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Abstract 

Executive functioning (EF) is an important domain general control process implicated 

in the development of successful reading. While a number of previous studies have 

investigated the role of EF in children with reading difficulties (RD), results have been mixed 

due to lack of clarity within the domain and varied assessment methods. In the present study, 

we investigated the role of EF in a large group (n = 355) of 4th, 5th and 6th grade students 

with RD. To characterize EF, we utilized the NIH Executive Abilities: Measures and 

Instruments for Neurobehavioral Evaluation and Research (NIH EXAMINER), a novel, short 

yet comprehensive, and free assessment. We investigated how the broad domain of EF is 

related to reading on three levels: word reading, reading fluency and reading comprehension, 

and for the latter, considered the impact of inference making. Results indicated relations of 

EF to reading consistent with prior work (average r = .26) with this novel measure. 

Multivariate multiple regression analyses compared the contribution of EF across all reading 

outcomes in a single model. Results revealed an overall effect of EF on reading, p < 0.001, 

and significant differences between fluency and comprehension, p < 0.001, and between 

decoding and comprehension, p = 0.014, but not between fluency and decoding, p = 0.062. 

The relation of EF to reading comprehension was fully mediated by inference making, and 

both indirect effects (short and long textual distance) were significant, although they were not 

significantly different from each other. Results may aid the development of specific reading 

interventions which consider the important and unique structure and role of EF in struggling 

readers.  
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EXECUTIVE FUNCTIONING IN STRUGGLING READERS: THE NIH EXAMINER 

Introduction 
 

Reading difficulties (RD) occur in 10-15% of school aged children (Lyon, Shaywitz, 

Shaywitz, 2003; Peterson & Pennington, 2012; Velluntino & Fletcher, 2007) and are 

associated with numerous undesirable outcomes, such as lower educational and occupational 

attainment and impaired academic self-esteem (Norton, Beach, Gabrieli, 2014). Reading 

requires the integration of multiple visual, linguistic, cognitive and attentional processes. 

After accounting for known predictors of reading, including phonological awareness (Melby-

Lervåg, Lyster, Hulme, 2012; Wagner & Torgesen, 1987), rapid naming (Norton & Wolf, 

2012), and oral language skills (Storch & Whitehurst, 2002; Whitehurst & Lonigan, 1998), 

there are several higher order cognitive processes that influence reading ability.  

Domain general skills such as processing speed (Shanahan et al., 2006; Willcutt, 

Pennington, et al., 2005; Willcutt et al., 2008), executive functioning (Butterfuss & 

Kendeou, 2017; Follmer, 2017), visual-spatial abilities (Giovagnoli, Vicari, Tomassetti, & 

Menghini, 2016), and short-term memory (Murrihy, Bailey, & Roodenburg, 2017) are some 

of the non-language skills that have been implicated in the development of successful 

reading. Of these, executive functioning (EF) is particularly important to reading. EF is a 

domain general control process important for goal-directed behaviors (Cirino et al., 2018b), 

of which reading is a prime example. EF skills allow people to perform numerous 

complicated tasks and differentially attend to particular aspects of the environment. These 

skills are necessary to resist distractions, switch between task goals, use information to make 

decisions, and inhibit dominant or prepotent responses (Jacob & Parkinson, 2015), all of 

which are required for successful reading. Debate remains, however, as to the exact nature of 
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EF, the best way to measure it, as well as its role for different types of reading in students 

with various characteristics. Therefore, the main goal of the present study is to more fully 

characterize the role EF plays in various reading outcomes (word reading, fluency, and 

comprehension) in struggling readers. Moreover, we will utilize a novel and efficient 

assessment of EF to elucidate these relationships, the NIH Executive Abilities: Measures and 

Instruments for Neurobehavioral Evaluation and Research (EXAMINER; Kramer et al., 

2014).  

Executive Functioning 

Broadly, EF is a set of cognitive skills required to facilitate goal directed behavior. 

Additionally, higher order tasks such as planning, problem solving, and managing internal 

versus external stimuli require EF (Diamond, 2006); these skills are all necessary to 

successfully complete academic tasks such as reading. Indeed, EF has been studied and 

implicated in the context of academic achievement (Gathercole & Pickering, 2000; Swanston 

& Beebe-Frankberger, 2004; Jacob & Parkinson, 2015).  

There remains debate in the literature, however, as to the exact nature of EF and there 

is tremendous variability in what is measured and even how it is measured. For example, 

there is often a distinction between direct (performance-based or laboratory) measures and 

indirect (rating-based or behavioral) measures. Direct measures of executive functioning are 

designed to tap specific components of EF such as planning, inhibition, and shifting. 

Examples of direct measures include the Wisconsin Card Sorting Task (Kongs, Thompson, 

Iverson, & Heaton, 2000), designed to be a measure of flexibility, the Tower of London 

(TOL; Shallice, 1982), which aims to measure planning, and the Stroop task (Stroop, 1935; 

Golden & Freshwater, 2002), which targets inhibition. Additionally, there are standardized 
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batteries such as the Delis-Kaplan Executive Function system (D-KEFS; Delis, Kaplan, & 

Kramer, 2001) which is designed to measure several aspects of executive functioning. 

Indirect measures rely on self- and/or other-report ratings of “everyday” executive 

functioning. For example, using questionnaires such as the Behavior Rating Inventory of 

Executive Functioning (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000). Given the 

complexity of EF, a variety of domains are typically assessed, and there is variability 

regarding which (and how many) components of EF to measure, and/or whether to refer to 

EF as a collection or a single entity (Miyake et al., 2000; Cirino et al., 2018a).  

Several theoretical frameworks exist postulating the structure of EF, which have been 

useful in guiding decisions about the measurement of EF. Numerous researchers believe EF 

to be composed of three or four related subdomains, including working memory, attentional 

control, attention shifting and response inhibition (Hughes, 1998; Jacob & Parkinson, 2015; 

Miyake et al., 2000; Senn, Espy, & Kaufmann, 2004).  

These frameworks also vary developmentally. For example, Wiebe and colleagues 

(2008) proposed a unitary model of executive functioning in children aged 3-6. They found 

that one factor best fit the data; including working memory and inhibition separately did not 

improve the model fit. Across development, more complex models emerge. For example, in 

adults (college students), Miyake and colleagues (2000) proposed a fractioned, tripartite 

model including shifting, updating (of the contents of working memory), and inhibition, 

which are clearly distinguishable yet moderately to strongly correlated at the latent level, 

with r’s ranging from .40 to .74. More recently, Miyake and Friedman (2012) proposed that a 

common EF ability contributes to all three factors, and that a factor-specific ability 

contributes to updating and shifting, but not inhibition. Cirino et al. (2018a) proposed a more 
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complex bifactor model of executive functioning. They found a common EF factor in 

addition to five distinguishable factors which include working memory as span/manipulation 

with planning, working memory as updating, generative fluency, self-regulated learning and 

metacognition (Cirino et al., 2018a). While Cirino and colleagues’ model is a more 

comprehensive framework, the Miyake model has been dominant in the research literature 

(Bull & Scerif, 2001; Fisk & Sharp, 2004; Quinette et al., 2003; Rose, Feldman & 

Jankowski, 2011). For this reason, the Miyake framework was adopted for this paper; as 

discussed later, this framework also corresponds to the structure of the NIH EXAMINER, 

which holds additional advantages. It should be noted though that both frameworks 

emphasize the overlap of EF components (some more than others, like inhibition), as well as 

their potential unique contributions.  

The present study focuses on EF at the broadest (composite) level, rather than at the 

individual task or domain level, even though we understand that reasonable arguments could 

be made in either direction. We base our decision on multiple reasons. First, the majority of 

the extant literature utilizing the NIH EXAMINER uses a composite score; the NIH 

EXAMINER composite score has been shown to be ecologically valid; for example, it is a 

significant predictor of real-world behavior as reported by informants of adults with and 

without dementia (Possin, LaMarre, Wood, Mungas, & Kramer, 2014). Second, we designed 

the current study specifically to assess EF as a whole and chose the most parsimonious set of 

four tasks to maximize efficiency and practicality. Third, a composite score is typically more 

reliable than its constituent parts, especially given that individual measures of EF vary 

widely, and relations among separate measures of EF is modest (Cirino et al., 2018a; Gerst, 

Cirino, Fletcher, & Yoshida, 2017). Relatedly, the current literature regarding the relation of 
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EF to reading uses many different measures, such that it is difficult to discern the extent to 

which the relation is reflective of the construct of EF or to particular measurement properties. 

Finally, the extant literature is not rich enough to provide enough evidence for theoretically 

driven individual hypotheses to be made regarding how the individual components of EF 

relate to reading. For these reasons, we will utilize the NIH EXAMINER composite score in 

this paper.   

NIH EXAMINER 

Given its multi-component nature, EF has been difficult to measure in a reliable and 

efficient manner. To date, neither the theoretical literature, nor its research or clinical 

applications literature, have coalesced around a systematic, replicable, and modular method 

for assessing executive functioning. Extensive batteries, such as the Delis-Kaplan Executive 

Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001), Frontal Assessment Battery 

(FAB; Dubois, Slachevsky, Litvan, & Pillon, 2000), or Cambridge Neuropsychological Test 

Automated Battery (CANTAB; Robbins et al., 1994) are lengthy, typically over 90 minutes, 

and expensive. Additionally, many common tasks of EF have weak reliability values, low 

construct validity, and are multifactorial, meaning these tasks draw upon additional non-

executive skills, such as language or visual-spatial skills (Booth, Boyle, & Kelly, 

2010; Miyake et al., 2000; Rabbitt, 1997; van der Sluis, de Jong, & van der Leij, 2004; 

Pennington and Ozonoff 1996; Sergeant et al 2003). 

The NIH EXAMINER, used in the present study, was designed to be an efficient 

assessment of EF that address many of the above issues. Developed by the National Institute 

of Neurological Disorders and Stroke (NINDS), together with the University of California-

San Francisco, it has several advantages in that it assesses multiple domains of EF in a 
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modular and flexible manner and creates a unified composite score. It is largely computer 

based, which allows for easier administration and replicability across settings, it is easily 

portable and applicable to a wide range of ages (3-90 years old) and abilities. Additionally, it 

is free and available in the public domain and includes both English and Spanish versions. 

This entire assessment can be completed in less than 30 minutes, has multiple alternate 

forms, and is validated by external measures of real-world functioning (Kramer et al., 2014).  

The NIH EXAMINER is based on Miyake’s model of EF and entails a series of tasks 

targeting the various domains of executive functioning, including working memory (Dot 

counting and N-Back), inhibition (Flanker Task, CPT, Anti-Saccades), set shifting (Set 

Shifting task), fluency (Phonemic Fluency, Category Fluency), insight (Insight), planning 

(Unstructured Task), social cognition (Social Norms Questionnaire) and behavior (Behavior 

Rating Scale). The choice of components used can be modified based on study aims and 

subtests can be administered in any combination or order.  

The NIH EXAMINER utilizes item response theory (Hambleton, Swaminathan, & 

Rogers, 1991; Mungas, Reed, & Kramer, 2003) to produce subtest and composite scores. IRT 

has important invariance properties in that the examinee scores generated by IRT process are 

invariant to the specific items used; this property is of particular relevance to the NIH 

EXAMINER. In this model, the subtests serve as the “items” and thus the IRT score 

produced from the NIH EXAMIER should be an unbiased estimate of the examinee’s ability, 

even if different variables (or subtests) are used to generate that score. Thus, researchers can 

have confidence that the NIH EXAMINER global composite score should provide a valid 

estimation of the subject’s EF abilities regardless of the subtests administered.  
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The NIH EXAMINER has been employed in a variety of contexts and populations 

including adults with Parkinson’s disease (Bott et al., 2014), behavioral variant 

frontotemporal dementia (bvFTD; Possin et al., 2013), dementia associated with Alzheimer 

disease (AD; Possin et al., 2013), and in a pediatric population characterizing EF in ADHD 

(Schreiber, Possin, Girard, & Rey-Casserly, 2014). Previous work in adults indicates that the 

executive composite score of the NIH EXAMINER is a significant predictor of real-world 

behavior and is sensitive to mild differences in these populations (Possin, LaMarre, Wood, 

Mungas, & Kramer, 2014). While the NIH EXAMINER has been utilized in a pediatric 

ADHD population (Schreiber, Possin, Girard & Rey-Casserly, 2014), the literature in 

children remains sparse and we know of no studies focused on academic skills broadly or 

reading specifically.  

Executive Functioning and Reading 

Evaluating EF as it relates to academics broadly, and reading in particular, is an 

important area of study. In a 2015 meta-analysis, Jacob and Parkinson found that there was a 

clear relationship between academic performance and EF. They found substantial evidence 

that EF is robustly correlated with academic achievement (math and reading), with a meta-

analytic r of 0.30, across ages and aspects of EF. Reviewed studies found that EF maintained 

its predictive power even in the context of robust covariates (such as SES, prior achievement, 

and maternal education), and EF was also found to be a significant predictor of future 

achievement. Jacob and Parkinson (2015) noted few studies that addressed causality, and 

those that were available did not implicate EF in this manner.  

In a 2017 meta-analysis, Follmer highlighted the relationship between EF and reading 

comprehension specifically. Follmer (2017) posits that EF plays an important role in reading 
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comprehension by assisting readers in developing and revising plans for reading texts, 

integrating incoming ideas with previous knowledge and previously read text, inhibiting 

irrelevant ideas or information, and processing various components of the text such as 

meaning, context, narratives, or character perspectives simultaneously. Additionally, EF 

supports reading comprehension by flexibly employing strategies to develop an accurate 

mental representation of the text. This meta-analysis found an average r = .36; similar 

correlations were found across age and type of EF assessment regardless of how EF was 

measured (directly or indirectly via rating scales) or if the measure was standardized or 

experimental. Additionally, similar values were found for various aspects of EF, including 

working memory, shifting, and planning. Smaller values, r = .21, were found for inhibition.  

In struggling readers, however, the exact relationship is less clear. Research has 

shown that children with RD have deficits in working memory (Horowitz-Kraus, 2012; 

Jeffries & Everatt, 2004; Reiter, Tucha & Lange, 204; Vasic, Lohr, Steinbrink, Martin & 

Wolf, 2008), as evidenced by poorer performance on digit backwards tasks (Horowitz-Kraus, 

2012; Reiter, Tucha, & Lange, 2004; Schuchardt et al., 2008), and deficits in the 

phonological loop (Gathercole, Alloway, Willis, & Adams, 2006). Children with RD also 

display more perseverative errors (Helland and Asbjornsen, 2000) and have difficulty 

inhibiting distractions from the environment and non-essential text (Brosnan, Demetre, 

Hamill, Robson, Shepard, & Cody, 2002; Altemier, Abbot, & Berninger, 2008; Reiter et al., 

2005; van der Schoot, Licht, Horsley, & Sergeant, 2004), indicating deficits in shifting and 

inhibition, respectively. Importantly, differences in EF may also impact the way struggling 

readers respond to various reading interventions, especially if those interventions place a 

high demand on working memory abilities (e.g., following multi-step strategy instruction). 
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Thus, understanding of EF within the struggling readers group can inform the needs of this 

group, and determine whether the contribution of EF differs from that of the general 

population.  

Given the role of EF in reading comprehension, it would follow that the ability to 

make and bridge inferences would be related to reading comprehension. Inference making is 

an active process of logical deduction or induction during reading. Inferences are used to 

bridge current text ideas with prior text ideas or ideas in the reader’s general fund of 

knowledge; inferences serve to integrate ideas within the text and help derive meaning (Cain 

& Oakhill, 1999; Kintsch & Kintsch, 2005; Long, Oppy, & Seely, 1997). Inferential 

processes are important to building a coherent situational model of text that supports the 

integration of information within the text (current and prior) and between general knowledge 

and text. If important connections within the text are not made, reading comprehension will 

be negatively impacted; the text will appear as a series of seemingly disjointed ideas (Barnes, 

Faulkner, Wilkinson, & Dennis, 2004; Barnes, Huber, Johnston, & Dennis, 2007; Long et al., 

1997). These inferences can be made within various lengths of text, with longer distances 

being more challenging (Johnston, 2012). Ability to make inferences accurately increases 

with age and reading skill level. Adults frequently make inferences to aid in text 

comprehension (van den Broek, 1994), and older children make more frequent and accurate 

inferences than younger, less skilled readers (Barnes, Dennis, & Haefele-Kalvaitis, 1996; 

Johnston, Barnes, & Desrochers, 2008; Pike, Barnes, & Barron, 2010).  

The processes supporting inference making are varied and complex. When making an 

inference, one must retain at least two, if not more, aspects of the text in WM, engage and 

disengage from various parts of the text, and access general fund of knowledge. Given such 
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demands, it is likely that inference making may mediate the relation of EF to reading 

comprehension. Further, it would follow that this mediation would be stronger for longer 

distances of text, which requires the retention of more material in WM. While there is 

empirical evidence that WM supports inference making (Johnston, 2012), less is known 

about other how general EF relates to inference making.  

Within the context of a general rationale for EF to be related to reading, and for this 

relation to be potentially mediated by the ability to make bridging inferences, it is useful to 

consider the theoretical and empirical literature regarding specific components of EF as they 

relate to reading. Here we focus on the components of the Miyake et al. (2000) model, and 

those elements assessed by the NIH EXAMINER. 

Shifting 

  Shifting is the ability to flexibly shift attention between mental sets, operations, or 

tasks as demands change; this is also commonly referred to as task/attention switching or 

cognitive flexibility (Altemeier, Abbott, & Berninger, 2008). Miyake et al. (2000) suggest 

that shifting is a basic underlying component of executive function, which is implicated in 

the performance of more complex executive tasks. Set shifting requires both inhibition and 

attentional switching mechanisms; it is necessary to inhibit an activated task set in order to 

shift to and activate another task set. In addition to disengaging from irrelevant stimuli to 

engage in relevant stimuli, shifting includes the ability to perform new operations in the 

context of proactive interference or negative priming (Miyake et al., 2000). An example of 

this is when a task requires a new operation, such as adding 3, when the task has previously 

been to subtract 3. A deficit in shifting may result in perseveration, repeating the same 
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response, or inability to utilize new information in the environment in a meaningful manner 

to adjust one’s mindset or actions (Miyake et al., 2000; Luria, 1966).  

There is relatively little empirical work on the relation between shifting and reading 

and what little evidence exists is mixed. While some studies have reported that children with 

reading difficulties have difficulty performing tasks that rely on shifting (Helland & 

Asbjørnsen, 2000; Horowitz-Kraus, 2012; Menghini et al., 2010), others did not find 

significant differences between typically developing children with those with developmental 

dyslexia (Bental & Tirosh, 2007; Reiter et al., 2005).  

 Meltzer (1991) proposed that deficits in shifting, or cognitive flexibility, may prevent 

struggling readers from effectively accessing metacognitive information. Poljac et al. (2010) 

proposed a specific task switching deficit in struggling readers as evidenced by deficits on a 

card sorting task where struggling readers, aged 12-18, displayed considerably higher switch 

cost when shifting between rules. As it relates to reading comprehension, Butterfuss and 

Kendeou’s (2017) review indicated that shifting may play a role in the integration of 

foundational reading processes, such as vocabulary and phonological information.  

Very few studies examine shifting as it relates to decoding or fluency independently. 

The majority of studies evaluate shifting as it relates to reading, broadly defined. Most 

evaluated connected text reading, and not decoding or fluency per se. Of the studies that 

include all aspects of reading (word decoding, fluency, comprehension), shifting is only a 

consistent predictor of reading comprehension (Arrington, Kulesz, Francis, Fletcher & 

Barnes, 2014; Jacobson et al., 2017). Shifting is thought to include intentionally altering 

attention between the various aspects of the task, holding information in working memory, 

and problem solving (Denckla, 1994; Jacobson & Mahone, 2012), and thus it reasonably 
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follows that shifting is not highly predictive of lower level tasks such as single word reading 

or fluency.  

Regarding reading comprehension, Moura and colleagues (2015) compared typically 

developing children aged 8-12 to an aged matched cohort of children with reading 

difficulties, in a Portuguese speaking population. After controlling for IQ, group differences 

remained for shifting and verbal fluency, but shifting was the only significant predictor of 

reading. Helland and Asbjornsen (2000) found that struggling readers performed 

significantly worse than the control group on a shifting task (card sorting); specifically, 

struggling readers made more perseverative and non-perseverative errors, needed more trials, 

and completed fewer categories. These findings have been supported by subsequent 

researchers as well (Marzocchi et al., 2008; Menghini et al., 2010).  

Guajardo and Cartwright (2016) compared graphophonological-semantic flexibility to 

general shifting abilities by comparing performance on a typical card sorting task (shifting) 

to a word sorting task where children classified words by different criteria regarding the 

words’ sound and/or meaning (graphophonological-semantic flexibility). Their findings 

indicated that both types of shifting abilities accounted for unique variance in reading 

comprehension. In this sense, it is thought that shifting abilities underlie comprehension by 

allowing readers to attend to multiple aspects of the text simultaneously. Deficits in both or 

either type of shifting, therefore, would impair reading comprehension, even if single word 

reading decoding abilities are relatively intact (Cartwright 2015; Guajardo & Cartwright, 

2016; Zelazo & Frye 1998). The ability to flexibly shift between semantic and phonological 

features is a significant predictor of reading comprehension across all ages, even in the 

context of strong covariates (Cartwright 2007; Cartwright et al., 2008; Guajardo and 
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Cartwright 2016). Cartwright (2008) postulates that shifting mediates the relation between 

vocabulary knowledge and reading comprehension. Essentially, an inflexible approach will 

lead to focusing on phonological features at the expense of attending to more salient semantic 

information and negatively impact reading comprehension. 

Relatedly, shifting may support inference making in that supporting the ability to 

actively monitor for text inconsistencies and shift between various aspects of the text when 

necessary. For example, if a text inconsistency is detected, one may shift attention away from 

context toward assessing the meaning of specific words. By ensuring single word reading 

accuracy, overall understanding of the text will improve as well (Barth, Barnes, Francis, 

Vaugh, & York, 2015). 

Working Memory 

 In the Miyake et al. (2000) model, updating refers to the ability to actively monitor 

and update memory contents (Miyake et al., 2000). Closely related to working memory, this 

sub-domain may involve “temporal tagging” of information to keep track out of date or 

irrelevant information (Jonides & Smith, 1997). Updating requires holding information in the 

working memory and dynamically manipulating it in some manner, not simply holding it for 

short term storage (Miyake et al., 2000; Morris & Jones, 1990). In this study, we use the term 

working memory in accordance with the NIH EXAMINER, but also because the relation of 

EF to reading has rarely utilized updating measures in particular (e.g., an n-back task), but 

rather measures of working memory that emphasize span and/or manipulation (see Cirino et 

al., 2018a for a discussion of further distinctions).  

Working memory impairment has been identified as one of the most problematic 

areas of EF for struggling readers (Booth, Boyle & Kelly, 2010) and perhaps is a defining 
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characteristic of this group (McLoughlin et al, 1994). Despite this, research has shown that 

those with reading difficulties exhibit impairments on certain updating tasks but not on others 

(Horowitz-Kraus, 2012; Reiter, Tucha, & Lange, 2004; Vasic, Lohr, Steinbrink, Martin & 

Wolf, 2008), which is perhaps a function of task selection (Booth, Boyle, & Kelly, 2010). 

Impairments are typically more severe when tasks tap the phonological loop and/or 

phonological processing (Brosnan et al., 2002; Jeffries & Everatt, 2003, 2004; Kibby, Marks, 

Morgan, & Long, 2004; Schuchardt, Maehler, & Hasselhorn, 2008).  

There is significant evidence that children with reading difficulties are impaired, 

compared to their typically developing peers on digits backward tasks (Horowitz-Kraus, 

2012; Reiter, Tucha, & Lange, 2004). However, in their study assessing German students, 

Schuchardt and colleagues (2008) failed to find a weakness in backward digit span in the 

reading impaired groups. They did find, however, weaknesses on tasks dependent upon the 

phonological loop (digit span forward and non-word repetition) and backward spans for one-

syllable words. Schuchardt and colleagues’ findings suggest that manipulation rather than 

maintenance is selectively impaired in those with reading difficulties.  

On a single word reading or decoding level, deficits in working memory may be 

exacerbated by deficits in phonological processing. When letter-sound correspondence skills 

are low, sounding out each phoneme is burdensome. As words become more complicated, by 

length and/or irregularity, it is necessary to remember not only the phoneme sounds, but how 

that phoneme is impacted by earlier sounds in the same word. In this manner, deficits in 

working memory can impair single word reading. 

In their 2018 meta-analysis, Peng et al. focused on working memory as it relates to 

reading. They found similarly sized correlations of working memory with word decoding, 



 
 

15 

vocabulary and comprehension (both reading and listening comprehension). The correlation 

between working memory, vocabulary and comprehension were stronger for younger 

readers.   

Beyond word level reading, updating and working memory play a substantial role in 

reading comprehension. Working memory has been found to be a significant predictor of 

reading comprehension across development (Demagistri et al., 2014). Logically, this is 

reasonable. As children gain greater demand of word level reading, the working memory 

load will increase substantially, requiring more words to be stored and understood within the 

context of the text to assist in comprehension. Demagistri and colleagues (2014) found that 

more proficient readers performed better on an assessment of working memory and poorer 

readers were found to have less efficient working memory processing and displayed lower 

scores in vocabulary. Other researchers have suggested that working memory may be 

particularly important in comprehension of longer texts as it helps facilitate the integration of 

incoming and previously read text content (Miller et al., 2013). Similarly, Stipek and 

Valentino (2015) suggest working memory may help facilitate the ability to maintain and 

recall the main ideas of text. Interestingly though, the contribution of working memory to 

reading comprehension is not always consistent. For example, Peng et al. (2018) found that 

the relation of working memory to comprehension was no longer significant when both 

reading decoding and vocabulary were partialed. 

The role of working memory in inference making is evident and likely supports 

reading comprehension in numerous ways. With stronger working memory abilities, one will 

be able to draw inferences over longer distances of text. By maintaining more information in 
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working memory, context and meaning are easier to recall and thus link together over various 

lengths of text (Barth, Barnes, Francis, Vaugh, & York, 2015).  

Inhibition 

  Inhibition is the ability to actively inhibit or suppress dominant responses (Miyake et 

al., 2000). Inhibition is often conceptualized as a primary executive function that precedes 

and supports the development of other executive functions (Blair, Zelazo, & Greenberg, 

2005; Hughes, 1998; Miyake et al., 2000). Inhibition delays a prepotent or automatic 

response in an effort to achieve a goal. A prime example is the Stroop task where one is 

required to override or suppress a more automatic response (i.e., name color of ink, not read 

the word). This inhibition creates a delay which allows for the development of self-regulated 

actions (Barkley, 2003). Inhibitory processes have been documented early in development 

and can be measured in those as young as three years old but is refined throughout late 

adolescence (Dempster, 1993; Harnishfeger, 1995).  

There is empirical evidence indicating that those with reading difficulties have 

deficits in inhibition, such as inhibiting distractions from the environment and non-essential 

information in the text (Altemeier, Abbott, & Berninger, 2008; Brosnan, Demetre, Hamill, 

Robson, Shepard, & Cody, 2002; Reiter et al., 2005; van der Schoot, Licht, Horsley, & 

Sergeant, 2004; Van der Sluis et al. 2004). An overarching theme is that inhibition is 

necessary to suppress irrelevant information which can impair the processing of relevant text. 

Thus, inhibition has been more clearly shown to impact reading comprehension, but results 

are mixed on if/how inhibition predicts word reading (e.g., Altemeier, Abbott, & Berninger, 

2008; Chiappe, Hasher, & Siegel, 2000). Van der Sluis, de Jong, and van der Leij (2004) 

propose that deficits in inhibition may lead to representational inflexibility, thus hampering 
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word reading. They posit that early readers who are still learning to decode rely upon EF, 

particularly inhibition, to suppress distracting information while they decode, as it is still an 

effortful process. This would also extend to struggling readers who have primary decoding 

deficits.   

Inhibition may also work with the other EFs to support reading. Hasher et al. (1999) 

posed that inhibition influences the content of working memory via various actions. First, 

inhibition may limit access of irrelevant information to working memory; limiting access in 

this manner prohibits task-irrelevant information from interfering with task-relevant 

information. Second, inhibition may delete information that is in working memory but has 

become irrelevant. Third, inhibition may restrain the dominant, or prepotent, response from 

being carried out and allow space for secondary responses (non-dominant) to be considered 

and potentially carried out (Butterfuss & Kendeou, 2017). In this manner, inhibition may 

support the active development of other EFs. 

Examining how inhibition relates to reading comprehension, Follmer (2017) found a 

correlation across fourteen studies of r = .21. There was a significant amount of variability in 

the findings, while some studies found inhibition to be a significant predictor of and correlate 

to reading comprehension, many other studies reported nonsignificant findings. Again, this is 

likely complicated by varied conceptualizations of inhibition and/or the various measurement 

tools to assess the domain. Locascio et al. (2010) examined elementary students and found 

that response inhibition accounted for variance in reading comprehension after accounting 

for word fluency, phonological processing and SES. These and other findings (Christopher et 

al., 2012; Cutting et al., 2009; Sesma et al., 2009) suggest that inhibition may contribute to 
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reading comprehension beyond the well understood processes of word reading and 

phonological awareness. 

There is evidence of a differential impact of cognitive inhibition in contrast to 

response inhibition on reading comprehension. A large study of sixth through 12th graders 

found a significant direct effect of cognitive inhibition on reading comprehension, but not of 

response inhibition (Arrington et al., 2014). The authors posit that cognitive inhibition may 

suppress contextually irrelevant information and allow the reader to form a more accurate 

mental picture of the text while reading. Breaking down inhibition into more precise 

functions, Borella and colleagues (2010) compared typical and struggling readers and found 

that poor readers had greater challenges with interference control. Interestingly, the groups 

performed similarly on blocking of automatic responses and inhibiting distracting 

information from entering working memory.  

Inhibition is also likely to support inference making. Suppressing irrelevant 

information well implies that more resources are available to attend to the relevant details of 

a story and their interconnections. A stronger understanding of the content and structure of a 

story could thus make inferences about the story more efficient and effective. 

Present Study 

 Reading is important and has many predictors. Outside of language, EF may be most 

important. There is rich theoretical and empirical support for such a relation, but this relation 

is complicated by the way EF is measured, and despite the large number of studies, few 

studies assess both EF and reading both broadly and efficiently, and contextualize well with 

covariates, particularly in large samples of struggling readers (see Table 1).  
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Table 1 

Summary of Extant Literature Investigating Executive Functioning and Reading Relations 
Publication Struggling 

Readers 
Large 

Sample 
Size 

(n>200) 

Used Grade 
school 

sample (e.g. 
3rd-5th 

graders) 

Considered 
Multiple 

Measures of EF 

Considered 
Multiple Measures 

of Reading 

Included 
ELL 

Included 
language 
covariates 

Cutting, Materek, 
Cole, Levine, 

Mahone (2008) 

P   P    

 
Christopher et al. 

(2012) 

 
P 

 
P 

 
P 

 
P 

 
P 

  

 
Bental & Rirosh 

(2007) 

 
P 

  
P 

 
P 

 
P 

  

 
Arrington, Kulesz, 
Francis, Fletcher, 

Barnes (2014) 

 
P 

 
P 

  
P 

 
P 

  

 
Locascio, Mahone, 
Eason, & Cutting 

(2010) 

 
P 

  
P 

 
P 

 
P 

 
P 

 

 
Miciak, Cirino,  
Ahmed, Reid, & 

Vaugh (2018) 

 
P 

 
P 

 
P 

 
P 

 
P 

 
P 

 

 
Swanson, Orosco, & 

Kudo (2017) 

 
P 

 
P 

  
P 

 
P 

 
P 

 

 
De Franchis, Usai, 

Viterbori, Traverso 
(2017) 

   
P 

 
P 

 

 
P 

  

 
Jacobson et al. (2017) 

  
P 

 
P 

 
P 

 
P 

  

 
Kieffer, Vukovie, & 

Berry (2013) 

   
P 

 
P 

 
P 

 
P 

 

 
Potocki, Sanchez, 
Ecalle & Magnan  

Study 1(2017) 

   
P 

 
P 

 
P 

  

 
Potocki, Sanchez, 
Ecalle & Magnan  

Study 2(2017) 

 
P 

  
P 

 
P 

   

Cirino et al. (2017) P  P P P  P 

Cirino et al. (2018b) P P P P P  P 

Current Study P P P P P P P 
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 The goal of the present study was to evaluate the relation of EF to a variety of reading 

skills using a novel measurement of EF (NIH EXAMINER), in a large sample of struggling 

readers, accounting for a variety of sociodemographic variables and language processes. To 

this end, we utilized several subtests of the NIH EXAMINER to both more fully understand 

how EF impacts reading in struggling readers and examine the utility of the tool within this 

population. This was done in the context of the extant literature regarding EF in typical and 

atypical reading development.  

Based on the evidence reviewed above, we hypothesized: 

1. Given that the average effect is r = .30, we expected the bivariate effect of EF 

assessed in this manner with the NIH EXAMINER to be on par with these known EF-reading 

relations (Jacob & Parkinson, 2015) 

2. EF, as assessed by the NIH EXAMINER, was hypothesized to uniquely predict all 

three reading outcomes (decoding, fluency, and comprehension), even considering strong 

covariates and other predictors including language, age, and gender. Additionally, we 

hypothesized that the relationship of EF with reading comprehension would be stronger than 

its relation with decoding, which in turn was expected to be stronger than the relation of EF 

with reading fluency. 

3. Ability to make inferences, as assessed by Bridging Inferences, was hypothesized 

to mediate the relationship between EF and reading comprehension, after accounting for 

word decoding abilities and other important variables (language and sociodemographic 

covariates). It was anticipated that bridging inferences over longer lengths of text would 

more strongly mediate this relation than bridging inferences over shorter distances.  
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Method 
Participants 

Schools  

There were seven participating schools from two southwestern United States school 

districts, four of which were from near urban areas. Three schools were from an urban area. 

The total enrollment for the schools ranged from 435 - 761 students (M = 654; SD = 123). In 

the overall population, 39% - 99% of the students qualified for free or reduced lunch (M = 

61%; SD = 26%).  

Student selection 

 We drew the current sample (n = 355) from a larger reading intervention study 

(Roberts et al., 2018). 2,453 third-, fourth-, and fifth-grade students were screened across the 

seven participating schools. Students who scored at or below a standard score of 90 (25th 

percentile) on the Test of Silent Reading Efficiency and Comprehension (TOSREC; Wagner, 

Torgesen, Rashotte, & Pearson, 2010) were deemed eligible; a total of 419 students across 

the seven schools met the inclusion criteria and returned the consent form, approved by the 

Institutional Review Boards at the participating universities. Of those 419 students, 26 

students were missing all demographic data and nearly all cognitive measures and were thus 

excluded. An additional 33 students were excluded as they were missing the key predictor 

variable (NIH EXMINER); of the remaining students, 5 were missing a combination of two 

or more outcome variables (reading decoding, fluency, comprehension, or inference making) 

and were therefore excluded, resulting in our final data set, n = 355. 

The intervention study randomized each student into a business-as-usual group (BaU) 

or one of two experimental intervention conditions including a text-processing intervention 

(TP) or a text-processing intervention with foundational reading skills (TP + FS). More 
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specifics on the intervention study and methods can be found in Roberts et al. (2018). For the 

current study, only pre-test data were used, and therefore the effects of the intervention are 

not confounded with the present results. 

Demographics  

Table 2 shows full demographic data. Students were in grades 3 to 5, and were 

economically, racially, and ethnically diverse.  

Table 2 

Demographic Data for Full Sample 
Variable n % 
Gender (female) 190 53.52 
Ethnicity   
   Hispanic 140 39.44 
Race   
   African American 149 41.97 
   Asian 2 0.56 
   American Indian    6 1.69 
   White 177 49.86 
   2 or more races 21 5.92 
Grade   
   3 101 28.45 
   4 133 37.46 
   5 121 34.08 
Econ. Disadvantaged 257 72.39 
Age M= 10.08 SD=0.96 

 

Procedures 

All students completed a battery of face-to-face assessments in school, either 

individually or in a group. Trained examiners administered all assessments, supervised by an 

assessment coordinator. Prior to training, all assessment administrators had experience 

working with children in a school setting. Training was completed over 3 days and totaled 18 

hours. It included general administration procedures which followed all publisher provided 

protocols, an overview of standardization procedures, a review of each assessment, modeling 
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and practicing all test administration procedures. All test administrators completed a 

reliability test in a mock setting; all administrators scored 100% reliability prior to testing in 

the schools. All aspects of this project were approved by the Institutional Review Boards 

(IRB) at the relevant institutions. 

Inclusion criteria included a score at or below a standard score of 90 (25th percentile) 

on the Test of Silent Reading Efficiency and Comprehension (TOSREC; Wagner, 

Torgesen, Rashotte, & Pearson, 2010). The TOSREC is a group administered task which 

assesses silent reading of connected text for comprehension. Students are given 3 minutes to 

read and verify the truthfulness of as many sentences as possible. Alternate-form reliability 

coefficients exceed .85 across all grades and forms. Correlations between the TOSREC with 

other reading measures, such as the WJ-III Passage Comprehension, exceed .70. TOSREC 

standard scores were used to determine eligibility only and are not used for analyses. 

Study Measures  

The Verbal Knowledge subtest of the Kaufman Brief Intelligence Test – Second 

Edition (KBIT-2; Kaufman & Kaufman, 2004) was administered as a measure of language, 

receptive vocabulary and knowledge of general information. For each item, the student is 

presented with an array of six images while the examiner states a word or asks a question. 

The student responds by pointing to the picture that shows the meaning of the word or 

answers the question. Test-retest reliability for children ages 4-12 is .88. Standard scores with 

a mean of 100 and standard deviation of 15, were used in all analyses.  

Reading measures. All students completed a variety of reading measures. The 

Letter-Word Identification subtest of the Woodcock-Johnson-III (WJ-III; Woodcock, 

McGrew, & Mather, 2001) was administered as an assessment of untimed single word 
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reading ability. Students read a series of increasingly complex real English words aloud. The 

total score represents the number of words read correctly, converted to a standard score based 

on age norms. Test-retest reliability for children ages 8-13 ranges from .89 to .96; split-half 

reliability is r = .94.  

The Sight Word Efficiency subtest of the Test of Word Reading Efficiency-2 

(TOWRE-2; Torgesen, Wagner, & Rashotte, 2012) was utilized as an assessment of timed 

single word reading. The student has 45 seconds to read sight words of increasing difficulty 

as quickly and accurately as possible; total score is based on the number of words read 

correctly; raw scores were transformed into standard scores based on age based normative 

data and standard scores were used in all analyses. Test-retest reliability is .90.  

The Gates-MacGinitie Reading Test (GMRT; MacGinitie, 2000) is a multiple-

choice assessment of reading comprehension administered in a group format. Internal 

consistency reliability coefficients range from .91 to .93, and Kuder-Richardson reliability 

statistics range from .92 to .93. Standard scores were used in all analyses. 

 The Bridging Inferences Task (Bridge-IT) is an experimental task which assesses 

the student’s ability to integrate and make inferences using information presented in text and 

measures the effect of textual distance on ability to choose the correct continuation sentence 

(see Table 3 for an abbreviated example; see Appendix for all items). Twenty (ten near and 

ten far), four-sentence narrative passages were presented to the student. Each four-sentence 

story had one key sentence that was most important for accurately identifying the next logical 

sentence. In the near condition, the key sentence was the final sentence of the story, whereas 

in the far condition, it was the first sentence of the story. Students were asked to identify the 

correct answer from three multiple choice options and were not allowed to refer back to the 
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text when choosing an answer. Separate total scores were calculated for the total number of 

correct near and far items and used in analyses. Accuracy scores were the number of items 

answered correctly. Previous studies have reported a reliability coefficient of 0.73 between 

parallel versions of the task (Davis et al., 2007; Pike, Swank, Taylor, Landry, & Barnes, 

2013). Within our sample, reliability coefficients (Cronbach’s alpha) were .94 for near items 

and .96 for far items.   

Table 3  

Example Passage from Bridging Inferences Task 
Passage: near textual distance Passage: far textual distance 
Sally went to Mark’s party in the afternoon. 
They rode bikes and then opened presents. 
Mark’s mom brought out a large birthday 
cake. 
Sally was very full because she had eaten a 
big lunch.   

Sally was very full because she had eaten a 
big lunch. 
Sally went to Mark’s party in the afternoon. 
They rode bikes and then opened presents. 
Mark’s mom brought out a large birthday 
cake. 

  
Answer Choices: 
A: Sally asked for a large piece of cake. 
B: Sally asked for a party hat. 
C: Sally asked for a small piece of cake.  

 
The Executive Abilities: Measures and Instruments for Neurobehavioral 

Evaluation and Research (EXAMINER; Kramer et al., 2014) was utilized to characterize 

executive function abilities. Based on Miyake’s model of EF, the EXAMINER is a stand-

alone and modular assessment encompassing various domains of EF. The Dot Counting task 

is a measure of verbal working memory. The student is asked to count and remember the 

number of blue circles presented in an array of green circles, blue circles and blue squares. 

After several screens are presented, the student must recall the total number of blue circles 

that were counted on each screen, in the order they were presented. One point is given per 

trial correctly recalled, with 27 points possible over all six trials. The number of screens 

increases from two to seven over six trials. Internal consistency for the 6-items is .69. The 
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anti-saccades subtest was administered as an assessment of inhibition. On this eye-

movement task, students are asked to look at a fixation point in the center of a computer 

screen and move their eyes after the presentation of a laterally presented stimulus. The task 

consists of three 20-trial blocks. On the first block (pro-saccade) the students move their eyes 

in the same direction that the stimulus moved. In the second and third blocks (anti-saccade), 

the student must move their eyes in the opposite direction as the stimulus. The total score 

was the number of accurate trials on the anti-saccade blocks only. Internal consistency 

reliability is .92.  

The set-shifting subtest evaluates one’s ability to match a stimulus presented on a 

computer screen to one of two stimuli in the lower corners of the screen, according to color 

or shape. The student answers by hitting the left or right arrow key, to indicate the correct 

response. In task-homogenous blocks, students are asked to match either to color (Task A) or 

shape (Task B). The match rule is indicated both visually on the screen and presented 

auditorily. In task-heterogenous blocks, students alternate between matching by color and 

shape pseudo-randomly. The combination of task-homogeneous and task-heterogeneous 

blocks allows for the measurement of general switch cost, the latency differences between 

heterogeneous and homogeneous blocks, and specific switch costs, the differences between 

switch and non-switch trials within the heterogeneous block. Internal consistency for the set-

shift trial accuracy is .88 and inter-rater reliability is .98.  

Finally, the verbal fluency subtest was an assessment of fluency. The verbal fluency 

score is composed of both letter and category fluency tasks. In the category fluency task, 

students are asked to name as many words as they can that belong to a particular category 

(animals and vegetables) in sixty seconds. For letter fluency, the children are asked to name 
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as many words as they can that begin with a particular letter of the alphabet as quickly as 

they can. Sixty seconds are allowed for each letter. The child is instructed that names of 

people, places, and numbers are not acceptable responses. Grammatical variants of previous 

responses (plurals, altered tenses, and comparatives) are also not accepted. For both tasks, the 

number of correct responses, repetitions and rule violations are totaled for each trial. Total 

score is determined by the number of correct responses across all tasks and trials. Internal 

consistency is .78 for category fluency, and .88 for phonemic fluency. Inter-rater reliability is 

.98 for category fluency and .81 for phonemic fluency.  

For each subtest, the raw scores were transformed using item response theory to 

provide an IRT score and a standard error using R. The NIH EXAMINER software computes 

a global measure of executive function composite score. Since only administered one subtest 

from each domain of EF (WM, inhibition, set shifting, and fluency), the IRT generated global 

composite score was used in analyses. Reliability of the global composite over a one-year 

interval is 0.80. 

Data Analysis  

Before running primary analyses, a variety of demographic and cognitive variables 

were evaluated as potential covariates. Race/ethnicity, gender, age, special education status, 

economic disadvantage (as determined by free lunch status), and general verbal knowledge (a 

proxy for language ability) were considered, and all correlated with one or more outcome 

variable. Moreover, economic disadvantage was recoded into a dichotomous categorical 

variable, based on the status of receiving any support for lunch services, students were coded 

“0” if they paid for lunch and “1” if they received free or reduced lunch, regardless if it was a 

temporary or permanent status.  



 
 

28 

Covariates generally accounted for 20-30% of the total variance in the outcome 

variables. Word decoding was significantly related to grade, age, special education status, 

and vocabulary (all p < .05), which together accounted for 30% of the variance. Reading 

fluency was significantly related to grade, age, race, and special education status (all p < .05), 

which together accounted for 23% of the variance. Reading comprehension was related only 

to gender, economic disadvantage, special education status, and vocabulary (all p < .05), 

which collectively accounted for 21% of the variance. Although special education status was 

significantly related to multiple outcomes, 59 students were missing this variable. These data 

were systematically missing from two schools and the category was broadly classified with 

little differentiation regarding the type of services required, thus special education status was 

not used as a covariate in any analyses. Given the above pattern of results, grade, age, 

vocabulary, and gender were used in the multivariate analyses. For the mediation analyses, 

the covariates particular to reading comprehension (gender, vocabulary, and economic 

disadvantage) were included, although single word reading ability was added as an additional 

covariate to this model.  

Predictors were examined for normality using Shapiro-Wilk test of normality 

(Shapiro & Wilk, 1965) and visually evaluating Q-Q plots. Multicollinearity was also 

examined; there were no variance inflation factors (VIF) that exceeded 10. Leverage is a 

measure of how far an observation of the predictor variable is from the mean of the predictor 

variable and was evaluated by plotting squared residuals against leverage. A review of 

histograms revealed two potential outliers, and analyses were conducted with and without 

them to determine their influence on results. However, these two observations did not 

substantively impact the pattern of results and thus they were included in all analyses. 
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Homogeneity of variance was evaluated using Lagrange multiplier (LM) test (Breusch & 

Pagan, 1980). Finally, linearity was examined by plotting the residuals against predicted 

values in regressions and the resulting plots were normally distributed.  

Hypothesis 1 was examined with bivariate correlations. Correlations were 

transformed into Fisher’s z-scores and then tested against the null hypothesis, r = 0.30. 

Further, correlation coefficients were directly compared via a series of contrasts using Meng, 

Rosenthal, and Rubin’s Z test (1992).  

Multivariate multiple regression analyses were used to examine Hypothesis 2. An 

advantage of multivariate multiple regression analyses is that it allows one to compare the 

contribution of predictors across outcomes within a single model. The model included EF as 

the predictor (in addition to four covariates) and reading comprehension, reading fluency, 

and word reading as outcomes, and was completed in two stages. First, the effect 

(coefficient) of EF was examined to determine if it uniquely predicted all three outcome 

variables (collectively). Second, a series of multivariate contrasts were completed to 

determine whether EF differentially predicted the outcomes. For the contrasts that were 

significantly different, standardized beta values (from univariate regression) and zero-order 

correlations were compared to determine the direction of the significant contrast. Thus, it is 

possible to discern whether EF differentially predicts each form of reading taking into 

account the correlations between the predictor variables (Breiman & Friedman, 1997). Effect 

sizes were also compared. Effect sizes were calculated using (1-Wilks’ l), an analog of h2, 

which describes the amount of variance in the combined dependent variables (Henson, 2006). 

Hypothesis 3 tests parallel mediation within a regression framework. Mediation is a 

hypothesized causal chain in which one variable (predictor) affects a second variable 
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(mediator) which in turn impacts a third variable (outcome). A variable can be termed a 

mediator to the extent that it accounts for the relation between the predictor and outcome 

variables (Baron & Kenny, 1986; Shrout & Bolger, 2002). A variable can be considered a 

mediator of X on Y if: X significantly predicts Y, X significantly predicts M, and M 

significantly predicts Y after controlling for X (Baron & Kenny, 1986).With parallel 

mediation, one can assess how the predictor influences the outcome variable both directly 

and indirectly through two or more variables. In this model, each proposed mediator is tested 

while accounting for the shared variance between them (Hayes, 2013). Specifically, we 

assessed how bridging inferences over varying text lengths may impact the relation between 

EF and reading comprehension; the near and far conditions were the two mediator variables. 

The PROCESS macro in SAS was used for this analysis (Hayes, 2013; Preacher & Hayes, 

2004). The macro includes a formal test of the significance of the indirect effect in the 

mediation model by testing the hypothesis of no difference between the total effect and the 

direct effect. 

Results 

Correlations  

 Correlations among predictor and outcome variables appear in Table 4. All were 

positive and significant (range r = 0.18 – 0.68, median r = 0.28). In terms of hypotheses, we 

expected to replicate zero-order correlations of EF with reading skills. This was supported, as 

Table 4 shows that EF and reading correlations averaged r = .26, p < .001. Specifically, 

bivariate correlations were transformed to Fisher’s z-scores and tested against the null 

hypothesis, r = 0.30. Results indicated they did not differ significantly from the estimated r = 

0.30, (fluency, p = 0.692; decoding, p = 0.357; comprehension, p = 0.090). Correlation 
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coefficients with EF were further directly compared using contrasts which revealed fluency 

and comprehension differed significantly (p = .003), but no significant differences were 

found between fluency and decoding, p = 0.056, or between decoding and comprehension, p 

= 0.260. 

Table 4  

Correlation Matrix with Means and Standard Deviations for All Variables 
Measure 1. 2. 3. 4. 5. 6. 7. 
1.NIH Examiner (R) -- 0.22 0.32 0.26 0.28 0.19 0.31 
2. GMRT Comp.  (SS)  -- 0.27 0.30 0.42 0.37 0.26 
3. TOWRE-2 SWE (SS)   -- 0.68 0.30 0.18 0.20 
4. WJ-III LWID (SS)    -- 0.31 0.19 0.30 
5. Bridge-IT Near (R     -- 0.46 0.26 
6. Bridge-IT Far (R)      -- 0.20 
7. KBIT-2 VK (SS       -- 
        
Mean -0.75 87.77 85.02 94.02 5.57 4.53 89.67 
Standard Deviation 0.45 9.40 13.02 11.88 2.16 1.88 15.57 
*Note .All correlations were p < 0.001. SS = Standard Score; R = Raw Score. NIH Examiner = NIH Executive 

Abilities: Measures and Instruments for Neurobehavioral Evaluation and Research; GMRT Comp. = Gates-MacGinitie 

Reading Test of comprehension; TOWRE-2 SWE = Test of Word Reading Efficiency-2 Sight Word Efficiency; WJ-III 

LWID = Woodcock Johnson-III Word Identification; KBIT-2 VK = Kaufman Brief Intelligence Test – Second Edition 

Verbal Knowledge; Bridge-IT Near = Bridging Inferences Task near distance; Bridge-IT Far = Bridging Inferences Task 

far distance.  

 

Multivariate Multiple Regression 

 Hypothesis 2 evaluated the collective and differential relations of EF to the reading 

outcomes, considering covariates. The multivariate effect of EF on reading was significant, 

in support of hypothesis 2. All covariates were also significant with the exception of gender. 

Multivariate results and contrasts appear in Table 5.  
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Table 5  

Multivariate Effects and Contrast Results 
 Predictor and 

Covariates 
DF F p Pillai’s 

Trace 
Effect 
Size* 

Multivariate Effects 
 Executive Functioning 3,346 9.61 <0.001* 0.08 0.08 
 Grade 6,694 12.08 <0.001* 0.19 0.19 
 Age 3,346 31.93 <0.001* 0.22 0.22 
 Vocabulary 3,346 7.96 <0.001* 0.06 0.06 
 Gender 3,346 2.26 0.051 0.02 0.02 

Multivariate Contrasts 
Comprehension vs. 
Decoding 

Executive Functioning 1,348 6.14 0.014* 0.02 0.02 

Decoding vs. Fluency Executive Functioning 1,348 3.52 0.062 0.01 0.01 
Comprehension vs. 
Fluency 

Executive Functioning 1,348 13.28 <0.001* 0.04 0.04 

*Note. Effect size was estimated using 1-Wilk’s l 
 

These multivariate contrast results of EF revealed significant differences between 

fluency and comprehension, and between decoding and comprehension. However, the 

multivariate contrast of EF between fluency and decoding was not significant, yielding no 

differential prediction for EF in this case. The direction of the significant multivariate results 

were confirmed both from the zero-order correlations (see Table 4) as well as the 

standardized beta values from univariate regressions (fluency: b = 0.28,  hp2 = 0.07; 

decoding: b = 0.21, hp2 = 0.05; comprehension: b = 0.08, hp2 = 0.01), in both cases yielding 

lower relations of EF with comprehension than either decoding or fluency. Thus, the results 

affirm the premise of Hypothesis 2, though not its direction, as stronger effects of EF were 

expected for comprehension relative to the other reading outcomes. 

Mediation Analyses 

 Hypothesis 3 investigated the degree to which bridging inferences, over either short 

or long distances, mediates the relation between EF and reading comprehension. The  

The model included several strong covariates, including word reading ability and vocabulary 

to account for variation in reading and language abilities, both variables were moderately 
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correlated to reading comprehension scores. Additional covariates included gender and 

economic disadvantage, as earlier noted.  

We had hypothesized that bridging inferences over longer lengths of text would more 

strongly mediate this relation than bridging inferences over shorter distances. First, we 

regressed reading comprehension on EF, including covariates. The overall model was 

significant F(5, 349) = 14.47, p < 0.001, R2 = 0.17. 

, and EF significantly predicted reading comprehension scores, B = 0.11, t(349) = 

2.14, p = 0.033, hp2 = 0.01. As indicated in Figure 1, the parallel mediation analysis found 

that EF is indirectly related to reading comprehension through its relation with inference 

making, including both types of bridging inferences, near (BIN) and far (BIF), as anticipated. 

The effect of EF on reading comprehension (considering covariates, but without inferencing) 

was significant, (the c path in Figure 1), p = 0.029.  

With regard to covariates, word reading ability was significantly related to reading 

comprehension, p < 0.001, as was vocabulary, p = 0.005, economic disadvantage, p = 0.002, 

and gender, p = 0.009 (as expected). EF predicted both BIN and BIF (the a1 and a2 paths of 

Figure 1, p < .05). In addition, BIN and BIF each predicted comprehension (the b1 and b2 

paths of Figure 1, both p < .001. The key result was the test of the indirect effects. A 90% 

bias-corrected confidence interval based on 5,000 bootstrap samples indicated that the 

indirect effect through BIN (a1b1 = 0.87), holding the other mediator (BIF) constant, was 

entirely above zero (90% CI = 0.41, 1.42). Similarly, the indirect effect through BIF (holding 

BIN constant) was also significant (a2b2 = 0.48; 90% CI = 0.11, 0.95). The direct effect of EF 

on comprehension (c’ path) was no longer significant after controlling for BIN and BIF, p = 

0.320, consistent with full mediation. A pairwise comparison was conducted to test the 



 
 

34 

difference between the two specific indirect effects (through BIN and BIF). The bootstrapped 

confidence interval for this comparison (a1b1-a2b2) spans zero (90% CI = -1.01, 0.19), thus 

the null hypothesis cannot be rejected, supporting the claim that there is no significant 

difference between the two specific indirect effects.  

Figure 1 

The Mediating Effect of Textual Distance in the Relationship Between EF and Reading 
Comprehension  
 

 
 
 
Note. All presented effects are unstandardized. c is the total effect of EF on reading comprehension; c’ is the 

direct effect of EF on reading comprehension. Covariates (gender, vocabulary, economic disadvantage, and 

word reading), are not shown in this figure, although they were included to discern the reported effects. 

Discussion 

The purpose of this study was to evaluate the relation of EF to various reading 

outcomes in struggling readers and examine the role of inference making as it relates to EF 

and reading comprehension. We utilized a measure that a relatively novel to the pediatric 
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literature, the NIH EXAMINER. Results indicated that EF is significantly related to reading 

generally and uniquely related to all three reading outcomes but is more strongly related, 

overall and uniquely, to fluency and decoding than comprehension. Also, the ability to make 

inferences fully mediates the relation between EF and reading comprehension. Unexpectedly, 

in our sample, there was no statistical difference between bridging inferences over short 

versus long text length. Results provide insight into the EF-reading relation in struggling 

readers, provide potential avenues for future development of reading interventions, and 

support the use of the NIH EXAMINER in a pediatric population, and for academic 

outcomes.  

The Relation of EF and Reading 

We utilized the NIH EXAMINER to expand its utility in pediatric populations 

studying students with learning disorders. Based on Jacob and Parkinson’s (2015), we 

hypothesized that the EF-reading relation using the NIH EXAMINER would average r ~ .30. 

This hypothesis was supported. Fischer’s z-score transformation tests confirmed that none of 

the three outcomes (fluency, decoding, comprehension) differed significantly from the 

anticipated value, confirming that EF and reading are moderately related, to an extent that 

closely approximates meta-analytic relations. (Table 4). Additionally, zero-order correlations 

suggest that EF is most highly correlated with reading fluency, followed by word reading, 

and finally reading comprehension. Contrasts revealed the same pattern; fluency-

comprehension differed significantly, and fluency-decoding approached significance. While 

it was anticipated that EF would be most strongly correlated to reading comprehension, it is 

relevant that the NIH EXAMINER included verbal fluency subtests in its composite, which 
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has been associated with reading speed, r =.40-.43 (Rodríguez-Aranda, 2003). Thus, shared 

variance may at least partially account for correlations observed here.  

In line with the zero order correlational analyses, multivariate analysis confirmed EF 

to be significantly related to all reading outcomes, even after accounting for all covariates, 

indicating that EF is robustly related to reading generally. Given the quantity and quality of 

the extant literature examining this relationship, it is not surprising that EF was related to 

reading in general.   

In this context, we also expected that the unique relation of EF to reading 

comprehension would be stronger than the relation of EF with decoding and reading fluency. 

In contrast to our expectations, multivariate contrasts indicated that EF was more strongly 

predictive of single word reading fluency and decoding than reading comprehension, as 

confirmed from the zero-order Fisher’s z correlation contrasts, univariate standardized beta 

values, and the multivariate effect sizes. While our hypothesis was partially supported, the 

order of relations was unanticipated. 

 We suggest four interrelated reasons for this finding. First, it is relevant to note that 

the literature is mixed in the degree to which the various kinds of reading are correlated with 

EF and interpreting results is complicated by the variety of assessment tools and 

methodologies utilized. For example, of the 14 studies identified above (Table 1) that 

investigate both EF and reading, only three studies specifically measured reading fluency 

(Cirino et al., 2017; Cirino et al., 2018b; Jacobson et al., 2017). The remaining 11 studies 

primarily focused on either word reading skills or reading comprehension. Importantly, 

studies where extreme and clear differences were found often contained extreme ability 

groups and/or small sample sizes. Our sample is also unique in that it is large (n > 200) and 
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includes struggling readers; Cirino et al, (2018b) is the only other study to include these 

important factors and their findings were similar.  

Second, the age of children studied is important as children transition from “learning 

to read” to “reading to learn” occurs around grade 4, when reading comprehension becomes 

the main focus of reading activities and more advanced reading and language skills are 

tapped. The EF system is also maturing across development (Swanson, Orosco, & Kudo, 

2017), thus groups that span these important developmental milestones add additional 

complexity to interpreting these results. Of the studies in Table 1, those that focused on later 

elementary (and included fluency measures) did find similar relations between reading 

fluency and EF (Cirino et al, 2017; Cirino et al., 2018b).  

Third, as noted above, our main measure of EF (NIH: EXAMINER) includes a verbal 

fluency subtest which shares key methodological factors with reading fluency, that is not 

shared with the other reading indices, including timed responding and rapid retrieval of 

learned information. Given that processing speed has been implicated repeatedly in reading 

disorders (Pennington et al., 2012; Shanahan et al., 2006), and verbal fluency and reading 

fluency are at least moderately correlated (Rodríguez-Aranda, 2003), it is possible that the 

fluency portion of the EF score is driving the overall relation. In our view, this explanation 

seems likely, but future studies should evaluate this finding more directly, in ways that are 

able to parse out the differential contributions of processing speed at the construct level, and 

utilize different combinations of NIH EXAMNER components (not possible in this study).  

While the correlations between EF and reading fluency and decoding were perhaps 

higher than anticipated, the relations observed here may also be explained by a weaker than 

anticipated correlation between EF and reading comprehension. In fact, the present sample 
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has a somewhat restricted distribution of reading comprehension standard scores, and this 

restriction is greater than that found in either the reading fluency or decoding variables (see 

Table 4). This truncation of scores is not entirely surprising, given that selection criteria 

required a standard score £ 90 on the Test of Silent Reading Efficiency and Comprehension 

(TOSREC), which involves both fluency and comprehension skills. Nevertheless, the limited 

range may in turn truncate correlations, given that there is less variability to explain, and 

making clear predictive patterns harder to discern. This underlines the fact that our observed 

correlation of r = .26 could be considered a robust finding given the sample was restricted in 

range for one outcome (reading comprehension).  

Moreover, a fourth possibility is that there is a theoretical “threshold” of reading 

ability that readers need to surpass before EF skills are able to be fully employed. EF skills 

are domain general and require a specific amount of content knowledge (reading skills) to 

become “active.” If struggling readers lack this content knowledge, there is little to nothing 

for EF skills to facilitate. This “threshold” type relationship has been posited elsewhere 

(Cirino et al., 2018b) with regard to reading and EF, although they used various types of EF 

to predict to various levels of reading outcomes. Given that reading comprehension in our 

sample was both low in level and limited in range, it is possible that the reading 

comprehension level of our group was too low to fully employ the EF skills that were 

targeted. 

Of course, our sample was not only low on reading comprehension, but fluency as 

well, which did relate to EF. While this complicates the interpretation, it is possible that the 

theoretical thresholds of fluency and reading comprehension work opposite directions. For 

example, typically by elementary school, fluency is fairly automatized which frees up EF to 
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attend to higher order activities such as reading comprehension. In our sample, however, this 

automatization is lacking, and thus more resources and executive faculties are used to assist 

reading fluently and accurately. In this struggling reader sample, then, fewer EF resources are 

available to assist with reading comprehension when students are hyper focused on the other 

aspects of reading. 

Finally, there is some evidence to support our surprising findings and suggest that the 

structure of reading components may vary between typical and struggling readers. 

Specifically, Cirino and colleagues (2013) examined how decoding, fluency, and 

comprehension overlapped in groups of struggling and typical readers in middle school. They 

found that the structural pattern of reading components (decoding, fluency, and 

comprehension) is not invariant between struggling and typical readers. This suggests that 

their relation to external variables, such as EF, could be different as well.   

Future work conducted on large sample sizes of average readers, in late elementary 

school is required to understand this relation more fully. One might hypothesize that EF is 

similarly predictive of decoding and reading comprehension in young and struggling readers, 

with this relation becoming more distinct across development and skill level; it is likely that 

both the demands of reading comprehension increase, as skilled readers engaged in more 

challenging texts, and decoding demands decrease, as decoding proficiency is gained. Thus, 

the present study simultaneously corroborates many individual studies that document the 

relation of EF to one or two reading outcomes (Kieffer et al., 2013; Potocki et al., 2017; 

Altemeier et al., 2008; Arrington et al, 2014; Jacobson et al., 2017), and raises interesting 

questions regarding the relative strength of such relations, and how these change with 

development. For example, a fruitful study might compare the trajectories of both typical and 
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struggling reading development throughout the school age, while simultaneously tracking the 

development of EF measured in comprehensive fashion; doing so would be helpful in 

clarifying and contextualizing the current findings.  

EF, Inference Making, and Reading Comprehension 

We examined the relation between EF, inference making, and reading comprehension 

and hypothesized that bridging inferences over longer lengths of text (bridging inferences far; 

BIF) would more strongly mediate the EF-reading comprehension relation than bridging 

inferences over shorter distances (bridging inferences near, BIN). We found that in fact both 

BIN and BIF mediate the EF-reading comprehension relation, however in contrast to 

expectation, there was no difference between the specific indirect effects. These findings 

indicate that while EF is not the largest predictor of reading comprehension, it plays a 

substantial and important role in the process. Further, the full mediation of the EF-reading 

comprehension relation is evidence that inference making is precisely what EF is 

contributing with to the reading comprehension process.  

Generally, these findings are logical in the context of the current literature. Working 

memory has been associated with reading comprehension (Christopher, Miyake, Keenan, 

Pennington, DeFries, Wadsworth, Willcutt & Olson, 2012) broadly and inference making 

specifically (Cain et al., 2004b; Pike et al., 2010). It has been posited that working memory 

specifically influences updating (Barnes et al., 2008), which involves efficiently revising the 

components of working memory as newer relevant information becomes available (Carretti, 

Cornoldi, De Beni, & Romano, 2005). The reader must retain and re-access previously read 

information, and connect relevant material with incoming information while concurrently 

inhibiting irrelevant semantic information (Cain et al., 2004; Pike et al., 2010). All of these 
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factors must occur when making inferences in text, thus EF’s relation to inference making is 

logical.  

More surprisingly, however, we found that there was no difference in mediation 

strength across textual differences; inferences made over shorter textual distances did not 

differ in mediation strength compared to inferences made over longer distances. Given the 

information stated above, it would be logical to anticipate that longer textual distances would 

employ more executive functions to facilitate reading comprehension, as one would need to 

retain more information within working memory and there would be more opportunities for 

irrelevant information to interfere with comprehension, thus requiring additional inhibition 

processes. Within our sample, however, we found the opposite pattern.  

The current sample is composed entirely of struggling readers, however, which may 

be impacting the pattern of relation found here. As previously noted, in our sample, the 

outcome variable, reading comprehension, is restricted in range and overall level. It is 

possible that a larger range of reading comprehension skills would produce a different 

pattern. Moreover, the BIF and BIN variables are raw scores with a maximum of 10 each. 

Examining performance on each variable further, accuracy was at or below 50%, for both 

(BIN: 5.57, BIF: 4.53), indicating that even BIN was a difficult task for these students. It is 

possible that these struggling reached their inference making capacity even on the shorter 

BIN task, a hypothesis which is supported by their low raw scores. If this were the case, 

adding additional text length (BIF) would not be measuring inference making ability, but 

rather, at best, informed guessing. At that point, children would have no use for EF and the 

inference making assessment would, in fact, not be measuring either EF or inference making 

ability.  
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While this proposed response pattern would explain the pattern of relations found in 

our analyses, we cannot be certain this was the case. Several factors should be studied 

further, including age and reading ability. Similar complexities emerge here as stated earlier. 

We are measuring relatively large age span during which academic and cognitive skills 

change rapidly. This variance over age and grade level may somewhat cloud the current 

findings. Additional studies may also benefit from an extended inference making assessment 

with additional items for both conditions. Extended items may provide for a larger range of 

scores and allow for the elucidation of additional patterns across age, ability, and condition. 

Limitations 

While the present study has provided insight into a number of EF-reading relations 

and EF assessment techniques, our findings should be considered in light of a few 

limitations. First, the present study is cross-sectional. While logistically difficult, longitudinal 

data on this suite of constructs would allow for a clearer demonstration of how EF and 

reading interact both across development and skill level. By assessing children at different 

time points, we could identify the timing of each skill’s emergence and assess them 

independently. Additionally, mediation models assume causality and are thus best suited for 

longitudinal data. A longitudinal study would allow for early assessment of EF, followed by 

assessment of inference making abilities at a second time point, and then, at a final time 

point, assessment of reading skills. Further, longitudinal data with both groups would allow 

one to compare developmental trajectories of reading fluency, decoding, and comprehension 

as well as EF and inference making abilities. Measuring all variable at various time points 

would allow help illustrate the development and mastery of these skills and how they interact 

across time and ability level. Importantly, however, nearly all studies examining EF and 
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reading (such as those listed in Table 1) have been conducted in a cross-sectional manner. 

While our data do not support unequivocal causal claims, the current paper, and a substantial 

portion of the extant literature, are supported by a solid theoretical and empirical foundation 

and thus, we argue, remain valid contributions to the field.  

Additionally, our sample was restricted to struggling readers. While our purpose was 

to gain insight into how EF relates to within struggling readers, the lack of a reading typical 

control group may limit the generalizability of our findings. In the absence of a comparison 

group, we are unable to ascertain if our unanticipated results are due to our sample 

characteristics or if they represent true differences within this population. This concern is 

compounded by the fact that the NIH EXAMINER utilizes raw scores, which, in the absence 

of a comparison group, does not allow us to characterize the executive abilities of our sample 

as whole. We can account for in group variance, but we are unable to definitively state if our 

sample is low, average, or high in executive abilities. However, it remains vitally important 

to understand, characterize, and examine the relation of these skills within the struggling 

reader population as EF may in fact function in a unique manner within this group. Further, 

these students are the specific targets of reading interventions and thus it may not be as 

important to compare across groups as it is to truly understand the potentially unique patterns 

of strengths and weaknesses within the group. This specialized understanding is what is 

needed to develop efficacious interventions that utilize the strengths of the population. 

Conclusion 

The present study adds to current literature in several ways. We extend previous work 

by investigating the EF-reading relationship in a large sample of struggling readers and 

looking at multiple aspects of reading within the special population of struggling readers. 
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Results indicate that the EF-reading correlation is fairly consisted across all reading abilities. 

Additionally, EF is uniquely related to various aspects of reading, including reading fluency, 

word identification (decoding), and comprehension, even in a group comprised solely of 

struggling readers. These findings highlight the robust nature of the EF-reading relationship 

that even within this restricted population, each level of reading is uniquely related to EF 

abilities.  

 We also directly evaluated the relative contributions of EF to different aspects of 

reading, which offers insight into the issues therein. Within the struggling reader population, 

EF was more strongly related to reading fluency and decoding than to reading 

comprehension. These results are important and have consequences within the academic and 

intervention realms. Depending on the results of follow-up studies, important considerations 

should be made when designing or choosing specific reading interventions. It is reasonable, 

based on the current findings that struggling readers may have a unique pattern of EF-reading 

skills and thus it may be beneficial to employ reading interventions with low EF 

requirements or perhaps offering an EF related intervention concurrent with reading 

instruction.  

This provides foundational data upon which future work can be conducted. We 

establish an important potential mechanism for the relation of the EF to reading 

comprehension by demonstrating the mediational effect of inference making within this 

population.  

 Finally, we utilized the NIH EXAMINER to characterize EF within this school-aged 

sample. While this modular, adaptable, and free tool has been used in prior work with adults, 
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its utility in a pediatric and educational setting has been limited. Our findings are consistent 

with prior literature and provide support for the efficacy of the tool within this population.  

 While the novelty of the study, including the population of struggling readers, use of 

the NIH EXAMINER, and our choice of mediators (near and far textual distances) offer 

several benefits, it may limit the generalizability to other cases. Future studies may continue 

this work by holding two of these variable constant while altering the third to more fully 

understand how these variables relate to each other within and across populations. Results 

from these future studies would help contextualize our findings. 
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Appendix 

Bridging Inferences Test 
Directions 

 
1. Read the story to yourself. 

2. Turn the page. 
3. Do not turn the page back to the story. 

4. Read choices a, b, and c, and circle the one that is the best sentence to come next in the 
story. 

5. Repeat for other stories. 
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A – 1 Story 
Tim went to Mike’s birthday party in the afternoon. 

They played some video games and then opened presents. 
Mike’s mom brought out a delicious birthday cake. 

Tim was very full because his mother had made him a very big lunch. 
 

A – 1 Questions 
a) Tim asked for a big piece of cake. 

b) Tim asked for a balloon animal.  
c) Tim asked for a small piece of cake. 

 
A – 2 

Jenny broke her leg from falling down the stairs last week. 
Jenny is at school and it is time for gym class. 

Today in gym, her class is having the big skipping rope competition. 
Jenny loves skipping and last year she won the skipping competition. 

 
A – 2 Questions 

a) Today Jenny helped judge the skipping competition. 
b) Today Jenny won the skipping competition again. 

c) Today Jenny left class and ran away from school. 
 

A – 3 
Mary was born in England but moved to Canada when she was 12. 

In England, Cathy was Mary’s very best friend. 
The girls are the same age and lived next door to each other. 

Mary and Cathy did everything together. 
 

 
A – 3 Questions 

a) Today, Mary really hates the name Cathy. 
b) Today, Mary and Cathy went to the movies. 

c) Today, Mary wrote Cathy a long letter 
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A – 4 
Ben forgot to bring his lunch to school today. 

He came home from school very hungry. 
Ben’s mother gave him a crunchy apple to eat for a snack. 

Ben’s teeth are really sore from all work he had done at the dentist. 
 

A – 4 Questions 
a) Ben used the apple to play catch. 

b) Ben carefully took one small bite at a time. 
c) Ben quickly took several big bites. 

 
A – 5 

Greg was excited about starting Grade 3, so he had woken up earlier than usual. 
He had packed his school bag carefully to make sure he didn’t forget anything. 

After finishing his breakfast, Greg went to catch his bus. 
Greg was so late getting to the bus stop he was afraid he would miss his bus. 

 
A – 5 Questions 

a) Greg was the first one to arrive at the bus stop. 
b) Greg borrowed his mom’s car and drove to school. 

c) Greg was the last one to arrive at the bus stop. 
 

A – 6 
Megan woke up to the sound of heavy rain on her window. 

Megan’s mom had promised to take her to the amusement park today. 
Megan had been looking forward to going all week long. 

Megan loves playing games and riding rollercoasters. 
 

A – 6 Questions 
a) Megan stayed home and played games with her friends 

b) Megan got a sunburn from riding on the rollercoaster so many times. 
c) Megan decided not to go because she hates amusement parks. 
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A – 7 
Sarah spent all her money on her dad’s birthday present yesterday. 

Sarah is excited to go to the spring dance at her school this weekend. 
All of Sarah’s friends are wearing brand new outfits. 

Sarah wants to buy the pretty pink dress she saw at the store. 
 

A – 7 Questions 
a) Sarah went to the store after school and bought the new dress. 

b) Sarah asked her sister if she could borrow a dress to wear. 
c) Sarah decided to wear her pj’s with a nice pair of shoes. 

 
A – 8 

Shane is always very loud and silly in class. 
Shane yells and runs around a lot when his class is reading. 

Many students find Shane really annoying. 
Ted and Shane are very best friends. 

 
A – 8 Questions 

a) Ted doesn’t like playing with Shane because he is too loud. 
b) Ted never hangs out with Shane because they don’t get along. 

c) Ted likes hanging out with Shane because they have lots of fun. 
 

A – 9 
Sally is afraid of dogs. 

Sally loves most animals and she has wanted a pet for a long time. 
She went to the pet store with her mom to look for a new pet. 

She looked around and saw many animals she wanted to take home. 
 

A – 9 Questions 
a) Sally decided to buy a brand new kitten.  

b) Sally decided to buy a teddy bear. 
c) Sally decided to buy a cute little puppy. 
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A – 10 
Ashley was late for school so she was running around the house. 

She ran into the kitchen, quickly ate a banana for breakfast, and cleaned up. 
Ashley saw the bus coming through the window and ran out the kitchen door. 

Ashley’s mother had just mopped the kitchen floor. 
 

A – 10 Questions 
a) Ashley slipped and fell on her bed. 

b) Ashley slipped and fell on a banana peel. 
c) Ashley slipped and fell on the wet floor. 

 
A – 11 

There was a fire in Christine’s house last week and she lost all of her belongings. 
One of Christine’s favorite hobbies is to make scrapbooks. 

Christine loves keeping all her photos and poems in a collection. 
Today is show-and-tell and students are bringing in examples of their hobbies. 

 
A – 11 Questions 

a) Christine told the class that she does not have any hobbies. 
b) Christine told the class about her scrapbooking hobby. 

c) Christine brought in her scrapbooks to show the class. 
  

A – 12 
Patty and her friends would sing to pass the time on the long bus ride to school. 

All of Patty’s friends know the songs from the Lion King. 
Patty sang “I Just Can’t Wait To Be King” the loudest because it was her favorite. 

Patty had never seen the movie the Lion King. 
 

A – 12 Questions 
a) Patty knew all the words from hearing her friends sing the song many times. 

b) Patty knew all the words because she had written the song for the movie.  
c) Patty knew all the words from watching the movie many times. 
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A – 13 
Sammy is 8 years old and is allergic to peanuts. 

Sammy went to a party with his parents because they couldn’t find a babysitter. 
It was getting close to dinnertime and Sammy was very hungry. 

There was meat pie for the adults and peanut butter sandwiches for the kids. 
 

A – 13 Questions 
a) Sammy ate three peanut butter sandwiches. 

b) Sammy ate lots of pizza and popcorn. 
c) Sammy ate two pieces of the meat pie. 

 
A – 14 

There was a huge thunderstorm so the power was out at Charlie’s house. 
The rule in Charlie’s house is no TV until homework is complete. 

Charlie finished all of his homework for the night. 
Without any more schoolwork to do, Charlie was bored. 

 
A – 14 Questions 

a) Charlie watched his favorite TV show. 
b) Charlie read a book using a flashlight. 

c) Charlie did his homework for 2 more hours. 
 

A – 15 
Pete loves to garden and was excited to plant his flowers. 

Pete had been waiting all winter for warm weather. 

Pete was happy it was finally Spring. 
It was the first week of April but the ground was still covered in snow. 
 

A – 15 Questions 
a) Pete spent the day inside his house planning his garden. 

b) Pete spent the day digging up weeds and planting flowers. 
c) Pete spent the day outside playing at the water park. 
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A – 16 
Liz went to a sleep-over with her best friends. 

Liz and her friends watched a movie and ate junk food. 
At sleepovers, the girls always braid each other’s hair. 

Liz had just gotten her long blond hair cut short to her head. 
 

A – 16 Questions 
a) The girls braided two long braids in Liz’s hair. 

b) The girls spiked Liz’s hair with lots of hair spray. 
c) The girls cut all of Liz’s hair right off. 

 
A – 17 

Sailing was Bill’s favorite past time in the summer. 
He had taken the day off of work to go sailing.  

Bill was hoping for a windy day so he could sail his brand new sailboat. 
It was a calm, beautiful sunny day. 

 
A – 17 Questions 

a) Bill sold his boat so he could do other summer activities. 
b) Bill sailed his boat at a fast pace across the lake. 

c) Bill spent the day sitting on his boat in the harbor. 
 

A – 18 
Emily had never ridden a bike before and was scared to learn. 

It was the day of the big bike race at Emily’s school. 
A lot of the students were very fast bike riders. 

Emily always wants to win and be the best. 
 

 
 

 



 
 

69 

A – 18 Questions 
a) Emily jumped her bike across a wooden bridge. 

b) Emily was slower than most but she finished the race. 
c) Emily was so fast she won the gold ribbon. 

 
A – 19 

The final math exam is tomorrow and Betty hasn’t studied for it yet. 
Betty is invited to a big pool party tonight and all her friends will be there. 

The weather is perfect for a pool party. 
Getting good marks in school is really important to Betty. 

 
A – 19 Questions 

a) Betty studied all evening without taking a break. 
b) Betty had lots of fun swimming at the party. 

c) Betty watched her favorite TV shows all evening. 
 

A – 20 
Matthew is saving all his money for a new video game. 

Matthew’s parents give him and his brothers allowance every Friday. 
Matthew finished his weekly chores so he got his allowance this week. 

He went to the corner store with his brothers who spent all their money on candy. 
 

A – 20 Questions 
a) Matthew bought one candy. 

b) Matthew bought a big screen TV. 
c) Matthew bought lots of candy too. 

 
 

 


