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Abstract 

Reading comprehension involves several cognitive factors during and after reading and 

differs between readers with different comprehension skills.  The purpose of this study 

was to examine cognitive factors, specifically inference generation, during and after 

reading between skilled and less-skilled comprehenders.  Additionally, other cognitive 

factors may influence skilled and less-skilled comprehenders‟ inference generation, and 

working memory (WM) may be a potential factor.  A review of the adult-focused and 

children-focused literature for the research and theories in inference generation, WM, and 

comprehension skill are presented.  Participants in this study included 61 third- through 

fifth-grade skilled and less-skilled comprehenders.  Inference generation was examined 

during and after reading using a causal questioning technique and sentence verification 

task (SVT).  Responses from recall were also collected to assess comprehension of the 

texts used in this study, and WM was examined as a moderator variable.  Overall, there 

was an effect of questioning on some types of inferences generated and recall for skilled 

and less-skilled comprehenders, and WM appeared to moderate inference generation for 

skilled-comprehenders; however, there was no effect of type of comprehender on SVT 

responses.  These findings are discussed in terms of maintaining local and global 

coherence during and after reading in order to develop a coherent representation of a text; 

updating after reading; and the role of WM during inference generation between skilled 

and less-skilled comprehenders.  
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Chapter I 

Introduction 

Examining Skilled and Less-Skilled Readers’ Inference Generation during an 

Online and Offline Reading Activity 

 Reading comprehension involves a complex set of cognitive factors.  Researchers 

have investigated both the products and the processes of reading comprehension to 

identify the cognitive factors involved in this complex domain.  The products are the „end 

result‟ of reading, or rather, what the comprehender learned as measured after the task of 

reading is complete.  For example, researchers have examined readers‟ recall, or memory, 

of what they read in a text.  The processes, on the other hand, are what occur during the 

act of reading.  For example, researchers have used reading time, reaction time, verbal 

protocol, and other measures to understand the processes that take place during reading.  

In addition, one of the main goals of studying reading comprehension is to understand 

how comprehenders build a coherent representation of a text.  Examining the cognitive 

processes of reading comprehension has been one approach that researchers have used to 

examine how comprehenders build this coherent representation, and examining the 

products is one approach that researchers have used to evaluate the result of the 

representation of the text.   

Assessing the product of reading comprehension is a successful approach for 

understanding the representation of a text that a reader has in memory.  This approach has 

been thought of as offline because data are collected after the task of reading is complete.  

For example, the offline task of recall has been used to examine whether a reader has 

remembered important parts of a text that are stored in memory and are needed for 
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general understanding and building a coherent representation of the story (e.g., main 

ideas, goals, subgoals, outcomes, etc.) (e.g., Trabasso & van den Broek, 1985; van den 

Broek, Lynch, Naslund, Ievers-Landis, & Verduin, 2003).  In addition, researchers have 

assessed inference generation with offline tasks (e.g., questioning tasks, sentence 

verification tasks, etc.).   Inference generation is considered a higher-level skill that 

readers use to develop a representation of a text.  McKeown, Beck, and Blake (2009) 

used a sentence verification task (SVT) to examine different types of inferences 

generated offline.  The SVT is a more direct assessment that can be used to ask readers 

specific questions that are designed to assess different types of inferences used to 

remember different parts of a text (Royer, Hastings, & Hook, 1979).  The SVT differs 

from other types of offline tasks because readers are asked if different inferential 

statements are true or false about the text.  In addition, statements developed for a recent 

version of the SVT were used to assess judgments of the gist information in a text, as 

well as local and global inferences (McKeown et al., 2009).  Remembering gist and 

inferential information after reading can result in the development of a coherent 

representation of a text.  In addition, assessing inference generation after reading can 

inform research in understanding how readers update text information for developing a 

coherent representation of a text (van den Broek, Tzeng, Risden, Trabasso, & Basche, 

2001). 

Inference generation also plays an important role during the process of developing 

a coherent representation of a text.  Inference generation can help a reader maintain local 

and global coherence during reading (i.e., online processes).  Online inference generation 

can be defined as any connection that a comprehender makes to earlier parts of the text or 
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to background knowledge to form an understanding of the text.  Inference generation can 

be beneficial for comprehension, as well as for developing an accurate and coherent 

situation model during reading comprehension (Casteel, 1993; Graesser & Clark, 1985; 

Graesser, Singer, & Trabasso, 1994; Kintsch, 1998; McNamara, Kintsch, Songer, & 

Kintsch, 1996).  A situation model is part of the mental representation that is comprised 

of the situations that take place in the text which include (but are not limited to) time, 

space, and causality (van Dijk & Kintsch, 1983; Zwaan, Magliano, & Graesser, 1995).  In 

addition, when comprehenders struggle with inference generation, situation models are 

less coherent, and thus reading comprehension tends to be poor (e.g., Long, Oppy, & 

Seely, 1994, 1997 ). 

Several studies have shown that children with different reading comprehension 

problems generate different types of inferences online and offline (e.g., Bowyer-Crane & 

Snowling, 2005; Cain & Oakhill, 1999; Cain, Oakhill, & Bryant, 2004; Cain, Oakhill, 

Barnes, & Bryant, 2001; Laing & Kamhi, 2002).  For example, children with different 

reading comprehension problems generated fewer online inferences based on their own 

background knowledge (i.e., knowledge-based inferences) than did children without 

reading comprehension problems, but were able to generate the same amount of online 

inferences that were related to the text (i.e., text-based inferences) or required 

remembering literal information than did children without reading comprehension 

problems (Bowyer-Crane & Snowling, 2005; Laing & Kamhi, 2002).  When examined 

offline, children with different reading comprehension problems generated fewer offline 

text-based and knowledge-based inferences than did children without reading 

comprehension problems (Cain & Oakhill, 1999; Cain et al., 2001).  These studies 
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provide insight into the types of inferences generated online and offline for children with 

and without comprehension problems; however, these studies only used one methodology 

during each study and did not use both online and offline methodologies in the same 

study.   

Studies that have used both online and offline methodologies in the same study 

have enhanced the understanding of processes and products used to develop a coherent 

representation of a text.  For instance, van den Broek, Lorch, Linderholm, and Guftason 

(2001) examined readers‟ processes by using a think-aloud methodology in which readers 

were asked to think aloud after each sentence of text and then were asked to say whatever 

came to mind when reading the sentence.  In addition, the product of reading was 

examined with a recall task.  Van den  Broek et al. (2001) found differences between 

condition groups (entertainment vs. study) using both online and offline methodologies; 

that is, findings indicated that readers in each condition generated different types of 

inferences online, and readers in the study condition recalled more text information 

overall than did the readers in the entertainment group.  Although this study used both 

online and offline methodologies, the types of inferences were not examined for both 

methodologies, and comprehension skill was not examined. 

Van den Broek et al. (2001) assessed online and offline questioning 

methodologies with 4
th
, 7

th
, and 10

th
 grade students, and college-aged students.  Students 

read narrative tests and were given inferential questions either during reading (online) or 

after reading (offline), or were given no questions (control).  Recall responses were 

collected after questioning and were assessed for quality of recall.  Quality of recall was 

assessed by examining general information recalled or specific information recalled.  The 
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specific information was related to the information targeted in the questions.  Van den 

Broek et al. (2001) found that online questioning interfered with the youngest students‟ 

(4
th
 graders‟) recall, especially information recalled about the information targeted in the 

questions (specific information).  As reading skills became more proficient, students were 

able to recall more targeted information after participating in the online questioning 

condition.  The authors concluded that inferential questioning interfered with younger or 

less-skilled readers‟ comprehension.  Although this study used both online and offline 

inferential questioning methodologies, the questioning responses were not assessed for 

types of inferences generated during and after reading, and comprehension skill was not 

examined for each age group. 

There is no study to date that focuses on investigating inference generation 

differences for readers with different comprehension skills when tested online and offline 

in the same study.  I am interested in examining the types of online and offline inferences 

generated by children with different reading comprehension skills.  Understanding 

inference generation during online and offline reading conditions for the same readers 

can help identify if there are specific cognitive differences between readers with different 

comprehension skills and if these differences lead to successful or unsuccessful 

comprehension.  In addition, these findings could inform research and practice for 

improving comprehension for readers who struggle.   

 There are several types of inferences that can be generated online and offline.  

However, the types of inferences generally used to build a coherent representation of a 

text can be grouped into two broad categories: text-based and knowledge-based 

inferences.  For this study, I examined both text-based and knowledge-based inferences 
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that were generated online and offline.  Text-based inferences were generated by making 

connections to specific areas in a text.  Text-based inferences were examined by tracking 

either when a comprehender made connections to information in the text that was very 

close in vicinity to the area in the text that the comprehender was currently reading (e.g., 

information from the immediate preceding sentence - local), or when a comprehender 

connected to much earlier text information that was not in close vicinity to what he or she 

was currently reading (e.g., information from earlier areas in a text - global).  

Knowledge-based inferences, on the other hand, have been associated with integrating 

information in a text and background knowledge.  Knowledge-based inferences were 

examined by tracking when elaborative or explanatory inferences, associative inferences, 

and predictive inferences were generated.  In addition, knowledge-based inferences were 

examined for whether they were interconnected or related with the information in the 

text, or unrelated to the text (Cain & Oakhill, 2006; McNamara, 2007; Oakhill, 1982; 

McMaster, van den Broek, White, Rapp. et al., 2011; Rapp, van den Broek, McMaster, 

Kendeou, et al., 2007).  Comprehenders have been shown to exhibit individual 

differences with respect to the types of inferences generated online and offline, and these 

types of inferences have been shown to be necessary for maintaining local and global 

coherence throughout a text; and thus, developing a coherent representation of a text 

(e.g., Cain & Oakhill, 1999; Cain et al., 2001; Graesser & Clark, 1985; Graesser et al., 

1994; McKoon & Ratcliff, 1992; McNamara et al., 1996).   

Understanding online and offline inference generation for readers with different 

comprehension skills can present a number of challenges; however, theories have been 

developed to help explain such differences.  For example, working memory (WM), a 
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temporary storage component in the memory system, has been used to explain these 

differences (Baddeley & Hitch, 1974; Daneman & Carpenter, 1980; Just & Carpenter, 

1992).  WM has been thought of as a gateway in which minimal information is held for a 

short time before either moving into long-term storage or being discarded altogether (e.g., 

Daneman & Carpenter, 1980; Just & Carpenter, 1992).  In addition, during and after 

reading, a reader performs several tasks simultaneously (e.g., decoding; processing, 

storing and retrieving information; interpreting, etc.), and during inference generation, 

readers connect to relevant text information and background knowledge.  Thus, WM 

serves as the gateway for the most recently read text, and integrates information retrieved 

from long-term memory during the current situation in order to maintain coherence (Cain 

et al, 2004; Cook, Halleran, & O‟Brien, 1998; Graesser et al., 1994).  Researchers who 

have studied WM during a reading situation have found that individuals can be grouped 

into high and low WM capacity abilities (e.g., Just & Carpenter, 1992).  These individual 

WM differences may also play a role during inference generation for readers with 

different comprehension skills.  Studies have consistently found high correlations 

between WM and reading performance (e.g., Daneman & Carpenter, 1980), as well as 

relationships between WM, reading comprehension skill, and inference generation (e.g., 

Cain et al., 2004; Swanson, Cochran, & Ewers, 1989).  Previous research has also 

indicated that WM is a predictor of reading comprehension in children (e.g., Oakhill & 

Cain, 2000; Seigneuric, Ehrlich, Oakhill, & Yuill, 2000; Yuill, Oakhill, & Parkin, 1989).   

One way to further investigate these potential connections to WM differences, 

reading comprehension, and, more specifically, online and offline inference generation 

would be to extend previous research findings.  For example, Cain et al. (2004) 
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investigated the role of WM, inference generation, and comprehension skill after reading, 

and found that inference generation and reading comprehension skills were not entirely 

mediated by WM, but rather were explained by their own unique variance in reading 

comprehension.  These findings are informative with respect to examining the 

relationship between inference generation, comprehension skill and WM; however, 

online and offline methodologies were not compared, and specific types of inferences 

were not examined.  In addition, Cain et al. (2004) did not assess how WM influences 

inference generation between readers with different comprehension skills during and after 

reading.  Further investigations in these areas will contribute to understanding the 

differences between readers with different comprehension skills.  For example, one area 

to investigate would be to test whether WM moderates inference generation (e.g., text-

based vs. knowledge-based) and comprehension skill during and after reading.  

Thus, for this study, I explored the relationship between inference generation, 

comprehension skill, and the influence of WM.  In addition, I examined the inferences 

generated for the same subjects using both online and offline methodologies.  This 

research extends and provides a unique contribution to previous research by 

demonstrating that readers with different comprehension skills differ concerning the 

types of inferences generated during and after reading, as well as provides an 

understanding of how to better assess reading comprehension for readers with different 

comprehension skills. In addition, I examined how WM moderates inference generation 

for readers with different comprehension skills.   

Purpose 
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The purpose of this study was to address the following questions: (1) Do skilled 

and less-skilled comprehenders differ in the (a) types of inferences generated; (b) 

responses to a sentence verification task (SVT); and (c) responses to a recall task, when 

compared during (online) and after (offline) reading with a questioning task?  (2) How 

does WM influence inference generation for skilled and less-skilled comprehenders 

during and after reading?   
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Chapter II 

Inference Generation, Reading Comprehension Skills, and the Influence of Working 

Memory: A Review of the Literature  

  Reading researchers have stressed that appropriate inference generation leads to 

successful reading comprehension (e.g., Cain & Oakhill, 1999).  Successful 

comprehension has been defined as developing a coherent representation of a text 

through developing a coherent situation model (Casteel, 1993; Graesser & Clark, 1985; 

Graesser et al., 1994; Kintsch, 1998; McNamara et al., 1996).  It is important to 

understand which inferences are generated by skilled readers during the process of 

reading comprehension and how those inferences lead to developing a coherent 

representation of a text after reading is complete in order to inform research and practice 

for improving less-skilled comprehenders‟ inference generation and reading 

comprehension.   

The purpose of this literature review is threefold: (1) To determine the types of 

inferences generally used to build a coherent representation of a text (i.e., text-based and 

knowledge-based inferences).  Whereas several other types of inferences can be 

generated during and after reading, text- and knowledge-based inferences have been 

shown to be important for understanding how readers build a coherent representation of a 

text during and after reading, and thus, are the focus of this review (e.g., Cain & Oakhill, 

1999; Cain et al., 2001; Graesser & Clark, 1985; Graesser et al., 1994).  (2) To examine 

the studies that focus on children with different comprehension skills.  It is important to 

review the types of inferences that are generated from children with different 
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comprehension skills in order to construct new methods for improving comprehension.  

(3) To identify the theories behind inference generation and comprehension skills. 

Specifically, WM theories are identified.  It is important to understand cognitive theories, 

such as WM theories, in order to understand the underpinnings of the cognitive processes 

that take place during and after reading.  These areas of literature provide a foundation 

for understanding how inference generation may be different for skilled and less-skilled 

comprehenders.  Such a foundation can serve as a basis for finding methods for 

improving reading comprehension for less-skilled readers.   

To begin, I briefly review the literature for the above topics; however, this brief 

review focuses on the adult-focused literature, of which there has been extensive 

research.  This review of the adult-focused literature serves as a background before 

turning to a more thorough review of the child-focused literature.  However, the low 

number of studies on these topics that focus on children suggests the need to further 

examine the influence of WM on inference generation during and after reading 

comprehension with children.  It is of interest to understand how the different 

components of WM influence inference generation during and after reading 

comprehension for skilled and less-skilled child comprehenders. 

In addition, in this review I focus on the processes that take place during reading, 

with specific emphasis on the study of inference generation.  Below, I provide a brief 

overview of the types of inferences that readers generate during reading to maintain local 

and global coherence (defined below), and, ultimately, to build coherent situation models. 

Then, I provide a brief overview on types of inferences that readers generate after reading 

to update the representation of the text in order to build a coherent representation of the 
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text.  Finally, I describe WM theories to attempt to explain differences in inference 

generation between skilled and less-skilled comprehenders.  These theories provide a 

conceptual framework for an in-depth review of the literature that focuses on more 

specific types of inferences generated to maintain local and global coherence during and 

after reading (i.e., text-based and knowledge-based inference generation).   

Building a Coherent Representation of a Text during Reading 

Local and global coherence. Researchers have identified a variety of types of 

inferences that comprehenders generate during reading to maintain both local and global 

coherence (e.g., Graesser & Clark, 1985; Graesser et al., 1994; Kintsch & van Dijk, 1978; 

Kintsch, 1998; Kendeou, Bohn-Gettler, White, & van den Broek, 2008; Singer, Graesser, 

& Trabasso, 1994; van den Broek, 1990).  Local coherence can be maintained when a 

comprehender connects currently-read information with the immediately preceding text 

information; and global coherence can be maintained by connecting currently-read 

information to earlier text information or background knowledge (Albrecht & O‟Brien, 

1993; Graesser et al., 1994; McKoon & Ratcliff, 1992).     

Consider the following example: 

 “Jimmy wanted to buy a bike.  He needed to raise enough money.”  

In this brief passage, several types of inferences could be generated.  Local coherence can 

be maintained by connecting information in a current text situation and referring back to 

the immediately previous sentence.  For example, a reader could make the connection 

that Jimmy needed to raise money because he wanted to buy a bike.  This type of 

connection would bridge the information from the second sentence back to the first 

sentence; thus, local coherence would be maintained (Garrod & Sanford, 1990; Kintsch 
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& van Dijk, 1978; van den Broek et al., 2001; Virtue & van den Broek, 2005) (also see 

van den Broek, 1990; and van den Broek, White, Kendeou, & Carlson, 2009, for a more 

detailed explanation of the differences between types of inferences generated during 

reading to maintain local and global coherence). As a result, local coherence is achieved 

through generating local text-based inferences (e.g., Graesser & Clark, 1985). 

In addition to maintaining local coherence, readers also generate inferences to 

maintain global coherence during reading (van den Broek, 1990).  In the example above, 

another type of inference that could be generated during reading would be to infer that 

raising enough money would result in Jimmy buying a bike (e.g., a potential goal of a 

longer narrative).  This type of inference would be generated by connecting to an earlier 

goal statement or to relevant background knowledge that explains why raising money 

would be important in this situation; thus, global coherence would be maintained (e.g., 

Graesser & Clark, 1985).  Therefore, global coherence is achieved through generating 

global text-based inferences or knowledge-based inferences (e.g., Graesser et al., 1994). 

Maintaining local and global coherence during reading comprehension has been 

shown to assist readers for building coherent situation models of a text (Casteel, 1993; 

Graesser & Clark, 1985; McNamara et al., 1996).  As briefly demonstrated above, there 

are several types of inferences that could be generated both at a local and global level 

during reading.  Some of these types of inferences may be more useful for 

comprehension than other types; however, it is not clear as to which types of these 

inferences are more useful for improving comprehension.   

Updating to Build a Coherent Representation of a Text after Reading 



14 

 

 

 Updating after reading. In order to understand how a reader successfully builds 

a coherent representation of a text and comprehends a text, researchers need to also 

assess what readers do after reading in an attempt to find effective ways for improving 

comprehension.  Readers continuously update information received from a text, including 

after reading a text (e.g., Blanc & Brouillet, 2005; Blanc, Kendeou, van den Broek, & 

Brouillet, 2008; Kendeou & van den Broek, 2007; Kintsch, 1988; Graesser et al., 1994; 

van den Broek, Rapp, & Kendeou, 2005; van den Broek, Risden, Fletcher, & Thurlow, 

1996; van den Broek, Young, Tzeng, & Linderholm, 1999).  This updating process has 

been demonstrated by including contradictory information in a text, and later refuting 

such information with accurate explanations, still to find that readers fail to generate 

appropriate inferences after reading (e.g., Blanc et al., 2008; Kendeou & van den Broek, 

2007; van Oostendorp, 2002).   

 For instance, Blanc et al. (2008), presented readers with a series of news stories 

that included two alternative plausible explanations in accounts of a single event.  Within 

the news stories, participants were randomly presented with one of three possible critical 

sentences that provided support for the first or second plausible explanation, or a third 

neutral critical sentence.  If presented with a critical sentence that supported the first or 

second explanation, the authors hypothesized that readers would update their 

representation of the text for which the critical sentence supported (e.g., if presented with 

a critical sentence that supported the first explanation, readers would discard the second 

explanation from their representation of the text; and similar if presented with the critical 

sentence that supported the second explanation).  An inference judgment task was 
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presented after the text was read to assess which explanation was updated and retained in 

memory for the representation of the text.   

 The results demonstrated that their hypothesis for the second explanation was 

supported.  That is, when the second explanation was introduced after the first 

explanation in the text, readers were aware of the presence of two alternative 

explanations for the single event.  In addition, results showed that readers generated 

appropriate inferences after reading for the critical sentence about the second 

explanation; that is, inferences generated about the second explanation strengthened their 

ability to discard the first explanation from their representation of the text.  In contrast, 

the findings for updating the first explanation showed that readers generated inferences 

that demonstrated they were unable to discard the representation of the second 

explanation and both explanations were integrated into their memory for the 

representation of the text.  This caused readers to make causal connections between both 

explanations in order to build a representation of the text.   

 This study is important because it demonstrates that readers are able to update 

information after reading by generating different types of inferences.  Furthermore, this 

study shows how readers build different representations of a text by generating different 

types of inferences after reading.  Although comprehension skill was not a factor in this 

study, the information from the Blanc et al. (2008) study could be informative for 

understanding how readers with different comprehension skills update and build a 

representation of a text through inference generation after reading, and may be 

informative for understanding how to improve comprehension for less-skilled 

comprehenders.     



16 

 

 

Theories Explaining Inference Generation Differences between Skilled and Less-

Skilled Comprehenders during and after Reading   

To better understand how to improve comprehension for less-skilled 

comprehenders, cognitive scientists have developed theories that help explain differences 

in inferences generation for skilled and less-skilled comprehenders.  One prevalent set of 

theories has focused on differences between comprehenders with high versus low WM 

capacities; a second prevalent set of theories focuses on other components of WM, such 

as suppression and inhibition.   

High vs. low WM capacities. WM is a construct that was coined as part of the 

early development of cognitive models of learning, and is thought to be the temporary 

storage component in the memory system (also see Baddeley & Hitch, 1974, for an 

extensive review of their multi-component model memory system).  With regard to 

reading and other cognitive tasks, WM has been thought of as a gateway in which 

minimal information is held for a short time before either moving into long-term storage 

or being discarded altogether (e.g., Daneman & Carpenter, 1980; Just & Carpenter, 

1992).  Researchers who have studied WM have found that individuals can be grouped 

into high and low WM capacity groups based on performance on different cognitive tasks 

(e.g., digit and sentence spans), and such differences have been found during reading 

tasks as well (e.g., Ericsson & Kintsch, 1995; Daneman & Carpenter, 1980; Just & 

Carpenter, 1992). 

 Adult skilled and less-skilled comprehenders exhibit individual capacity 

differences for the amount of cognitive resources available during and after reading (e.g., 

Daneman & Carpenter, 1980; Just & Carpenter, 1992).  Such individual differences 
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include the ability to maintain and store information, access and retrieve information, and 

integrate information (Daneman & Carpenter, 1980).  In addition, researchers have found 

individual differences in attention span for comprehenders with high and low WM 

capacities (Daneman & Tardif, 1987; Engle, Cantor, & Carullo, 1992; Ericsson & 

Kintsch, 1995; Just & Carpenter, 1992; McNamara & Kintsch, 1996b; McNamara & 

Scott, 2001).  These individual WM capacity differences may provide one explanation for 

why comprehenders show differences in inference generation (e.g., Virtue, van den 

Broek, & Linderholm, 2006).  

 Suppression and inhibition. Other researchers argue that WM plays a different 

role when skilled and less-skilled comprehenders generate inferences (e.g., Conway & 

Engle, 1994; Engle, 1996; Gernsbacher, 1990; Gernsbacher & Faust, 1991; Gernsbacher, 

Varner, & Faust, 1990; Rosen & Engle, 1997, 1998). Specifically, these researchers 

contend that comprehenders with higher WM have a greater ability to suppress 

information that is not necessary for comprehension.  They suggest that comprehenders 

with superior suppression ability have less of a need to hold information in WM and can 

filter out information that is not relevant; thus, more space becomes available to hold 

relevant information that is needed for successful comprehension.  In other words, skilled 

comprehenders who have superior suppression abilities maintain less irrelevant 

information in WM; thus creating more space to integrate relevant information and 

generate relevant inferences (Conway & Engle, 1994; Engle, 1996; Gernsbacher, 1990; 

Gernsbacher & Faust, 1991; Gernsbacher et al., 1990; Rosen & Engle, 1997, 1998).  In 

her Structure Building Model (1990), Gernsbacher explains the concept of suppression 

and inhibition by stating that skilled comprehenders are able to suppress irrelevant 
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information more than less-skilled comprehenders; and thus, generate more relevant 

inferences because irrelevant information is not competing.  However, it is less clear how 

such WM differences for suppression/inhibition influence comprehension skills, 

specifically, inference generation skills; and if these skills are strategic, automatic or both 

(e.g., Gernsbacher & Faust, 1991; Keele & Neill, 1978; Posner & Snyder, 1975; Rosen & 

Engle, 1997, 1998).   

Challenges of WM Capacity and Suppression/Inhibition Theories  

 WM capacity vs. suppression/inhibition. The theories relating to WM capacity 

and suppression/inhibition described above have been challenged by other researchers.  

For instance, McNamara and colleagues (McNamara, 1997; McNamara & Kintsch, 1996; 

McNamara & McDaniel, 2004) challenged theories related to WM capacity and 

suppression/inhibition described above.  That is, McNamara and colleagues extended 

Gernsbacher‟s (1990) account that a comprehender‟s ability to suppress irrelevant 

information is caused by knowledge activation.  Specifically, based on Kintsch‟s (1988) 

Construction-Integration (CI) Model, knowledge (both relevant and irrelevant 

knowledge) is activated during reading; however, irrelevant knowledge is quickly 

decayed (i.e., suppressed) by skilled comprehenders. It is proposed that the relevant 

knowledge activated will then become the foundation for inference generation.  Further, 

if little relevant knowledge is activated and irrelevant knowledge remains and/or decays 

(i.e., is suppressed) more slowly, then poor comprehension will be the result.  Likewise, 

tasks such as answering questions, making inference judgments, and so on, would be 

difficult after reading.  McNamara and colleagues (McNamara, 1997; McNamara & 

Kintsch, 1996; McNamara & McDaniel, 2004) suggest that WM differences between 
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skilled and less-skilled comprehenders may not be caused by a capacity difference; but 

rather, may be caused by strategic knowledge decay or suppression of irrelevant 

knowledge when generating inferences.  However, these explanations deserve further 

investigation.  In addition, it is still not clear how WM influences inference generation 

between skilled and less-skilled comprehenders, and if these processes are automatic, 

strategic, or both. 

Conversely, Long, Seely and Oppy (1994, 1999) found conflicting results 

concerning the differences between skilled and less-skilled comprehenders‟ WM 

capacities.  Skilled and less-skilled comprehenders performed similarly when asked to 

identify appropriate and inappropriate words in a lexical decision task (e.g., a task where 

participants indicate whether a string of letters is a word or not a word).  In contrast to 

Gernsbacher, McNamara, and colleagues‟ findings described above, these results did not 

suggest differences between skilled and less-skilled comprehenders‟ ability to suppress 

irrelevant information.  Instead, Long et al. (1994, 1999) suggested that less-skilled 

comprehenders may have experienced difficulties associated with WM; however, such 

difficulties may be associated with other WM components such as using attentional 

capacity resources, and not associated with difficulties for suppression/inhibition.   

Although Long et al. (1994, 1999) findings conflict with Gernsbacher, 

McNamara, and colleagues‟ findings, it is still not clear from both sides if skilled and 

less-skilled comprehenders differ in the ability to suppress irrelevant information or in 

attentional capacity resources (e.g., Conway & Engle, 1994).  Therefore, the argument 

may not be whether or not skilled and less-skilled comprehenders have limited 

suppression/inhibition and/or attentional capacity abilities; but rather, whether or not 
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skilled and less-skilled comprehenders are able to allocate suppression/inhibition and/or 

attentional capacity resources during when an appropriate inference needs to be 

generated.  These findings suggest a need to further understand the causal explanation 

behind WM capacity and suppression/inhibition differences during inference generation 

between skilled and less-skilled comprehenders. 

  WM capacity and suppression/inhibition. Recently, McNamara and O‟Reilly 

(2009), combined several WM capacity and suppression/inhibition theories, and 

summarized how high/low WM capacity differs for skilled and less-skilled 

comprehenders.  McNamara and O‟Reilly (2009) concluded that (1) skilled 

comprehenders have larger WM capacity and can hold and process more information 

from text and discourse; (2) skilled comprehenders suppress and inhibit text information 

that is not relevant to the context, and less-skilled comprehenders are unable to suppress 

and inhibit text information that is not relevant to the context because their resources are 

consumed by irrelevant information; (3) skilled comprehenders have more general world 

knowledge and are more likely to use it; and (4) skilled comprehenders have more 

knowledge about reading strategies and have the ability to use their knowledge 

effectively.  

 The above assessments provide a background for understanding possible causal 

explanations for why skilled and less-skilled comprehenders show differences with 

regard to inference generation.  WM plays a role during inference generation; however, it 

is not clear whether any of the components of WM (e.g., high vs. low capacity, 

suppression/inhibition, attention, etc.) are causally related, and if these abilities are more 

or less automatic or strategic during and after reading.  In addition, much of the literature 
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on inference generation and WM is adult-focused (e.g., Graesser, et al., 1994; 

Linderholm, 2002; McKoon & Ratcliff, 1992; Millis & Graesser, 1994; Suh & Trabasso, 

1993; Virtue et al., 2006); however, inference-generation and WM differences have also 

been shown to occur with children, and this literature should be expanded (e.g., Cain & 

Oakhill, 1999; Cain et al., 2004).  Additionally, the literature explains inference 

generation failure in children to be related to comprehension problems, but has not 

established inference generation failure as a causal explanation of comprehension 

difficulties (see Cain & Oakhill, 2009, for a review of this literature), and the connections 

made to WM are less clear.  In fact, researchers have identified two different groups of 

children who are  less-skilled comprehenders: (1) comprehenders who have poor 

semantic and syntactic skills, which leads to difficulties with constructing sentence 

meanings (see Nation, Clarke, Marshall, & Durand, 2004); and (2) comprehenders who 

are poor at integrating different parts of the text, inference generation, comprehension 

monitoring, and knowledge and text structure skills, which leads to more difficulties with 

constructing coherent situation models of texts (Cain & Oakhill, 2006).   

Thus, the purpose of the next section of this review is: (1) to provide an in-depth 

review of the literature addressing the types of inferences generated during and after 

reading for children with different comprehension skills.  In particular, inference 

generation differences among skilled and less-skilled comprehenders and the types of 

inferences that are generated to build a coherent representation of a text are reviewed.  (2) 

To examine the literature that addresses inference generation with skilled and less-skilled 

comprehenders, in particular children and the theoretical basis (drawing from the above 

WM theories) for a causal explanation of inference generation differences.  (3) To 
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examine methods used to improve inference generation with less-skilled comprehenders 

(children) during and after reading comprehension.  These training studies provide further 

evidence that not only do different types of comprehenders generate different types of 

inferences, but different comprehenders may also respond differently to instruction.  It is 

important to note that a major contribution in these areas of literature are related to 

skilled adult comprehenders, which can be used as a foundation for understanding how to 

improve inference generation and comprehension for children who are less-skilled 

comprehenders.   

Search Methods for this Review 

 To identify all relevant studies for this review, a literature search was conducted 

using the following databases: PsycINFO, ERIC, and Education Full Text, which cover 

the years 1806-current, 1966-current, and 1983-current, respectively.  The search terms 

included: inference generation; inference generation, children; inference generation, 

children, reading comprehension; inference generation, children, reading assessment; 

text-based inference; knowledge-based inference; reading comprehension strategies; 

inference generation, interventions, children; children‟s inference generation; inference 

generation training; inference training; inference generation, children, reading assessment 

(key words); inference generation, children, reading assessment (key words); inference 

generation, reading, children (key words); inference generation, reading comprehension, 

children (key words); inference generation, reading comprehension, children (key 

words); inference generation (key words); interventions (key words); children (key 

words).  In addition, working memory was also searched.  These search terms included: 

working memory, comprehension skill; working memory and reading comprehension; 
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working memory, reading comprehension, inference generation; and children‟s working 

memory.  To keep the search relatively focused, each search was performed under the 

„title‟ option in each database, except when otherwise indicated
 
(some searches were 

performed with words or phrases as key words).    

In addition to the database searches, specific journals, including Journal of 

Educational Psychology, Discourse Processes, Scientific Studies of Reading, Journal of 

Research in Reading, British Journal of Educational Psychology, and Memory & 

Cognition were searched from the current year to ten years prior.  Some authors, because 

of their seminal work in the field, were also searched further to identify their most recent 

and relevant articles. 

Selection Criteria 

Inclusion/exclusion criteria. Articles identified using the above search terms 

were screened using the following inclusion and exclusion criteria: First, studies were 

published in peer-reviewed journals, and included participants in elementary school 

(generally grades 2-6).  Participants younger than elementary-age and older than 

elementary-age were excluded.  Elementary-aged participants were further screened and 

classified as skilled and less-skilled comprehenders.  All of the following studies were 

screened to include skilled and less-skilled comprehenders that were matched for age and 

decoding and fluency skills, and did not match for age and comprehension skills.  Skilled 

and less-skilled comprehenders generally differed on the mean comprehension age by 

approximately six months.  Studies that included participants with decoding difficulties, 

fluency difficulties, or other severe learning disabilities were not included because the 

focus of this review was to examine the children-focused literature that included readers 
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who were matched for age, general intelligence, decoding ability, and fluency ability, but 

differed in comprehension ability.   

Second, studies that assessed text-based and knowledge based inferences were 

included.  As described earlier, generating these types of inferences during and after 

reading is necessary for maintaining local and global coherence during reading; and thus, 

leads to developing a coherent representation of a text.  Other studies that assessed other 

types of inferences, and did not include text-based and knowledge-based inferences were 

excluded. 

Third, studies that focused on WM were included to provide a theoretical and 

empirical basis for understanding inference generation during and after reading.  For 

these studies, my interest was to explore how WM has been assessed (i.e., via WM 

capacity or suppression/inhibition).  These studies assessed WM as an additional 

measure, along with reading comprehension measures.  Studies that assessed WM, but 

did not include reading comprehension assessments were excluded.   

Last, studies that focused on improving inference generation for less-skilled 

comprehenders were included.  Specifically, my interest for these studies was to review 

methods used to train less-skilled comprehenders for generating appropriate inferences 

during and after reading.  The goal of these studies was to assess inference generation 

training methods to improve comprehension for less-skilled comprehenders.  As stated 

above, these training studies provide further evidence that not only do readers with 

different comprehension skills generate different types of inferences, but readers with 

different comprehension skills may also respond differently to instruction.  Studies that 
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examined reading comprehension improvement related to training methods, other than 

inference generation, were excluded. 

Next, the methods sections of each article were read and articles were divided into 

categories based on content-type for the studies. In addition, comprehension measures, 

reading methodologies, WM tasks, and outcome measures were assessed.  All of the 

studies included in this literature review were quantitative, experimental, and 

correlational studies. 

Results and Discussion of the Review of Literature 

 A total of 11 studies met the above criteria and will be discussed in the next 

sections.  In the first section I review three studies related to different types of inferences 

generated during reading for skilled and less-skilled comprehenders.  Specifically, these 

studies are related to text-based and knowledge-based types of inferences.  In the second 

section, I review two studies related to different types of inferences generated after 

reading.  Likewise, these studies are related to text-based and knowledge-based types of 

inferences.  In the third section, I review four studies related to the theories behind 

inference generation during reading for skilled and less-skilled comprehenders.  The 

focus of these studies was in the area of WM.  In the fourth section, I review two studies 

that explored how to improve reading comprehension through appropriate inference 

generation training.  I conclude with a general discussion regarding possible sources 

underlying the differences between skilled and less-skilled comprehenders‟ inference 

generation during reading comprehension, as well as limitations and implications for 

future research and practice. 

Types of Inferences Generated during Reading  
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Text-based and knowledge-based inferences. Several types of inferences could 

be generated during reading; however, two major types of inferences are discussed in the 

studies identified for this review: text-based and knowledge-based. Text-based inferences 

are generated by making connections to specific areas in a text during reading.  As stated 

in Chapter I, text-based inferences can be tracked either when a comprehender makes 

connections to information in the text that is very close in vicinity to the area in the text 

that a comprehender is currently reading (e.g., information from the immediate preceding 

sentence - local), or when a comprehender connects to much earlier text information that 

is not in close vicinity to what he or she is currently reading (e.g., information from 

earlier areas in a text - global).  Knowledge-based inferences, on the other hand, have 

been associated with integrating information in a text with background knowledge.  

These types of inferences have been examined by tracking elaborative or explanatory 

inferences, associative inferences, and predictive inferences generated during reading.  

Researchers have explored whether knowledge-based inferences are interconnected with 

the information in the text (i.e., relevant) or unrelated to the text (i.e., irrelevant) (Cain & 

Oakhill, 2006; McNamara, 2007; Oakhill, 1982; Rapp et al., 2007); however, 

comprehenders may exhibit individual differences with respect to these types of 

inferences generated during reading.  As discussed earlier, these types of inferences are 

necessary for maintaining local and global coherence throughout a text (e.g., Cain & 

Oakhill, 1999; Cain et al., 2001; Graesser & Clark, 1985; Graesser et al., 1994; McKoon 

& Ratcliff, 1992; McNamara et al., 1996).   

Text-based and knowledge-based inferences have been investigated with children 

who have varying levels of comprehension skill.  Bowyer-Crane and Snowling (2005) 
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tested skilled and less-skilled comprehenders using two reading comprehension 

assessments.  The questions from each reading comprehension assessment were designed 

to measure different types of inferences generated during reading.  The reading 

comprehension assessments used in this study were the Neale Analysis of Reading 

Ability (NARA II; Neale, 1989) and the Wechsler Objective Reading Dimensions 

(WORD; Wechsler, 1990) reading assessments.  Questions were first analyzed from both 

assessments, and results showed that each assessment tapped the following inferences in 

at least one question: Elaborative inferences, which include an elaboration made from the 

text that could be predictive or elaborative and not necessary for comprehension; 

cohesive inferences (i.e., text-based), which connect back to information in the text and 

are necessary for comprehension; knowledge-based inferences, which make connections 

from the text (explicit or implicit) to the reader‟s background knowledge  and were 

necessary to form a coherent representation of the text; evaluative inferences, which are 

emotional states a reader can form based on the information in the text and the reader‟s 

real-world knowledge; and literal information, which require no inference because 

answers could be found in the immediate text.   

In addition, the researchers determined the percentage of questions that tapped a 

particular inference.  For both assessments, the majority of questions tapped inferences; 

however, 14% of the questions for the NARA II assessment tapped literal information in 

comparison to 32% of the questions for the WORD assessment.  The largest proportion 

of differences for the types of inferences for both assessments was as follows: the 

questions for the NARA II assessment tapped more cohesive (i.e., text-based) and 

knowledge-based inferences (approximately 34% and 30%, respectively); and in contrast, 
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the questions for the WORD assessment tapped more elaborative inferences 

(approximately 26%).    

In the second study, Bowyer-Crane and Snowling (2005) investigated the above 

reading assessments with 10 skilled comprehenders and 10 less-skilled comprehenders.  

There were 38 children tested in the original sample, ranging from grades three to six.  

All children were recruited from a local elementary school and selected based on 

criterion that described the children as „average‟ readers from their teachers.  Skilled and 

less-skilled comprehenders subsamples were then determined from NARA II scores.  

However, two other standardized assessments were then administered to these subgroups: 

the WORD assessment and the Graded Non-Word Reading Test (GNWRT; Snowling, 

Storhard, & McLean, 1996).  The NARA II reading assessment consists of a booklet of 

short stories with accompanying questions that become progressively harder and longer 

as the child moves through the test.  The stories and questions are administered orally by 

the researcher.  The WORD reading assessment consists of reading passages that are 

from lengths that are one sentence long to an expository paragraph.  Passages are read 

silently by the reader and then questions are asked orally by the experimenter.  Last, the 

GNWRT consists of one and two-syllable words in which the reader reads aloud.   

Bowyer-Crane and Snowling (2005) found a main effect for group, in which the 

skilled comprehenders performed better on both reading comprehension assessments than 

the less-skilled comprehenders.  In addition, a group-by-comprehension interaction was 

found, in which skilled comprehenders performed better on the NARA II assessments 

than the WORD assessments; and conversely, less-skilled comprehenders performed 

better on the WORD assessments than on the NARA II assessments.  Last, all of the 
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scores for questions tapping literal, cohesive, knowledge-base, and elaborative inferential 

questions were compared between the skilled and less-skilled comprehender groups.  

There was a main effect for group; skilled comprehenders performed better than the less-

skilled comprehenders did for all inferential questions.  There was also a main effect 

found for inference type, and a group-by-inference type interaction.  Post hoc analyses 

revealed that skilled comprehenders‟ performance on the literal, cohesive and 

knowledge-based questions did not differ; however, their performance on the elaborative 

questions was greater than the knowledge-based questions.  In contrast, less-skilled 

comprehenders performed better on the literal questions than any other question type, and 

performed better on the cohesive questions than the knowledge-based or elaborative 

questions.   

These findings have several interesting implications with regards to the types of 

inferences that skilled and less-skilled comprehenders generate during reading.  In 

Experiment 1, descriptive analyses were conducted and raters found that the WORD 

assessment tapped more literal and elaborative inferences.  The results from Experiment 

2 showed that less-skilled comprehenders performed better on the WORD assessment 

than the NARA II assessment; thus, one might conclude that less-skilled comprehenders 

are able to generate more literal information and elaborative inferences.  However, 

additional analyses from combined scores on the WORD and NARA II revealed that the 

less-skilled comprehenders‟ performance for the literal and cohesive questions were 

better than the elaborative and the knowledge-based type questions.  From these 

secondary analyses, it appears that less-skilled comprehenders experience greater ease in 

generating literal and cohesive (i.e., text-based) information from a text and more 
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difficulty in moving beyond the text (e.g., background knowledge), which would have 

been revealed in better performance for the knowledge-based and elaborative question 

responses.  Conversely, the skilled comprehenders showed greater performance for 

answering the elaborative questions than the knowledge-based questions, which may 

suggest a greater ability to move beyond the text and connect to background knowledge.   

Findings from Bowyer-Crane and Snowling (2005) are promising with regards to 

revealing inference generation differences between skilled and less-skilled 

comprehenders.  The questions asked in both reading comprehension assessments 

measure different types of inferences.  Future researchers may wish to include these 

findings as an important starting point for choosing an appropriate assessment for 

identifying skilled and less-skilled comprehenders.  However, additional assessments that 

measure different types of inferences should be included to develop a more detailed 

profile of the types of inferences comprehenders generate during reading. 

Cain et al. (2001) controlled for background knowledge and identified skilled and 

less-skilled comprehenders by using the Gates-MacGinitie Primary Two Vocabulary Test 

(Gates & MacGinitie, 1965) and the NARA II (Neale, 1989).   These tests identified 13 

skilled and 13 less-skilled comprehenders, ages 7 to 8. These children were taught new 

content information about a novel subject until the information was recalled verbatim.  

The experimenters then verbally presented 10 brief story episodes and four question 

types, including a text-based inferential question and a knowledge-based inferential 

question.  The text- and knowledge based inference questions were computed into 

proportional scores consisting of the mean for correctly answered questions and the total 

possible score.  Total possible scores were based on the amount of information that the 
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comprehender recalled from the earlier learned information and matched question 

answers.  Proportional scores were analyzed using a two-way ANOVA, with 

comprehension skill and inference type as factors.  Cain et al. (2001) found that skilled 

comprehenders generated more text-based and knowledge-based inferences than less-

skilled comprehenders.  These findings were discussed in terms of poor memory and 

integration skills of newly acquired knowledge and information in the text for less-skilled 

comprehenders in comparison to the skilled comprehenders. 

Cain et al. (2001) assessed inference generation during reading.  However, the 

reasons for why inference generation and difficulty with memory and integration skills 

existed with this study could be further understood by results from a moment-by-moment 

reading task.  For example, inference generation can be assessed using a think-aloud task, 

in which readers are asked to read a text out loud (or the experimenter reads the text out 

loud), one sentence at a time.  After each sentence, readers are then asked to say whatever 

came to mind when reading the sentence.  This task has been used by researchers as a 

means to examine online processing, or cognitive processes that occur during reading, 

including inference generation (e.g., Ericsson & Simon, 1993; Laing & Kamhi, 2002; 

Trabasso & Magliano, 1996a, 1996b; van den Broek et al., 2001). 

 Laing and Kamhi (2002) compared think-aloud responses from 20 average and 20 

below average comprehenders, ages 8 to 9.   Average and below-average comprehenders 

were identified from their performance on several standardized reading, language, and 

intelligence tests.  The think-aloud task in this study was counterbalanced and presented 

in one of two conditions: a listen-through and a think-aloud.  For both conditions, the 
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comprehenders listened to four stories; however, for the think-aloud condition, the 

comprehenders were asked to think out loud after each sentence.   

 Laing and Kamhi (2002) coded inferences made during think-aloud responses as 

explanatory, associative, or predictive.  In this study, associative inferences most closely 

represent text-based inferences, and explanatory and predictive inferences most closely 

represent knowledge-based inferences (based on scoring distinctions from previous 

research; see Trabasso & Magliano, 1996a, 1996b).  In addition, incorrect inferences 

were also coded and scored as either no inference generated or when there was no 

connection made between clear statements in the text.  Total correct and incorrect 

inferences were calculated; average comprehenders generated more inferences overall 

and more correct inferences than the below-average comprehenders.  The types of 

inferences were analyzed with a 2 (group) X 3 (inference type) repeated measures 

ANOVA.  Laing & Kamhi (2002) found a significant a group by inference type 

interaction.  Out of the knowledge-based inferences, average comprehenders generated 

more explanatory inferences than below-average comprehenders.  In addition, average 

comprehenders generated more explanatory inferences than predictive or text-based 

inferences during reading; and below-average comprehenders generated more predictive 

than text-based inferences.  These findings are important because they illustrate the types 

of inferences that readers with different comprehension skill generate during a moment-

by-moment assessment during reading.  It appears that using such methodologies can 

offer rich information about the types of inferences generated during reading; and could 

thus, lead to explorations of how to improve inference generation for less-skilled 

comprehenders. 
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 The findings from the above studies that examined types of inferences (i.e., text-

based and knowledge-based) illustrate differences in the amount of text-based and 

knowledge-based inferences generated by skilled and less-skilled comprehenders.  

Skilled comprehenders appear to generate more text-based and knowledge-based types of 

inferences during reading than less-skilled comprehenders.  The above studies provide 

evidence that less-skilled comprehenders are able to generate such inferences; however, 

difficulties may be occurring because of memory and integration problems during 

reading.  These studies provide only a brief glimpse of how to assess skilled and less-

skilled comprehenders‟ online inference generation; and it is less clear as to what the 

causal explanations are for why inference generation differences occur.  Further research 

that examines inference generation with more detailed categories during reading and also 

an assessment of inference generation after reading would be beneficial for understanding 

the differences between skilled and less-skilled comprehenders.  Assessing inference 

generation during and after reading could possibly help researchers determine a causal 

explanation between skilled and less-skilled comprehenders‟ inference generation 

differences. 

Types of Inferences Generated after Reading  

Cain and Oakhill (1999) used a reading-level and comprehension-age match 

design to explore inferential skills and potential causal links for comprehension failure 

for less-skilled comprehenders.  Eighty children ages 6 to 8 years old from six British 

elementary schools participated in this study.  Three groups of comprehenders were 

identified using the Gates-MacGinitie Primary Two Vocabulary Test (Gates & 

MacGinitie, 1965) and the NARA II (Neale, 1989): skilled, less-skilled, and 
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comprehension-age match (i.e., children with comparable comprehension skills, but 

different chronological ages).  The comprehension-age matched group was added to 

explore whether the cause of inferential difficulties was related to comprehension skill or 

whether inferential skill is a byproduct of reading comprehension.   

Cain and Oakhill (1999) examined inference generation by using a questioning 

task.  Participants were tested individually on a questioning task and were instructed to 

read out loud.  Participants read five narrative texts (including one practice) and were 

asked six questions after reading each text.  Questions probed literal information in the 

text, text-connecting inferences (i.e., text-based), and gap-filling inferences (i.e., 

knowledge-based).  Participants were not allowed to see the text to answer questions; 

however, if they had difficulties providing correct answers, the examiner provided the 

text along with clues. 

Cain & Oakhill (1999) used a two-way analysis of variance (ANOVA) with skill 

group and question type as factors and found a main effect for comprehension skill and 

question type; skilled comprehender and comprehension-age match groups answered 

more text-based inferential questions correctly than did the less-skilled comprehenders.  

In addition, skilled comprehenders answered more knowledge-based inferential questions 

correctly than did the less- skilled comprehender group; however, there was no difference 

between skilled, less-skilled, and comprehension-age matched groups.  Further analysis 

revealed that less-skilled comprehenders demonstrated the capacity to generate text-based 

inferences, and performance improved only when the text was available as a resource 

during question answering.  In addition, each groups‟ performance on text-based 

inferential questions was comparable and reached ceiling levels when the text was 
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available to find the answers.  Performance for the knowledge-based inferential questions 

also improved for all groups when the text was available, as well as when clues were 

provided by the experimenter to find the correct answer to the questions; however, skilled 

comprehenders continued to out-perform the less-skilled and comprehend-age match 

groups for improvements on the knowledge-based inferential questions.   

The above results raise important questions: To what extent does the question 

placement during reading used to examine inference generated demonstrate ability 

differences to generate text-based or knowledge-based inferences?  Cain & Oakhill 

(1999) assessed inference generation by asking several questions after reading the entire 

text. Thus, should inference generation be examined after segments of text instead of 

after an entire text is read?  In addition, an assumption may have been made that 

comprehenders would generate text-based inferences (after one to two sentences) and 

knowledge-based inferences (when needing to relate the text to background knowledge), 

but this could not be assessed because inference generation was measured after the 

reading task was completed.  Less-skilled comprehenders may be generating such 

inferences during reading, but the task used in this study may not have been sensitive 

enough to capture these inferences.   

Another type of measure that is used to track inference generation after reading is 

a sentence verification task (SVT).  As stated in Chapter I, an SVT is a more direct 

assessment that can be used to ask readers specific questions that are designed to assess 

different types of inferences used to remember different parts of a text (Royer et al., 

1979).  SVTs differ from other types of offline tasks because readers are asked if 

different inferential statements are true or false about the text.  In addition, statements 
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developed for a recent version of the SVT were used to assess judgments of the gist 

information in a text, as well as local and global text-based inferences (McKeown et al., 

2009).  Remembering gist and inferential information can result in the development of a 

coherent representation of a text.  McKeown et al. (2009) used an SVT to examine 

different types of inferences generated after reading during two rounds of data collection.  

The SVT used in this study was a part of a larger battery measures used to assess the 

outcomes of three instructional approaches to improve reading comprehension (content 

approach, strategies approach, and control-basal approach).  Participants were 5
th
 grade 

students from six classrooms during both years of data collection.  The SVT assessed gist 

information from the text (paraphrases); local text-based inferences (information about a 

localized portion of the text); and global text-based inferences (information that connects 

across a large portion of the text).   

Mckeown et al. (2009) found no significant differences across the instructional 

approaches for the SVT scores during year 1.  That is, all readers did moderately well on 

the SVT for the item types: roughly, about 80% correct for the paraphrases; 78% correct 

for the local text-based inferences; and 77% correct for the global-text based inferences.  

For year 2, SVTs were assessed in a similar manner as in year 1; however, in year 2 

participants were assessed with the SVT after reading narrative and expository texts.  

Similar to year 1, there were no significant differences across instructional approaches for 

the narrative SVT scores and the expository SVT scores during year 2.  Specifically, all 

readers did moderately well on the narrative SVTs: roughly, about 76% correct for the 

paraphrases; 76% correct for the local text-based inferences; and 76% correct for the 

global text-based inferences.  In addition, all readers did moderately well on the 
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expository SVTs: roughly, about 81% correct for the paraphrases; 72% correct for the 

local text-based inferences; and 74% correct for the global text-based inferences.  Thus, 

these results are consistent with other research that have used similar inferential judgment 

task to assess updating processes after reading. 

The above results have limitations and raise three important questions: First, to 

what extent does the SVT capture inference differences among readers with different 

comprehension skills?  McKeown et al. (2009) did not assess readers‟ comprehension 

skill in this study.  Thus, this is one limitation to this study and would be important to 

further investigate inference generation and individual differences using this type of 

measure.  That is, do readers with different comprehension skills show differences in 

inference generation after reading as measured via an SVT?  In addition, the SVT used in 

McKeown et al. (2009) did not assess knowledge-based inferences.  As found after 

reviewing in several studies above, skilled and less-skilled comprehenders differ in terms 

of the amount of knowledge-based inferences generated during and after reading.  Thus, 

do skilled and less-skilled comprehenders differ in the amount of knowledge-based 

inferences generated after reading as measured with an SVT?  These individual 

differences may exist, but the task used in this study was not able to capture such 

differences. 

WM Capacity and Suppression/Inhibition during and after Reading 

Comprehension 

As suggested by the studies reviewed in the first section of this review, 

understanding inference generation differences between skilled and less-skilled reading 

comprehension presents a number of challenges; however, theories have been developed 
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to help explain such differences.  As described above, WM theories, a temporary storage 

component in the memory system, have been used to explain these differences (Baddeley 

& Hitch, 1974; Daneman & Carpenter, 1980; Just & Carpenter, 1992).  Previous research 

has also indicated that WM is a predictor of reading comprehension in children (e.g., 

Oakhill & Cain, 2000; Seigneuric et al., 2000; Yuill et al., 1989).  One way to begin 

investigating potential connections to WM differences, reading comprehension, and, 

more specifically, inference generation during reading comprehension would be to 

connect previous research findings to current findings.  Researchers who have studied 

WM have found that individuals can be grouped into high and low WM capacity, 

including during reading tasks (e.g., Ericsson & Kintsch, 1995).  In addition, other 

researchers have found individual differences between suppression and inhibition 

abilities.  These individual WM differences may influence inference generation during 

and after reading, resulting in different comprehension skills.  Thus, it is less clear how 

WM influences inference generation for skilled and less-skilled children comprehenders 

during and after reading and there has been limited research that specifically focuses on 

these areas. Below, I review research that has begun to shed light on the role of WM 

during inference generation. 

WM capacity, WM components and comprehension skills. Oakhill (1982) 

conducted research to investigate memory differences between skilled and less-skilled 

comprehenders.  She did not explicitly investigate WM; however, the task used in this 

study was very similar to other WM tasks (i.e., recognition/updating tasks) and marks an 

important starting point for investigating comprehension skill and WM differences.  

Thirteen skilled and 13 less-skilled comprehenders, ages 7 to 8 years, were screened for 
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comprehension skill.  Comprehension skill was measured using the Gates-MacGinitie 

Primary Two vocabulary test (Gates & MacGinitie, 1965) and the NARA (form C) 

(Neale, 1966).  Participants then completed two recognition tasks that were used to assess 

memory processes. For the first task, participants were presented with short stories that 

comprised three sentences: two event sentences and one neutral sentence.  After 

participating in a distracter task, the participants completed a second task in which they 

were presented with short stories again; however, these stories were four sentences long, 

including the two original sentences from the first task, a semantically congruent 

sentence, and a semantically incongruent sentence.  Participants were asked to indicate if 

each sentence was presented during the first task.  All stories were presented aurally.  

A main effect of sentence recognition type was found; more errors were made for 

the semantically congruent sentences than the semantically incongruent sentences.  In 

addition, an interaction was found between comprehension skill and recognition sentence 

type; skilled comprehenders made more errors than the less-skilled comprehenders on the 

semantically congruent sentences.  Oakhill (1982) confirmed predictions that when asked 

to recognize semantically congruent sentences, skilled comprehenders would be more 

likely to make more errors than the less-skilled comprehenders because skilled 

comprehenders are more likely to be  involved with the text and to make more attempts to 

identify the true information from the stories and not the surface information (e.g., text-

based).   

These findings raise several important questions.  If skilled comprehenders are 

indeed more involved with the text, and can identify the true information in the text, how 

are skilled comprehenders accomplishing these skills?  Do skilled comprehenders 
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generate different types of inferences during reading?  Findings from the research 

reviewed in the previous section suggest that skilled and less-skilled comprehenders do 

generate different types of inferences; however, skilled comprehenders generate more 

inferences overall.  Even though inference generation was not explicitly investigated in 

this study, one could conclude from these findings that relations among inference 

generation, memory skill (i.e., WM), and comprehension skill need to be investigated 

further.  Unfortunately, there have been no studies that have specifically investigated 

these three areas together (i.e., inference generation, specifically text-based and 

knowledge-based inferences; comprehension skills; and WM differences), as well as 

investigated these areas during and after reading in the same study; but instead, studies 

have focused on one or two of the areas separately.  These are reviewed below. 

Cain et al. (2004) investigated WM and comprehension components for children.  

Children participated in a longitudinal study at three different time points at ages 8, 9, 

and 11.  At Time 1, 100 children participated; at Time 2, 92 children participated; and at 

Time 3, 80 children participated.  Children were originally selected for this study during 

an assessment process at ages 7 and 8.  The assessments administered included the 

NARA II (Neale, 1989); Gates-MacGinitie Vocabulary subtest (MacGinitie & 

MacGinitie, 1989), the British Picture Vocabulary Scale (BPVS; Dunn, Dunn, Whetton, 

& Pintillie, 1982); a WM digit span task (Yuill et al., 1989) and a WM sentence span 

task; and inference and integration skill assessments.  At Time 1, children were 

administered a constructive integration task in which children listened to a series of short 

stories and then asked whether certain sentences were in the stories just heard (inferential 

judgment task) (see Oakhill, 1982), and at Times 2 and 3, children were administered a 
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inference task in which children read short stories and answered questions (i.e., literal and 

inferential questions) (see Cain & Oakhill, 1999).   

Assessing inference generation was different for Time 1 vs. Times 2 and 3.  At 

Time 1, children were required to identify and judge sentences after reading three-

sentence texts.  These sentences assessed memory for literal information, valid 

inferences, and invalid inferences.  The number of correct utterances of literal 

information and valid inferences minus the number of utterances of invalid inferences 

was used as an index of the ability to integrate text information.  At Times 2 and 3, 

however, assessment for inference generation was changed to eliminate possible „false 

memory‟ situations from Time 1 (p. 35).  Instead, children read three texts and were 

asked six questions after reading each text; questions assessed literal information and 

inferential information and were each scored for total accuracy (see a full description 

above for this task used in Cain & Oakhill, 1999).  In addition, correlations were 

calculated at each time for relations among reading comprehension, WM, and component 

skills (assessed by inference generation and integration as two of the skills). 

Cain et al. (2004) found that, at each time point, WM (sentence span) was 

correlated with component skills (e.g., inference generation) and reading comprehension.  

When comprehension skills were assessed separately, inferential outcomes were not 

correlated with WM (both sentence and digit spans) at Time 1.  However, the inference 

tasks used during Times 2 and 3 were different from the inference task used in Time 1, 

and a correlation was found at Times 2 and 3 between the inference generation and WM 

(sentence span).  In addition, hierarchical multiple regression was conducted with reading 

comprehension as the dependent variable, controlling for word reading accuracy, 
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vocabulary knowledge, verbal ability, and WM.  In this case, inference generation also 

explained unique variance in reading comprehension, but was not fully mediated by WM.  

Overall, findings showed that relations between inference generation and reading 

comprehension were not fully influenced by WM.   

Although this study attempted to shed light on the role that WM plays during 

inference generation, there were some areas that were not examined.  First, WM was not 

examined in terms of different capacities; that is, participants were not divided into high 

vs. low WM groups, nor were other WM components such as suppression/inhibition 

discussed.  Likewise, the researchers did not assess reading comprehension differences.  

To understand whether WM influences inference generation and overall comprehension 

ability, it would be important to examine WM differences for readers with different 

comprehension abilities. In addition, the tasks for WM and inference generation were not 

consistent across each year.  It may be more useful in future research in this area to find 

one WM task that produces consistent results and additionally use one measure for 

examining the influence of WM on inference generation.  Reviewing the research that 

examines WM differences for skilled and less-skilled comprehenders may lead to a better 

understanding of the effect of WM on inference generation between skilled and less-

skilled comprehenders during and after reading. 

Carretti, Cornoldi, De Beni, and Romano (2005) examined WM capacity 

differences between skilled and less-skilled comprehenders.  Specifically, Carretti et al. 

(2005) were interested in investigating updating (i.e., a component of WM defined as the 

act of modifying current or prior information based on new incoming information during 

a cognitive task; Morris & Jones, 1990) (see Blanc et al., 2008; McKeown et al., 2009 for 
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other updating tasks) and reading comprehension abilities.  Specifically, within the 

updating component, Carretti et al. (2005) were interested in the controlling ability to 

suppress and update information during and after reading.  Participants, ages 8 to11, 

participated in a two year longitudinal study. They were screened during the first year for 

reading comprehension ability using a standardized reading comprehension assessment 

(see the MT test, Cornoldi & Colpo, 1998); the Spatial subscale of the Primary Mental 

Ability (PMA) intelligence test (Thurstone & Thurstone, 1963); a Reading-decoding task 

measuring „word search,‟ a sub-task of the PRCR-2 test (Cornoldi, Miato, Molin, & Poli, 

1992); and a questionnaire filled out by the teacher to assess Attention Deficit Disorder 

(ADHD).   In Experiment 1, 109 skilled comprehenders and 109 less-skilled 

comprehenders participated in an updating task in groups of four.  The WM task required 

the participants to remember lists of words and corresponding pictures (see Palladino, 

Cornoldi, De Beni, & Pazzaglia, 2001).  The experimenters read a longer list of words 

and pointed to the corresponding picture from a column of pictures.  There were also 

filler words with no picture and the experimenter said „no picture in column‟ when 

reading these words.  The participants were asked to recall the words that had a 

corresponding picture.  The words to recall were from either the top portion of the picture 

column or the bottom portion of the picture column, and these orders were randomly 

chosen to recall.  Correct items recalled, items recalled that should be excluded 

immediately from WM, and items recalled that were not relevant were scored.  All of the 

items scored were based on the word list, not the picture column.   

Carretti et al. (2005) found a difference between the skilled and less-skilled 

comprehenders‟ performance on the WM/updating task; skilled comprehenders recalled 



44 

 

 

more correct words from the word/picture column and made fewer errors than the less-

skilled comprehenders.   These findings supported the hypothesis that updating in WM is 

related to updating in reading comprehension, suggesting that less-skilled comprehenders 

had difficulties controlling irrelevant information.  However, a second experiment was 

conducted to eliminate memorization and practice effects that participants pointed out 

during the first experiment.  Thus, a smaller group of participants from Experiment 1 

participated in a new list of words/pictures task.  Thirty skilled and 30 less-skilled 

comprehenders, ages 9-10, participated in Experiment 2.  The materials and procedure 

were the same as in Experiment 1, with the exception that the word lists were different 

lengths and were presented in different orders.  In addition, participants recalled items 

based on the picture order presented, not based on the word order in the columns 

(Experiment 1). The lengths of the lists were unknown, which required participants to 

update incoming information for each list.  Correct and incorrect recall was scored, and 

results from Experiment 2 were similar to Experiment 1; confirming that skilled 

comprehenders recalled more correct items and made fewer errors than the less-skilled 

comprehenders. 

Carretti et al. (2005) confirmed their hypothesis that updating in WM and reading 

comprehension are related.  The findings of this study provide evidence that less-skilled 

comprehenders demonstrate difficulties during the updating process of reading 

comprehension; and thus, demonstrate more difficulty controlling and suppressing 

irrelevant information.  In addition, Carretti et al. (2005) found the inhibition component 

to play a strong role between the reading comprehension and WM relationship.  

Together, these pieces of evidence add to our understanding of the relation between WM 
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and reading comprehension, in particular, WM components such as 

suppression/inhibition.  However, similar to Cain et al. (2004), one limitation of this 

study is that the findings are correlational, and not causal.  WM has been examined and 

shown to correlate with reading comprehension; however, in future studies, it would be 

useful assess the influence of WM components (e.g., suppression/inhibition and capacity 

levels) on reading comprehension, specifically inference generation, between skilled and 

less-skilled comprehenders.   

Yuill et al. (1989) investigated components of WM with skilled and less-skilled 

comprehenders during a reading task, but these components were the processing and 

storage components of WM.  Two experiments were conducted with participants ages 7-

8.  Forty-two skilled and 42 less-skilled comprehenders were screened with measures for 

sight vocabulary (Primary Two: Gates & MacGinitie, 1965) and one of each of the 

NARA word recognition and comprehension assessments (NARA; Neale, 1966).  During 

Experiment 1, participants performed a digit span task which consisted of eight lists of 

two, three and four digit groups.  Participants were required to read all the lists out loud 

(i.e., processing) and recall the last digit in each group (i.e., storage).  For example, if the 

list of digits were 862-917, the participant was required to recall 2 and 7.  Participants 

were encouraged to list the last digits in order from what was read in the first group to the 

last group.  Eight sets of experimental lists were presented, each with three levels of 

difficulty.   Responses were scored with a strict accuracy scoring system (number of 

correct digits recalled in correct order presented) and a more lenient accuracy scoring 

system (number of correct digits recalled regardless of order presented); however, final 
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analyses were only conducted for the strict scoring system because the criterion matched 

the instructions more closely.   

Mean number of digits recalled was calculated for all the digit groups (i.e., two, 

three and four).  The means for the two digit group were high for both the skilled and 

less-skilled comprehenders; thus, a 2 (comprehension group) X 2 (digit/level of 

difficulty) ANOVA was conducted to test for group differences between the levels of 

difficulty.  Yuill et al. (1989) found a significant main effect of comprehension skill, but 

did not find a significant main effect for digit/difficulty level or an interaction between 

the two factors.  In addition, performance on the digit span task (total score) was 

significantly related to comprehension scores on the NARA.  These findings were 

important because the authors found WM differences between skilled and less-skilled 

comprehenders for the digit span and previous research has mostly used sentence span as 

a methodology when relating findings to reading comprehension measures.  However, 

conclusions could not be drawn with regard to a causal explanation of comprehension 

difficulties for less-skilled comprehenders.   

In Experiment 2, Yuill et al. (1989) explored a potential causal explanation of 

comprehension by assessing the differences for the processing and storage components of 

WM using a different type of task that is more similar to a normal reading task.  Nine 

skilled and 9 less-skilled comprehenders who participated in Experiment 1 were asked to 

participate in the second experiment.  Participants read 12 narrative texts adapted from 

Ackerman (1984) that had anomalies.  The texts involved blame or praise situations that 

were either consistent or inconsistent with a norm (e.g., praise or blame from a parent or 

adult for sharing or not sharing) and resolving information was either placed before or 
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after the anomaly and either relatively close or distant to the anomaly (i.e., next to or two 

sentences apart, respectively).  The distance from the anomaly was described as a storage 

component of WM, and the position of the resolving information was described as the 

processing component of WM (also see Ackerman, 1984).  The texts were read out loud 

by the experimenter and children responded to three questions: a memory question, 

which checked for memory of the text; a consistency question, which was the main 

dependent measure; and a norm question, which verified if participants recognized the 

norm that was placed in the story (e.g., praise or blame from a parent or adult for sharing 

or not sharing).   

Yuill et al.‟s (1989) findings are consistent with previous research that less-skilled 

comprehenders were indeed able to resolve anomalies next to resolving information in 

the text (Ackerman, 1984); however, performance was poorer for resolving anomalies 

when information was more distant (i.e., two sentences apart).  In addition, there were no 

significant differences related to the position of the resolving information (i.e., before or 

after the anomaly); however, a trend was found showing that information presented 

before the anomaly was more useful when answering consistency questions.   

This study supports the notion that less-skilled comprehenders have processing 

difficulties, and potentially updating processing difficulties, during reading; that is, when 

faced with a high WM load (i.e., remembering more distant information from the text), it 

is more difficult for less-skilled comprehenders to process information while 

simultaneously storing information.  This finding is important and may be a step in 

moving towards understanding a causal explanation for the role of WM and inference 

generation during reading comprehension between skilled and less-skilled 
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comprehenders.  The less-skilled comprehenders in this study exhibited processing 

difficulties during a high WM load.  This finding may be similar to other situations like 

generating certain types of inferences (e.g., certain text-based and knowledge-based 

inferences) to maintain local and global coherence during reading.  In addition, this study 

also assessed WM during a more natural reading situation (see Experiment 2), and results 

were not used to correlate with comprehension skills.  It would be beneficial for future 

researchers to explore additional components of WM such as suppression/inhibition and 

capacity skills with children such that have been seen in the adult-focused literature (see 

Gernsbacher, 1990; McNamara, 1997; McNamara & Kintsch, 1996; McNamara & 

McDaniel, 2004; McNamara & O‟Reily, 2009).  Bridging WM theories that have been 

explored in the adult-focused literature with research that examines inference generation 

for children with different comprehension skills could also lead to new methods for 

improving comprehension for those who struggle. 

Improving Less-skilled Comprehenders’ Inference Generation 

 Training methods used to improve inference generation. As discussed above, 

WM has not been directly examined as a causal explanation for how to improve inference 

generation for less-skilled comprehenders; however, researchers have examined other 

methods for improving inference generation, which may be important for understanding 

how to later incorporate WM theories for improving inference generation for less-skilled 

comprehenders.  Yuill and Oakhill (1988) tested three different training methods with 

skilled and less-skilled comprehenders over two different time periods: inference skills 

training, comprehension exercises, and rapid decoding practice.  Twenty-eight children 

participated during the first time period and 24 children participated during the second 
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time period; all were recruited from local elementary schools and were between 7 and 8 

years old.  Skilled and less-skilled comprehenders were selected based on scores from the 

sight vocabulary section of the Gates-MacGinitie Primary Two test (Primary Two: Gates 

& MacGinitie, 1965) and the word recognition and comprehension sections of the NARA 

assessment (NARA; Neale, 1966). During each time period, groups of three to five 

children attended training sessions in their schools twice a week for 3 ½ weeks.  The 

groups generally consisted of children reading at the same comprehension level, and 

length of each session ranged between 20-45 min.  During each time period participants 

were randomly assigned to different treatment groups.  During the first time period, 7 

skilled and 7 less-skilled comprehenders were trained on the inference skills program, 

and 7 skilled and 7 less-skilled comprehenders were trained on the comprehension 

exercises.  During the second time period 6 skilled and 6 less-skilled comprehenders were 

trained on the inference skills program, and 6 skilled and 6 less-skilled comprehenders 

were trained on the rapid decoding practice program.   

 The inference skills program trained participants to connect to text and 

background knowledge during and after reading (i.e., text-based and knowledge-base 

inference generation).  Participants were first trained to generate lexical inferences.  In 

this training task, a sentence was introduced and participants were asked to pick a word 

from the sentence and say how that word related to the sentence (e.g., the word „sleepy‟ 

suggests that the subject in the sentence was tired and perhaps got little sleep).  The 

technique learned in this task was then applied to a short narrative story in which 

participants were encouraged to generate lexical inferences throughout reading.  

Participants were then asked to generate four questions about the stories.  Question 
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asking training was first provided where participants were given examples of „who, what, 

why, etc.‟ questions and then were asked to generate their own.  Participants were also 

given the opportunity to play the role of teacher and student during this session.  Last, a 

prediction session also took place where participants read texts and one sentence was 

hidden by adhesive tape.  Participants were asked to guess what the hidden sentence was 

based on clues from the other sentences in the text.  The predictive inference task was 

only given once. 

 The comprehension exercise and rapid decoding groups were used as control 

groups.  The comprehension exercise group was trained on the importance of 

comprehension.  After the experimenters discussed comprehension importance, 

participants were read texts and asked comprehension questions for each text.  There was 

no direct feedback for the question responses unless the answers were completely 

incorrect.  Participants in this group, however, were given the opportunity to share 

responses and correct each other.  Comprehension questions were inferential and literal, 

similar to questions used during regular instruction.  The rapid decoding group was 

trained on the importance of rapid word recognition.  In this group, children were shown 

a list of words aurally presented by the experimenter.  The participants were then asked to 

practice and read the list of words as quickly and accurately as possible.  Word lists were 

timed and scored for each participant.   

 All participants were screened with Form C of the NARA test (pre-test), and 

measures for change (post-test) were calculated using Form B from the same test.  Data 

from both inference training sessions (first and second) were combined; no main effects 

or interactions were found between the two time periods.  An analysis of difference was 



51 

 

 

calculated for the NARA comprehension scores with a 2 (comprehender group) X 3 

(treatment group) between subjects design.  Yuill and Oakhill (1988) found no main 

effect for treatment group; however, there was a main effect of comprehension group, as 

well as a comprehender-by-treatment interaction effect.  Findings from post hoc 

comparisons showed that less-skilled comprehenders benefited from the inference skills 

training more so than the skilled comprehenders.  In addition, the less-skilled 

comprehenders who participated in the inference skills training group performed better 

than both the skilled and less-skilled comprehenders who participated in the decoding 

practice group.  Last, there were no differences between the comprehender groups for 

either the comprehension or rapid decoding exercises.   

These findings were particularly interesting given that improvements were found 

from based on pre- and post-test comprehension scores for the less-skilled 

comprehenders after being trained in the inference skills program.  In addition, findings 

were consistent with previous research in that skilled and less-skilled comprehenders 

showed no difference in decoding skills; and thus, decoding was ruled out as a potential 

explanation for comprehension problems (Oakhill, 1982).  However, a limitation in this 

study was that the number of participants in each group was extremely low (i.e., 6 and 7 

participants in the various groups).  This low number may create difficulties for 

generalizing the findings to a larger population.  Thus, further research should be 

conducted using these training methods with larger groups of participants. 

In a similar study, McGee and Johnson (2003) investigated inference generation 

training with skilled and less-skilled comprehenders using the same tasks as Yuill and 

Oakhill (1988) with two differences: 1) larger sample sizes were used; and 2) the 
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comparison treatment group only participated in the comprehension exercise and not the 

decoding skills exercise.  In addition, the same screening measures used by Yuill and 

Oakhill (1988) were used in this study.  Twenty skilled and 20 less-skilled 

comprehenders were randomly assigned to either the inference skills training program or 

the comprehension exercise program.  Results were discussed in terms of age-related 

comprehension scores from pre- and post-test measures on the NARA.  Similar to Yuill 

and Oakhill‟s (1988) findings, McGee and Johnson (2003) found gains in comprehension 

scores for the both the skilled and less-skilled comprehenders, demonstrating that the 

inference training helped comprehension.  Additional analyses indicated that 

improvements were greater for the less-skilled comprehenders than the skilled 

comprehenders.  The less-skilled comprehenders who participated in comprehension 

exercise program also made gains in comprehension; however, improvements were larger 

for the less-skilled comprehenders who participated in the inference skills training 

program.     

Several common weaknesses emerged from McGee and Johnson (2003) and Yuill 

and Oakhill (1998).  In both studies, although improvements were found for 

comprehension on the standardized measure for the less-skilled comprehenders, it is 

unclear whether the comprehenders in the inference skills training program improved 

because strategies were developed for inference generation (e.g., text-based and 

knowledge-based inferential skills) or because other comprehension skills were 

developed.  Likewise, the lack of significant differences between the inference skills 

training group and the comprehension exercises group may have been due to task 

similarities.  In the inference skills training group, participants were required to draw 
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meaning from the text in order to generate questions and connections to the text and to 

background knowledge; and likewise, in the comprehension exercises group participants 

were required to generate answers to questions which required participants to generate 

connections to the text and background knowledge.  Thus, it may be more useful to 

assess distinctly different types of treatments in future research when examining 

improvement for inference generation skills.  In addition, although the inference skills 

training program appeared to be more successful when comparing comprehension scores 

for pre- and post-test NARA scores, the findings were not discussed in terms of which 

component of the training program was most useful (i.e., lexical inference training, 

knowledge-based inferences, question generating, or predictive inference training).  Thus, 

it is difficult to draw firm conclusions about which component was the most useful in 

terms of increasing comprehension scores.   

The above studies investigated inference generation training with skilled and less-

skilled comprehenders.  The inference generation training programs used in these studies 

were considered to be successful training programs because improvements in 

comprehension scores were found from pre/post-test reading comprehension assessments.  

In these training programs, participants were trained to connect to previous text and 

background knowledge (i.e., text-based and knowledge-based inferences) during and 

after reading.  These are important connections to be trained on because such connections 

will result in local and global coherence of the text.  As stated in the above review, 

successful local and global coherence encourages a reader to develop a coherent 

representation of the text (i.e., coherent situation model) (e.g., Graesser & Clark, 1985; 

Graesser et al., 1994).  However, there are some areas during inference generation 
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training that are less understood.  For instance, WM may be influencing inference 

generation and would be useful to include when investigating inference generation 

training for comprehenders with different abilities to understand if WM indeed influences 

inference generation between skilled and less-skilled comprehenders.  In addition, 

measuring components of WM would advance our knowledge regarding intervention 

efficacy for different levels of comprehenders. 

General Discussion from Literature Review 

The purpose of this review of the literature was three-fold: (1) the identification of 

different types of inferences generated during and after reading, and for children with 

different comprehension skills; (2) the contribution of WM theories to our understanding 

of inference generation and comprehension skills, and (3) methods to improve inference 

generation for less-skilled comprehenders.  A total of 11 studies fit the literature search 

criteria.  The small number of studies in these areas indicates the need to examine 

inference generation further, as well as understand how WM further plays a role in 

inference generation during and after reading for readers with different comprehension 

skills.   

What are the Sources Underlying Differences between Skilled and Less-Skilled 

Comprehenders’ Inference Generation during and after Reading Comprehension? 

Role of text-based and knowledge-based inferences. Maintaining local and 

global coherence (i.e., generating text-based and sometimes knowledge-based inferences) 

during reading has been shown to support the development of a coherent representation 

of a text and lead to successful comprehension (e.g., Graesser & Clark, 1985; Graesser et 

al., 1994). In the above review, skilled and less-skilled comprehenders‟ performance 
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differed with regards to the types of inferences generated during and after reading.  These 

findings were generally based on responses from questions asked during and after 

reading.  For instance, skilled comprehenders‟ performance was better for questions that 

tapped knowledge-based inferences (e.g., elaborative, explanatory, predictive inferential 

questions); and less-skilled comprehenders‟ performance was better for questions that 

tapped text-based inferences (e.g., literal and cohesive inferential questions) (Bowyer-

Crane & Snowling, 2005).  In addition, skilled comprehenders generated more 

knowledge-based type inferences, whereas less-skilled comprehenders generated more 

text-based type inferences when assessed during moment-by-moment reading (i.e., think-

aloud task) (Laing & Kamhi, 2002).  Together, these findings indicate that skilled and 

less-skilled comprehenders generate different types of inferences during and after 

reading.    

However, other findings led to opposite conclusions.  That is, skilled 

comprehenders out-performed less-skilled comprehenders on knowledge-based and text-

based inferential questions after reading; however, when the text was made available as a 

resource during question answering, less-skilled comprehenders‟ performance improved 

(Cain & Oakhill, 1999; Cain et al., 2001).  These findings are discussed in terms of 

memory and integration.  Specifically, the less-skilled comprehenders demonstrated more 

difficulties remembering and integrating information from the text than the skilled 

comprehenders when answering text-based questions at the end of a text.  These findings 

were supported by previous research (Oakhill, 1982, 1984).  The mixed results from the 

above studies indicate that further research is necessary to identify different types of 

inferences generated during and after reading as sources of comprehension difficulty.    
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In addition, the above findings, although inconsistent, have implications for 

further understanding text-based and knowledge-based inferential skills and possibly 

WM differences between groups of skilled and less-skilled comprehenders.  One reason 

for why less-skilled comprehenders may have difficulty with generating as many text-

based and knowledge-based inferences as skilled comprehenders may be because of WM 

differences.   

Role of WM: WM capacity and suppression/inhibition. WM differences have 

been consistently found between skilled and less-skilled comprehenders (Daneman & 

Tardif, 1987; Engle, Cantor, & Carullo, 1992; Ericsson & Kintsch, 1995; Just & 

Carpenter, 1992; McNamara & Kintsch, 1996b; McNamara & Scott, 2001).  

Comprehenders with high WM capacity may have the ability to use cognitive resources 

differently than comprehenders with low WM capacity.  As discussed earlier, theories 

have been developed to explain high and low WM capacity differences in adults (e.g., 

Daneman & Carpenter, 1980; Gernsbacher & Faust, 1991; Just & Carpenter, 1992).  For 

example, comprehenders with high WM capacity are able to maintain more information 

in WM during reading tasks because more cognitive resources are available (Daneman & 

Carpenter, 1980; Just & Carpenter, 1992).  On the other hand, some theorists hypothesize 

that comprehenders with superior suppression/inhibition abilities have more space in WM 

available to integrate relevant information while suppressing irrelevant information (e.g., 

Gernsbacher & Faust, 1991).  There has been little research that has specifically focused 

on understanding these WM differences between children who are skilled and less-skilled 

comprehenders.  Exploration of these competing WM theories for children may shed 

light on comprehension and inference generation difficulties. 
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As demonstrated in the above review, few studies have examined the components 

of WM (i.e., suppression/inhibition) and the role that WM plays during inference 

generation, specifically with children with different reading comprehension skills.  In 

addition, the studies that have focused on these components of WM have shown mixed 

results for how WM influences reading comprehension, and more specifically, inference 

generation (e.g., Cain et al., 2004; Carretti et. al., 2005).  For example, Cain et al. (2004) 

found conflicting results between their experiments, and found that reading 

comprehension skills, such as inference generation were not fully influenced by WM 

components.  Conversely, Carretti et al. (2005) found a relationship between WM 

components and reading comprehension, such that suppression and inhibition, a 

component of WM, correlates with reading comprehension.  Likewise, Yuill et al. (1989) 

found that when faced with a high WM load, less-skilled comprehenders demonstrate 

processing difficulties more than skilled comprehenders.  Once more, the findings 

described above are inconsistent and worthy of further investigation to understand how 

WM influences reading comprehension skills such as inference generation.  For instance, 

does WM moderate inference generation between skilled and less-skilled 

comprehenders?  Previous research has found that WM correlates with inference 

generation and comprehension skills (e.g., Carretti et al., 2005), but it is less clear if WM 

is a causal factor between these two variables. 

Can Inference Generation be Improved for Less-Skilled Comprehenders? 

 Improving inference generation. As stated above, inference training studies are 

relevant to examine because not only do skilled and less-skilled comprehenders generate 

different types of inferences during and after reading, but they may also respond 
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differently to instruction.  Two studies were reviewed for the methods used to improve 

inference generation for less-skilled comprehenders (Yuill & Oakhill, 1988; McGee & 

Johnson, 2003).  Skilled and less-skilled comprehenders were trained to connect to 

previous text information (i.e., text-based inferences) and background knowledge (i.e., 

knowledge-based inferences) during reading.  This training directed comprehenders to 

generate different types of inferences.  In both studies, comprehension scores improved 

for less-skilled comprehenders who were in the inference training group.  However, it is 

less clear if improvements were caused from a particular component of the training 

program (e.g., specific inference training or generating questions) (Yuill and Oakhill, 

1988; McGee and Johnson, 2003).  As explained above, successful comprehension can be 

obtained by maintaining local and global coherence (i.e., text-based and sometimes 

knowledge-based inferences) during reading.  Future studies need to be carried out to 

assess performance for different treatment conditions specifically designed to train less-

skilled comprehenders in appropriate inference generation for text-based and knowledge-

based inferences.  

Limitations of the Literature Review  

 There are several limitations in this review of literature.  First, this review was 

limited it terms of the populations reviewed.  For instance, my interest was to review the 

literature that focused on inference generation improvement only for children who were 

skilled and less-skilled comprehenders.  Further, my interest when reviewing skilled and 

less-skilled comprehenders was to review studies that examined comprehenders that were 

matched for age and decoding and fluency skills, and did not match for age and 

comprehension skills.  Thus, I did not review the literature for other types of readers, 
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such as children with learning disabilities (LD) or children learning English as a second 

language (ESL).  As a result, this may have limited the range of participants assessed and 

generalization of the findings.   

Second, I reviewed studies that investigated the relationship between WM, 

reading comprehension, and more specifically, inference generation.  Further, my interest 

was to review studies that investigated tasks that assessed WM differences, such as 

capacity and suppression/inhibition differences found for readers with different 

comprehension skills during the process of inference generation.  The studies reviewed 

may have been limited because other WM components such as updating and integration 

were investigated.  In addition, the studies reviewed examined WM and its correlation 

with reading comprehension and inference generation.  It may be worth reviewing other 

studies that investigate WM as a casual factor during inference generation between 

skilled and less-skilled comprehenders, including studies that investigate capacity and/or 

suppression/inhibition components of WM. 

Additionally, I reviewed studies that used methods to improve inference 

generation for less-skilled comprehenders.  Again, these studies may have been limited 

because only skilled and less-skilled comprehenders were the subjects of focus.  It may 

have been more informative to also review studies that examine inference generation with 

different populations, (e.g., different age groups), as well as studies that assess different 

types of plausible treatments used to improve inference generation (e.g., intervention 

studies).  Thus, the findings in this review may not accurately represent all of the 

methods used to improve inference generation during reading comprehension.  Last, the 

studies reviewed were quantitative, experimental, and correlational studies.  Quasi-
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experimental and qualitative studies were not reviewed; thus, it would be beneficial to 

review such literature in the future for a more thorough investigation of the areas of 

interest. 

Implications for Research  

Inference generation. Future studies could investigate additional causes behind 

inference generation difficulties for children who are less-skilled comprehenders.  

Several studies have investigated skilled comprehenders‟ inference generation during and 

after reading as a means to understand the skills used for successful reading 

comprehension (e.g., Cain & Oakhill, 1999; Cain et al., 2001; Ericsson & Simon, 1993; 

Rapp et al., 2007; van den Broek et al., 2001).  Identifying the skills that enable skilled 

comprehenders to build a coherent representation of a text could lead to developing new 

methods for improving comprehension skills for less-skilled comprehenders, in 

particular, inference generation skills.  For example, Kendeou et al. (2007) found that 

inference generation contributes to reading comprehension more so than other basic 

reading skills such as decoding and vocabulary.  These findings may have implications 

for diagnostic and intervention designs used to improve inference generation for less-

skilled comprehenders.  In addition, using other methodologies (e.g., such as questioning 

methodologies during and after reading) to assess inference generation would be 

important for understanding the differences between inference generation during and 

after reading for the same readers, including readers with different comprehension skills.   

WM capacity and suppression/inhibition. Future studies could also address 

additional WM components during reading comprehension and in particular during 

inference generation.  For example, several of the studies reviewed above address the 
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need to continue investigating WM components such as capacity constraints and 

suppression/inhibition.  In addition, the majority of the studies have not examined causal 

explanations among WM, inference generation and comprehension skills.  Studies that 

further investigate WM components such as capacity and suppression/inhibition would be 

a valuable addition to this literature.  In addition, it is still not clear from previous 

research of how WM influences, inference generation, and comprehension skills.  Hence, 

future studies should investigate these areas by assessing the effect of WM on inference 

generation during reading comprehension with skilled and less-skilled comprehenders. 

Improving inference generation. In the above studies, several of the findings 

indicated that less-skilled comprehenders not only can generate text-based inferences, but 

this ability improves when they are able to search in the text for correct answers.  The 

difficulty to generate text-based inferences has been proposed as a potential cause for 

comprehension difficulties and not a result (e.g., Cain & Oakhill, 1999).  These findings 

have implications with regards to educational instruction.  Future directions for later 

research would be to examine additional training methods used to improve less-skilled 

comprehenders‟ strategies for generating text-based inferences during a reading task.  For 

example, knowing how to identify textual cues to indicate that an inference should be 

generated is an important strategy to learn; and thus, may help improve less-skilled 

comprehenders‟ development of a coherent representation of a text.   

In addition, knowledge is an important component during reading comprehension 

(e.g., McNamara, 1997; McNamara & Kintsch, 1996; McNamara & McDaniel, 2004).  

Thus, training comprehenders to connect to relevant background knowledge could also 

lead to improvements for generated knowledge-based inferences during reading.  For 
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example, Paris and Paris (2007) found that implementing direct instruction to younger 

readers had beneficial effects on comprehension skills, including inference generation 

regarding causal and background knowledge elements in the story, as well as predictions.  

These training methods could easily be implemented during regular classroom instruction 

as they are already similar to current comprehension skills instruction.  In addition, the 

above methods suggested to improve inference generation could be adjusted to fit 

expository text comprehension (Paris & Paris, 2007).       

Implications for Practice 

Based on the review of this literature, implications for practice will be clearer 

when further research is conducted in the above areas of interest.  With that being said, 

communication between researchers and practitioners should continue to remain open.  It 

is important that all parties involved in both areas of research and practice continue to 

inform each other of changes and new advances to the fields. 

Study Purpose 

 

The purpose of this study was examine the types of inferences generated during 

and after reading for readers with different comprehension skills in order to understand 

how readers update and develop a coherent representation of a text.  Furthermore, WM 

was tested to understand how WM influences inference generation between skilled and 

less-skilled comprehenders.  Combining these goals could lead to understanding how to 

improve comprehension for less-skilled comprehenders.  The following research 

questions for this study were: (1) Do skilled and less-skilled comprehenders differ in the 

(a) types of inferences generated; (b) responses to a sentence verification task (SVT); and 

(c) responses to a recall task, when compared during (online) and after (offline) reading 
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with a questioning task?  (2) How does WM influence inference generation for skilled 

and less-skilled comprehenders during and after reading?   
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CHAPTER III 

 

Method  

 

Research Design 

 

A quasi-experimental design was used for this study.  A quasi-experimental 

design involves conducting an experiment in which the researcher has little or no control 

over the random assignment to conditions (Shadish, Cook, & Campbell, 2002).  Quasi-

experimental deigns are often used in educational and other social science research in 

which random assignment of the treatment to participants is not possible as it would be in 

a true experimental design (e.g., in a laboratory setting).   However, each condition was 

counterbalanced across each participant to minimize treatment effects.  That is, the 

counterbalanced component of this design involved using Latin square arrangement in 

which each condition occurred equally often for each participant (Campbell & Stanley, 

1963).  Repeated measures is often used in a counterbalanced design to test the outcome 

of each participant‟s performance from each condition (Shuttleworth, 2009).  This 

method can reduce variance due to individual differences.   

Within- and between-subjects factors were included in the repeated measures 

analyses used in this study.  The within-subjects factor for this design was the type of 

questioning condition: online versus offline.  Each participant completed two sessions of 

testing and was randomly assigned to either the online or the offline condition for the first 

or second testing session.  The between-groups factor for this design was comprehension 

skill, in which participants were selected randomly from skilled and less-skilled 

comprehender groups, as described below in the participants section. 

Power 
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Power was estimated based on two effect sizes from previous research (.235 and 

.47: the first value is half of the original η
2
; see Bowyer-Crane & Snowling, 2005) to 

estimate the sample size needed.  The smaller value for effect size was used to err on side 

of caution or to be conservative.  That is, the smaller effect size was used to also ensure a 

large enough sample size.  Sample size was estimated using G*power.  G*power is a 

program that can be used to estimate  optimal sample sizes and effect sizes based on 

alpha levels and power values (Erdfelder, Faul, & Buchner, 1996).  These estimations 

indicate the sample size needed under the best case and worse case scenarios; that is, if 

the main predictors explain a large amount of the variance, or if the main predictors do 

not explain a large amount of the variance.  For this study, the statistical test entered in 

G*power was an F-test for ANOVA: fixed effects, special, main effects and interactions.  

The information entered for the input parameters was effect size η
2
; α error probability (α 

= 0.05); power 1-β error probability (power = 0.95); numerator degrees of freedom 

(group A = 2 comprehension skills; group B = 2 treatment groups; and 1 

interaction/moderator variable).  The final result for G*power is the calculation of total 

sample size (i.e., total sample size over all groups), critical F, noncentrality parameter λ, 

denominator degrees of freedom and actual power that would be obtained.  This power 

analysis using both effect sizes mentioned above indicated a sample size of 45 to 50 total 

students (i.e., 25 skilled and 25 less-skilled comprehenders) was needed for this study.  

However, a larger sample size was selected to ensure enough participants in each skill 

group, as described below in the participants section.   

Participants/Setting 
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 This study was conducted in three Midwestern suburban elementary schools.  

Students (n = 61) were selected randomly from a larger sample of a diverse group of 

students (n = 277) who participated in a larger study.  The purpose of the larger study was 

to identify different types of comprehenders, with a focus on identifying subtypes of 

struggling comprehenders.  The demographic information for the students in the larger 

study in which participants for this dissertation were sampled can be found in Table 1.   

 

 

Table 1 

 

Demographic Information from the Larger Study (N = 277) 

________________________________________________________________________

______ 

Variable     Frequency   

 Percentage 

________________________________________________________________________

______ Sex 

    Female     165     59.6 

    Male     111     40.1  

 

Special Education Services 

    Autism         4        1.4 

    Emotional Behavioral Disorder      4        1.4  

    Other Health Disability       4        1.4 

    Specific Learning Disability    13        4.7 

    Speech Language Learning     10        3.6  

    Vision         1          .4 

    None     241      87.0 

 

English Language Learners    

    Native English Learners   226      81.6 

    English Language Learners    47      17.0 

    Unknown         4        1.4 

 

Free-Reduced Lunch    

    No free-reduced lunch   156      56.3 

    Receives free-reduced lunch  117      42.2 

    Unknown         4        1.4 

 

Race/Ethnicity 
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    Native American        1          .4 

    Asian       37      13.4 

    Black       47      17.0 

    Hispanic       42      15.2 

    White     149      53.8 

________________________________________________________________________

______ 

 

 

Screening procedures. Participants were grouped into two comprehender groups, 

skilled and less-skilled comprehenders, based on results of a screening phase of the study 

conducted for the larger study.  Participants were screened for comprehension skill using 

two state-wide standardized reading comprehension measure scores from 

the Computerized Achievement Levels Tests (CALT) (Independent School District 271, 

Bloomington, MN, Northwest Evaluation Association, Lake Oswego, OR, 2001); and 

Dynamic Indicators of Basic Early Literacy Skills, 6
th
 Ed. (DIBELS) Oral Reading 

Fluency (ORF) test (Good & Kaminski, 2002); and scores from the Curriculum-Based 

Measurement (CBM) Maze Task (Deno, 1985; Espin & Foegen, 1996; Fuchs & Fuchs, 

1992).  The scores from the CALT and DIBELS tests were provided by the school 

district.   

Participant selection was made for each comprehender group by taking the two 

extreme ends of scores on both the state-wide standardized reading comprehension scores 

and CBM Maze.  The specific criteria included using the top scores from the 75-90% to 

form the skilled comprehender group and the bottom scores from the 0-40% to form the 

less-skilled comprehender group.  Students who did not fit these criteria were not selected 

for this study because their scores fit in between the above ranges and did not clearly fit 

in one comprehender group.  Thus, students in both the skilled and less-skilled 
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comprehenders group were equivalent in decoding and fluency ability, but differed in 

comprehension ability.  Individual testing took place during regular school hours or 

during an after school program.  Participating teachers helped arrange the participation 

schedules according to when each student was able to participate.  Each student received 

a $5.00 gift card from Target for participating in this study, and participating teachers 

were also compensated for their time.       

Classifying WM: High and low WM. Skilled and less-skilled comprehenders 

were further grouped into high and low WM capacity groups.  The goal of this 

classification was to test WM as a moderator variable to understand how WM influences 

inference generation between skilled and less-skilled comprehenders.  This moderator 

variable (WM) will be discussed further in Chapter IV.  To group skilled and less-skilled 

comprehenders into high/low WM capacity, scores from the WM reading span were used.  

A median split was used based on the total words recalled correctly on the reading span 

measure.  The total possible number of words recalled correctly is 28 and is further 

discussed in the materials section below.  The maximum number of words recalled 

correctly was 24 and the minimum number of words recalled correctly was zero for all of 

the participants.  The medium split cut-off for grouping participants into high and low 

WM was 7 words recalled correctly.  The total number of high WM participants was 32; 

and the total number of low WM participants was 29. 

Demographic information for dissertation sample. Based on the results from 

the screening procedures, 61 students were selected to participate in this dissertation 

study (n = 30 skilled comprehenders; n = 31 less-skilled comprehenders.  In addition, 
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students were grouped into n = 32 high WM; and n = 29 low WM.  The demographic and 

grouping information for the participants for this dissertation can be found in Table 2.   
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Table 2 

 

Demographic and Grouping Information for Dissertation Study (N = 61) 

________________________________________________________________________

______ 

Variable     Frequency   

 Percentage 

________________________________________________________________________

______ Sex 

    Female     38     62.3 

    Male     23     37.7  

 

Special Education Services 

    Autism        1       1.6 

    Emotional Behavioral Disorder     1       1.6  

    Other Health Disability      1       1.6 

    Specific Learning Disability     3       4.9 

    Speech Language Learning      3       4.9  

    None      52     85.2 

 

English Language Learners    

    Native English Learners    47     77.0 

    English Language Learners   14     23.0 

     

Free-Reduced Lunch    

    No free-reduced lunch    33     54.1 

    Receives free-reduced lunch   28     45.9 

     

Race/Ethnicity 

    Native American      1       1.6 

    Asian       8     13.1 

    Black     10     16.4 

    Hispanic     12     19.7 

    White     30     49.2 

 

Comprehension Skill 

    Skilled     30     50.8 

  

    Less-skilled     31     49.2 

 

WM 

    High     32     52.2 

    Low      29     47.5 

________________________________________________________________________

______ 
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Measures and Materials 

 Screening measures. First, in this section, the measures used to screen students 

for comprehension skill are described.  There were three measures used to screen students 

for comprehension skill as stated above: CBM Maze task, the CALT, and DIBELS.  The 

CBM Maze task was administered during data collection for the larger study, and the 

CALT and DIBELS scores were provided by the school district.   

CBM – Maze task. The CBM Maze task is a modified cloze task and is used to 

measure overall reading proficiency (Deno, 1985; Espin & Foegen, 1996; Fuchs & 

Fuchs, 1992).  CBM Maze task is a group administered test in which participants were 

asked to read three passages, one at a time.  For each text, participants chose words that 

best completed the text.  That is, participants read texts in which every 7th word is 

deleted and replaced with 3 options.  Participants are given one minute to read and 

complete as much as possible from each text.  Scores are averaged from the three 

passages.  Reliability scores for the CBM Maze range from r = .60 to .80 for elementary-

aged students (McMaster et al., 2011; Wayman, Wallace, Wiley, Ticha, & Espin, 2007). 

CALT. The CALT (Northwest Evaluation Association, 2001) is a computer 

adapted reading comprehension measure in which students are required to take 1-2 times 

each year.  The CALT is a student achievement test and was adapted as a computerized 

version based on the Northwest Achievement Levels Test (NALT) and measures 

comprehension for literal information, inferential information, and vocabulary 
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components of reading comprehension.  Reliability scores for the CALT range between 

.76 and .87. 

DIBELS. Dynamic Indicators of Basic Early Literacy Skills, 6
th

 Ed. (DIBELS) 

Oral Reading Fluency (ORF) test (Good & Kaminski, 2002) is a standardized measure, 

individually administered, and assesses accuracy and fluency with connected text.  

Reliability scores for DIBELS range from r = .65-.98 for early literacy skills (Good & 

Kaminski, 2002).   

Experimental materials. In this section, the experimental materials used in this 

study are described.  The narrative texts, questioning conditions, and sentence 

verification tasks (SVTs) used for this study, including the background and development, 

are described.  In addition, the working memory (WM) reading span task used in this 

study is described.   

Narrative Texts. Four narrative texts were used for the two questioning conditions 

and SVTs in this study.  These texts were similar to those used in previous research (e.g., 

McMaster et al., 2011; Rapp et al., 2007).  Two texts were used for the online 

questioning condition and corresponding SVT and two texts were used for the offline 

questioning condition and corresponding SVT.  The texts used in the online questioning 

condition were equivalent to the texts used in the offline questioning condition.  That is, 

for each online text, a parallel offline text was developed to match, and was used in the 

offline task.  That is, each online and offline text was equivalent in terms of goal and 

subgoal information.  Specifically, each parallel text pair was developed to have a similar 

goal structure (plot, nature of events, and tense of language) with a main goal that 

motivates subgoals and events in the text, but differed in terms of characters, setting, and 
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events (e.g., McMaster et al., 2011; Rapp et al., 2007).  For example, one of the online 

questioning texts was about a girl named Annie, who just moved to an island with her 

father, and she didn‟t have any friends so she passed the time watching wild dolphins 

swim along the shore.  The equivalent text for the offline questioning condition was 

about a boy named Sam, who just moved to the city with his mother, and he didn‟t have 

any friends so he passed the time watching squirrels gather nuts in the park.  Causal 

analyses for each text were calculated to make sure each text met an appropriate goal 

structure in which the protagonists in each story attempt to complete the main goal 

(Trabasso & van den Broek, 1985; Trabasso, van den Broek, & Suh, 1989).  Texts were 

reworded as necessary to ensure they were parallel (online and offline texts matched in 

terms of goal structure) for the online and offline versions.  The topics of the texts were 

designed to be age appropriate and interesting to children (e.g., “going to the beach to 

collect sea shells”).   

Once the general goal structure and events were developed, each text was entered 

into Coh-Metrix using a narrative genre setting to determine the levels of coherence 

within each text.  Coh-Metrix is a computer-generated program that analyzes the 

coherence of a text for causal cohesion using the measures of adjacent argument overlap 

and the ratio of causally-related particles to causal verbs (Graesser, McNamara, 

Louwerse, & Cai, 2004).  Texts were reworded as necessary to create compatible 

coherence and grade reading levels.  The average number of words per text was 243.75; 

the average number of sentences per text was 22.5; and the average Flesch Reading and 

Grade Levels for the four texts was 4.220.  Each text was printed, single-spaced, on 8”X 
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11” card stock paper in a size 14 Times New Roman font.  The online texts and the 

parallel offline texts (participant version) used in this study are presented in Appendix A. 

Participants were randomly assigned different pairs of texts from a total of 4 

narrative texts.  Each participant was assigned the same pairs of parallel texts for the 

online and offline condition; but the order for the texts and condition were 

counterbalanced.  Thus, each participant read a total of 4 texts: 2 texts for the online 

questioning condition; and 2 texts for the offline condition in different orders and at 

different times.  The order for the online texts and offline texts were counterbalanced and 

randomly assigned to each participant.  An example of an outline of the random 

assignment that was used for this study is presented in Table 3.  
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Table 3 
 

Sample of Random Assignment/Random Order of Texts (subjects 1-16 only): 

 

Titles for Online Questioning Texts  Titles for Offline Questioning 

Texts 
Annie Moves to the Island    Sam Moves to the City 

Going Camping     Going to the Beach 

 

 

Subject Number  Session 1    Session 2 

1    Annie, Camping   Sam, Beach 

2    Camping, Annie   Beach, Sam 

3    Annie, Camping   Sam, Beach 

4    Camping, Annie   Beach, Sam 

5    Annie, Camping   Sam, Beach 

6    Camping, Annie   Beach, Sam 

7    Annie, Camping   Sam, Beach 

8    Camping, Annie   Beach, Sam 

9    Beach, Sam    Camping, Annie 

10    Sam, Beach    Annie, Camping 

11    Beach, Sam    Camping, Annie 

12    Sam, Beach    Annie, Camping 

13    Beach, Sam    Camping, Annie 

14    Sam, Beach    Annie, Camping 

15    Beach, Sam    Camping, Annie 

16    Sam, Beach    Annie, Camping 

________________________________________________________________________

______ 
Note. Parallel texts (e.g., the “Annie Moves to the Island” is parallel with “Sam Moves to the City”; etc.): 

 

 

Questioning conditions. The questioning conditions developed for the current 

study were designed to assess inference generation during (online) and after (offline) 

reading.  Each question was developed about specific text information that was important 

for developing a coherent representation of the text.  Moreover, the questions were 

developed to prompt readers to generate appropriate inferences to answer causal 

questions and build a coherent representation of the text (e.g., McMaster et al., 2011; 
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Rapp et al., 2007).  Thus, readers were prompted to connect to local and global text 

information (goals and subgoals) before the question content to build causal connections 

during and after reading.  As reviewed in Chapters I and II, maintaining local and global 

coherence during and after reading is beneficial for developing a coherent representation 

of a text and successful comprehension (e.g., Cain & Oakhill, 1999; Cain et al., 2001; 

Graesser & Clark, 1985; Graesser et al., 1994; McKoon & Ratcliff, 1992; McNamara et 

al., 1996).   

For this study, two questioning conditions were developed to investigate local and 

global coherence-building.  Several types of inferences could be generated during reading 

and after; however to maintain local and global coherence; however, two major types of 

inferences as discussed in Chapters I and II are text-based and knowledge-based and will 

be the focus of this study.  Specifically, text-based inferences were assessed to investigate 

local and global coherence-building (Trabasso et al., 1989) during (online) and after 

(offline) reading.  Text-based inferences connect to specific areas in a text during and 

after reading.  In addition, text-based inferences connect to immediate preceding text 

information (local), or connect to distant text information (global).  In addition, 

knowledge-based inferences were assessed in this study.  Generating knowledge-based 

inferences during and after reading may be helpful for successful comprehension; 

however, generating these inferences may not be necessary in every reading situation.  

Knowledge-based inferences integrate information in a text and background knowledge, 

and can be related or unrelated with the information in the text (Cain & Oakhill, 2006; 

McNamara, 2007; Oakhill, 1982; Rapp et al., 2007).   
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The questions asked during both the online and offline questioning conditions 

were causal questions, and were developed with the goal of prompting the reader to 

maintain local and global coherence for building a causal and coherent representation of 

the text (e.g., Trabasso et al., 1989).  That is, the questions were developed to encourage 

comprehenders to connect to local and global (goals and subgoals) information in the text 

(e.g., McMaster et al., 2011; Rapp et al., 2007).  For the online questioning condition, 

participants were prompted to explain the current sentence by making causal connections 

to earlier parts of the text (local and global text-based inferences) in order to build 

coherence during reading.  The question locations were dispersed throughout the texts, 

based on whether an appropriate coherence-building or text-based inference could be 

generated.  The offline questioning condition also incorporated inference generation by 

asking participants to answer each question by making causal connections to earlier parts 

of the text (local and global text-based inferences) in order to build coherence maintain 

coherence after reading; however, these questions were given to the participants after the 

entire text was completed.  The questions asked during the online and offline questioning 

conditions were equivalent.  For example, if the first question for the story about Annie 

(online questioning condition) was “Why did Annie pass the time watching wild dolphins 

swim?”; the first question for the story about Sam (offline questioning condition) was 

“Why did Sam pass the time watching squirrels gather nuts?”    

On the experimenter version of the questioning conditions, the correct answer for 

each question was included to aid the experimenters in providing feedback while working 

with the participants.  Feedback statements included: “That‟s right, continue reading”; or 

“What else does it say in the text about why Annie watched dolphins to pass the time?”  
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Correct answers could be found in specific areas in the texts before the question content.  

Only these answers provided the correct causal explanation for the question.  There were 

five questions asked for each text.  These questions were asked about goals and subgoals 

in the story. 

All of the answers were recorded for later transcription and coding, which is 

described below in the scoring section.  For the online questioning condition, participants 

were given a copy of the text only, with areas indicating when to stop reading and listen 

to the question that was read aloud by the experimenter; and for the offline questioning 

condition, participants were given a copy of the text only and questions were read aloud 

by the experimenter after the entire text was read.  Participants were allowed to look at 

the text when responding to each question during both the online and offline questioning 

conditions.  The experimental texts with respective questions are presented in Appendices 

B and C.    

 Sentence verification task.  In addition, an SVT was developed for each text to 

see if SVT items help readers generate coherence-building inferences after reading (i.e., 

offline).  The SVT used for this study was modified and based on previous research by 

McKeown et al. (2009).  McKeown et al. developed SVT items to represent paraphrases, 

local text-based inferences, and global text-based inferences from the text.  For the 

current study, similar items were also developed for the texts described above; however, 

to remain consistent with the goals of this study, additional items were developed.  To 

represent text-based inferences, two types of text-based inference items were developed: 

(1) local text-based inferences, which required the reader to connect back to two adjacent 

pieces of information in the text; and (2) global text-based inferences, which required the 
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reader to connect back to two distant pieces of information in the text.  In addition, 

knowledge-based inference items were developed which required the reader to connect 

information from the text to background knowledge.  These items were developed 

because theory suggests that generating both text-based and knowledge-based inferences 

helps readers build a coherent representation of a text (e.g., Graesser et al., 1994) and 

previous SVTs did not include both types of inferences (e.g., McKeown et al., 2009).  

Thus, there were eight items (1 true item, 1 false item for each item type) developed for 

each text: 2 paraphrases, 2 text-based inferences-local; 2 text-based inferences-global; 

and 2 knowledge-based inferences.  The SVTs used in this study are presented in 

Appendix D. 

Working memory – reading span task.  Finally, a reading span task was 

administered to assess WM.  This reading span task has been modified to be administered 

to children (by Swanson et al., 1989 from a task developed by Daneman & Carpenter, 

1980), and was further modified for the current study because some of the language was 

confusing.  Thus, four words were modified in the version used in the current study: two 

words for recall; and two words for the question answers.  This task measures both the 

storage and processing components of WM.  The task materials consisted of a total of 28 

test sentences and 6 practice sentences.  There were two to five sentences in each set and 

each sentence ranged between six and 10 words long.  All of the final words were nouns 

and none of the words were repeated in any of the sets.  Last, a comprehension question 

was asked for one of the sentences within each set of sentences and each required answer 

was a noun.   
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Participants listened to short unrelated sentences presented by an experimenter.  

Then, after each set of sentences was presented, participants were presented with a 

comprehension question about one of the sentences.  Then, after the comprehension 

question was answered, the participants were asked to recall the last word from each 

sentence in order from the first to last sentence.  Each trial of sentence has two sets per 

trial, and sets increase in one sentence per set as participants continue.  Last words 

recalled and question answers were later scored for accuracy.  An example of the 

instructions and practice items for this reading span measure are presented in Appendix 

E.   

Procedures 

Pilot study.  During the spring before data collection for this current study, a 

small pilot study was conducted for the purpose of task development.  Three students 

who were participating in a larger study were asked to complete in two additional tasks.  

Students were one good, one average, and one struggling comprehender (identified in the 

same way as for the larger study above).  Working with these three students with varying 

degrees of reading comprehension helped determine the average time spent on each task.  

These students were administered one text to read for the online questioning condition as 

described above, and one text to read for the offline questioning condition as described 

above.  The results from the pilot study were helpful in developing the tasks for the 

current study.  That is, students who participated in the pilot study performed each task 

with no difficulty.  In addition, students understood the instructions for each questioning 

condition and were able to respond to each question in the amount of time provided in the 



81 

 

 

experimenter protocol.  Each questioning condition took an average of 15 min to 

complete which was the expected time estimated prior to the pilot study.   

Experimental session.  In this section, the procedures for each experimental task 

will be described.  In each experimental session students completed four tasks.  First, 

participants completed two questioning conditions in which each participant read a total 

of four texts (two during the online questioning condition, and two for the offline 

questioning condition. Second, participants were asked to recall each text after 

completing the questioning condition.  Third, participants completed a SVT after each 

questioning condition and recall. Fourth, participants completed the WM reading span 

task.  The procedures for each task are described in more detail below. 

Questioning conditions. Four narrative texts were counterbalanced and used for 

the two questioning conditions (and corresponding SVTs) in this study.  Participants were 

seen for two sessions during the fall and spring semesters at their elementary schools.  

Each participant was excused from his/her class to participate in a private session in 

which he/she sat across from an experimenter.   Participants read and answered questions 

aloud for two texts for both the online and offline questioning conditions during separate 

visits.  These sessions were tape recorded for later transcription and scoring/coding. 

During the online and offline questioning conditions, participants were told, 

“Many readers connect ideas from different parts of a story to help them better 

understand what they are reading.  Today, I will be asking you questions as you read 

(stated for the online condition)/questions after you read (stated for the offline condition) 

to help you connect main ideas in the story.”  Participants were first given a practice task.  

In the practice and experimental sessions, participants read a narrative text out loud and 
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then were asked to pause when he/she came to a red dot in the text ( during the online 

condition), or was asked to pause at the end of the text (during the offline condition). At 

that point the experimenter asked a causal question (e.g., “Why did Annie pass the time 

watching wild dolphins swim?”).  

The experimenter version of each online and offline questioning condition 

included the correct response for each question.  Experimenters listened for whether the 

question responses were correct or incorrect (correct was defined as a response that was 

accurately connected to goals and subgoals in the text).  If the response was correct, the 

participant was asked to continue reading.  If the response was incorrect, the participant 

was prompted with the same question again.  If the response was still incorrect, the 

experimenter provided the participant with the correct answer in a form that was 

consistent with the wording of the original question and then the participant was asked to 

continue reading aloud.  Thus, participants were given two chances to find the correct 

answer to each question, but if the answer was incorrect, participants were told what the 

answer should be.  Experimenters were trained to not deviate from the protocol.  If the 

participant needed help with the meaning of any words, the experimenter did not tell 

him/her the meaning, but said “to try the best that he/she can”.  However, if the 

participant was unable to sound out a word, the experimenter said the word aloud so that 

the participant could continue reading.  All of the correct answers to the questions could 

be found in earlier text information before the question content.  Participants were 

allowed to look at the text when responding to the questions for both the online and 

offline questioning conditions.  Five questions were asked for each text.  Both the online 
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and offline questioning conditions lasted approximately 20-30 minutes, including recall 

and SVT. 

Recall.  Participants were required to recall each text during both of the 

questioning conditions.  During each session, the experimenter asked the participant to 

recall as much information as he/she could from the text that was just read.  Recalls were 

tape recorded for later transcription and scoring/coding.  Recalls were used as a measure 

of comprehension for the experimental texts used in this study by assessing the product of 

the representation of the text that was built during reading.  The process for which recall 

was coded will be discussed in the scoring section below.   

Sentence verification task.  When participants completed each recall, participants 

were administered the SVT.  Participants were told, “Today, I will be asking you to tell 

me if some statements are true or false about the story that you just read.”  Participants 

were given a practice task in which he/she will read a simple narrative out loud and was 

given a few sample SVT statements.  At that point the experimenter asked a question 

(e.g., “Was the following statement true or false about the story that you just read?”).  

Participants were asked to identify if the items were true or false about each text.  There 

were eight statements for each text.  Answers for each SVT item were recorded on an 

answer sheet and tape recorded if there was a need to go back and listen to the responses. 

Working memory – reading span task.  Last, participants completed the reading 

span task.  In this task, participants were first presented with three sets of two-sentence 

long practice sets.  Then, after each set of sentences was presented, participants were 

presented with a comprehension question about one of the sentences and asked to say the 

answer out loud.   Then, after the comprehension question was answered, the participants 
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were asked to recall the last word from each sentence in order from the first to last 

sentence as best as he/she can.  If the last words were not recalled in order, participants 

were asked to recall as many words as possible; however, participants were asked to not 

begin the recall with the last word of the last sentence just read (Friedman & Miyake, 

2004). 

When participants felt comfortable to begin the test portion of this task, two sets 

of two-sentence long sets were presented.   If all components (recall of the last words and 

question answer) were answered correctly for both sets, participants moved on to the next 

difficulty level.  If any of the words were recalled inaccurately or missed, and the 

comprehension question is answered inaccurately in a trial, the task was ended.  The 

reading span task lasted approximately 10 minutes. 

Scoring  

Scoring sessions.  In this section, the methods used for scoring each experimental 

task are described.  When data collection was completed, each participant‟s session was 

transcribed by trained undergraduate student research assistants.  Transcriptions of each 

session were then coded and scored to assess the types and quantity of inferences 

generated during the questioning conditions and SVTs; recall responses as a measure of 

comprehension; and the amount of information remembered in WM as assessed using the 

reading span task.   

It is important to note that the online and offline questioning conditions were 

scored in a similar way as to have a basis for comparison between the two conditions and 

to remain consistent with keeping the questioning conditions equivalent.  For instance, 

local and global text-based inferences were scored in the same manner for both the online 
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and offline conditions.  That is, each response was scored based on if the reader 

connected back to previous text information before the question content.  In addition, 

responses were scored for the type of background information that the reader connected 

to; that is if the reader connected to related or unrelated background knowledge.   One 

difference between scoring the online and offline question responses was in the case of 

scoring global inferences that were generated about previous text information after the 

question content.  That is, during coding and scoring for this condition, it was found that 

comprehenders sometimes generated inferences about global information that occurred 

after the question content.  This type of inference was not generated during the online 

questioning condition, and was only generated during the offline questioning condition.  

Each inference category is described in more detail below.    

Questioning conditions. The responses to each question were first scored for 

being correct or incorrect.  As explained above, the questioning conditions developed for 

the current study were based on previous research in which assessed questioning 

techniques used to understand how readers build a coherent representation of the text 

during reading (e.g., McMaster et al., 2011; Rapp et al., 2007).  Thus, readers were 

prompted to connect to local and global text information (goals and subgoals) to build 

causal connections during reading.  However, for the current study, causal questions were 

asked during and after reading in order to understand how readers build and maintain 

local and global coherence for developing a coherent representation of a text (e.g., Cain 

& Oakhill, 1999; Cain et al., 2001; Graesser & Clark, 1985; Graesser et al., 1994; 

McKoon & Ratcliff, 1992; McNamara et al., 1996).  Thus, a correct response connected 

to correct local and global areas in the text (goals and subgoals) before the question 
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content; and incorrect responses connected to other local and global areas in the text that 

were not related to the goals and subgoals of the story.  Furthermore, responses that 

connected to background knowledge were scored as incorrect.  Once more, as stated 

above, the goal of both questioning tasks was to encourage readers to connect to correct 

local and global areas in the text that were related to goals and subgoals of the story; thus, 

this is why responses based on background knowledge were considered incorrect.   

In addition, the responses to each question were scored based on the different 

types of inferences generated to answer the questions.  These categories of inferences 

were based on findings from empirical investigations of verbal responses used to 

understand the cognitive processes that take place during reading in order to build a 

coherent representation of a text (e.g., think-aloud activities) (e.g., Elfenbein, van den 

Broek, Carlson, Lewis, & Kendeou, 2011; Linderholm, 2002; Linderholm & van den 

Broek, 2002; van den Broek et al., 2001) and were grouped into two broad categories: 

text-based and knowledge-based inferences, because these were the most frequent types 

of inferences generated.  These different types of inferences were then grouped into either 

correct or incorrect categories for answering the questions to be consistent with the above 

rationale.   

Correct text-based inferences. As stated above, correct responses to the online 

and offline questions could be found in earlier text information (local and global goals 

and subgoals) before the question content, which would require readers to generate 

correct text-based inferences.  Correct text-based inferences were a combined category 

that consisted of the types of connections that were made to correct local and global areas 

in the text (i.e., goals and subgoals).  Correct answers for some of questions required 
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comprehenders to only connect back to local areas in the text, correct answers to some 

questions required comprehenders to only connect back to global areas in the text, and 

correct answers to some questions required comprehenders to connect back to both local 

and global areas in the text.  Thus, the correct response category combined both the 

correct local and global inferences that comprehenders generated to answer the causal 

questions (correct combined text-based inferences).  Correct local text-based inferences 

were responses that only connected to correct text information (goal or subgoal) from the 

immediately preceding sentence in relation to the target sentence for the question.  

Correct global text-based inferences were responses that only connected to correct text 

information (goal or subgoal) that was not in the immediately previous sentence in 

relation to the target sentence for the question, but rather, in earlier text.  A sample of the 

coding scheme used to score the correct text-based inferences, and examples of each of 

these are presented in Table 4.  
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Table 4 

 

Inferential Response Types Developed for Questioning Conditions: Correct Text-based 

Inferences 

 

Inferential Response  Definition   Example of Response 

Correct combined  Combined both the   “Because Annie was 

watching 

text-based   correct local and global   dolphins AND they were 

always in  

    text-based inferences.     groups and never swimming 

alone.” 

          (Q 3, Annie) 

 

Correct local   Connected to correct  “He told them about safety in 

the   

text-based   text information in      forest.” (Q 2, Camping) 

    the immediately      

    preceding sentence. 

 

     

Correct global   Connected to correct  “ To get kindling.”  (Q 4, 

Camping)  

text-based   text information – prior    

    text information, not 

    in the immediately  

    preceding sentence. 

________________________________________________________________________

______ 

 

 

Incorrect text-based inferences. Responses not coded as correct text-based 

inferences were coded as incorrect text-based inferences and knowledge-based 

inferences.  First, the incorrect text-based inferences were coded as follows:  incorrect 

local text-based inferences connected to incorrect local information before question 

content (immediately preceding sentence) and did not help with correctly answering the 

question; or rather, did not connect to a goal or subgoal of the story.  Incorrect global 
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text-based inferences connected to incorrect global text information before the question 

content (distant text information not in the immediately preceding sentence) and did not 

correctly answering the question; or rather, did not connect to the goal or subgoal of the 

story.  Incorrect global-after text-based inferences (offline only) connected to global 

information in the text but were located after the question content and did not help with 

correctly answering the question (this inference type was only relevant when scoring 

responses from the offline questioning condition).  A sample of the coding scheme used 

to score the incorrect text-based inferences, and examples of each are presented in Table 

5.  

 

 

Table 5 

 

Inferential Response Types Developed for Questioning Conditions: Incorrect Text-based 

Inferences 

 

Inferential Response  Definition   Example of Response 

Incorrect local   Connected to incorrect “Because they loved 

camping.” 

text-based   local text information –  (Q 1, Camping) 

before the question  

content – in the  

immediately preceding 

sentence. 

 

Incorrect global  Connected to incorrect “They recently moved to an 

island.” 

text-based   global text information   (Q 1, Annie)  

     – before the question  

    content – prior text  

    information, not in the 

immediately preceding 

    sentence. 

 

Incorrect global-after  Connected to incorrect “They called the zoo and they 

said it 
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text-based (offline)  global text information – usually sleeps in trees.” (Q 3, 

Sam) 

    after the question content. 

________________________________________________________________________

______ 

 

 

Knowledge-based inferences. Knowledge-based inferences were also coded as 

incorrect responses.  Generating knowledge-based inferences during and after reading 

can help readers develop a representation of a text; however, the causal questions asked 

in the online and offline conditions in the current study were not developed to tap into 

background knowledge, and instead were developed to prompt readers to specifically 

connect to local and global text information in order to develop a coherent representation 

of the text (e.g., McMaster et al., 2011; Rapp et al., 2007).  However, readers did use 

background knowledge to help develop causal coherence during both questioning 

conditions and responses were coded as the following: related knowledge-based 

inferences connected to background knowledge and were related to a situation found in 

text, but did not help with correctly answering the question.  Unrelated knowledge-based 

inferences connected to background knowledge and were not related to a situation found 

in the text, and did not help with correctly answering the question.  A sample of the 

coding scheme used to score the knowledge-based inferences, and examples of each are 

presented in Table 6.  

 

 

Table 6 

 

Inferential Response Types Developed for Questioning Conditions: Knowledge-based 

 

Inferential Response  Definition   Example of Response 
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Related knowledge-  Connected to background “She was worried and scared 

for her 

based    knowledge that was    friend.” (Q 5, Beach)   

    related to the text  

    information. 

 

Unrelated knowledge-  Connected to background  “Because they had fun.” (Q 

2,  

based    knowledge that was    Beach) 

unrelated to the text 

    information. 

________________________________________________________________________

______ 

 

 

All question responses were coded by 12 independent judges who had no 

knowledge of the experimental conditions and one who did.  Thus, there were six pairs of 

judges who coded the questioning responses.  Interrater reliability was calculated.  

Disagreements between judges were resolved by discussion.  For the online questioning 

condition, there was an average of 7% of disagreements, and an average of 93% of 

agreements.  For the offline questioning condition, there was an average of 8% of 

disagreements, and an average of 92% of agreements. 

Recall.  The recalls for the online and offline questioning conditions were parsed 

and coded into main idea units (e.g., including a subject and a verb) for the amount of 

items remembered for each text.  In addition, the quality of the recalls was scored based 

on the type of information provided in each recall and how well the recall information 

matched the original text information.  Coding for the recalls was based on findings from 

empirical investigations that assessed different measures of recall quality (e.g., causal 

structure) and matched the original text units (e.g., Kendeou et al., 2008; Rapp et al., 

2007; van den Broek et al., 1996; van den Broek et al., 2001).  Main ideas units were 
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coded for the following measures of quality and how well they matched original text unit: 

conservative: an idea unit that matched the gist of an original text unit; liberal: an idea 

unit that was close to the gist of an original text unit, but was highly constrained by the 

information in the text; no match consistent: an idea unit that could not be matched 

directly with the gist of an original text unit, however, the idea unit was valid and 

moderately constrained by the text; and no match inconsistent: an idea unit that could not 

be matched directly to the gist of an original text unit and was invalid or unconstrained by 

the text.  A sample of the coding scheme used to score recalls is presented in Table 7.  
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Table 7 

Response Types Developed for Online and Offline Recall 

Coding Response     Definition   

Conservative Recall of an idea unit that matched 

the gist of original text unit.  

 

Liberal       Recall of an idea unity that was close 

to the 

gist of the original text unit, but was 

highly 

       constrained by the information in the 

text. 

 

No Match Consistent     Recall of an idea unit that could not 

be 

       matched directly with the gist of an 

original 

       text unit, however, the idea unit was 

valid 

       and moderately constrained by the 

text. 

 

No Match Inconsistent    Recall of an idea unit that could not 

be  

       matched directly to the gist of an 

original 

       text unit and was invalid or 

unconstrained 

       by the text.  

________________________________________________________________________

______ 

       

 

All question responses were coded by 12 independent judges who had no 

knowledge of the experimental conditions and one who did.  Thus, there were six pairs of 

judges who coded the recall.  Interrater reliability was calculated.  Disagreements 

between judges were resolved by discussion.  For the recall following the online 

questioning condition, there was an average of 20% of disagreements, and an average of 



94 

 

 

80% of agreements.  For the recall following the offline questioning condition, there was 

an average of 91% of disagreements, and an average of 81% of agreements. 

Sentence verification task.  The SVT was scored for total items correct.  

Specifically, participants were asked to identify if items were true or false about each 

text.  There were eight items asked: 2 paraphrase items (1 true, 1 false); 2 text-based local 

inferences (1 true, 1 false); 2 text-based global inferences (1 true, 1 false); and 2 

knowledge-based inferences (1 true, 1 false).  The total paraphrase items correct, total 

text-based inference items correct (local and global), and total knowledge-based 

inference items correct were scored for each of the four texts.  Overall SVT scores were 

averaged across the four texts read for each participant.  

Working memory.  The answers on the reading span task were scored for total 

items recalled correctly, and total comprehension questions answered correctly.  In 

addition, the level of trials was scored; that is, at which level did the participant complete 

all items recalled correctly and all comprehension questions answered correctly.  

Participants were then grouped into high and low working memory span groups based on 

median split as explained above.   

Data Analysis  

For this study, 2 (online vs. offline conditions) X 2 (skilled vs. less-skilled 

comprehenders) repeated measures analyses of variance (RM-ANOVAs) were used to 

test the effect of online and offline questioning conditions on inference generation and 

recall between skilled and less-skilled comprehenders.  In addition, to test the effect of 

online and offline questioning conditions on SVT responses between skilled and less-

skilled comprehenders, chi-square and phi-coefficient analyses were conducted.  
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Furthermore, high/low WM capacity was used to test the effect of WM on inference 

generation between skilled and less-skilled comprehenders.  The outcome variables for 

this study were the types and quantity of inferences generated during the online and 

offline questioning conditions; scores for the SVT categories (paraphrase, local text-

based inference, global text-based inference, and knowledge-based inference: 0 items 

correct, 1 item correct, 2 items correct for each true/false category); and responses during 

recall.  The analyses for each of these categories will be discussed separately in Chapter 

IV. 
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CHAPTER IV 

Results 

In this chapter, I report the results of the analyses to address the following 

research questions: (1) Do skilled and less-skilled comprehenders differ in the (a) types 

of inferences generated; (b) responses to a sentence verification task (SVT); and (c) 

responses to a recall task, when compared during (online) and after (offline) reading with 

a questioning task?  (2) How does WM influence inference generation for skilled and 

less-skilled comprehenders during and after reading?   

Types of Inferences: Comprehension Skill and Questioning Condition 

To investigate the first component of my first research question – whether skilled 

versus less-skilled comprehenders differ in their inference generation when tested online 

versus offline with a questioning condition – the types of inferences generated were 

compared.  Specifically, 2 x 2 repeated measures analyses of variance (RM-ANOVAs) 

were conducted with questioning condition (online vs. offline) as the within subjects 

factor and comprehension skill as the between subjects factor (skilled vs. less-skilled).  

Follow-up t-tests were conducted for each significant main effect and each main effect 

that approached significance.  Bonferroni adjustments were made, so as to decrease the 

chance of making a Type I error.  Adjustments were made by taking the amount of 

comparisons from each section (i.e., four comparisons) and divided by the standard α = 

.05. Thus, the α-level for the t-tests within this section was adjusted to α = .01 (when 

compared to the standard α = .05).   

The following hypotheses were addressed to answer the first component of my 

first research question.  
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H0: There are no differences between the types and quantity of inferences generated 

online and offline by skilled and less-skilled comprehenders. 

H1: Main: There are differences between the types and quantity of inferences generated 

online and offline by skilled comprehenders and less-skilled comprehenders. 

The expectations for these hypotheses were that skilled comprehenders would generate 

more correct text-based inferences than less-skilled comprehenders would during reading 

(e.g., Bowyer-Crain & Snowling, 2005; Cain et al., 2001; Laing & Kamhi, 2002) and 

after reading (e.g., Cain & Oakhill, 1999; Yuill et al., 1989).  In addition, the expectation 

was that skilled comprehenders would generate more knowledge-based inferences than 

less-skilled comprehenders would during reading (e.g., Cain et al., 2001; Laing & Kamhi, 

2002) and after reading (e.g., Cain & Oakhill, 1999).  The findings for each of these 

expectations are reported below. 

 In addition, and as defined in Chapter III, incorrect categories of text-based 

inferences and related and unrelated categories of knowledge-based inferences were 

identified post-hoc during scoring.  The findings for each these categories are reported 

below.  These categories of text-based and knowledge-based inferences are also 

discussed further in the Chapter V. 

Text-based inferences: Comprehension skill and questioning condition.  First, 

statistically significant findings for each RM-ANOVA are reported; and, secondly non-

significant findings are reported.  Descriptive statistics (means and standard deviations – 

SD) for the text-based inferences generated by skilled and less-skilled comprehenders 

during the online and offline questioning activities are presented in Table 8.  In addition, 

the F-values, df, p-values, and effect sizes (η
2
) for the interactions of questioning 
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condition (online vs. offline) by comprehension skill (skilled vs. less-skilled) for the text-

based inferences are found in Table 9.  

Additionally, at the end of this section, one text-based variable (incorrect global-

after text-based inference), which was only examined during the offline question, is 

reported.  For this variable, an ANOVA was conducted using the text-based inference 

generated during the offline questioning condition as the dependent variable and 

comprehension skill as the independent variable. 
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Table 8 

 

Descriptive Statistics (Means and Standard Deviations – SD) for Text-based Inferences 

________________________________________________________________________

______ 

 

     Online
    

Offline 

          

Inferential 

Responses     M (SD)    M (SD)  

 N  

________________________________________________________________________

______ 

 

Correct combined   

   Skilled    8.57 (1.61)   7.67 (1.86) 

 30  

   Less-skilled    7.68 (1.55)   6.45 (1.95)  

 31 

 Total    8.11 (1.64)   7.05 (1.99) 

 61 

 

Correct local  

 Skilled    1.57 (1.07)   1.77 (1.22) 

 30      

 Less-skilled   1.52 (1.00)   1.10 (1.08) 

 31 

 Total    1.54 (1.02)   1.43 (1.19) 

 61  

 

Correct global 

 Skilled    7.00 (1.62)   5.90 (1.69) 

 30    

 Less-skilled   6.16 (1.66)   5.53 (1.82) 

 31  

 Total    6.57 (1.68)   5.62 (1.76) 

 61    

 

Incorrect local  

 Skilled    1.03 (.72)   1.17 (.87) 

 30 

 Less-skilled   1.52 (1.73)   1.00 (1.15) 

 31    

 Total    1.28 (1.34)   1.08 (1.02) 

 61 
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Incorrect global  

 Skilled    3.00 (1.89)   3.80 (2.83) 

 30 

 Less-skilled   4.29 (4.07)   2.81 (2.27) 

 31 

 Total    3.66 (3.23)   3.30 (2.59) 

 61 

 

Incorrect global-after 

 Skilled    NA    1.30 (1.32) 

 30  

 Less-skilled   NA    2.48 (1.71) 

 31 

 Total    NA    1.90 (1.63) 

 61 

________________________________________________________________________

______ 
Note. Incorrect global-after text-based inference: This inferential response code was only used for the 

offline questioning condition in order to capture participants connecting back to areas in the text that were 

after the question content.  
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Table 9 

 

Repeated Measures Analyses of Variance (RM-ANOVA): Text-based Inferences – 

Between Group (Comprehension Skill) & Within Group (Questioning Condition) 

________________________________________________________________________

______ 

Online/Offline      

Inferential Responses    F  df  p 

 η
2
  

 

________________________________________________________________________

_____ 

Correct combined             

 Online/offline    14.31    1  .000 

 .20 

Comprehension skill     9.04    1  .004 

 .13 

 Online/offline x comprehension 

 skill         .34  59  .56 

 .01 

 

Correct local  

 Online/offline        .39    1  .54 

 .01 

 Comprehension skill     2.75    1  .10 

 .04 

 Online/offline x comprehension 

 skill       3.07  59  .09 

 .05 

 

Correct global  

 Online/offline    11.29    1  .001 

 .16 

 Comprehension skill     4.41    1  .04 

 .07 

 Online/offline x comprehension  

 skill         .27  59  .61 

 .01 

 

Incorrect local  

 Online/offline        .74    1  .40 

 .01 

 Comprehension skill       .58    1  .45 

 .01 

 Online/offline x comprehension 
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 skill       2.12  59  .15 

 .04   

 

Incorrect global  

 Online/offline        .47    1  .50 

 .01 

 Comprehension skill       .07    1  .79 

 .00 

 Online/offline x comprehension 

 skill       5.22  59  .03 

 .08 

________________________________________________________________________

______ 
Note. Significance was evaluated with Bonferroni method at p = .05 for each main effect.  Significance was 

evaluated with Bonferroni method at p = .01 for each t-test.  

 

 

Correct combined text-based inferences. As stated in Chapter III, the correct 

combined text-based inference category was a combination of both the correct local and 

global text-based inferences that readers generated to answer the causal questions during 

the online and offline questioning conditions.  The RM-ANOVA revealed a main effect 

of questioning condition, F(1, 59) = 14.31, p < .001, η
2
 = .20; and a main effect of 

comprehension skill, F(1, 59) = 9.04, p < .01, η
2
 = .13.  These main effects were not 

qualified by an interaction of questioning condition and comprehension skill, F(1, 59) = 

.34, p = .56, η
2
 = .01.  Follow-up t-tests on the main effect of questioning condition 

revealed that participants generated more correct combined text-based inferences during 

the online questioning condition (M = 8.11, SD = 1.63) than they did during the offline 

questioning condition (M = 7.05, SD = 1.99), t(60) = 3.77, p < .001.  Additionally, 

follow-up t-tests on the main effect of comprehension skill revealed that skilled 

comprehenders (M = 8.57, SD = 1.61) generated more correct combined text-based 

inferences than did the less-skilled comprehenders (M = 7.68, SD = 1.55) during the 
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online questioning condition, t(60) = 17.49, p < .001; and skilled comprehenders (M = 

7.67, SD = 1.86) generated more correct combined text-based inferences than did the 

less-skilled comprehenders (M = 6.45, SD = 1.95) during the offline questioning 

condition, t(60) = 23.98, p < .001.   

To summarize, a main effect of questioning condition indicated that both 

comprehender groups generated more correct combined text-based inferences during the 

online questioning condition than during the offline questioning condition.  Additionally, 

a main effect of comprehension skill indicated that skilled comprehenders generated 

more correct combined text-based inferences during the online and the offline 

questioning conditions.  However, there was no statistically significant interaction of 

questioning condition and comprehension skill.  Thus, within both the online and offline 

questioning conditions, the expectation that skilled comprehenders would generate more 

correct text-based inferences than would less-skilled comprehenders during and after 

reading was met for the correct combined text-based inferences type.  See Figure 1 for a 

line graph of these results.   

 

 

Figure 1 

 

Correct Combined Text-based Inferences  
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Note. Main effect of questioning condition: p < .001; main effect of comprehension skill: p = .004; 

questioning condition x comprehension skill: p = .56. 

 

 

 

 

 

 Correct global text-based inferences. The RM-ANOVA revealed a main effect of 

questioning condition, F(1, 59) = 11.29, p = .001, η
2
 = .16; and main effect of 

comprehension skill, F(1, 59) = 4.41, p = .04, η
2
 = .07.  These statistically significant 

main effects were not qualified by an interaction of questioning condition and 

comprehension skill, F(1, 59) = .27, p = .61, η
2
 = .01.  Follow-up t-tests on the main 

effect of questioning condition revealed that participants generated more correct global 
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text-based inferences during the online questioning condition (M = 6.57, SD = 1.68) than 

they did during the offline questioning condition (M = 5.62, SD = 1.76), t(60) = 3.35, p = 

.001.  Additionally, follow-up t-tests on the main effect of comprehension skill revealed a 

difference that approached significance between skilled comprehenders and less-skilled 

comprehenders for the amount of correct global text-based inferences generated during 

the online questioning condition, t(60) = 2.09, p = .04 (Bonferroni adjusted at α = .01).  

That is, skilled comprehenders generated more correct global text-based inferences (M = 

7.00, SD = 1.62) than the less-skilled comprehenders did (M = 6.16, SD = 1.66) during 

the online questioning condition. However, there was no difference between skilled (M = 

5.90, SD = 1.69) and less-skilled (M = 5.35, SD = 1.82) comprehenders for the amount of 

correct global text-based inferences generated during the offline questioning condition, 

t(60) = 1.37, p = .18.  

 To summarize, a main effect of questioning condition indicated that both 

comprehender groups generated more correct global text-based inferences during the 

online questioning condition than they did during the offline questioning condition.  

Additionally, a main effect of comprehension skill indicated a difference between skilled 

and less-skilled comprehenders.  That is, a pattern suggested that skilled comprehenders 

generated more correct global text-based inferences than did the less-skilled 

comprehenders during the online questioning condition, but this difference was not 

significant after adjusting the alpha level to control for Type I error.  There also was no 

significant difference found between skilled and less-skilled comprehenders during the 

offline questioning condition, or there was no interaction of questioning condition and 

comprehension skill.  See Figure 2 for a line graph of these results.   
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Figure 2 

 

Correct Global Text-based Inferences  

 

 
Note. Main effect of questioning condition: p = .001; main effect of comprehension skill: p = .04; 

questioning condition x comprehension skill: p = .61. 
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 Correct local text-based inferences. The RM-ANOVA did not reveal a main 

effect of questioning condition, F(1, 59) = .39, p = .54, η
2
 = .01 or comprehension skill, 

F(1, 59) = 2.75, p = .10, η
2
 = .04; but an interaction of questioning condition and 

comprehension skill approached significance, F(1, 59) = 3.07, p = .09, η
2
 = .05.  Follow-

up t-tests on the 2-way interaction (questioning condition x comprehension skill) did not 

reveal a statistically significant difference for online/offline questioning condition and 

less-skilled comprehenders, t(60) = 1.69, p = .10, or for online/offline questioning 

condition and skilled comprehenders, t(60) = -.79, p = .43.  However, additional follow-

up t-tests on the 2-way interaction (questioning condition x comprehension skill) revealed 

that skilled comprehenders (M = 1.77, SD = 1.22) generated more correct local text-based 

inferences than did the less-skilled comprehenders (M = 1.10, SD = 1.08) during the 

offline questioning condition, t(60) = 2.68, p = .01; but there was no difference between 

skilled (M = 1.57, SD = 1.07) and less-skilled comprehenders (M = 1.52; SD = 1.00) 

during the online questioning condition, t(60) = .20, p = .84.   

 To summarize, there was no main effect of questioning condition and no main 

effect of comprehension skill.  A pattern suggested an interaction of questioning 

condition and comprehension skill, but this interaction was not significant.  Follow-up 

tests indicated a significant difference at the adjusted alpha level that skilled 

comprehenders generated more correct local text-based inferences than did the less-

skilled comprehenders during the offline questioning condition.  Thus, within the offline 

questioning condition, the expectation that skilled comprehenders would generate more 

correct text-based inferences than would less-skilled comprehenders after reading was 
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met for the correct local text-based inferences type.  See Figure 3 for a line graph of these 

results.   
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Figure 3 

Correct Local Text-based Inferences  

 

 
Note. Main effect of questioning condition: p = .54; main effect of comprehension skill: p = .10; 

questioning condition x comprehension skill: p = .09. 
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 Incorrect global text-based inferences. The RM-ANOVA did not reveal a main 

effect of questioning condition, F(1, 59) = .47, p = .50, η
2
 = .01 or comprehension skill, 

F(1, 59) = .07, p = .79, η
2
 = .00; but a statistically significant interaction was found 

between questioning condition and comprehension skill, F (1, 59) = 5.22, p = .03, η
2
 = 

.08.  Follow-up t-tests on the 2-way interaction (questioning condition x comprehension 

skill) revealed a difference that approached significance for less-skilled comprehenders, 

t(60) = 2.11, p = .04 (Bonferroni adjusted at α = .01).  Specifically, the less-skilled 

comprehenders generated more incorrect text-based inferences global during the online 

questioning condition (M = 4.29, SD = 4.07) than they did during the offline questioning 

condition (M = 2.81, SD = 2.27). There was no statistically significant difference found 

between questioning condition and skilled comprehenders, t(60) = -1.12, p = .27.  

Additional follow-up t-tests on the 2-way interaction (questioning condition x 

comprehension skill) revealed a difference that approached significance between skilled 

and less-skilled comprehenders during the online questioning condition t(60) = -1.83, p = 

.07 (Bonferroni adjusted at α = .01).  Specifically, less-skilled comprehenders (M = 4.29, 

SD = 4.07) generated more incorrect global text-based inferences than did skilled 

comprehenders (M = 3.00, SD = 1.89) during the online questioning condition; but there 

was no difference between skilled (M = 3.80, SD = 2.83) and less-skilled comprehenders 

(M = 2.81, SD = 2.27) during the offline questioning condition, t(60) = 1.40, p = .17. 

 To summarize, there was no main effect of questioning condition and no main 

effect of comprehension skill.  However, there was a statistically significant interaction of 

questioning condition by comprehension skill.  Patterns suggested that less-skilled 

comprehenders generated more incorrect global text-based inferences during then online 
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questioning condition than during the offline questioning condition; and that less-skilled 

comprehenders generated more incorrect global text-based inferences than did the skilled 

comprehenders during the online questioning condition, but these differences were not 

significant after adjusting the alpha level to control for Type I error.  There was no 

significant difference found between questioning condition and skilled comprehenders.  

See Figure 4 for a line graph of these results.   

 

 

Figure 4 

 

Incorrect Global Text-based Inferences  

 

 
Note. Main effect of questioning condition: p = .50; main effect of comprehension skill: p = .79; 

questioning condition x comprehension skill: p = .03.
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 Incorrect local text-based inferences. The RM-ANOVA did not reveal a main 

effect of questioning condition, F(1, 59) = .74, p = .40, η
2
 = .01; comprehension skill, 

F(1, 59) = .58, p = .45, η
2
 = .01; or interaction of questioning condition and 

comprehension skill, F(1, 59) = 2.12, p = .15, η
2
 = .04.  To summarize, there were no 

main effects of questioning condition, comprehension skill, or interaction of questioning 

condition and comprehension skill for the incorrect local text-based inference type.  See 

Figure 5 for a line graph of these results.   

 

  

Figure 5 

 

Incorrect Local Text-based Inferences  

 

 
Note. Main effect of questioning condition: p = .40; main effect of comprehension skill: p = .45; 

questioning condition x comprehension skill: p = .15. 



113 

 

 

 

Incorrect global-after text-based inferences. As stated above, the incorrect 

global-after text-based inference type was only found when scoring responses from the 

offline questioning condition.  This inference type connected to global information in the 

text but was located after the question content and did not correctly answer the question.  

Thus, an ANOVA with questioning condition as the within subjects (online vs. offline) 

factor and comprehension skill (skilled vs. less-skilled) as the between subjects factor 

was conducted.  An ANOVA revealed a statistically significant difference between 

comprehender type, F(1, 59) = 9.13, p < .01, η
2
 = .13.  Specifically, less-skilled 

comprehenders (M = 2.48, SD = 1.71) generated more incorrect global-after text-based 

inferences than did the skilled comprehenders (M = 1.30, SD = 1.32) during the offline 

questioning condition.  To summarize, less-skilled comprehenders connected back to 

incorrect text, after the question content, more than did the skilled comprehenders during 

the offline questioning condition.  See Figure 6 for a line graph of these results.   
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Figure 6 

 

Incorrect Global-After Text-based Inferences  

 

 
Note. Comprehender type: p < .01. 
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Knowledge-based inferences.  First, statistically significant findings for the RM-

ANOVAs are reported; and seconding, non-significant findings are reported.  Descriptive 

statistics for the knowledge-based inferences generated by skilled and less-skilled 

comprehenders during the online and offline questioning activities are found in Table 10.  

In addition, the F-values, df, p-values, and effect sizes (η
2
) for the interactions of the 

knowledge-based inferences generated by skilled and less-skilled comprehenders during 

the online and offline questioning activities are found in Table 11.   

 

 

Table 10 

 

Descriptive Statistics (Means and Standard Deviations – SD) for Knowledge-based 

Inferences 

________________________________________________________________________

______ 

 

     Online
    

Offline 

      

Inferential 

Responses     M (SD)    M (SD)  

 N  

________________________________________________________________________

______ 

 

Unrelated  

 Skilled    2.67 (2.25)   3.23 (2.69) 

 30  

 Less-skilled   4.23 (3.38)   3.19 (2.98) 

 31 

 Total    3.46 (3.07)   3.21 (2.82) 

 61 

 

Related  

   Skilled    1.63 (1.67)   1.37 (1.83) 

 30 

   Less-skilled    1.16 (1.46)   1.94 (2.33)  

 31 

 Total    1.39 (1.57)   1.66 (2.11) 

 61 
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________________________________________________________________________

______ 
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Table 11 

 

Repeated Measures Analyses of Variance (RM-ANOVA): Knowledge-based Inferences – 

Between Group (Comprehension Skill) & Within Group (Questioning Condition) 

________________________________________________________________________

______ 

Online/Offline      

Inferential Responses    F  df  p 

 η
2
  

 

________________________________________________________________________

_____ 

Unrelated  

 Online/offline        .26    1  .61 

 .00  

 Comprehension skill     1.65    1  .21 

 .03 

 Online/offline x comprehension 

 skill       3.08  59  .08 

 .05 

 

Related   

 Online/offline        .64    1  .43 

 .01 

 Comprehension skill       .02    1  .89 

 .00 

 Online/offline x comprehension 

 skill       2.70  59  .11 

 .04 

________________________________________________________________________

______ Note. Significance was evaluated with Bonferroni method at p = .05 for each main effect.  

Significance was evaluated with Bonferroni method at p = .01 for each t-test.  

  

  

 Unrelated knowledge-based inferences. A RM-ANOVA did not reveal a main 

effect of questioning condition, F(1, 59) = .26, p = .61, η
2
 = .00 or comprehension skill,  

F(1, 59) = 1.65, p = .21, η
2
 = .03; but an interaction of questioning condition and 

comprehension skill approached significance, F(1, 59) = 3.08, p = .08, η
2
 = .05.  Follow-

up t-tests on the 2-way interaction (questioning condition x comprehension skill) did not 

reveal a statistically significant difference for online/offline questioning condition and 



118 

 

 

less-skilled comprehenders, t(60) = 1.61, p = .11 or for online/offline questioning 

condition and skilled comprehenders, t(60) = -.86, p = .39.  However, additional follow-

up t-tests on the 2-way interaction (questioning condition x comprehension skill) revealed 

a difference that approached significance between skilled and less-skilled comprehenders.  

That is, a pattern was found that suggests that less-skilled comprehenders (M = 4.23, SD 

= 3.38) generated more unrelated knowledge-based inferences than the skilled 

comprehenders (M = 2.67, SD = 2.25) during the online questioning condition, t(60) = -

2.42, p =.02 (Bonferroni adjusted at α = .01); but there was no difference between less-

skilled comprehenders (M = 3.19, SD = 2.98) and skilled comprehenders (M = 3.23, SD = 

2.69) when compared during the offline questioning condition, t(60) = -.06, p = .95.   

 To summarize, there was no statistically significant main effect of questioning 

condition and no main effect of comprehension skill.  However, a pattern suggested that 

there was an interaction of questioning condition and comprehension skill, but was not 

statistically significant.  In addition, follow-up tests showed a pattern that suggested that 

less-skilled comprehenders generated more unrelated knowledge-based inferences than 

did the skilled comprehenders during the online questioning condition, but likewise, were 

not statistically significant after adjusting the alpha level to control for Type I error.  

There was no difference between comprehension skill during the offline questioning 

condition.  See Figure 7 for a line graph of these results.   
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Figure 7 

Unrelated Knowledge-based Inferences  

 

 
Note. Main effect of questioning condition: p = .61; main effect of comprehension skill: p = .21; 
questioning condition x comprehension skill: p = .08. 
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 Related knowledge-based inferences. A RM-ANOVA did not reveal a main 

effect of questioning condition, F(1, 59) = .64, p = .43, η
2
 = .01; comprehension skill, 

F(1, 59) = .02, p = .89, η
2
 = .00; or interaction of questioning condition and 

comprehension skill, F(1, 59) = 2.70, p = .11, η
2
 = .04.  To summarize, there was no main 

effect of questioning condition, comprehension skill, or interaction of questioning 

condition and comprehension skill for the related knowledge-based inferences type.  See 

Figure 8 for a line graph of these results.   

 

 

Figure 8 

 

Related Knowledge-based Inferences  

 

 
Note. Main effect of questioning condition: p = .43; main effect of comprehension skill: p = .89; 

questioning condition x comprehension skill: p = .11. 
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SVTs: Comprehension Skill and Questioning Condition 

 

To investigate the second component of my first research question -  whether 

skilled versus less-skilled comprehenders differed in their inference generation when 

tested online versus offline with an SVT – analyses were conducted to examine 

comprehenders‟ responses to the SVTs after participating in the online and offline 

questioning activities.  Chi-square and phi-coefficient analyses were conducted to test 

significant differences between comprehension groups for the SVT scores following the 

online and offline questioning conditions.  The SVT scores that are reported are as 

follows: paraphrase, local text-based inference, global text-based inference, and 

knowledge-based inference types.   

There were no statistically significant differences found for the types of SVT 

scores between skilled and less-skilled comprehenders after participating in the online or 

the offline questioning activities.  The results for each SVT type can be found in the 

cross-tabs tables, including the chi-square and phi-coefficient results for the SVT scores 

for skilled and less-skilled comprehenders obtained after participating in the online and 

offline questioning activities Tables 12 and 13.   
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Table 12 

 

Cross-Tabs Results for SVT after the Online Questioning Condition 

 

   SVT: Online Questioning Condition
  

 

________________________________________________________________________

______ 

SVT Answer        Chi- Square Phi-

Coefficent 

 Type   Count (0) Count (1) Count (2)  (2-sided)

 (Approx. Sig.) 

________________________________________________________________________

______ 

 

Paraphrase, true         .32 (.57)    

.07(.57) 

 Skilled  0   1  29   

 Less-skilled 0   2  29   

       

Paraphrase, false       .001(.98) -

.003(.98)  

 Skilled  0   1  29 

 Less-skilled 0   1  30     

     

Text-based local, true       1.06 (.30)    .13 

(.30)  

 Skilled  0   3  27 

 Less-skilled 0   6  25 

            

  

Text-based local, false        .50 (.48)    .09 

(.48) 

 Skilled  0   3  27   

 Less-skilled 0   5  26 

       

Text-based global, true      2.27 (.13)   -.19 

(.13) 

 Skilled  0  11  19  

 Less-skilled 0    6  25   

       

Text-based global, false        .39 (.53)    .08 

(.53)  

 Skilled  0  17  13  

 Less-skilled 0  20  11    
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Knowledge-based, true      2.81 (.24)    .22 

(.24) 

 Skilled  0  12  18  

 Less-skilled 2  15  14  

 

Knowledge-based, false        .23 (.63)    .06 

(.63) 

 Skilled  0    8  22 

 Less-skilled 0  10  21   

________________________________________________________________________

______ 
Note. Count (0) represents zero items correct; count (1) represents one item correct; and count (2) 

represents two items correct.  Significance was evaluated at p = .05.   
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Table 13  

 

Cross-Tabs Results for SVT after the Offline Questioning Condition 

 

   SVT: Offline Questioning Condition
  

 

________________________________________________________________________

______ 

SVT Answer        Chi- Square Phi-

Coefficent 

 Type   Count (0) Count (1) Count (2)  (2-sided)

 (Approx. Sig.) 

________________________________________________________________________

______ 

 

Paraphrase, true          .32 (.57)    

.07(.57) 

 Skilled  0    1  29   

 Less-skilled 0    2  29   

       

Paraphrase, false        1.07 (.59)    .13 

(.59)  

 Skilled  0    8  22 

 Less-skilled 1    9  21     

     

Text-based local, true          .80 (.67)    .12 

(.67)  

 Skilled  1    4  23 

 Less-skilled 2    6  25 

            

  

Text-based local, false         .32 (.57)    .07 

(.57) 

 Skilled  0    1  29   

 Less-skilled 0    2  29 

       

Text-based global, true         .10 (.95)    .04 

(.95) 

 Skilled  1    4  25  

 Less-skilled 1    5  25   

       

Text-based global, false       2.35 (.31)    .20 

(.31)  

 Skilled  0  20  10  

 Less-skilled 1  24    6    
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Knowledge-based, true          .40 (.53)   -

.08(.53) 

 Skilled  0  14  16  

 Less-skilled 0  12  19  

 

Knowledge-based, false        1.01 (.59)    .13 

(.59) 

 Skilled  0    8  22 

 Less-skilled 1    9  21   

________________________________________________________________________

______ 
Note. Count (0) represents zero items correct; count (1) represents one item correct; and count (2) 

represents two items correct.  Significance was evaluated at p = .05.     
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Comprehension/Recall 

 

To investigate the third component of my first research question – whether skilled 

and less-skilled comprehenders differ in their responses to a recall following online and 

offline questioning conditions – the types of recall responses were compared.  

Specifically, 2 x 2 RM-ANOVAs were conducted with questioning condition (online vs. 

offline) as the within subjects factor and comprehension skill as the between subjects 

factor (skilled vs. less-skilled).  Follow-up t-tests were conducted for each significant 

main effect and each main effect that approached significance.  Similar to the analyses 

used to assess online/offline inference generation, Bonferroni adjustments were made, so 

as to decrease the chance of making a Type I error.  Adjustments were made by taking 

the amount of comparisons from each section (i.e., two comparisons) and divided by the 

standard α = .05. Thus, the α-level for the t-tests this section was adjusted to α = .03 

(when compared to the standard α = .05).   

The following hypotheses were addressed to the third component of my first 

question:  

H0: There are no differences between the recall responses for skilled and less-skilled 

comprehenders following online and offline questioning conditions.  

H1: Main: There are differences between the recall responses for skilled and less-skilled 

comprehenders following online and offline questioning conditions.   

The expectation was that skilled comprehenders would have better recall responses than 

less-skilled comprehenders following the online and offline questioning conditions.   

 In addition, and as defined in Chapter III, other categories of recall responses 

were identified post-hoc during scoring.  The findings for each these categories are 
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reported below.  These categories of recall responses are also discussed further in the 

Chapter V. 

Recall Responses.  First, statistically significant findings for the RM-ANOVAs 

are reported; second, findings that approached significance are reported; and third, non-

significant findings are reported.  Descriptive statistics (means and standard deviations – 

SD) for the recall scores for skilled and less-skilled comprehenders following the online 

and offline questioning conditions are found in Table 14.  In addition, the F-values, 

degrees of freedom (df), p-values, and effect sizes (η
2
) for the interactions of the recall 

responses obtained by skilled and less-skilled comprehenders following the online and 

offline questioning conditions are found in Table 15.   
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Table 14 

 

Descriptive Statistics (Means and Standard Deviations – SD) for Recall – Between Group 

________________________________________________________________________

______ 

 

     Online
    

Offline 

      

Recall 

Responses     M (SD)    M (SD)  

 N  

________________________________________________________________________

______ 

 

Conservative  

   Skilled
 
   16.83 (7.68)   14.80 (7.64) 

 30  

   Less-skilled    11.29 (7.42)       9.90 (7.25)  

 31 

 Total    14.02 (8.00)   12.31 (7.78) 

 61  

 

Liberal   

 Skilled    18.20 (5.92)   16.93 (6.14) 

 30  Less-skilled   13.35 (7.49)   13.68 

(6.45)  31 

 Total    15.74 (7.13)   15.28 (6.46) 

 61  

 

No-match consistent   

 Skilled      9.63 (5.08)   10.23 (7.30) 

 30  

 Less-skilled   10.87 (6.49)   10.42 (6.15) 

 31 

 Total      10.26 (5.83)   10.33 (6.68) 

 61 

 

No-match inconsistent   

 Skilled        2.07 (2.16)       2.97 (2.34) 

 30  

 Less-skilled       3.45 (3.91)       4.26 (3.30) 

 31 

 Total      2.77 (3.23)      3.62 (2.92) 

 61  
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________________________________________________________________________

______ 
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Table 15 

 

Repeated Measures Analyses of Variance (RM-ANOVA): Interaction Analyses of Recall – 

Between Group (Comprehension Skill) & Within Group (Questioning Condition) 

________________________________________________________________________

______ 

Online/Offline      

Test Variables     F  df  p 

 η
2
 

________________________________________________________________________

_____ 

Conservative  

 Online/offline      1.97    1  .17 

 .03  

 Comprehension skill   12.41    1  .001 

 .17 

 Online/offline x comprehension 

 skill         .07  59  .79 

 .00 

 

Liberal   

 Online/offline            .31    1  .58 

 .01 

 Comprehension skill     7.85    1  .01 

 .12 

 Online/offline x comprehension 

 skill         .89  59  .35 

 .02 

 

No-match consistent 

 Online/offline          .005    1  .94 

 .00 

 Comprehension skill       .33    1  .57 

 .01 

 Online/offline x comprehension 

 skill         .26  59  .61 

 .00 

 

No-match inconsistent 

 Online/offline      3.79    1  .06 

 .06 

 Comprehension skill     4.39    1  .04 

 .07 

 Online/offline x comprehension 
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 skill         .01  59  .92 

 .00 

________________________________________________________________________

_____ Note. Significance was evaluated with Bonferroni method at p = .05 for each main effect.  

Significance was evaluated with Bonferroni method at p = .03 for each t-test. 
 

 

 Conservative responses. A RM-ANOVA did not reveal a main effect of 

questioning condition, F(1, 59) = 1.22, p = .17, η
2
 = .03; but it did reveal main effect of 

comprehension skill, F(1, 59) = 12.41, p =.001, η
2
 = .17.  This statistically significant 

main effect was not qualified by an interaction of questioning condition and 

comprehension skill, F(1, 59) = .07, p = .79, η
2
 = .00.  However, follow-up t-tests on the 

main effect of comprehension skill revealed that skilled comprehenders (M = 16.83, SD = 

7.68) made more conservative responses during recall than did the less-skilled 

comprehenders (M = 11.29, SD = 7.42) following an online questioning condition, t(60) = 

3.21, p = .002; and skilled comprehenders (M = 14.80, SD = 7.64) made more 

conservative responses during recall than did the less-skilled comprehenders (M = 9.90, 

SD = 7.25) following an offline questioning condition, t(60) = 2.84, p = .01.   

 To summarize, there was no main effect of questioning condition and there was 

no interaction of questioning condition and comprehension skill.  However, there was a 

main effect of comprehension skill.  That is, skilled comprehenders made more 

conservative responses during recall than less-skilled comprehenders following the online 

and offline questioning conditions.  Thus, the expectation that skilled comprehenders 

would have better recall than less-skilled comprehenders following an online and offline 

questioning condition has been met when using conservative recall response type as a 

measure of comprehension.  See Figure 9 for a line graph of these results.   
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Figure 9 

 

Recall - Conservative 

 

 
Note. Main effect of questioning condition: p = .17; main effect of comprehension skill: p = .001; 

questioning condition x comprehension skill: p = .79. 

 

 

 

 

 

 

 

 



135 

 

 

 Liberal responses. A RM-ANOVA did not reveal a main effect of questioning 

condition, F(1, 59) = .31, p = .58, η
2
 = .01; but it did reveal main effect of comprehension 

skill, F(1, 59) = 7.85, p = .01, η
2
 = .12.  This statistically significant main effect was not 

qualified by an interaction of questioning condition and comprehension skill, F(1, 59) = 

.89, p = .35, η
2
 = .02.  However, follow-up t-tests on the main effect of comprehension 

skill revealed that skilled comprehenders (M = 18.20, SD = 5.92) made more liberal 

responses during recall than did the less-skilled comprehenders (M = 13.35, SD = 7.49) 

following an online questioning condition, t(60) = 3.98, p < .001; and skilled 

comprehenders (M = 16.93, SD = 6.14) made more liberal responses during recall than 

did the less-skilled comprehenders (M = 13.68, SD = 6.45) following an offline 

questioning condition, t(60) = 2.67, p = .01.   

 To summarize, there was no main effect of questioning condition and there was 

no interaction of questioning condition and comprehension skill.  However, there was a 

main effect of comprehension skill.  That is, skilled comprehenders made more liberal 

responses during recall than less-skilled comprehenders following the online and offline 

questioning conditions.  Thus, the expectation that skilled comprehenders would have 

better recall than less-skilled comprehenders following an online and offline questioning 

condition has been met when using liberal recall response type as a measure of 

comprehension.  See Figure 10 for a line graph of these results.   
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Figure 10 

 

Recall – Liberal 

 

 
Note. Main effect of questioning condition: p = .58; main effect of comprehension skill: p = .01; 

questioning condition x comprehension skill: p = .35. 
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No-match inconsistent responses. A RM-ANOVA revealed a main effect that 

approached significance for questioning condition, F(1, 59) = 3.79, p = .06, η
2
 = .06 and 

a main effect of comprehension skill, F(1, 59) = 4.39, p = .04, η
2
 = .07.  These 

statistically significant main effects were not qualified by an interaction of questioning 

condition and comprehension skill, F(1, 59) = .01, p = .92, η
2
 = .00.  However, follow-up 

t-tests on the main effect of questioning condition revealed a difference that approached 

significance between questioning conditions.  That is, participants made more no-

matched inconsistent responses during recall following the offline questioning condition 

(M = 3.62; SD = 2.92) than following the online questioning condition (M = 2.77; SD = 

3.23); t(60) = -1.94, p = .06 (Bonferroni adjusted at α = .03).  Additionally, follow-up t-

tests on the main effect of comprehension skill revealed that less-skilled comprehenders 

(M = 3.45, SD = 3.91) made more no-match inconsistent responses during recall than the 

skilled comprehenders (M = 2.07, SD = 2.16) following the online questioning condition, 

t(60) = -2.23, p = .03.  Furthermore, there was a difference that approached significance 

between skilled (M = 2.97, SD = 2.34) and less-skilled (M = 4.26, SD = 3.30) 

comprehenders in which less-skilled comprehenders made more no-match inconsistent 

responses during recall than the skilled comprehenders following the offline questioning 

condition, t(60) = -2.08, p = .04 (Bonferroni adjusted at α = .03).   

To summarize, a pattern suggested that there was a difference between 

questioning conditions.  Specifically, both groups of comprehenders made more no-

match inconsistent responses during recall following the offline questioning condition 

that following the online questioning condition, but this difference was not significant 

after adjusting the alpha level to control for Type I error.  However, a main effect of 
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comprehension skill revealed that less-skilled comprehenders made more no-match 

inconsistent recall responses than did the skilled comprehenders following an online 

questioning condition.  Additionally, a pattern suggested that there was a difference 

between skilled and less-skilled comprehenders following an offline questioning 

condition, in which less-skilled comprehenders made more no-match inconsistent 

responses during recall than did skilled comprehenders following the offline questioning 

condition, but this difference was not significant after adjusting the alpha level to control 

for Type I error.  See Figure 11 for a line graph of these results.   

 

 

Figure 11 

 

Recall – No-match Inconsistent 
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Note. Main effect of questioning condition: p = .06; main effect of comprehension skill: p = .04; 

questioning condition x comprehension skill: p = .92. 

 

 

 

 No-match consistent responses. A RM-ANOVA did not reveal a main effect of 

questioning condition, F(1, 59) = .005, p = .943, η
2
 = .060; comprehension skill, F(1, 59) 

= .33, p = .568, η
2
 = .006; or interaction between questioning condition and 

comprehension skill, F(1, 59) = .26, p = .614, η
2
 = .004.  To summarize, there was no 

main effect of questioning condition, comprehension skill, or interaction of questioning 

condition and comprehension skill for the no-match consistent recall responses.  See 

Figure 12 for a line graph of these results.   

 

 

Figure 12 

 

Recall – No-match Consistent 
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Note. Main effect of questioning condition: p = .94; main effect of comprehension skill: p = .57; 

questioning condition x comprehension skill: p = .61. 
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Types of Inferences: WM, Comprehension Skill and Questioning Condition 

 

 To investigate my second research question – does WM influence inference 

generation between skilled and less-skilled comprehenders – high/low WM groups were 

used as a moderator variable.  The investigation of this second research question was 

exploratory; that is, there were no a priori hypotheses stated or directional outcomes 

expected.  WM was tested as a moderator variable in the current study because in 

previous research, WM had been investigated to test the correlations between 

comprehension skill and inference generation (e.g., Cain et al., 2004; Carretti et al., 

2005), rather than the interaction of WM and comprehension skill on inference 

generation.  Investigating the interaction of WM and comprehension on inference 

generation would extend previous research in these areas by examining how WM 

influences inference generation between readers with reading comprehension skills. 

 WM was used in the current study as a moderator variable to test the effect of 

WM on inference generation between skilled and less-skilled comprehenders.  A 

moderator variable affects the direction and/or strength of the relationship between the 

independent/predictor variable (in the current study: comprehension skill) and the 

dependent variable (in the current study: inference generation) (Baron & Kenny, 1986).  

The diagram below illustrates a proposed effect of WM on inference generation between 

skilled and less-skilled comprehenders (adopted from Baron & Kenny, 1986).   
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Figure 13 

 

Diagram of WM as Moderator Variable 

 

 Predictor (Comprehension Skill) 

 

 

 Moderator (WM)      Outcome Variable  

         (Inference 

Generation) 

 

 Predictor (Comprehension Skill) 

  X 

 Moderator   (WM) 

  

 

This diagram shows three paths that influence the outcome variable: The influence of 

comprehension skill as the predictor variable (path a); the influence of WM as the 

moderator variable (path b); and the interaction or product of paths a and b (path c).  The 

moderator theory would be supported (path c) if the interaction is significant. 

 To test this interaction, WM was divided into high and low capacity groups, as 

described in Chapter III.  WM was investigated as a qualitative/dichotomous variable in 

the sense that each reader fit into one category (high/low WM) (Baron & Kenny, 1986).  

High/low WM was compared within skilled/less-skilled comprehenders.  That is, within 

this comparison, groups were further divided into high/low WM within the skilled 

comprehender group, and high/low WM within the less-skilled comprehender group.  

The descriptive statistics, including the means and standard deviations (SD) for high/low 

WM and skilled/less-skilled comprehenders are found Tables 16-17.  

One-way between subjects ANOVAs were conducted to compare the effect of 

WM on inference generation of reading comprehension skill in the online and offline 

questioning conditions.  The results for the online and offline analyses are reported 

a 

b 

c 
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separately.  The F-values, degrees of freedom (df), p-values, and effect sizes (η
2
) for the 

main effects of WM, comprehension skill, and interaction of WM and comprehension 

skill for each type of inference (text-based and knowledge-based) during the online and 

offline questioning conditions are found in Tables 18-19.  It is important to note that the 

main effects of comprehension skill are not expanded upon in this section because they 

were addressed in the above section effects of questioning.   
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Table 16 

 

Descriptive Statistics (Means and Standard Deviations – SD) for WM and 

Comprehension Skill during the Online Questioning Condition 

________________________________________________________________________

______ 

            WM High 
   

  WM Low 

          

Inferential Response   M (SD)  N        M (SD)       N 

 Total  

________________________________________________________________________

______ 

Correct combined   

   Skilled   9.00 (1.52) 20        7.70 (1.49)       10 

 30 

 Less-skilled  7.50 (1.93) 12           7.79 (1.32)       19 

 31 

 Total   8.44 (1.81) 32        7.76 (1.35)       29 

 61 

 

Correct local  

 Skilled   1.65 (1.09) 20        1.40 (1.08)       10 

 30      

 Less-skilled  1.75 (1.00) 12        1.37 (1.01)       19 

 31 

 Total   1.69 (1.03) 32        1.38 (1.02)       29 

 61  

 

Correct global 

 Skilled   7.35 (1.57) 20        6.30 (1.57)       10 

 30    

 Less-skilled  5.75 (1.77) 12        6.42 (1.58)       19 

 31  

 Total   6.75 (1.80) 32        6.38 (1.55)       29 

 61    

 

Incorrect local  

 Skilled   1.20   (.62) 20          .70   (.82)       10 

 30 

 Less-skilled  1.08 (1.00) 12        1.79 (2.04)       19 

 31    

 Total   1.16   (.77) 32        1.41 (1.78)       29 

 61 

 

Incorrect global  
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 Skilled   3.10 (2.02) 20        2.80 (1.69)       10 

 30 

 Less-skilled  4.17 (2.76) 12        4.37 (4.79)       19 

 31 

 Total   3.50 (2.34) 32        3.38 (4.03)       29 

 61 

 

Unrelated  

 Skilled   3.10 (2.38) 20        1.80 (2.70)       10 

 30 

 Less-skilled  4.33 (3.63) 12        4.16 (3.32)       19 

 31 

 Total   3.56 (2.92) 32        3.34 (3.23)       29 

 61 

 

Related 

 Skilled   1.35 (1.31) 20        2.20 (2.20)       10 

 30 

 Less-skilled  1.25 (1.06) 12        1.11 (1.70)       19 

 31 

 Total   1.31 (1.20) 32        1.48 (1.92)       29 

 61 

 

________________________________________________________________________

______ 
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Table 17 

Descriptive Statistics (Means and Standard Deviations – SD) for WM and 

Comprehension Skill during the Offline Questioning Condition 

________________________________________________________________________

______ 

            WM High 
   

  WM Low 

          

Inferential Response   M (SD)  N        M (SD)       N 

 Total  

________________________________________________________________________

______ 

Correct combined   

   Skilled   7.45 (1.96) 20        8.10 (1.66)       10 

 30 

 Less-skilled  6.75 (1.66) 12           6.26 (2.13)       19 

 31 

 Total   7.19 (1.86) 32        6.90 (2.14)       29 

 61 

 

Correct local  

 Skilled   1.80 (1.11) 20        1.70 (1.49)       10 

 30      

 Less-skilled  1.42 (1.08) 12          .89 (1.05)       19 

 31 

 Total   1.66 (1.10) 32        1.17 (1.26)       29 

 61  

 

Correct global 

 Skilled   5.65 (1.81) 20        6.40 (1.35)       10 

 30    

 Less-skilled  5.33 (1.61) 12        5.37 (1.98)       19 

 31  

 Total   5.53 (1.72) 32        5.72 (1.83)       29 

 61    

 

Incorrect local  

 Skilled   1.20   (.83) 20        1.10   (.99)       10 

 30 

 Less-skilled    .75   (.62) 12        1.16 (1.39)       19 

 31    

 Total   1.03   (.78) 32        1.14 (1.25)       29 

 61 

 

Incorrect global  

 Skilled   3.60 (2.84) 20        4.20 (2.94)       10 

 30 
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 Less-skilled  3.42 (3.06) 12        2.42 (1.58)       19 

 31 

 Total   3.53 (2.87) 32        3.03 (2.26)       29 

 61 

 

Incorrect global-after 

 Skilled   1.55 (1.43) 20          .80   (.92)       10 

 30  

 Less-skilled  2.08 (1.31) 12       2.74 (1.91)       19 

 31 

 Total   1.75 (1.39) 32       2.07 (1.87)       29 

 61 

 

Unrelated  

 Skilled   2.75 (2.48) 20       4.20 (3.01)       10 

 30 

 Less-skilled  3.67 (2.10) 12       2.89 (3.45)       19 

 31 

 Total   3.09 (2.33) 32       3.34 (3.31)       29 

 61 

Related 

 Skilled   1.50 (1.47) 20       1.10 (2.47)       10 

 30 

 Less-skilled  1.17 (2.04) 12       2.42 (2.43)       19 

 31 

 Total   1.38 (1.68) 32       1.97 (2.49)       29 

 61 
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Table 18 

 

Analyses of Variance (ANOVA): Analyses for Moderator Variable (WM) – 

Comprehension Skill & Online Questioning Condition 

________________________________________________________________________

______Inferential Responses    F  df  p 

 η
2
 

________________________________________________________________________

______ 

Correct combined text-based          

 Comprehension skill     2.91    1  .09 

 .05 

 WM       1.49    1  .23 

 .03 

 Comprehension skill x WM    3.70  57  .06 

 .06 

     

Correct local text-based        

 Comprehension skill       .02    1  .90 

 .00 

 WM       1.29    1  .26 

 .02 

 Comprehension skill x WM       .06  57  .81 

 .00 

         

Correct global text-based      

 Comprehension skill     2.96    1  .09 

 .05 

 WM         .19    1  .66 

 .00 

 Comprehension skill x WM    4.00  57  .05 

 .07  

 

Incorrect local text-based    

Comprehension skill     1.90    1  .17 

 .03 

WM         .09    1  .77 

 .00 

Comprehension skill x WM    2.92  57  .09 

 .05 

      

Incorrect global text-based        

 Comprehension skill     2.31    1  .13 

 .04 

 WM       .003    1  .96 

 .00 
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 Comprehension skill x WM      .08  57  .77 

 .00 

 

Related knowledge-based   

 Comprehension skill     2.03    1  .16 

 .03 

 WM         .71    1  .40 

 .01 

 Comprehension skill x WM    1.41  57  .24 

 .02 

 

Unrelated knowledge-based   

 Comprehension skill     4.98    1  .03 

 .08 

 WM         .84    1  .36 

 .02 

 Comprehension skill x WM      .49  57  .49 

 .01 

________________________________________________________________________

______ 
Note. Significance was evaluated with Bonferroni method at p = .05 for each main effect.  Significance was 

evaluated with Bonferroni method at p = .03 for each t-test.  
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Table 19 

Analyses of Variance (ANOVA): Analyses for Moderator Variable (WM) – 

Comprehension Skill & Offline Questioning Condition 

________________________________________________________________________

______ 

Inferential Responses    F  df  p 

 η
2
 

________________________________________________________________________

______Correct combined text-based         

 Comprehension skill     6.12    1  .02 

 .10 

 WM         .03    1  .87 

 .00 

 Comprehension skill x WM    1.23  57  .27 

 .02 

     

Correct local text-based        

 Comprehension skill     3.71    1  .06 

 .06 

 WM       1.01    1  .32 

 .02 

 Comprehension skill x WM       .47  57  .50 

 .01 

         

Correct global text-based      

 Comprehension skill     2.04    1  .16 

 .03 

 WM         .69    1  .41 

 .01 

 Comprehension skill x WM      .57  57  .45 

 .01  

 

Incorrect local text-based    

Comprehension skill       .50    1  .48 

 .01 

WM         .31    1  .58 

 .01 

Comprehension skill x WM      .85  57  .36 

 .02 

      

Incorrect global text-based        

 Comprehension skill     2.03    1  .16 

 .03 

 WM         .08    1  .78 

 .00 
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 Comprehension skill x WM    1.34  57  .25 

 .02 

 

Incorrect global-after text-based        

 Comprehension skill     9.27    1  .00 

 .14 

 WM         .01    1  .91 

 .00 

 Comprehension skill x WM    2.99  57  .09 

 .05 

 

Related knowledge-based   

 Comprehension skill       .78    1  .38 

 .01 

 WM         .59    1  .45 

 .01 

 Comprehension skill x WM    2.20  57  .14 

 .04  

 

Unrelated knowledge-based   

 Comprehension skill       .07    1  .80 

 .00 

 WM         .20    1  .66 

 .00 

 Comprehension skill x WM    2.15  57  .15 

 .04 

________________________________________________________________________

______ 

Online questioning condition. The results for each ANOVA are reported.  First, 

each the statistically significant interactions are reported; second, the findings that 

approached significance are reported; and third, non-significant findings.  Once again, 

follow-up t-tests were conducted for each significant main effect and each main effect 

that approached significance.  Similar to the analyses used for inference generation and 

recall, Bonferroni adjustments were made, so as to decrease the chance of making a Type 

I error.  Adjustments were made by taking the amount of comparisons from each section 

(i.e., two comparisons) and divided by the standard α = .05. Thus, the α-level for the t-

tests this section was adjusted to α = .03 (when compared to the standard α = .05).   
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Correct global text-based inferences. There was a main effect that approached 

significance of comprehension skill, F(1, 57) = 2.96, p = .09, η
2
 = .05; no main effect of 

WM, F(1, 57) = .19, p = .66, η
2
 = .00; but there was a statistically significant interaction 

between comprehension skill and WM, F(3, 57) = 4.00, p = .05, η
2
 = .07.  Follow-up t-

tests on the interaction of comprehension skill and WM revealed a statistically significant 

difference between the skilled comprehenders with high versus low WM, t(57) = -2.53, p 

= .01. Specifically, skilled comprehenders who were grouped in the high WM group 

generated more correct global text-based inferences (M = 7.35, SD = 1.57) during the 

online questioning condition than did skilled comprehenders who were grouped in the 

low WM group (M = 6.30, SD = 1.57). WM did not appear to moderate the less-skilled 

comprehenders‟ generation of correct global text-based inferences during the online 

questioning activity, t(57) = 1.64, p = .11.  To summarize, WM appeared to moderate 

skilled comprehenders‟ generation of correct global text-based inferences during the 

online questioning activity.  See Figure 13 for a line graph of these results.   
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Figure 14 

 

WM x Comprehension Skill for Online Correct Global Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .09; main effect of WM: p = .66; comprehension skill x WM: 

p = .05. 
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Correct combined text-based inferences. There was a main effect that 

approached significance of comprehension skill, F(1, 57) = 2.91, p = .09, η
2
 = .05; no 

main effect of WM, F(1, 57) = 1.49, p = .23, η
2
 = .03; but there was an interaction that 

approached significance between comprehension skill and WM, F(3, 57) = 3.70, p = .06, 

η
2
 = .06.  Follow-up t-tests on the interaction of comprehension skill and WM revealed a 

statistically significant difference between the skilled comprehenders and high versus low 

WM, t(57) = -3.26, p = .002.  Specifically, skilled comprehenders who were grouped in 

the high WM group generated more correct combined text-based inferences (M = 9.00, 

SD = 1.61) during the online questioning condition than did skilled comprehenders who 

were grouped in the low WM group (M = 7.70, SD = 1.49).  WM did not appear to 

moderate the less-skilled comprehenders‟ generation of correct combined text-based 

inferences during the online questioning activity, t(57) = .74, p = .46.  To summarize, 

WM appeared to moderate skilled comprehenders‟ generation of correct combined text-

based inferences during the online questioning activity, after additional tests were 

conducted.  See Figure 14 for a line graph of these results.   
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Figure 15 

 

WM x Comprehension Skill for Online Correct Combined Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .09; main effect of WM: p = .23; comprehension skill x WM: 

p = .06.



156 

 

 

 

Incorrect local text-based inferences. There was no main effect of 

comprehension skill, F(1, 57) = 1.90, p = .17, η
2
 = .03; or of WM, F(1, 57) = .09, p = .77, 

η
2
 = .00; but there was an interaction that approached significance between 

comprehension skill and WM, F(3, 57) = 2.92, p = .09, η
2
 = .05.  Follow-up t-tests on the 

interaction of comprehension skill and WM revealed a difference that approached 

significance between the less-skilled comprehenders and high/low WM, t(57) = 2.12, p = 

.04 (Bonferroni adjusted at α = .03).  Specifically, less-skilled comprehenders who were 

grouped in the low WM group generated more incorrect local-only text-based inferences 

(M = 1.79, SD = 2.04) during the online questioning condition than did less-skilled 

comprehenders who were grouped in the high WM group (M = 1.08, SD = 1.00).   WM 

did not appear to moderate skilled comprehenders‟ generation of incorrect local-only 

text-based inferences during the online questioning activity, t(57) = -1.47, p = .15.  To 

summarize, a pattern suggested that WM appears to moderate less-skilled 

comprehenders‟ generation of incorrect local-only text-based inferences during the online 

questioning activity; however, this interaction was not significant after adjusting the 

alpha level to control for Type I error.  See Figure 15 for a line graph of these results.   
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Figure 16 

 

WM x Comprehension Skill for Online Incorrect Local Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .17; main effect of WM: p = .77; comprehension skill x WM: 

p = .09. 
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 Correct local text-based inferences. There was no main effect of comprehension 

skill, F(1, 57) = .02, p = .90, η
2
 = .00; WM, F(1, 57) = 1.29, p = .26, η

2
 = .02; and no 

interaction of comprehender skill and WM, F(3, 57) = .06, p = .81, η
2
 = .00.  To 

summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of correct local-only text-based inferences during the online questioning 

activity.  See Figure 16 for a line graph of these results.   

 

 

Figure 17 

 

WM x Comprehension Skill for Online Correct Local Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .90; main effect of WM: p = .26; comprehension skill x WM: 

p = .81. 
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 Incorrect global text-based inferences. There was no main effect of 

comprehension skill, F(1, 57) = 2.31, p = .13, η
2
 = .04; WM, F(1, 57) = .003, p = .96, η

2
 

= .00; and no interaction of comprehender type and WM, F(3, 57) = .08, p = .77, η
2
 = .00.  

To summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of incorrect global-only text-based inferences during the online questioning 

activity.  See Figure 17 for a line graph of these results.   

 

 

Figure 18 

 

WM x Comprehension Skill for Online Incorrect Global Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .13; main effect of WM: p = .96; comprehension skill x WM: 

p = .77. 
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 Unrelated knowledge-based inferences.  There was a main effect of 

comprehension skill, F(1, 57) = 4.98, p = .03, η
2
 = .08; no main effect of WM, F(1, 57) = 

.84, p = .36, η
2
 = .02; and no interaction of comprehender skill and WM, F(3, 57) = .49, p 

= .49, η
2
 = .01.  To summarize, WM did not appear to moderate skilled or less-skilled 

comprehenders‟ generation of unrelated knowledge-based inferences during the online 

questioning activity.  See Figure 18 for a line graph of these results.   

 

 

Figure 19 

 

WM x Comprehension Skill for Online Unrelated Knowledge-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .03; main effect of WM: p = .36; comprehension skill x WM: 

p = .49. 
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 Related knowledge-based inferences.  There was no main effect of 

comprehension skill, F(1, 57) = 2.03, p = .16, η
2
 = .03; WM, F(1, 57) = .71, p = .40, η

2
 = 

.01; and no interaction of comprehender skill and WM, F(3, 57) = 1.41, p = .24, η
2
 = .02.  

To summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of related knowledge-based inferences during the online questioning activity. 

See Figure 19 for a line graph of these results.   

 

 

Figure 20 

 

WM x Comprehension Skill for Online Knowledge-Based Inferences Related 

 

 
Note. Main effect of comprehension skill: p = .16; main effect of WM: p = .40; comprehension skill x WM: 

p = .24. 
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 Offline questioning condition. The results for each ANOVA are reported.  First, 

the statistically significant interactions are reported; secondly, the findings that 

approached significance are reported; and third, the non-significant findings are reported.  

There were no follow-up t-tests conducted because there were no significant interactions 

between comprehension skill and WM for the text-based inferences generated during the 

offline questioning activity.  Thus, the α-level was set at the standard α = .05. 

 Correct combined text-based inferences.  There was a main effect of 

comprehension skill, F(1, 57) = 6.12, p = .02, η
2
 = .09; no main effect of WM, F(1, 57) = 

.03, p = .87, η
2
 = .00; and no interaction of comprehension skill and WM, F(3, 57) = 

1.23, p = .27, η
2
 = .02.  To summarize, WM did not appear to moderate skilled or less-

skilled comprehenders‟ generation of correct combined text-based inferences during the 

offline questioning activity.  See Figure 20 for a line graph of these results.   
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Figure 21 

 

WM x Comprehension Skill for Offline Correct Combined Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .02; main effect of WM: p = .87; comprehension skill x WM: 

p = .27. 
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 Correct local text-based inferences.  There was a main effect of comprehension 

skill that approached significance, F(1, 57) = 3.71, p = .06, η
2
 = .06; no main effect of 

WM, F(1, 57) = 1.01, p = .32, η
2
 = .02; and no interaction of comprehender skill and 

WM, F(3, 57) = .47, p = .50, η
2
 = .01.  To summarize, WM did not appear to moderate 

skilled or less-skilled comprehenders‟ generation of correct local-only text-based 

inferences during the offline questioning activity.  See Figure 21 for a line graph of these 

results.   

 

 

Figure 22 

 

WM x Comprehension Skill for Offline Correct Local Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .06; main effect of WM: p = .32; comprehension skill x WM: 

p = .50. 
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Correct global text-based inferences.  There was no main effect of 

comprehension skill, F(1, 57) = 2.04, p = .16, η
2
 = .03; WM, F(1, 57) = .69, p = .41, η

2
 = 

.01; and no interaction of comprehender skill and WM, F(3, 57) = .57, p = .45, η
2
 = .01.  

To summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of correct global-only text-based inferences during the offline questioning 

activity.  See Figure 22 for a line graph of these results.   

 

Figure 23 

 

WM x Comprehension Skill for Offline Correct Global Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .16; main effect of WM: p = .41; comprehension skill x WM: 

p = .45. 
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Incorrect local text-based inferences.  There was no main effect of 

comprehension skill, F(1, 57) = .50, p = .48, η
2
 = .01; WM, F(1, 57) = .31, p = .58, η

2
 = 

.01; and no interaction of comprehender skill and WM, F(3, 57) = .85, p = .36, η
2
 = .02.  

To summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of incorrect local-only text-based inferences during the offline questioning 

activity.  See Figure 23 for a line graph of these results.   

 

 

Figure 24 

 

WM x Comprehension Skill for Offline Incorrect Local Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .48; main effect of WM: p = .58; comprehension skill x WM: 

p = .36.



168 

 

 

 

Incorrect global text-based inferences.  There was no main effect of 

comprehension skill, F(1, 57) = 2.03, p = .16, η
2
 = .03; WM, F(1, 57) = .08, p = .78, η

2
 = 

.00; and no interaction of comprehender skill and WM, F(3, 57) = 1.34, p = .25, η
2
 = .02.  

To summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of incorrect global-only text-based inferences during the offline questioning 

activity.  See Figure 24 for a line graph of these results.   

 

 

Figure 25 

 

WM x Comprehension Skill for Offline Incorrect Global Text-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .16; main effect of WM: p = .78; comprehension skill x WM: 

p = .25.
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Incorrect global-after text-based inferences.  There was no main effect of 

comprehension skill, F(1, 57) = 9.27, p < .01, η
2
 = .14; WM, F(1, 57) = .01, p = .91, η

2
 = 

.00; and no interaction of comprehender skill and WM, F(3, 57) = 2.99, p = .09, η
2
 = .05.  

To summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of incorrect global-after text-based inferences during the offline questioning 

activity.  See Figure 25 for a line graph of these results.   

 

 

Figure 26 

 

WM x Comprehension Skill for Offline Incorrect Global-After Text-Based Inferences  

 

 

Note. Main effect of comprehension skill: p = .00; main effect of WM: p = .91; comprehension skill x WM: 

p = .09.
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Unrelated knowledge-based inferences.  There was no main effect of 

comprehension skill, F(1, 57) = .07, p = .80, η
2
 = .00; WM, F(1, 57) = .20, p = .66, η

2
 = 

.00; and no  interaction of comprehender skill and WM, F(3, 57) = 2.15, p = .15, η
2
 = .04.  

To summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of unrelated knowledge-based inferences during the offline questioning 

activity.  See Figure 26 for a line graph of these results.   

 

 

Figure 27 

 

WM x Comprehension Skill for Offline Unrelated Knowledge-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .80; main effect of WM: p = .66; comprehension skill x WM: 

p = .15. 
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Related knowledge-based inferences.  There was no main effect of 

comprehension skill, F(1, 57) = .78, p = .38, η
2
 = .01; WM, F(1, 57) = .59, p = .45, η

2
 = 

.01; and no interaction of comprehender skill and WM, F(3, 57) = 2.20, p = .14, η
2
 = .04.  

To summarize, WM did not appear to moderate skilled or less-skilled comprehenders‟ 

generation of related knowledge-based inferences during the offline questioning activity.  

See Figure 27 for a line graph of these results.   

 

 

Figure 28 

 

WM x Comprehension Skill for Offline Related Knowledge-Based Inferences  

 

 
Note. Main effect of comprehension skill: p = .38; main effect of WM: p = .45; comprehension skill x WM: 
p = .14. 
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Chapter V 

Discussion 

Reading comprehension is complex and involves several cognitive factors that 

take place during and after reading.  The purpose of this study was to examine cognitive 

factors, specifically inference generation, during and after reading.  Additionally, readers 

with different comprehension skills may exhibit individual differences during inference 

generation.  Examining these individual differences during and after reading can help 

researchers understand how readers update and develop a coherent representation of a 

text.  Researchers have developed theories to help explain inference generation 

differences between comprehenders of different skill levels, such as the role of working 

memory (WM), a temporary storage component in the memory system (Baddeley & 

Hitch, 1974; Daneman & Carpenter, 1980; Just & Carpenter, 1992).  Thus, another 

purpose of this study was to examine the role of WM to further understand the influence 

of WM on inference generation between comprehenders of different skill levels during 

and after reading.    

Specifically, I examined third- through fifth-grade skilled and less-skilled 

comprehenders‟ inference generation during and after reading using a causal questioning 

technique and sentence verification task (SVT).  The SVT was used to provide 

converging evidence for the questioning data because findings from previous research 

suggest that this task may also tap inference generation after reading (McKeown et al., 

2009) and may be useful for detecting individual differences and updating processes after 

reading (e.g., Blanc et al., 2008).  In addition, responses from recall were collected to 
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assess comprehension of the texts used in this study, and WM was examined as a 

moderator variable.  The investigation of WM as a moderator variable was exploratory; 

that is, there were no a priori hypotheses stated or directional outcomes expected.  The 

following research questions for this study were: (1) Do skilled and less-skilled 

comprehenders differ in the (a) types of inferences generated; (b) responses to a sentence 

verification task (SVT); and (c) responses to a recall task, when compared during (online) 

and after (offline) reading with a questioning task?  (2) How does WM influence 

inference generation for skilled and less-skilled comprehenders during and after reading?   

Overall, there was an effect of questioning condition on inference generation and 

recall for skilled and less-skilled comprehenders.  Specifically, skilled and less-skilled 

comprehenders differed in their inference generation and responses to recall following 

the online and offline questioning conditions.  These findings are discussed in terms of 

maintaining local and global coherence during and after reading in order to develop a 

coherent representation of a text (e.g., Graesser & Clark, 1985; Graesser et al., 1994).  

Conversely, skilled and less-skilled did not differ in their responses to an SVT following 

the online and offline questioning conditions.  These findings did not fit with my 

expectation that they would converge with the question response findings.  These 

findings are discussed in terms of updating processes after reading using different 

inferential judgment tasks (e.g., Blanc et al., 2008; McKeown et al., 2009).  Finally, WM 

appeared to moderate skilled comprehenders‟ inference generation.  Specifically, skilled 

comprehenders who were grouped as high WM generated more correct combined text-

based inferences than did other comprehenders.  The number of correct global text-based 

inferences generated heavily influenced this finding.  These findings are discussed in 
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terms of the role that WM plays during inference generation and reading comprehension.  

Each of these findings are discussed below.   

 

 

Effects of Questioning Condition on Inference Generation   

Overall, the online questioning condition elicited more correct combined (local 

and global) text-based inferences than did the offline questioning condition.  This finding 

was heavily influenced by the number of correct global text-based inferences generated; 

that is, both groups of comprehenders generated more correct global text-based 

inferences during the online questioning condition than they did during the offline 

questioning condition.  However, the proportion of correct global text-based inferences 

generated was larger than the proportion of the local text-based inferences generated 

during both the online and offline questioning conditions.  That is, during both 

questioning conditions, correct global text-based inferences were generated more than 

correct local text-based inferences.  Together, when the correct local and global text-

based inferences were combined, these findings suggest that an embedded causal 

questioning task (online) may have been more beneficial for comprehenders than asking 

quesitons after reading (offline), as was shown in the number of correct text-based 

inferences that both comprehender groups generated.  These findings support previous 

research that indicates that asking causal questions during reading may be more useful for 

comprehension than asking questions after reading (e.g. van den Broek et al., 2001).  

However, comprehension of the texts used in the current study was measured using a 

recall task, and conclusions about the effects of questioning during or after reading 
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cannot be solely drawn from the question response data.  These results for the recall task 

are discussed in a later section.    

 Comprehension skill and correct text-based inferences.  Skilled and less-

skilled comprehenders differed in the types of inferences generated during and after 

reading.  Skilled comprehenders generated more correct combined (local and global) text-

based inferences during the online and offline questioning conditions than did the less-

skilled comprehenders.  Again, during the online questioning condition, this finding was 

influenced by the number of correct global text-based inferences generated, but was not 

significant after adjusting the alpha level to control for Type I error.  However, patterns 

suggested that skilled comprehenders generated more correct global text-based inferences 

than did the less-skilled comprehenders during the online questioning condition.  

Conversely, during the offline questioining condition, the above finding was influenced 

by the number of correct local text-based inferences generated.  In this case, skilled 

comprehenders generated more correct local text-based inferences than did the less-

skilled comprehenders during the offline questioning condition.     

 Overall, when correct local and global text-based inferences were combined, the 

above outcomes were consistent with the hypothesis that skilled comprehenders would 

generate more correct text-based inferences during and after reading than would less-

skilled comprehenders.  The causal questions administered during the online and offline 

questioning conditions were designed to prompt readers to make connections to local and 

global information in the text (goals and subgoals) to help build a coherent representation 

of the text (McMaster et al., 2011; Rapp et al., 2007).  These causal questions may have 

helped skilled comprehenders successfully make such connections by generating the 
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appropriate inferences during and after reading that connected to appropriate text 

information (e.g., goals and subgoals) and did so more than the less-skilled 

comprehenders.  These findings support previous research that has shown that generating 

appropriate text-based inferences helps readers maintain local and global coherence 

during (Grasser & Clark, 1985; Graesser et al., 1994; Kintsch & van Dijk, 1978; Kintsch, 

1998; Laing & Kamhi, 2002; Singer et al., 1994; van den Broek, 1990) and after reading 

(e.g., Bowyer-Crane & Snowling, 2005; Cain & Oakhill, 1999; Cain et al., 2001).  

 Furthermore, the findings above provide interesting distinctions between local and 

global text-based inferences generated during and after reading, especially the findings 

pertaining to the offline questioning condition.  That is, skilled comprehenders generated 

more correct local text-based inferences during the offline questioning condition than did 

the less-skilled comprehenders.  This finding suggests that skilled comprehenders were 

able to generate inferences about appropriate local information (i.e., local information 

with respect to the question content) in the text after reading more so than the less-skilled 

comprehenders. This point is especially interesting because during the offline questioning 

condition, comprehenders were required to connect back to text information after reading 

the entire text in order to answer the causal questions.  One might argue that in this 

questioning condition comprehenders would have to generate global inferences to answer 

questions after reading.  However, during the offline questioning condition, when causal 

questions were asked, comprehenders could look back in the text to find the question 

content, and then determine the correct local or global text information that would answer 

the question.  Thus, this finding suggests that skilled comprehenders may have been able 

to find such information more easily than less-skilled comprehenders and maintained 
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local coherence after reading.  This outcome extends previous research; however, 

additional research should be conducted to investigate where comprehenders look in the 

text during question answering.  For instance, further research could examine questioning 

answering and eye-tracking which would provide supporting evidence for this outcome. 

 On the other hand, skilled and less-skilled comprehenders did not differ in terms 

of the correct local text-based inferences generated during the online condition.  That is, 

skilled and less-skilled comprehenders were both able to generate inferences about 

immediately preceding text information and maintain local coherence during reading.  

Perhaps it is not a surprise that there was no difference between comprehender groups for 

this type of inference, especially given that the proportion of correct local text-based 

inferences was much lower than the correct global text-based inferences.  Additionally, 

the correct answers that required comprehenders to generate local text-based inferences 

may have been relatively easy for both groups of comprehenders, especially since the text 

was available during question answering.  However, this finding does support previous 

research that has shown that skilled and less-skilled comprehenders do not differ in the 

types of text-based inferences generated that connect to immediate preceding text (local) 

during reading (Bowyer-Crane & Snowling, 2005; Laing & Kamhi, 2002).   

 In addition, skilled and less-skilled comprehenders did not differ in terms of the 

correct global text-based inferences generated during the offline questioning condition.  

This finding is interesting because in previous research, skilled and less-skilled 

comprehenders have been shown to differ in terms of the types of text-based inferences 

generated during offline questioning (e.g., Cain & Oakhill, 1999).  Again, the one 

important aspect regarding the questioning conditions used in the current study is that the 
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text was available during question answering (e.g., Ozuru, Best, Bell, Witherspoon, & 

McNamara, 2007).  That is, after hearing the causal questions, comprehenders would 

have to find the question content in the text, and then connect to local or global text 

information to answer the question.  This finding suggests that both comprehender groups 

may have benefited from being able to look at the text during question answering; 

however, these findings are limited because there was not an additional condition in 

which the text was unavailable during question answering and comparisons were not 

conducted.  One follow-up research question in this case would be do skilled and less-

skilled comprehenders differ during inference generation when answering questions 

during and after reading if the text is available or unavailable during question answering?  

Previous research suggests that having the text available during question answering is 

more beneficial than when it is unavailable (e.g., Cain & Oakhill, 1999; Cain et al., 2001; 

Ozuru et al., 2007).  Additionally, as stated above, conducting further research using 

methodologies such as eye-tracking would support this notion. 

 Comprehension skill and incorrect text-based inferences.  One other 

interesting finding that emerged from the current study is that there was a difference 

between skilled and less-skilled comprehenders in terms of the types of incorrect text-

based inferences generated after reading.  Specifically, less-skilled comprehenders 

generated more incorrect global text-based inferences after reading than did the skilled 

comprehenders.  This is an important new finding because this distinction between types 

of inferences has not been assessed in previous studies that also used questioning tasks 

(e.g., Cain & Oakhill, 1999; Cain et al., 2001; Cain et al., 2004), or other verbal protocol 
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tasks (e.g., think-aloud tasks) (e.g., Laing & Kamhi, 2002) to assess inference generation 

between different groups of comprehenders.      

 Specifically, less-skilled comprehenders generated more incorrect global-after 

text-based inferences during the offline questioning condition than did the skilled 

comprehenders.  This type of inference was defined as a response that connected to an 

incorrect global area in the text.  This global area appeared after the question content.  

For example, as stated above, when given a question after reading the entire text (e.g., 

“What made Sam think that squirrels usually sleep in trees or other more hidden 

places?”), readers were able to look back at the text, find the question content in the text, 

and then search before that point to find the correct answer.  Less-skilled comprehenders 

connected to text information that was after the question content more than did the skilled 

comprehenders during this type of questioning condition.  That is, less-skilled 

comprehenders may have stated “They called the zoo and they said it usually sleeps in 

the trees” (see the Sam story in Appendices A and C); this information could be found 

after the question content in the text.  This finding suggests that less-skilled 

comprehenders may have been unable to completely maintain global coherence after 

reading and may have been distracted by less relevant text information than the text 

information preceding the question content when answering causal questions.  This 

finding also supports previous research in which less-skilled comprehenders demonstrate 

more difficulties remembering and integrating information from the text than do skilled 

comprehenders when answering text-based questions after reading (Oakhill, 1982, 1984; 

McGee & Johnson, 1993).  However, as mentioned above, this finding supports the 

notion that further research is needed to understand if less-skilled comprehenders indeed 
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look back to less relevant text information during question answering.  For example, 

using an eye-tracking methodology may also confirm this outcome. 

 On the other hand, skilled and less-skilled comprehenders did not differ in terms 

of the amount of other types of incorrect local and global text-based inferences generated 

during the online and offline questioning conditions.  These local and global text-based 

inferences connected back to incorrect information in the text that was before the 

question content.  For example, for the online questioning condition, readers were asked a 

question about the text at the point for which they stopped reading.  Incorrect local and 

global text-based inferences connected back to either incorrect text information that was 

in the immediately preceding sentence or prior text information in relation to the question 

content.  For the offline questioning condition, when readers were asked a question about 

the text, they were able to look back in the text to find the question content, and then 

were to search prior text information to find the correct answer.  Incorrect local and 

global text-based inferences in this case connected back to incorrect local and global text 

information before the question content.  Because there were no differences found 

between comprehender groups for these incorrect local and global text-based inferences, 

these findings may show support for having the text available during question answering; 

but again, there was no control condition administered (text unavailable during 

questioning answering).  Thus, further research is warranted to assess the effect of 

questioning on inference generation between skilled and less-skilled comprehenders 

when the text is available vs. when the text is unavailable.   

 Comprehension skill and knowledge-based inferences.  In addition to text-

based inferences generated to answer the online and offline questions, skilled and less-
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skilled comprehenders generated knowledge-based inferences.  Furthermore, knowledge-

based inferences were grouped into related and unrelated.  That is, related knowledge-

based inferences connected to background knowledge that was related to the text 

information; and unrelated knowledge-based inferences connected to background 

knowledge that was unrelated to the text information.  A pattern suggested that less-

skilled comprehenders generated more unrelated knowledge-based inferences during the 

online questioning condition than did the skilled comprehenders, but this difference was 

not significant after adjusting the alpha level to control for Type I error.  However, these 

findings are important to discuss because these findings may suggest that less-skilled 

comprehenders made more connections to unrelated background knowledge to assist 

them in answering causal questions more so than did the skilled comprehenders.  That is, 

less-skilled comprehenders may have been trying to connect to their background 

knowledge to help answer the causal questions, but instead connected to unrelated 

background knowledge that was not constrained with the information in the text (Cain & 

Oakhill, 2006; McNamara, 2007; Oakhill, 1982; Rapp et al., 2007).  This supports 

previous research that demonstrates that less-skilled comprehenders generate more 

knowledge-based inferences that are unrelated to the text information than do skilled 

comprehenders during reading (Cain & Oakhill, 2006; McNamara, 2007; Oakhill, 1982; 

Rapp et al., 2007).  However, only patterns were observed in the current study and were 

not significant; thus, additional research should be conducted in this area to verify if these 

differences exist.  For instance, if readers were asked knowledge-based questions during 

reading, would skilled and less-skilled comprehenders generate inferences that are related 

or unrelated to the text information?    
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 Furthermore, skilled and less-skilled comprehenders did not differ in terms of the 

related knowledge-based inferences generated during the online and the offline 

questioning conditions.  However, even though generating knowledge-based inferences 

can be beneficial during and after reading, especially knowledge-based inferences that are 

related to the text (e.g., Cain & Oakhill, 1999; Cain & Oakhill, 2006; Cain et al., 2001), 

the goal of the questioning conditions used in this study was to encourage readers to 

connect to local and global information in the text to answer the questions in order to 

build a coherent representation of the text (McMaster et al., 2011; Rapp et al., 2007), and 

importantly both skilled and less-skilled did not differ with respect to the related 

knowledge-based inferences generated during the online and offline questioning 

conditions.   

 Readers use knowledge-based inferences during and after reading to maintain 

coherence (e.g., Graesser & Clark, 1985; Graesser et al., 1994).  The findings from the 

current study support the notion that readers generate knowledge-based inferences during 

and after reading to help with comprehension.  That is, readers connected to both related 

and unrelated background knowledge to answer causal questions during and after 

reading.  Previous studies have shown that comprehenders generate both related and 

unrelated knowledge-based inferences during and after reading to help comprehend the 

text, and differ in terms of comprehension skills (Cain & Oakhill, 2006; McNamara, 

2007; Oakhill, 1982; Rapp, van den Broek, McMaster, Kendeou, et al., 2007).  

Generating knowledge-based inferences during and after reading can help readers 

develop a representation of a text; however, the causal questions asked in the online and 

offline conditions in the current study were not developed to tap into background 
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knowledge.  This is not to say that readers should not use background knowledge to 

answer causal questions; however, the questioning tasks in the current study were 

developed to encourage readers to specifically connect to local and global text 

information in order to develop a coherent representation of the text (e.g., McMaster et 

al., 2011; Rapp et al., 2007), and thus, may have been limited in the generalizability of 

this type of inference.  The findings from the current study may have implications for 

further understanding the types of knowledge-based inferences generated during and after 

reading for skilled and less-skilled comprehenders. In addition, in future studies, it would 

be important to develop new questioning tasks that encourage readers to generate 

knowledge-based inferences that are related to or constrained by text information.  By 

developing questioning tasks that specifically encourage readers to generate related 

knowledge-based inferences could perhaps decrease the chance that less-skilled 

comprehenders would generate unrelated knowledge-based inferences.   

 Summary of the effect of questioning condition on inference generation.  The 

findings from the current study suggest an effect of questioning condition on inference 

generation among readers with different levels of comprehension skills.  Skilled and less-

skilled comprehenders demonstrated differences in the types of text-based and 

knowledge-based inferences generated when compared during the online and offline 

questioning conditions.  The questioning tasks used in this study were important because 

they were developed to encourage readers to connect back to local and global text 

information in order to build a coherent representation of the text (McMaster et al., 2011; 

Rapp et al., 2007).   
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 Maintaining local and global coherence during reading has been shown to support 

the development of a coherent representation of a text and lead to successful 

comprehension (e.g., Graesser & Clark, 1985; Graesser et al., 1994).  However, much of 

this research has been investigated with adults, and less so with children.  One of the 

main goals of this study was to identify whether skilled and less-skilled comprehenders 

generated different types of inferences during and after reading in order to build a 

coherent representation and develop successful comprehension of a text.  The findings 

from the current study support the notion that children with different comprehension 

skills generate different text-based and knowledge-based inferences during and after 

reading to help with comprehension (e.g., Bowyer-Crane & Snowling, 2005; Cain & 

Oakhill, 1999; Cain et al., 2001; Laing & Kamhi, 2002).    

 Additionally, participants in the current study were allowed to look at the texts 

when answering the questions during both the online and offline conditions.  Previous 

studies that have used similar questioning tasks have shown that children are able to 

integrate text information, but differ in terms of comprehension skills (Cain & Oakhill, 

1999; Cain et al., 2001; Ozuru et al., 2007).  For instance, skilled comprehenders generate 

more text-based inferences than less-skilled comprehenders do; however, when the text is 

available as a resource during question answering, less-skilled comprehenders‟ inference 

generation improved but not to the level of skilled comprehenders (Cain & Oakhill, 1999; 

Cain et al., 2001).  The findings from the current study support previous research; that is, 

skilled comprehenders generated more text-based inferences during and after reading 

than did less-skilled comprehenders even when the text was available during question 

answering.  However, even though the text was available during question answering for 
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the online and offline questioning conditions, skilled comprehenders‟ performance was 

better than less-skilled comprehenders‟ performance.  Further investigation is needed to 

understand why skilled and less-skilled comprehenders‟ inference generation differs and 

if these differences lead to comprehension differences.  As suggested above, it would be 

important to include additional methodologies (e.g., eye-tracking) and control conditions 

(e.g., text unavailable during question answering) to extend the findings in the current 

study.  In addition, other measures, such as an SVT, have been used to understand 

inference generation differences between skilled and less-skilled comprehenders.  In the 

next section, findings from the SVT used in the current study are discussed.   

 Comprehension skill and SVT.  Skilled and less-skilled comprehenders did not 

differ in their responses to the SVT following the online and offline questioning 

conditions.  SVTs were scored for paraphrases, local text-based inferences, global text-

based inferences, and knowledge-based inferences.  These findings suggest that when 

readers were presented with specific types of inferential responses about a text after 

reading, they recognized local, global and knowledge-based inferences with relative ease.  

That is, both comprehender groups responded to most of the SVT items correctly.  These 

findings did not converge with the questioning response findings as was expected.  One 

reason for why these findings did not converge could be that the SVT and questioning 

tasks required different aspects of inference generation. Specifically, during the 

questioning condition, readers were required to generate inferences as responses to causal 

questions; and during the SVT, readers were presented with inferential statements and 

required true or false judgments about texts that they read.  Thus, perhaps the inferences 

that were generated during the questioning activities may have required more working 
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memory capacity (e.g., van den Broek et al., 2001) than during the SVT.  However, WM 

was not used as a moderator variable for the SVT responses; thus, comparing the effects 

of WM on inference generation during questioning and during SVT is limited for this 

study.  Further research could investigate this comparison.  Nevertheless, the findings 

from the SVT suggest that both comprehender groups may have been able to update the 

accurate text information in order to judge each statement and this finding supports 

previous research (McKeown et al., 2009).   

 Another reason for why the SVT findings did not converge with the question 

response findings could be that the SVT used in the current study was too easy and did 

not challenge readers during updating after reading.  Moreover, the texts associated with 

each SVT could have been too easy.  One way to increase the difficulty level of the texts 

and the SVT for future studies would be to increase the text length, or to add multiple 

goals or events in the text.  Previous studies that have used inferential judgment tasks 

with multiple event explanations have demonstrated that adult readers generate inaccurate 

text-based inferences during the updating process after reading (e.g., Blanc et al., 2008).  

Such changes may increase the difficulty level of future SVTs.  In addition, SVTs used in 

previous studies have not included knowledge-based inferences.  Thus, are knowledge-

based inferential statements more difficult for readers to recognize after reading using an 

SVT, and as a result, demonstrate updating difficulties?  In addition, do skilled and less-

skilled comprehenders differ in terms of responses to knowledge-based SVT items? 

 One change that was implemented in the current study to increase the difficulty 

level of the SVT was that knowledge-based inferential statements were added.  Previous 

studies that have used SVTs have not included knowledge-based inferential statements 
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(e.g., McKeown et al,, 2009).  In the current study, knowledge-based inferential 

statements were added to examine skilled and less-skilled comprehenders‟ judgment of 

background knowledge of information that was related or unrelated to the information 

presented in the texts.  Skilled and less-skilled comprehenders also did not differ on the 

knowledge-based inferential items.  Thus, both groups of comprehenders were able to 

recognize these types of inferential statements, demonstrating that readers may have 

updated related and unrelated background knowledge after reading.  This finding differs 

from studies that have also used different inferential questioning tasks.  Skilled and less-

skilled comprehenders in these studies have been shown to differ in terms of their ability 

to generate knowledge-based inferences after reading (e.g., Cain and Oakhill, 1999; Cain 

et al., 2001).  However, in the current study, skilled and less-skilled comprehenders did 

not differ, on average, in terms of responses on this additional type of inferential 

statement.     

 Summary of the effect of questioning condition on SVT.  The findings from the 

current study did not demonstrate an effect of questioning condition on responses to an 

SVT among readers with different levels of comprehension skills.  However, these 

findings are informative for further understanding inference generation after reading, as 

well as understanding updating processes.  These findings demonstrate that skilled and 

less-skilled comprehenders may be able to update text information and background 

knowledge information after reading when assessed with an SVT.  However, further 

investigation is needed for understanding this updating process.  For instance, studies that 

include manipulating the text difficulty could be one area that warrants further 

investigation.  In addition, further investigation is still needed for understanding if 
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differences in skilled and less-skilled comprehenders‟ inference generation lead to 

comprehension differences.  For instance, recall has been used to measure comprehension 

of text.  In the next section, findings from a recall task used in the current study are 

discussed.   

 Comprehension skill and recall. Skilled and less-skilled comprehenders differed 

in their responses to a recall task.  Skilled comprehenders‟ recall of the stories was better 

than less-skilled comprehenders following both the online and offline questioning 

conditions.  Recall was assessed by scoring the quality of responses and how well the 

responses matched the original text information.  Skilled comprehenders recalled more of 

the original text information than did the less-skilled comprehenders during the online 

and the offline questioning conditions.  These recall results may have aligned with the 

questioning results.  That is, did the quality of recall depend on whether how many 

correct text-based inferences were generated? 

Skilled comprehenders made more conservative and liberal recall responses than 

did the less-skilled comprehenders following both the online and offline questioning 

conditions.  The conservative and liberal recall responses were types of responses that 

matched original text information.  Assessing recall based on whether responses match 

original text information is important because the quality of the recall can then be 

examined.  This finding supports previous research that shows that skilled comprehenders 

recall more relevant text information than do less-skilled comprehenders (e.g., McMaster 

et al., 2011; Rapp et al., 2007; van den Broek et al., 2001).  This was demonstrated by 

better recall, which in turn, may have helped skilled comprehenders build a more 
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coherent text representation than less-skilled comprehenders (e.g., van den Broek et al., 

2001).     

 These outcomes are consistent with my hypotheses that skilled comprehenders 

would have better recall than less-skilled comprehenders following both the online and 

offline questioning conditions.  Again, the causal questions administered during the both 

questioning conditions in this study encouraged comprehenders to make connections to 

local and global information in the text in order to help build a coherent representation of 

the text (McMaster et al., 2011; Rapp et al., 2007).  Local and global connections were 

goals and subgoals made to text information based on the causal network of the story 

(e.g., Trabasso & van den Broek, 1985).  The causal network consists of local and global 

causal connections, in which the amount of highly connected items on the network are 

more likely to be recalled than less connected items (Fletcher & Bloom, 1988; Graesser 

& Clark, 1985; Trabasso & Sperry, 1985; Trabasso & van den Broek, 1985).  The 

findings from the current study show that the skilled comprehenders demonstrated recall 

of more original text information; however, these findings do not address the question 

that was posed above (did the quality of recall depend on whether how many correct text-

based inferences were generated?).  A more detailed analysis of whether the recalled 

information was highly connected with the items in the causal network of the texts, and 

moreover, highly connected with the question responses is warranted (e.g., van den Broek 

et al., 2001).    

 Less-skilled comprehenders, on the other hand, made more no-match inconsistent 

recall responses following the online questioning condition than did the skilled 

comprehenders.  The no-match inconsistent responses were types of responses that did 
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not connect to the original text information, but connected to inconsistent background 

information.  This finding suggests that less-skilled comprehenders may have overly 

relied on background knowledge during recall, which may have caused recall to become 

less connected with the text.  This finding supports previous research which 

acknowledges that activating background knowledge may be important during some 

reading situations, but less-skilled comprehenders may over-use background knowledge, 

causing the representation of the text to be less connected to the causal structures of the 

original text (e.g., McCormick, 1992; Trabasso & Suh, 1993).  Again, a more detailed 

analysis of how the recalled information was connected or disconnected with the question 

responses is warranted (e.g., van den Broek et al., 2001).    

 Conversely, skilled and less-skilled comprehenders did not differ in terms of the 

no-match consistent recall responses following the online and offline questioning 

conditions.  No-match consistent responses were types of responses that did not connect 

to the original text information, but did connect to consistent background information 

(that is, background information that was moderately constrained or related to the text).  

These findings suggest that skilled and less-skilled comprehenders do not differ in terms 

of the relevant background knowledge that they connect to during recall.  This recall 

finding is consistent with the finding in the current study in which skilled and less-skilled 

comprehenders did not differ in terms of the related knowledge-based inferences 

generated during and after reading.  These findings may be important in that they 

demonstrate that both skilled and less-skilled comprehenders use the same amount of 

relevant background knowledge during and after reading.   
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 Summary of the effect of questioning condition on recall.  The findings from 

the current study appear to have demonstrated an effect of questioning condition on 

responses to a recall task among readers with different levels of comprehension skills.  

Skilled and less-skilled comprehenders demonstrated differences in the types of recall 

responses made when compared during the online and offline questioning conditions.  

However, it is still less clear as to what may be influencing skilled and less-skilled 

comprehenders‟ ability to make connections to relevant text information and background 

knowledge during and after reading in order to build a coherent representation of a text.  

Cognitive theories, such as the role of WM, have been developed to understand what may 

be influencing comprehension skill differences and similarities.   

Effects of WM on Inference Generation of Skilled vs. Less-Skilled Comprehenders  

 As stated in Chapter IV, WM was used as a moderator variable to test the effect 

of WM on inference generation between skilled and less-skilled comprehenders.  To test 

this effect, WM was divided into high and low capacity groups.  That is, high/low WM 

was compared with skilled/less-skilled comprehenders.  Within this comparison, groups 

were further divided into high/low WM within the skilled comprehender group, and 

high/low WM within the less-skilled comprehender group. 

 Online questioning condition.  WM appeared to moderate skilled 

comprehenders‟ generation of correct combined text-based inferences and this finding 

was heavily influenced by the correct global text-based inferences generated during the 

online questioning condition.  Specifically, skilled comprehenders who were grouped in 

the high WM group generated more correct global text-based inferences during the online 

questioning activity than did the skilled comprehenders who were grouped in the low 
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WM group.  This finding suggests that WM appears to moderate the strength of the 

relationship of inference generation for skilled comprehenders who have high WM.  This 

finding supports previous research that indicates there are individual differences between 

WM capacity and comprehension skill (e.g., Daneman & Tardif, 1987; Engle, Cantor, & 

Carullo, 1992; Ericsson & Kintsch, 1995; Just & Carpenter, 1992; McNamara & Kintsch, 

1996b; McNamara & Scott, 2001), and demonstrate the relationship between high WM 

skilled comprehenders and inference generation during reading (e.g., Cain et al., 2004; 

Carretti et al., 2005).   

 Furthermore, this finding extends previous research.  That is, WM influences 

skilled comprehenders‟ inference generation.  As stated above, skilled comprehenders 

who have high WM capacity generated more correct global text-based inferences than 

skilled comprehenders who have low WM capacity during reading.  This type of outcome 

has not been addressed in previous research perhaps because there has not been reason to 

explore whether there are skilled comprehenders who have low WM capacity, and the 

findings from the current study indicate that high/low WM capacity groups were found 

for skilled comprehenders (and less-skilled comprehenders).  However, the research 

question that addresses these findings was exploratory.  That is, there were no a priori 

hypotheses for whether there was an effect of WM on inference generation between 

skilled and less-skilled comprehenders.  Thus, it is necessary to further that examine the 

influence of WM and comprehension skill on inference generation.  

 In addition to the above finding, a pattern suggested that WM moderated less-

skilled comprehenders‟ generation of incorrect local-text based inferences during reading, 

but this interaction was not significant after adjusting the alpha level to control for Type I 
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error.  Specifically, patterns suggested that less-skilled comprehenders who were grouped 

in the low WM group generated more incorrect local text-based inferences during the 

online questioning condition than did the less-skilled comprehenders who were grouped 

in the high WM group.  Although this finding was not significant, it is important to 

discuss to inform future research for understanding how WM influences inference 

generation for readers with different comprehension skills.  This finding suggests that 

WM may moderate the strength of the relationship between inference generation and 

less-skilled comprehenders who have low WM.  However, because this finding was not 

significant after controlling for Type I error, further research is necessary. 

 The above findings begin to address the question of how WM influences 

inference generation between skilled and less-skilled comprehenders.  That is, does WM 

influence skilled and less-skilled comprehenders‟ inference generation because of the 

amount of cognitive resources that are available (i.e., WM capacity) during reading 

(Daneman & Carpenter, 1980; Just & Carpenter, 1992)?  Or, does WM influence skilled 

and less-skilled comprehenders‟ inference generation because ability levels differ with 

respect to suppression/inhibition components (e.g., Gernsbacher & Faust, 1991)?  Further 

research that investigates WM capacity and suppression/inhibition components would 

extend these findings and continue to examine the influence of WM and comprehension 

skills on inference generation.  In addition, exploration of these questions may further 

extend previous research that has shown that less-skilled comprehenders demonstrate 

processing difficulties during cognitive tasks such as reading (e.g., Yuill et al., 1989). 

 Conversely, WM did not appear to moderate skilled or less-skilled 

comprehenders‟ generation of correct local text-based inferences, incorrect global text-
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based inferences, or unrelated and related knowledge-based inferences during the online 

questioning condition.  Thus, it is less clear how WM influences the relationship between 

skilled and less-skilled comprehenders‟ inference generation for these other types of 

inferences generated during reading.  One reason for why these findings did not emerge 

could be that the difficulty level of the texts was too easy or the type of texts (i.e., 

narrative texts) used in this study were not challenging enough.  Thus, an additional 

research question could be: does the difficulty of the text matter for whether WM 

influences the relationship between inference generation and comprehension skill?  

Further research using other types of texts (e.g., expository texts) should be conducted to 

better understand these relationships. 

 Offline questioning condition.  WM also did not appear to moderate skilled or 

less-skilled comprehenders‟ inference generation during the offline questioning 

condition.  Once more, it is less clear as to how WM influences the relationship between 

skilled and less-skilled comprehenders‟ inference generation after reading.  This finding 

was surprising because one would expect that answering questions after reading would 

place a higher load on comprehenders‟ WM (van den Broek et al., 2001).  However, 

comprehenders were able to look at the texts during question answering, which could be 

one reason for why there were no interactions found between WM and comprehension 

during the offline questioning condition.  Further research should continue to explore if 

there are other factors that influence WM and comprehension skill on inference 

generation after reading.  For instance, if the text was unavailable during question 

answering and inference generation, would less-skilled comprehenders have more 

difficulty than skilled comprehenders suppressing irrelevant information (e.g., 
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Gernsbacher & Faust, 1992), or show a greater deficit in WM capacity (e.g., Daneman & 

Carpenter, 1980; Gernsbacher & Faust, 1992)?     

 Summary of effects of WM on inference generation of skilled vs. less-skilled 

comprehenders.  Findings from the current study demonstrate that WM appears to 

moderate the generation of correct combined text-based inferences for skilled 

comprehenders during reading.  The number of correct global text-based inference 

generated for skilled comprehenders during reading heavily influenced this finding.  This 

finding extends previous research; however, these analyses were exploratory and further 

investigation of WM as a moderator variable during inference generation between skilled 

and less-skilled comprehenders is warranted.  Previous research has shown that WM is 

correlated with inference generation and reading comprehension (e.g., Cain et al., 2004; 

Daneman & Carpenter, 1980; Just & Carpenter, 1992; Swanson et al., 1989); however, 

even though it is important to know that WM correlates with these processes, it is also 

important to know how WM influences the effects of these processes.  For instance, do 

suppression/integration skills influence inference generation and reading comprehension, 

or are WM capacities more important?  It is important to continue to conduct future 

research in this area for understanding the relationship between WM, inference 

generation, and comprehension skill in order to lead to improving inference generation 

for less-skilled comprehenders  

Overall Conclusions of Findings 

 Overall, this study demonstrates that skilled and less-skilled comprehenders‟ 

inference generation differs during and after reading.  In addition, skilled and less-skilled 

comprehenders‟ recall differs following online and offline questioning conditions.  The 
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findings across the questioning conditions and recall are related because they demonstrate 

that readers at different levels of comprehension skills differ in the processes and 

products generated during and after reading.  It is important to understand the processes 

and products of reading comprehension, especially between readers at different levels of 

comprehension, in order to implement appropriate instruction.  Furthermore, there was no 

effect of questioning on inference generation during the SVTs.  However, based on the 

above findings, one important picture that emerges is that less-skilled comprehenders 

may demonstrate difficulty with maintaing global coherence during and after reading, and 

may have difficulty developing a coherent representation of a text after receiving online 

and offline questioning tasks.  This picture is based on the findings from the unrelated 

knowledge-based and incorrect global text-based inferences that were generated during 

and after reading, and the recall responses that connected to urelated background 

knowledge following the online and offline questioning conditions.  However, the 

findings from the current study are worthy of further investigation to understand 

inference generation and comprehension differences between skilled and less-skilled 

comprehenders.  Further investigations could inform future research for developing new 

interventions for improving inference generation for less-skilled comprehenders.   

 In addition, WM was investigated as a moderator variable to determine the 

strength of the relationship between comprehension skill and inference generation, and 

the findings indicate that WM appears to only moderate skilled comprehenders‟ 

generation of correct global text-based inferences.  Additionally, it is not clear from the 

findings in the current study how WM influences inference generation for less skilled 

comprehenders during reading, or how WM influences inference generation for skilled 
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and less-skilled comprehenders after reading.  WM differences have been consistently 

found between skilled and less-skilled comprehenders (Daneman & Tardif, 1987; Engle, 

Cantor, & Carullo, 1992; Ericsson & Kintsch, 1995; Just & Carpenter, 1992; McNamara 

& Kintsch, 1996b; McNamara & Scott, 2001), and these studies have focused on working 

with adults.  Few studies have focused on understanding WM differences between 

children who are skilled and less-skilled comprehenders, and specifically in the area of 

inference generation (e.g., Cain et al., 2004; Carretti et. al., 2005; Yuill et al., 1989).   

Previous research has examined if WM correlates with inference generation and reading 

comprehension and did not examine how WM influences inference generation and 

comprehension as a moderator variable.  An important direction for future research may 

be to continue to investigate the influence of WM as a moderator variable, and perhaps 

focus on WM components such as capacity and suppression/inhibition differences during 

inference generation between skilled and less-skilled comprehenders.  

Implications for Improving Less-skilled Comprehenders’ Inference Generation 

 In Chapters I and II, two studies were reviewed for the methods used to improve 

inference generation for less-skilled comprehenders (Yuill & Oakhill, 1988; McGee & 

Johnson, 2003).  These studies provided further evidence that show that different types of 

comprehenders generate different types of inferences, and that different comprehenders 

may also respond differently to instruction.  That is, in these studies, less-skilled 

comprehenders‟ comprehension scores improved after being trained to connect to 

previous text information (text-based inferences) and background knowledge 

(knowledge-based inferences) through generating questions during reading.  Although 

these findings are informative for inference generation training and instruction, it was 
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less clear if comprehension improvements existed because of specific inferences 

generated during training, because of the specific questions generated during training, or 

because of both.   

 The questioning conditions developed for the current study were designed to 

assess inference generation during and after reading.  Moreover, the questions 

administered during each condition were developed to encourage readers to generate 

appropriate inferences to answer causal questions in order to build a coherent 

representation of the text (e.g., McMaster et al., 2011; Rapp et al., 2007).  Thus, 

comprehenders were prompted to connect to local and global text information to build 

causal connections during and after reading.  Skilled comprehenders demonstrated better 

performance for generating appropriate text-based inferences during and after reading 

than the less-skilled comprehenders did.  In addition, even though the questions used in 

this study did not encourage readers to connect to background knowledge, skilled and 

less-skilled comprehenders still connected to related and unrelated background 

knowledge, and less-skilled comprehenders connected to unrelated background 

knowledge during reading more than did the skilled comprehenders.  However, the 

findings from the current study do not demonstrate if there was an improvement in 

comprehension skill after participating in the questioning conditions.  These questioning 

conditions could be used in additional studies that examine comprehension as a pre/post 

variable.  In addition, the type of questioning conditions, instructional conditions, text 

availability during question answering, and type of text and difficulty level could be 

manipulated in future studies to examine effective methodologies for improving less-

skilled comprehenders inferential skills.   
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 In addition, it appeared that WM moderated text-based inference generation 

(global) for skilled comprehenders.  However, it is not clear how WM influences 

inference generation for less skilled comprehenders during reading, or how WM 

influences inference generation for skilled and less-skilled comprehenders after reading.  

The goal of investigating WM as a moderator variable was to determine the strength of 

the relationship between comprehension skill and inference generation, and the findings 

indicate that WM appears influences inference generation, but the findings are also 

limited.  WM should be included as a moderator variable in additional studies to continue 

to understand how WM influences inference generation and comprehension skills.  

Further research in this area could lead to a better understanding for how to improve 

comprehension for less-skilled comprehenders.   

Limitations 

 There are several limitations to this study.  My interest in this study was to 

examine children‟s inference generation differences who were skilled and less-skilled 

comprehenders, as well as who had high and low WM capacities.  In addition, my interest 

was to examine students who were matched for age and decoding and fluency skills, but 

differed in comprehension skills.  One limitation for this study is that the participants 

may have been relatively skilled readers.  That is, the less-skilled comprehenders who 

participated in this study may have been more skilled compared to other less-skilled 

comprehenders from different samples, and the external validity of this study may be 

poor.  The sample for which these students were selected from was limited for the 

amount of less-skilled comprehenders in general.  That is, the schools for which these 

students attended did not have a high population of less-skilled comprehenders to select.  
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Thus, the sample for which my participants were selected from may have been limited for 

the amount of less-skilled comprehenders with low WM.  As a result, this may have 

limited the range for the sample of participants that I worked with, and may have limited 

the generalization of my findings.  Given this limitation, this study should be replicated 

with more readers, including skilled and less-skilled comprehenders who have high and 

low WM capacities. 

 Second, the study may have been limited concerning the way WM was examined.  

That is, the WM task used in the current study was a reading span task (Swanson et al., 

1989).  This task was modified from the original Daneman and Carpenter (1980) reading 

span task in order to be more applicable to children.  However, this task is administered 

to children as a listening task and not a reading task.  Thus, this task may be tapping into 

listening comprehension rather than reading comprehension.  Further investigations using 

other WM tasks that are more applicable to a reading task may be useful for 

understanding WM differences between skilled and less-skilled comprehenders‟ 

inference generation (e.g., Yuill et al., 1989).  

 Third, the texts, questioning conditions, and SVT used in this study may have 

been limited in terms of type of text, type of question, or difficulty level for the 

participants who participated in this study, especially the skilled comprehenders.  That is, 

skilled comprehenders performed better in terms of generating correct local and global 

inferences to answer the causal questions during both the online and offline questioning 

conditions more than did the less-skilled comprehenders.  In addition, skilled 

comprehenders were able to recall more original text information during both the online 

and offline questioning conditions more than did the less-skilled comprehenders.  
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However, there were no differences found for the SVT scores between comprehension 

skills. The texts used in this study were narrative texts and may have been relatively easy 

to comprehend.  Thus, conducting future studies that include more difficult texts or 

expository texts that reflect what students normally read during regular instruction, and 

include additional types of questions that address appropriate background knowledge, 

may help differentiate between inference generation and comprehension skill.      

 Finally, this study may have been limited in the types of methodologies that were 

used.  Although the methodologies in the current study were informative for 

understanding inference generation differences between children who are skilled and 

less-skilled comprehenders during and after reading, other types of methodologies could 

also be used during online and offline questioning answering.  For instance, eye-tracking 

would be a useful methodology to explore with the questioning conditions used in the 

current study.  This would provide converging evidence for understanding where skilled 

and less-skilled comprehenders look in the text when answering causal questions during 

and after reading.  In addition, in this study, the text was available during question 

answering.  Future studies that include a control condition in which the text is unavailable 

would extend the above findings and previous research for understanding if text 

availability is an important factor during online and offline inference generation.  

Furthermore, the methodologies used in this study did not examine inference generation 

improvement between skilled and less-skilled comprehenders.  Future studies that 

examine pre/post-test comprehension scores after participating in different intervention 

conditions may be useful for understanding how to improve inference generation for 

comprehenders who struggle with inference generation.    
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 Given the above limitations, this study should be replicated with a more diverse 

sample to generalize the results to a larger population.  In addition, it would be useful to 

use other methodologies to assess inference generation, comprehension skill, and the role 

of WM as to better influence research and practice.  These types of explorations will be 

further discussed in the implications for research section below. 

Implications for Research 

 Inference generation.  Future studies could investigate additional causes behind 

inference generation differences for skilled and less-skilled comprehenders.  Several 

studies have examined inference generation during reading (e.g., Bowyer-Crane & 

Snowling, 2005; Cain et al., 2001; Graesser & Clark, 1895; Kendeou & van den Broek, 

2007; Laing & Kamhi, 2002, Rapp et al., 2007; van den Broek et al., 2001); but, the 

research is limited in studies that examine inference generation after reading (e.g., 

Bowyer-Crane & Snowling, 2005; Blanc et al, 2008; Cain & Oakhill, 1999; McKeown et 

al. 2009).  The current study was conducted to help fill the gap in understanding 

inference generation differences between skilled and less-skilled comprehenders during 

and after reading.  It is clear from the current study that additional research needs to be 

conducted in the above areas.  For instance, using an eye-tracking methodology along 

with different questioning methodologies would provide converging evidence for 

tracking where readers look in the text when answering questions during and after 

reading.  Thus, one research question is, do skilled and less-skilled comprehenders look 

back at different areas in the text during online and offline questioning answering?  Eye-

tracking techniques have been used in several studies to assess online processes during 

reading between readers with different comprehension skills (e.g., Chung & Kakizawa, 
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2002; Eden, Stein, Wood, & Wood, 1995; Kaakinen, Hyona, & Keenan, 2003; Rayner, 

1986), but, the information for where the reader is attending is inferred by the researcher.  

Thus, the combination of causal question responses and tracking eye movements would 

provide an in-depth assessment of the processes that take place when answering questions 

during and after reading.  These findings may have implications for diagnostic and 

intervention designs used to improve inference generation for less-skilled comprehenders.   

 In addition, the text was available during question answering in the current study 

to assess inference generation during and after reading.  However, this study did not 

include a control condition in which the text was unavailable during questioning 

answering.  Previous research that included both conditions (available and unavailable 

text) has shown that skilled and less-skilled comprehenders improve inference generation 

after reading (e.g., Cain & Oakhill, 1999).  Thus, extending the current study by 

including a text availability variable would provide further understanding of the 

importance of text availability during questioning answering and inference generation 

during and after reading.   

 Furthermore, the methodologies used in this study did not examine inference 

generation improvement between skilled and less-skilled comprehenders.  That is, a 

pre/post-test for comprehension was not included.  Previous research has used pre/post-

tests as a measure of comprehension improvement, specifically inference generation (e.g., 

Yuill & Oakhill, 1988; McGee & Johnson, 2003).  Future studies that examine pre/post-

test comprehension scores after participating in the questioning conditions used in the 

current study, may be useful for understanding how to improve inference generation for 

less-skilled comprehenders.    
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 WM, inference generation and comprehension skill.  Future studies need to 

address assessing WM, inference generation, and comprehension skill by testing other 

components of WM.  In particular, other tasks that assess capacity constraints and 

suppression/inhibition skills would be useful for understanding the role of WM and 

reading comprehension since each of these cognitive processes is involved during reading 

and comprehension.  For example, less-skilled comprehenders may or may not have a 

limited suppression/inhibition or attentional capacities, but instead may not know when to 

allocate suppression/inhibition or attentional resources during appropriate inference 

generation (e.g., Conway & Engle, 1994).  If such uncertainties are addressed, future 

research could address whether WM is something that could be improved.  In addition, 

are other WM tasks more appropriate for understanding WM, reading comprehension 

skill, and inference generation?  It is still not clear from previous research and the current 

study if there are WM tasks that are more representative of assessing the role of WM and 

reading comprehension, and specifically, inference generation.  Future studies should 

continue to investigate these areas by examining how WM influences inference 

generation during and after reading with skilled and less-skilled comprehenders.  

Furthermore, future studies should continue to investigate whether WM moderates 

inference generation for readers with different comprehension skills, and whether the 

relationship depends on the level of the reading task difficulty.  As mentioned above, the 

difficulty level of the texts and questions were one limitation of this study.  Future studies 

should examine how WM influences inference generation when the texts and reading 

tasks are more difficult. 
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 Improving inference generation.  Findings from previous research, as indicated 

in the studies reviewed in Chapters I and II, as well as findings from the current study, 

indicate that less-skilled comprehenders are able to generate several types in inferences 

during and after reading.  These inferences include correct and incorrect text-based 

inferences, as well as related and unrelated knowledge-based inferences.  In addition, 

less-skilled comprehenders may have benefited from having the text available during 

question answering; however, it is not known from this current study if less-skilled 

comprehenders‟ inference generation would have been worse if the text was unavailable 

during question answering (e.g., Cain & Oakhill, 1999).  Thus, one research question that 

has emerged from this study is, does skilled and less-skilled comprehenders‟ inference 

generation differ when compared with online and offline questioning conditions, 

including when the text is available vs. unavailable?     

 In addition, the results from the current study indicate that skilled comprehenders 

recall was better following the online questioning condition than following the offline 

questioning condition.  These findings have implications with regards to developing new 

interventions.  That is, is question placement a contributing factor for helping readers in 

developing a coherent representation of a text?   The goal for future studies should focus 

on understanding if skilled comprehenders use particular strategies when generating 

inferences during and after reading or if inference generation is more of an automatic 

process, and how such processes help with developing a coherent representation of the 

text (as measured with recall).  Thus, do skilled comprehenders elicit particular strategies 

during inference generation, and if so, can these strategies be trained to less-skilled 

comprehenders for improving inference generation? 
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 Furthermore, using relevant background knowledge is an important aspect during 

successful reading comprehension (e.g., McNamara, 1997; McNamara & Kintsch, 1996; 

McNamara & McDaniel, 2004).  The findings from the current study have implications 

with regards to instructional training.  Training readers to connect to relevant background 

knowledge and not irrelevant background knowledge could result in improvements for 

the types of knowledge-based inferences that less-skilled comprehenders generate during 

and after reading.   

Implications for Practice 

 The results of the current study have implications for potentially making 

recommendations for educational instruction.  The type of questioning tasks used in the 

current study to assess inference generation could easily be implemented during regular 

classroom instruction, as they are similar to current instruction.  In addition, the types of 

questioning tasks used in the current study encouraged readers to connect to appropriate 

text information during and after reading in order to build a coherent representation of a 

text which is helpful for developing a coherent representation of a text.  However, as 

indicated above, further research should be conducted to identify which types of 

questioning tasks are more appropriate for improving comprehension.   

Conclusions 

The purpose of this study was to examine the types of inferences generated during 

and after reading for children with different comprehension skills in order to understand 

how younger readers maintain and update local and global coherence and develop a 

coherent representation of a text.  Furthermore, a secondary purpose of this study was to 

understand how WM influences inference generation during and after reading for readers 
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with different comprehension skills.  The results of this study extend the literature in the 

areas of inference generation and individual differences among comprehension skills and 

WM for younger readers.  First, this study confirms that the types of inferences generated 

during and after reading are different for skilled and less-skilled comprehenders.  Second, 

skilled and less-skilled comprehenders‟ differ with respect to recall responses made 

during the online and offline questioning conditions.  Third, skilled and less-skilled 

comprehenders were able to update text-based and knowledge-based inferences after 

reading as assessed with an SVT.  Last, WM moderated correct global text-based 

inference generation for skilled comprehenders.  These findings provide a unique 

contribution to previous research by showing how online and offline inference generation 

is connected for individual readers with different comprehension skills, as well as 

provides an understanding of how to better assess reading comprehension for readers 

with different comprehension skills. 
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Appendices 

 

Appendix A 

 

Texts Used for Online Questioning Task (participant version) – red dots indicate where 

participants were asked to stop reading and were asked causal questions. 

 

Annie Moves to the Island 

 

Annie and her father recently moved to a small island.  Because Annie was new to 

the island, she had not made any friends. She wanted to meet a new friend soon. To pass 

the time, Annie watched wild dolphins swim along the shore.●  

One day, Annie and her father went into town.  They met a fisherman. Annie also 

met the fisherman‟s daughter. Her name was Sue.  Both of the girls were shy, but soon 

Annie and Sue began to talk about dolphins.● Annie told Sue how she liked to watch 

wild dolphins.  Sue told Annie that she thought she saw a dolphin swimming alone just 

that morning.  Annie said that this seemed strange, because she thought that dolphins 

usually swam in groups.● 

Annie and Sue then decided that they needed to learn more about how dolphins 

behave.  They read books about dolphins. They learned that dolphins normally do not 

swim alone. Annie and Sue wondered if the dolphin that Sue had seen was lost.● They 

decided to call the animal rescue office on the island to ask for help.   

The next day the rescuers returned the dolphin back to its family.  Annie and Sue 

were happy that they were able to help the dolphin.  Annie was really happy that she had 

met Sue.● This turned out to be a beautiful day. 

 

 

 

Going Camping 

 

Recently, a bear attacked a camper in the Superior National Forest. Bobby and 

Tim loved camping, and were going to Superior National Forest to camp this weekend. 

They were very nervous. ● When they arrived, a forest ranger came out to meet them. 

The man told them about safety in the forest.  The boys listened very carefully to the 

ranger. ● They decided to protect each other if they happened to see a bear. 

 Bobby and Tim found their campsite, set up their tent, and talked about wild 

animals. They were scared, but decided not to leave. ● 

 It was getting dark, so they needed to build a fire. To do that, they had to go into 

the woods to get kindling. They didn‟t want to see a bear in the woods, nor did they want 

any animals to invade their camp while they were gone. They decided that Tim would go 

into the woods so Bobby could guard the campsite. ●  Bobby waited nervously for him.  

A few minutes later, Bobby heard some rustling and movement. He picked up a 

rock. Suddenly, Tim ran out of the woods looking scared. Bobby threw the rock towards 

whatever was chasing Tim. Tim stopped running and began to laugh. Bobby realized that 

there was no bear. Tim was running from nothing!  Tim was just nervous and scared. ● 
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They both laughed and decided to get kindling together. They didn‟t see any bears the 

entire weekend. 



228 

 

 

 

Texts Used for Offline Questioning Task (participant version) – red dots indicate where 

participants were asked to stop reading and were asked causal questions. 

 

Sam Moves to the City 

 

Sam and his mother recently moved to a big city.  Since Sam was new to the city, 

he had not met any other children. Sam wanted to make some new friends soon. To pass 

the time, Sam watched squirrels gather nuts in the local park.   

One day, Sam and his mother went to the mall.  They met the owner of a store.  

Sam also met the owner‟s son.  His name was Ben.  Both of the boys were friendly, and 

soon Sam and Ben began to talk about animals. Sam told Ben how he liked to watch 

squirrels in the park.  Ben told Sam that he had seen a baby squirrel sleeping on the 

ground outside the mall just that morning.  Sam said that this sounded weird, because he 

thought that squirrels usually slept in trees or other more hidden places.  

Ben and Sam decided to find out more about squirrels to figure out if the baby 

was okay.  They called the zoo and asked to speak to an animal expert.  The expert told 

them that squirrels do not usually sleep on the ground.  Sam and Ben wondered if the 

squirrel had been abandoned. They decided to call the zoo again and ask the expert for 

help. 

The next day some zoo workers found the squirrel and brought it to the zoo 

hospital.  Sam and Ben were glad they were able to help the squirrel.  Sam thanked Ben, 

and was very happy they‟d met at the mall. Sam‟s move was turning out great. ●   

 

 

 

Going to the Beach 

 

A few days ago, a shark bit a swimmer near Jones Beach in New York.  Karen 

and Mary loved swimming, and were going to Jones Beach this weekend.  They were 

worried. When they got to the beach, a lifeguard walked over to them.  He told them how 

to be safe while they went swimming.  The women listened to him closely. They agreed 

to warn each other if they saw any sharks in the water. 

 Karen and Mary found a nice spot in the sand, laid out their blanket, and went into 

the water.  They were a little worried but the water was warm and they did not want to 

leave.  

 Eventually they decided to collect some seashells.  The best shells were 

underwater so they would have to dive to get them.  But it would be hard to be careful 

while swimming under the water.  They decided that while Karen collected the shells, 

Mary would keep watch for any danger.  Mary waited, a little scared, for her friend. 

After a few minutes, Mary saw splashing in the water.  She didn‟t know what to 

do.  Suddenly, Karen dashed out of the water looking very frightened.  Mary looked at 

Karen‟s face and screamed.  Karen wiped the water from her eyes and laughed.  Mary 

realized there was no shark.  She had thought Karen was the shark!  Karen had just been 

nervous which is why she splashed and looked scared. They smiled at each other and 

decided to collect shells on the beach.  They didn‟t see any sharks that day. ● 
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Appendix B 

Texts Used for Online Questioning Task (experimenter version). 

 

Annie Moves to the Island 

 

Annie and her father recently moved to a small island. Because Annie was new to the 

island, she had not made any friends. She wanted to meet a new friend soon. To pass the 

time, Annie watched wild dolphins swim along the shore.  

 

1) Question: Why did Annie pass the time watching wild dolphins swim?  

 

If Correct Response(s): +no friends, lonely continue reading 

If Incorrect Response(s): *bored, lives on island continue with Prompt 1 

 

Prompt 1: What else does it say in the story about Why did Annie pass the 

time watching wild dolphins swim? 

 

If Correct Response(s): +no friends, lonely continue reading 

If Incorrect Response(s): *bored, lives on island continue with Prompt 2 

 

Prompt 2: Annie had not made any friends so she passed the time watching 

wild dolphins swim, right? 

 

One day, Annie and her father went into town. They met a fisherman. Annie also met the 

fisherman‟s daughter. Her name was Sue.  Both of the girls were shy, but soon Annie and 

Sue began to talk about dolphins.  

 

2) Question: Why did Annie and Sue begin to talk about dolphins?  

 

If Correct Response(s): +Annie wanted to make friend continue reading 

If Incorrect Response(s): *Annie watches/likes dolphins; they like 

dolphins; that‟s what they have in common continue with Prompt 1 

 

Prompt 1: What else does it say in the story about Why Annie and Sue begin 

to talk about dolphins? 

 

If Correct Response(s): +Annie wanted to make friend continue reading 

If Incorrect Response(s): *Annie watches/likes dolphins; they like 

dolphins; that‟s what they have in common continue with Prompt 2 

 

Prompt 2: Annie wanted to meet a new friend so Annie and Sue began to talk 

about dolphins, right? 
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Annie told Sue how she liked to watch wild dolphins. Sue told Annie that she thought she 

saw a dolphin swimming alone just that morning. Annie said that this seemed strange, 

because she thought that dolphins usually swam in groups.  

 

3) Question: What made Annie think that dolphins usually swim in groups?  

 

If Correct Response(s): +she‟s been watching dolphins and never saw one 

swimming alone [if only one of those is included in answer, prompt]; 

continue reading 

If Incorrect Response(s): *she knows that [from any other source than 

what‟s provided in the text continue with Prompt 1 

 

Prompt 1: What else does it say in the story about What made Annie think 

that dolphins usually swim in groups?  

 

If Correct Response(s): +she‟s been watching dolphins and never saw one 

swimming alone [if only one of those is included in answer, prompt]; 

continue reading 

If Incorrect Response(s): *she knows that [from any other source than 

what‟s provided in the text continue with Prompt 2 

 

Prompt 2: Annie watched wild dolphins swim and probably never saw one 

swimming alone, right? 

 

 Annie and Sue then decided that they needed to learn more about how dolphins behave.  

They read books about dolphins. They learned that dolphins normally do not swim alone. 

Annie and Sue wondered if the dolphin that Sue had seen was lost.   

 

4) Question: Why did they wonder if the dolphin that Sue had seen was lost? 

 

If Correct Response(s): +they learned dolphins don‟t swim alone; continue 

reading 

If Incorrect Response(s): *because they read about it; because it was alone 

continue with Prompt 1 

 

Prompt 1: What else does it say in the story about Why they wondered if the 

dolphin Sue had seen was lost? 

 

If Correct Response(s): +they learned dolphins don‟t swim alone; continue 

reading 

If Incorrect Response(s): *because they read about it; because it was alone 

continue with Prompt 2 

 

Prompt 2: They learned that dolphins normally do not swim alone, right? 
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They decided to call the animal rescue office on the island to ask for help. The next day 

the rescuers returned the dolphin back to its family. Annie and Sue were happy that they 

were able to help the dolphin. Annie was really happy that she had met Sue.  

 

5) Question: Why was Annie really happy that she had met Sue? 

 

If Correct Response(s): + because they became friends; continue reading 

If Incorrect Response(s): * because they helped the dolphin continue with 

Prompt  

 

Prompt 1: What else does it say in the story about Why Annie was really 

happy that she had met Sue?  

 

If Correct Response(s): + because they became friends; continue reading 

If Incorrect Response(s): * because they helped the dolphin continue with 

Prompt 2 

 

Prompt 2: Annie was really happy she met Sue because she wanted to make 

new friends, right? 

 

This turned out to be a beautiful day. 
 

***RECALL*** 
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Going Camping 

 

Recently, a bear attacked a camper in the Superior National Forest. Bobby and Tim loved 

camping, and were going to Superior National Forest to camp this weekend. They were 

very nervous.  

 

1) Question: Why were Bobby and Tim very nervous? 

 

If Correct Response(s): +because of the bear; continue reading 

If Incorrect Response(s): continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why Bobby and Tim were 

very nervous? 

 

If Correct Response(s): +because of the bear; continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: Bobby and Tim were very nervous because a bear attacked a 

camper in the Forest they were camping, right? 

 

When they arrived, a forest ranger came out to meet them. The man told them about 

safety in the forest. The boys listened very carefully to the ranger.  

 

2) Question: Why did the boys listen very carefully to the ranger? 

 

If Correct Response(s): +because the ranger was telling them how to be 

safe AND there was a bear [need both or else prompt]; they were nervous; 

continue reading 

If Incorrect Response(s): continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why the boys listened very 

carefully to the ranger? 

 

If Correct Response(s): +because the ranger was telling them how to be 

safe AND there was a bear [need both or else prompt], they were nervous; 

continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: The boys listened very carefully to the ranger because the ranger 

was telling them how to be safe and they were nervous because there was a 

bear, right? 

 

They decided to protect each other if they happened to see a bear. Bobby and Tim found 

their campsite, set up their tent, and talked about wild animals. They were scared, but 

decided not to leave.  
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3) Question: Why did Bobby and Tim decide not to leave even though they were 

scared? 

If Correct Response(s): +because they loved camping; continue reading 

If Incorrect Response(s): continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why Bobby and Tim 

decided not to leave even though they were scared? 

 

If Correct Response(s): +because they loved camping; continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: Because Bobby and Tim loved camping, they decided not to leave 

even though they were scared, right? 

 

It was getting dark, so they needed to build a fire. To do that, they had to go into the 

woods to get kindling. They didn‟t want to see a bear in the woods, nor did they want any 

animals to invade their camp while they were gone. They decided that Tim would go into 

the woods so Bobby could guard the campsite. 

 

4) Question: Why did Tim go into the woods?  

 

If Correct Response(s): +to get wood for the fire; continue reading 

If Incorrect Response(s): continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why Tim went into the 

woods? 

 

If Correct Response(s): +to get wood for the fire; continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: Tim went into the woods so he could get kindling for the fire, 

right? 

 

Bobby waited nervously for him. A few minutes later, Bobby heard some rustling and 

movement. He picked up a rock. Suddenly, Tim ran out of the woods looking scared. 

Bobby threw the rock towards whatever was chasing Tim. Tim stopped running and 

began to laugh. Bobby realized that there was no bear. Tim was running from nothing! 

Tim was just nervous and scared.  

 

5) Question: Why was Tim nervous and scared?  

 

If Correct Response(s): +because he was nervous about the bear; continue 

reading 

If Incorrect Response(s): continue with Prompt 1 
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Prompt 1: What else does it say in the story about why Tim was nervous and 

scared? 

 

If Correct Response(s): +because he was nervous about the bear; continue 

reading 

If Incorret Response(s): continue with Prompt 2 

Prompt 2: Tim was nervous and scared because there is a bear in the forest 

that attacked another camper, right? 

 

They both laughed and decided to get kindling together. They didn‟t see any bears the 

entire weekend. 

 

***RECALL*** 

 

 

 



236 

 

 

 

Appendix C 

Texts Used for Offline Questioning Task (experimenter version). 

 

Sam Moves to the City 

 

Sam and his mother recently moved to a big city.  Since Sam was new to the city, 

he had not met any other children. Sam wanted to make some new friends soon. To pass 

the time, Sam watched squirrels gather nuts in the local park.   

One day, Sam and his mother went to the mall.  They met the owner of a store.  

Sam also met the owner‟s son.  His name was Ben.  Both of the boys were friendly, and 

soon Sam and Ben began to talk about animals.  Sam told Ben how he liked to watch 

squirrels in the park.  Ben told Sam that he had seen a baby squirrel sleeping on the 

ground outside the mall just that morning.  Sam said that this sounded weird, because he 

thought that squirrels usually slept in trees or other more hidden places.     

Ben and Sam decided to find out more about squirrels to figure out if the baby 

was okay.  They called the zoo and asked to speak to an animal expert.  The expert told 

them that squirrels do not usually sleep on the ground.  Sam and Ben wondered if the 

squirrel had been abandoned.  They decided to call the zoo again and ask the expert for 

help. 

The next day some zoo workers found the squirrel and brought it to the zoo 

hospital.  Sam and Ben were glad they were able to help the squirrel.  Sam thanked Ben, 

and was very happy they‟d met at the mall.  Sam‟s move was turning out great.   

 

1) Question: Why did Sam pass the time watching squirrels gather nuts?  

 

If Correct Response(s): +hadn‟t met other kids, no friends, lonely continue 

reading 

If Incorrect Response(s): *bored, just moved to the city continue with 

Prompt 1 

 

Prompt 1: What else does it say in the story about why Sam passed the time 

watching squirrels gather nuts? 

 

If Correct Response(s): +hadn‟t met other kids, no friends, lonely continue 

reading 

If Incorrect Response(s): *bored, lives on island continue with Prompt 2 

 

Prompt 2: Sam had not met any other children so she passed the time 

watching squirrels gather nuts, right? 

 

2) Question: Why did Sam and Ben begin to talk about animals?  

 

If Correct Response(s): +Sam wanted to make friend continue reading 
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If Incorrect Response(s): *Sam watches/likes squirrels; they like squirrels; 

that‟s what they have in common continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why Sam and Ben began 

to talk about animals? 

 

If Correct Response(s): +Sam wanted to make friend continue reading 

If Incorrect Response(s): *Sam watches/likes squirrels; they like squirrels; 

that‟s what they have in common continue with Prompt 2 

 

Prompt 2: Sam wanted to meet a new friend so Sam and Ben began to talk 

about animals, right? 

 

3) Question: What made Sam think that squirrels usually sleep in trees or other 

more hidden places? 

 

If Correct Response(s): +he‟s been watching squirrels AND never saw a 

baby squirrel sleeping on the ground [if only one of those is included in 

answer, prompt]; continue reading 

If Incorrect Response(s): *he knows that [from any other source than 

what‟s provided in the text continue with Prompt 1 

 

Prompt 1: What else does it say in the story about what made Ben think that 

squirrels usually sleep in trees or other more hidden places?  

 

If Correct Response(s): +he‟s been watching squirrels AND never saw a 

baby squirrel sleeping on the ground [if only one of those is included in 

answer, prompt]; continue reading 

If Incorrect Response(s): *he knows that [from any other source than 

what‟s provided in the text continue with Prompt 2 

 

Prompt 2: Sam had been watching squirrels and probably never saw a baby 

squirrel sleeping on the ground, right? 

 

4) Question: Why did they wonder if the squirrel that Ben had seen was 

abandoned? 

 

If Correct Response(s): +they learned that squirrels don‟t usually sleep on 

the ground; continue reading 

If Incorrect Response(s): *because they wanted to find out more; because 

it was alone continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why they wondered if the 

squirrel that Ben had seen was abandoned? 
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If Correct Response(s): +they learned that squirrels don‟t usually sleep on 

the ground; continue reading 

If Incorrect Response(s): *because they wanted to find out more; because 

it was alone continue with Prompt 2 

 

Prompt 2: They learned that squirrels don’t usually sleep on the ground, 

right? 

 

5) Question: Why was Sam really happy that he had met Ben? 

 

If Correct Response(s): + because they became friends; continue reading 

If Incorrect Response(s): * because they helped the squirrel continue with 

Prompt 1 

 

Prompt 1: What else does it say in the story about why Sam was really happy 

that he had met Ben?  

 

If Correct Response(s): + because they became friends; continue reading 

If Incorrect Response(s): * because they helped the squirrel continue with 

Prompt 2 

 

Prompt 2: Sam was really happy he met Ben because he wanted to make new 

friends, right? 

 

***RECALL*** 
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Offline Questioning Condition 

 

Going to the Beach 

 

A few days ago, a shark bit a swimmer near Jones Beach in New York.  Karen 

and Mary loved swimming, and were going to Jones Beach this weekend.  They were 

worried. When they got to the beach, a lifeguard walked over to them.  He told them how 

to be safe while they went swimming.  The women listened to him closely. They agreed 

to warn each other if they saw any sharks in the water. 

 Karen and Mary found a nice spot in the sand, laid out their blanket, and went into 

the water.  They were a little worried but the water was warm and they did not want to 

leave.  

 Eventually they decided to collect some seashells.  The best shells were 

underwater so they would have to dive to get them.  But it would be hard to be careful 

while swimming under the water.  They decided that while Karen dove for the shells, 

Mary would keep watch for any danger.  Mary waited, a little scared, for her friend. 

After a few minutes, Mary saw splashing in the water.  She didn‟t know what to 

do.  Suddenly, Karen dashed out of the water looking very frightened.  Mary looked at 

Karen‟s face and screamed.  Karen wiped the water from her eyes and laughed.  Mary 

realized there was no shark.  She thought Karen was the shark.  Karen had just been 

nervous which is why she splashed and looked scared. They smiled at each other and 

decided to collect shells on the beach.  They didn‟t see any sharks that day.  

 

1) Question: Why were Karen and Mary worried? 
 

If Correct Response(s): +because of the shark; continue reading 

If Incorrect Response(s): continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why Karen and Marry 

were worried? 

 

If Correct Response(s): +because of the shark; continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: Karen and Mary were worried because a shark bit a swimmer 

near Jones Beach, right? 

 

2) Question: Why did the women listen very closely to the lifeguard?  

 

If Correct Response(s): +because the lifeguard was telling them how to be 

safe AND they were worried about the shark; [need both or else prompt] 

continue reading 

If Incorrect Response(s): continue with Prompt 1 
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Prompt 1: What else does it say in the story about why the women listened 

closely to the lifeguard? 

If Correct Response(s): +because the lifeguard was telling them how to be 

safe AND they were worried about the shark; [need both or else prompt] 

continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: The women listened closely to the lifeguard because the lifeguard 

was telling them how to be safe and they were worried because there was a 

shark, right? 

 

3) Question: Why did Karen and Mary decide not to leave even though they were 

worried? 

 

If Correct Response(s): +because they loved swimming; continue reading 

If Incorrect Response(s): continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why Karen and Mary 

decided not to leave even though they were worried? 

 

If Correct Response(s): +because they loved swimming; continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: Karen and Mary decided not to leave even though they were 

worried because they loved swimming, right? 

 

4) Question: Why did Karen dive for the shells?  

 

If Correct Response(s): +because the best shells were underwater; 

continue reading 

If Incorrect Response(s): continue with Prompt 1 

 

Prompt 1: What else does it say in the story about why Karen dove for the 

shells? 

If Correct Response(s): +because the best shells were underwater; 

continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: Karen dove for the shells because the best shells were underwater, 

right? 

 

5) Question: Why was Mary nervous and scared?  

 

If Correct Response(s): +because he was nervous about the shark; 

continue reading 

If Incorrect Response(s): continue with Prompt 1 
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Prompt 1: What else does it say in the story about why Mary was nervous 

and scared? 

 

If Correct Response(s): +because he was nervous about the shark; 

continue reading 

If Incorrect Response(s): continue with Prompt 2 

 

Prompt 2: Mary was nervous and scared because a shark bit a swimmer near 

Jones Beach, right? 

 

***RECALL***
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Appendix D 

SVTs (experimenter asked questions out loud and circled participant’s answer). 

     Annie Moves to the Island 

Question        Answer 

1) Annie and Sue were shy and they talked   

about dolphins.  (P) (True)          True   

 False 

 

2) Annie and Sue called the animal rescue office   

because they wanted to find out more about  

dolphin behavior.  (KBI) (False)     True       

 False 

 

3) Annie and Sue said they wanted to learn   

more about dolphins so they asked the  

fisherman.  (TBI-L) (False)         True       

 False 

 

4) Annie was really happy she met Sue because 

she wanted to meet a friend.  (TBI-G) (True)      True  

 False 

 

5) Annie and Sue were shy and they talked 

about the island.  (P) (False)         True   

 False 

 

6) Annie and Sue said they wanted to learn more 

about dolphins so they read a book about dolphins. 

(TBI-L) (True)           True       

 False 

 

7) Annie and Sue called the animal rescue office 

 because they knew the people there would be  

able to help the lost dolphin.  (KBI) (True)    True  

 False 

   

8) Annie was really happy she met Sue because they  

both liked dolphins.  (TBI-G) (False)     True       

 False 
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Going Camping 

 

 

Question        Answer 

 

1) Bobby and Tim loved to camp.  (P) (True)    True  

 False     

2) Bobby was nervous when he was waiting for Tim 

because he wanted to go home.  (KBI) (False)   True  

 False 

 

3) They went to get kindling because it was still 

light outside.  (TBI-L) (False)      True  

 False 

 

4) Tim ran out of the woods looking scared because 

he thought there was a bear. (TBI-G) (True)       True       

 False 

 

5) Bobby and Tim loved to fish.  (P) (False)    True  

 False 

 

6) They went to get kindling because they needed 

to build a fire.  (TBI-L) (True)     True  

 False 

 

7) Bobby was nervous when he was waiting for Tim 

because he didn‟t know where his friend was. 

(KBI) (True)           True       

 False    

8) Tim ran out of the woods looking scared because  

he thought there was a fire.  (TBI-G) (False)       True       

 False 
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Sam Moves to the City 

 

 

Question        Answer 

 

1) Sam and Ben were friendly and the talked   

about animals.  (P) (True)          True   

 False 

 

2) Sam and Ben called the zoo because they   

knew the zoo had squirrels there.  (KBI) (False)   True       

 False 

 

3) Sam and Ben said they wanted to find out  

more about squirrels so they asked the store 

owner.  (TBI-L) (False)          True       

 False 

 

4) Sam was really happy he met Ben because 

he wanted to meet a friend.  (TBI-G) (True)      True  

 False 

 

5) Sam and Ben were friendly and they talked 

about the city.  (P) (False)          True   

 False 

 

6) Sam and Ben said they wanted to find out more 

about squirrels so they called the zoo expert. 

(TBI-L) (True)           True       

 False 

 

7) Sam and Ben called the zoo because they knew 

the experts there would be able to help the 

abandoned squirrel.  (KBI) (True)     True  

 False 

   

8) Sam was really happy he met Ben because they  

both liked animals. (TBI-G) (False)     True       

 False 
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Going to the Beach 

 

 

Question        Answer 

 

1) Karen and Mary loved to swim. (P) (True)    True  

 False  

 

2) Mary was scared when she was waiting for  

Karen because she didn‟t want to stay at   

the beach. (KBI) (False)          True       

 False 

 

3) Karen and Mary were swimming under the  

the water because they were looking for fish. 

(TBI-L) (False)           True       

 False 

 

4) Karen dashed out of the water looking scared 

because she thought there was a shark.  

(TBI-G) (True)       True   

 False 

 

5) Karen and Mary loved to sunbathe. (P) (False)   True   

 False 

 

6) Karen and Mary were swimming under the 

water because they were collecting seashells. 

(TBI-L) (True)           True       

 False 

 

7) Mary was scared when she was waiting for  

Karen because she didn‟t know what  

happened to her friend.  (KBI) (True)     True  

 False 

     

8) Karen dashed out of the water looking scared 

because she thought they  were going   

to leave the beach.  (TBI-G) (False)       True  

 False 
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Appendix E 

Sample of the Working Memory Task (experimenter asked questions out loud and 

recorded participant’s answers). 

 

Working Memory Sentence Span Measure 

         

 

 

 

 

 

 

 

   

 

 

 

 

 

 

Say:  

In this task, I will be reading some sentences to you.  Your job is to remember the last 

word of each sentence.  

First, I will read you a set of sentences.  Then I will ask you a question about one of 

the sentences.  Then I will say the word “Remember” and you are to tell me the last 

word of each sentence in correct order, from the first to the last. 

So it’s LISTEN, QUESTION, REMEMBER. 

Let’s do some practice ones first.  LISTEN as I say the sentences.  Then I’ll ask you a 

QUESTION and then you REMEMBER the last word in each sentence in order. 

Read for the first set? 

EXPERIMENTER: When marking the correct response, write the number (#1, 2, 3, 

etc.) for which order the participant said the word, in the space provided.  If the 

 

SN ____________      Date ____________ 

 

Grade _________ 

 

Tested by __________________________________   
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participant says the wrong word, leave the space blank.  If the responses are out of order, 

still write the number in the space for which order the word was recalled.   

Write down the word that the participant says for answering the „question‟ portion of 

each set, whether the word is correct or incorrect.  

EXPERIMENTER: DO NOT TOTAL THE SCORE WITH THE PARTICIPANT 

IS FINISHED. 

Practice Set 1  (provide feedback at the end of this set about the accuracy of the 

children‟s responses, repeat explanation about the task if needed) 

LISTEN to the sentence 

1. Many animals live on a farm. (Pause)    ________________      

farm 

2. People have used masks since early times. (Pause)  ________________      

times  

QUESTION 

What have been used since early times?    ________________      

masks 

REMEMBER 

 

Practice Set 2 (No feedback) 

LISTEN 

1. The baby’s toy rolled under the bed. (Pause)   ________________      

bed 
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2. They walked around to the back of the house. (Pause)  ________________      

house 

QUESTION 

What rolled under the bed?      ________________   

toy 

REMEMBER 

 

Practice Set 3 (No feedback) 

LISTEN 

1. The squirrel hid the acorns in the hollow tree. (Pause)  ________________      

tree 

2. It was so cold, the snow crunched under his feet. (Pause) ________________      

feet 

QUESTION 

What crunched?       ________________   

snow 

REMEMBER 

 

 

 

 

 

 


