results showed varying match-advantages for shape, size and color; with color 

showing the strongest effect, but no match-advantage for orientation. Additionally, 

shape, size and color appeared to be significantly correlated, whereas there were no 

significant correlations with orientation. These results suggest that the interpretation 

of match-advantages would benefit from a re-evaluation of the mental simulation 

account based on a distinction into intrinsic (i.e. shape, size and color) and extrinsic 

(i.e. orientation) object properties. 
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Finally, Chapter 7 provides concluding remarks on the empirical studies described in 

Chapter 2 through 6 in this thesis. The main findings are discussed from a situation 

model perspective. Notably, this chapter discusses the obtained findings of three 

strategies (i.e. mental simulation, comprehension monitoring and inference 

generating) in light of the aims outlined in the introduction (Chapter 1). Findings from 

the training studies are discussed according to their contributions to bridging the gap 

between theory and practice. Moreover, overall recommendations for further 

research are presented as well as perceived educational implications. 
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dat we nog vele mooie avonturen gaan beleven. 

 

Het onderscheid tussen collega’s en vrienden is soms ver te zoeken, toch zijn er ook 

nog vrienden buiten werk die speciale aandacht verdienen. Martijn, Michael, Bart, 

Yoram, Job, Diederik, Bastiaan, Jaap, Bas, Daria, Maartje, Babs, Lisanne en Iris, ik wil 

jullie bedanken voor jullie gezelligheid, steun en avondjes uit. Thijs, jij keek niet op of 

om als ik weer moest doorwerken en zorgt er altijd voor dat de avond vrolijk wordt 

afgesloten. Arthur, Stefan en Jeffrey: dank voor de gezellige eet- en spelletjes 

avonden (en ooit versla ik jullie met ‘stenen tijdperk’) of gewoon een gezellig drankje 

op de bank.  

 

Daarnaast wil ik speciale aandacht schenken aan mijn drie meiden: Nikki, Marcella en 

Eline. Ik wil jullie bedanken voor de leuke uitjes naar escape-rooms, 

verrassingsdagen, meidenweekenden en high wines. Jullie gezelligheid, steun en 

interesses hebben mij gevormd tot wie ik ben. Marcella, naast de meiden van ons 

kwartet, was jij mijn roomie samen met Koen: Ik denk graag terug aan onze avonden 

voor de tv, samen koken, stappen of de dag nabespreken. Marcella, naast vriendin en 

huisgenoot, was jij ook nog eens onderzoeksassistent in bij ons op de VU. Samen met 

Rianne heb jij heel Hoorn en Heerhugowaard “onveilig” gemaakt met jullie 

onderzoeks-skills. Ik wil jullie beiden ontzettend bedanken, zonder jullie waren onze 

interventies nooit gelukt.  

 

Twee heel belangrijke personen, die al zijn genoemd, wil ik nog even in het zonnetje 

zetten: mijn paranimfen. Paulita, jouw enthousiasme, gezelligheid, warmte en de 

uitjes die wij samen doen zijn niet meer uit mijn leven weg te denken, dank hiervoor! 

Jij sleept mij altijd door moeilijke momenten heen en weet mij met een blik (of 

klappende handen) al weer op te vrolijken. Marcella, al meermaals hierboven 

benoemd, maar onze vriendschap is voor mij zeer bijzonder, al meer dan 10 jaar 
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kennen wij elkaar en ik kan mij geen leven meer zonder jou voorstellen. Meiden, dank 

dat jullie mijn paranimfen zijn.  

 

Als laatste wil ik nog aandacht schenken aan twee families, beginnend bij de nog niet 

officiële familie den Ouden. Marga en Cees, dank voor de lekkere etentjes, de 

gezellige vakanties met Rianne en Mirko, het klussen in ons huis, en al het advies. 

Jullie verrassen mij elke keer weer met leuke dingen, dank dat jullie mij zo met open 

armen hebben ontvangen. Rianne en Mirko, ik zie jullie niet alleen als familie maar 

ook als vrienden, ik kijk uit naar alle leuke uitjes die we samen gaan doen. 

 

Daarnaast zet ik mijn eigen familie graag in het zonnetje: de extraverte en nooit stille 

familie Bos. Papa, mama, hadden jullie ooit gedacht dat dat meisje dat te snel las en 

te ongeduldig was om te begrijpen wat ze las, haar PhD zou halen in dit onderwerp? 

Ik wil jullie bedanken voor de onvoorwaardelijke steun die jullie altijd bieden: in 

gesprekken, hulp in huis, uitjes regelen en verrassingen. Jullie geven zoveel liefde aan 

ons gehele gezin en staan altijd voor ons klaar. Wiebe en Juliette, we doen zo veel 

leuke dingen samen, dank voor jullie gezelligheid bij de bier-uitjes en de trips naar 

België. Joppe, dank dat je mijn “wetenschappelijke papa” bent en zo vaak hebt 

geholpen bij het doornemen van mijn artikelen. Eline, jouw creativiteit is terug te zien 

binnen al onze projecten en het mooie plaatjesboek voor Merijn. Ik ben blij dat jij 

onze vakkundige tekenaar bent geweest. Joppe, Eline en Merijn, ook al zie ik jullie 

drieën niet zo vaak als ik zou willen, wat ben ik blij dat de jaarlijkse bezoeken nu bijna 

maandelijks zijn door jullie verhuizing naar België. 

 

Dan als laatste, Jasper, niemand heeft zo veel moeten accepteren binnen mijn PhD-

tijd als jij. De avonden dat ik verdrietig, boos, of juist heel enthousiast thuis kwam 

met resultaten die jou weinig zeiden, heb jij altijd met veel geduld aangehoord. Je liet 

mij mijn verhaal doen ook al wist je van de statistiek of het onderwerp weinig af. Het 

is moeilijk in woorden uit te drukken wat jij voor mij betekent, wat ken jij mij door en 

door. Jij was dan ook degene die ooit tegen mij zei: “Ze willen je hebben voor dat 

onderzoek bij de VU, zeg je baan op en start! Ik weet zeker dat je het kan.” Dank voor 

je onvoorwaardelijke steun in alles. 

 


