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Abstract 

We investigated differences in knowledge-based inferencing between rural, middle grade 

monolingual English-speaking students and English learners. Students were introduced to facts 

about an imaginary planet Gan followed by a multi-episode story about Gan. Participants were 

tested on the accuracy of fact recall and inferences using this knowledge at three time points (i.e., 

immediate, one-week, and one-month follow-up). Results show that monolingual English-

speaking students significantly outperformed English learners on the inference task. Both 

subgroups made elaborative inferences more accurately than coherence. Students’ ability to 

recall knowledge base facts was the strongest predictor of their ability to accurately make 

inferences using this knowledge at each time point.  

Keywords: Inference, knowledge-base, English language learners, rural, middle school  
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Introduction 1.1 

The importance of comprehension increases in middle school when expectations to learn 

through reading grow alongside the increasingly complex language of grade-level texts. The 

demand to read with comprehension is even greater for English learners (ELs) who must develop 

proficiency in listening, speaking, reading, and writing English as a second language. ELs 

represent approximately 20% of US children (Ryan, 2013) and constitute the fastest growing 

population in US schools (Kena et al., 2015). Of concern, very few ELs read at proficient levels 

(6%) by eighth grade (National Center for Education Statistics, 2017). Population data shows 

that many ELs attend rural, agriculturally-based community school districts where they are 

subject to unavailable, inaccessible, or unacceptable support services (DeLeon et al., 2003). This 

coupled with the poor reading performance of ELs, makes understanding how to improve 

reading comprehension a priority for middle grade ELs (Lesaux, 2006; 2010).  

 Despite varying and often conflicting views on the nature and definition of reading 

comprehension, the ability to form knowledge-based inferences remains the cornerstone of 

comprehension (Ahmed et al., 2016; Kendeou, 2015). Knowledge-based inferences integrate 

important information in the text with the reader’s general knowledge of the topic. Knowledge-

based inferences are generated because texts rarely include every detail required for 

understanding, remembering, and learning. Therefore, readers regularly use their world 

knowledge to make inferences to fill in details to construct a complete situation model of the text 

(Kintsch, 1988). 

 At least two types of knowledge-based inferences are important for building a situation 

model. Coherence inferences helps the reader to understand the text by “gap filling.” Coherence 

inferences add important but unstated information so the reader can infer why an event occurred. 
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For example, on hearing “The captain announced that the airplane required immediate 

maintenance. The passengers were angry.” An inference about a possible flight delay is 

important for understanding “why” passengers were angry. Elaborative inferences help to specify 

a more detailed account of the situation so that the reader may infer what an event was like 

(Kintsch et al., 1993). For example, inferring that the sky was full of smoke, upon hearing “The 

California wildfires were causing significant visibility problems,” contributes to a richer 

understanding of the situation described in the text. Elaborative inferences are not routinely 

constructed to maintain textual or causal coherence but are formed to embellish story content and 

enrich its context.  

Skilled readers regularly make coherence and elaborative inferences (e.g., Albrecht & 

O’Brien, 1993; Bloom et al., 1990; van den Broek et al., 2005). However, these inferences can 

only be formed when the requisite general knowledge necessary to form the inference is 

available (Cain et al., 2001). General knowledge is defined as being available if it is stored in 

semantic memory and can be retrieved in some but not all listening or reading contexts. Past 

research indicates that availability of general knowledge accounts for individual and 

developmental differences in inference making (Barnes et al., 1996; Barnes et al., 2015; Cain et 

al., 2001) and that knowledge is a major contributor to inference-making and comprehension 

(Ahmed et al., 2016; Cromley et al., 2009). These studies suggest that general knowledge 

differences are a primary source of individual differences in knowledge-based inference-making 

among secondary grade readers (Ahmed et al., 2016). 

When we examine the wider literature on inference-making, very little is known about 

the role of general knowledge on inference-making among English learners (ELs). Cross-

sectional and longitudinal studies consistently document that semantic knowledge in English is a 
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significant area of difficulty for ELs (August & Shanahan, 2006; Carlo et al., 2004; Galloway & 

Lesaux, 2015; Goldenberg, 2011; Kieffer, 2010; Lesaux et al., 2010; Nakamoto et al., 2008; 

Proctor et al., 2005; Reed et al., 2016; Uccelli et al., 2015; Verhoeven, 2011) and is associated 

with their reading comprehension difficulties (Mancilla-Martinez & Lesaux, 2010). These 

studies provide clear evidence that general knowledge in English accounts for individual and 

developmental differences for a variety of lower-level and higher-level reading skills (Proctor et 

al., 2019). Further, a growing body of evidence suggests that ELs have significantly fewer first 

or second language word meanings stored in their lexicon relative to their monolingual English-

speaking peers (e.g., Hoff et al., 2012; Mancilla-Martinez & Vagh, 2013). This is not because of 

an inherently lower propensity for the acquisition of new word meanings (Bedore & Peña, 2008), 

rather it is associated the distributed nature of language exposure across first and second 

languages (Dijkstra & Van Heuven, 2002; Kroll & Stewart, 1994). Yet, no study has investigated 

the effect of general knowledge on inference-making among ELs after the new knowledge is 

trained to the same level of mastery as their monolingual English speaking peers and where 

knowledge affects both the probability that an inference will be made as well as the strength with 

which an inference is encoded (Kintsch, 1994; McKoon & Ratcliff, 1992).  

Therefore, the purpose of this study is to examine the role of general knowledge in 

coherence and elaborative knowledge-based inferencing among middle grade ELs attending 

under-resourced schools in a rural setting. We first synthesize the research on the role of 

knowledge in inferencing among monolingual English-speaking readers and then present 

findings from several international studies of inference-making conducted with emergent ELs 

from a range of cultural and linguistic backgrounds.  

The Role of General Knowledge in Inference-making 1.1.1 
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Two methods have primarily been used to examine the role of general knowledge in 

inference-making. The first method adapted reading materials to individual students consistent 

with their knowledge of the topic. The second selected groups of students differing in their 

domain knowledge for selected texts. Evidence from both lines of research converge to show that 

larger and denser networks of general knowledge enable activation and integration of this 

knowledge when forming inferences (e.g., Kendeou, 2015; Kendeou & van den Broek, 2005, 

2007; McNamara et al., 2007), leading to higher levels of reading comprehension and improved 

memory for the text’s central ideas (e.g., Barnes et al.,, 2015; Chiesi et al., 1979; Haenggi & 

Perfetti, 1992; Kendeou & van den Broek, 2007; Miller & Keenan, 2009; Rawson & Kintsch, 

2004; Recht & Leslie, 1988; Samuelstuen & Braten, 2005). Further, studies have demonstrated 

that revisions to text that increase their structural and explanatory coherence (e.g., that supply 

relevant background knowledge and explain important causal relationships) lead to improved 

reading comprehension among elementary grade students (Beck et al., 1991) and college 

students (Britton & Gulgoz, 1991). However, even when texts provide knowledge support to low 

knowledge readers, these readers may still experience comprehension challenges. These 

challenges arise because access to the broad range of semantic connections needed to integrate 

information within and between sentences with related knowledge stored in long-term memory 

are not sufficient (Barnes et al., 2015; Kintsch, 1994).  

The influence of general knowledge on inference making has also been studied using an 

experimental procedure that manipulated the reader’s knowledge base to determine if inference 

difficulties may be accounted for by a “general knowledge” gap. In these studies, a new 

knowledge base was taught to all participants and the only inferences required (i.e., coherence 

and elaborative inferences) drew on this newly learned knowledge (Barnes & Dennis, 1998; 
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Barnes et al., 1996; Cain et al., 2001). These studies compared the inference skills of younger 

versus older children and children with reading difficulties or disabilities versus typically 

developing peers. Barnes and colleagues report that younger children (Barnes et al., 1996), 

students with disabilities (Barnes & Dennis, 1998), and students with reading comprehension 

difficulties (Cain et al., 2001) required more learning trials to acquire the novel knowledge base. 

When the knowledge base was re-tested after reading the story, retention of the knowledge base 

was comparable across typically developing students in the elementary and middle grades 

(Barnes et al., 1996), but students with reading disabilities (Barnes & Dennis, 1998) and reading 

difficulties (Cain et al., 2001) recalled fewer knowledge base elements. In addition, when 

knowledge is equally available to students of different ages (Barnes et al., 1996) as well as 

skilled and less skilled comprehenders (Cain et al., 2001), developmental and individual 

differences in knowledge-based inferencing remain. Last, accuracy in forming knowledge-based 

inferences also varied by reading context (i.e., during reading versus after reading) (Barnes et al., 

1996; Cain et al., 2001). Results demonstrated that the difficulties of younger students in forming 

knowledge-based inferences during text processing (a more complex processing situation) can be 

accounted for by differences in the ability to form inferences in isolation from text. Younger 

students presented a basic limitation in knowledge-based inference making irrespective of 

knowledge and processing context (Barnes et al., 1996). These studies consistently show that 

knowledge is associated with differences in inferencing, but knowledge availability does not 

ensure that inferences will be accurately made. 

Inference-making and Second Language Learners 1.1.2 

International studies examining inferencing skill among bilingual (BL) and second 

language learners (SL) are rare (see Martinez-Lincoln et al., 2021) and generally suffer from 



KNOWLEDGE AVAILABILITY 8 

small sample sizes and measurement issues that preclude generalization to ELs attending US 

schools. Recognizing these weaknesses, results suggest that typically developing bilingual 

students with adequate first and second language skills do not differ significantly from 

monolingual students in general inference-making skill (Bonifacci et al., 2017; Bonifacci & 

Tobia, 2016; Burgoyne et al., 2013; Geva & Massey-Garrison, 2012). Among bilingual students, 

SLs, and monolingual students, higher levels of reading comprehension are associated with 

higher levels of inferencing (Bonifacci & Tobbi, 2016; D’Angelo & Chen, 2017; Geva & 

Massey-Garrison, 2012 Li, 2012; Prior et al., 2014). Although inferencing among SLs is lower 

relative to bilingual or monolingual students (Martinez-Lincoln et al., in review), inferencing 

significantly improves when SLs read culturally familiar texts (Abu-Rabia 1996; August et al., 

2006; Kembo, 2001) or elaborated texts that contain redundancy and definitions for low 

frequency words (Oh, 2001). Finally, when bilinguals read texts in their second language, 

relative to reading texts in their primary language, they have trouble recalling the text’s central 

ideas (Miller & Keenan, 2011). This “centrality deficit” likely contributes to slower and less 

accurate inferencing while reading. In summary, knowledge is essential for inferencing across a 

variety of languages (Elbro & Buch-Iverson, 2013) but knowledge availability is not sufficient 

for adequate inferencing (Barnes et al., 1996; Cain et al., 2001)  

Study Purpose 1.1.3 

This study examines whether knowledge-based inference making differences exist 

between typically developing, monolingual English-speaking students and ELs in the middle 

grades attending under-resourced rural schools. We describe elaborative and coherence 

inference-making, where a new knowledge base is taught to all students and where the only 

inferences required are those that draw on this taught knowledge base. The use of a newly 
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learned knowledge base affords the opportunity to examine knowledge-based inference-making 

among ELs in the absence of a knowledge gap that may be specific to their English language 

development. It also levels accumulated practice of the knowledge-base across ELs and 

monolingual English speakers. In addition, we examined the stability of the knowledge base as 

well as the use of the knowledge-base to form inferences over time. Because small differences in 

retention or stability of knowledge can have profound effects on lexical retrieval and 

accessibility (Murray & Forster, 2004), we were interested in understanding if inference-making 

was related to the stability of the knowledge base over time and if group differences existed. 

Also, few studies collect follow up data to determine long term intervention effects (Daniel et al., 

2020). Third, this study sought to examine the inference making skills of ELs and monolingual 

English-speaking students while comprehending a story versus afterwards. If ELs struggle to 

accurately integrate relevant information from text with the knowledge-based fact after listening 

to the story and when the question helps to cue the inference, then any inference difficulties 

identified while reading text may reflect more basic integration challenges. Finally, we were 

interested in examining knowledge-based inference making among typically developing ELs to 

understand if individual differences are negated once the requisite knowledge is accumulated at 

comparable levels of accurate recall. Findings would then suggest that differences between ELs 

and monolingual English speakers, which have been reported in past studies examining higher-

level language skills (e.g., Proctor et al., 2019), are not due to a basic limitation in inferencing 

but rather are due to differences in English language knowledge. 

Research questions include: (1) Are there differences in learning and retention of 

information from a novel knowledge base between ELs and monolingual English students 

immediately and over time? (2) How do coherence and elaborative inferences compare in ELs 
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and mono-lingual English students immediately after learning the novel knowledge base and 

over time? (3) Does inference making in the context of text comprehension differ from inference 

making directly elicited after the story concludes?  

Material and Methods 1.2 

Participants 1.2.1 

This study was conducted in a middle school located in a rural midwestern area of the 

United States. All participants were typical readers, able to read grade-level text fluently. Human 

subjects approval was granted by the Institutional Review Board/Institutional Animal Care and 

Use Committee as well as accordance with human subjects guidelines and principles.  All 

materials were in Spanish and English.  Language translation assistance was also provided by the 

school district for families who spoke a language other than Spanish or English. All participants 

required consent from parents and/or legal guardians and gave both oral and written assent 

before participating in this study. Typical and fluently were evaluated using the Gates MacGinitie 

Reading Comprehension subtest (GMRT-4; MacGinitie et al., 2000) and the Fastbridge CBM 

Reading Fluency assessments (FAST; Christ, 2015), respectively. A total of 145 students in 

Grades 5 and 6 met the inclusion criteria. Approximately 60% of participants were classified as 

ELs, 52% as Hispanic/Latino, 26% Caucasian, and 16% Asian, with the remaining students 

classified as either multi-racial or non-disclosed. See Table 1 for student demographic and 

descriptive statistics on selection measures.  

A total of 125 students in Grade 5 and 6 did not meet inclusion criteria. In Grade 5, 17 

monolingual speaking students and 57 ELs were excluded from participation in the study. In 

Grade 6, 13 monolingual speaking students and 38 ELs were excluded. Average reading 

comprehension standard scores and average fluency (i.e., WCPM) scores for the excluded Grade 
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5 sample was 90.10 and 121.06, respectively, and for the Grade 6 sample scores were 85.87 and 

127.30, respectively. No participant disclosed any physical or cognitive disabilities. 

The GMRT requires that students read passages silently and answer multiple-choice 

questions that tap literal understanding of text, vocabulary knowledge, and inference-making. To 

ensure all students had adequate reading comprehension skills, the grade 5 and 6 cut-off was a 

standard score of 85. Internal consistency reliability ranges from .91 to .93, and alternate form 

reliability is reported as .80 to .87 (MacGinitie et al., 2000).  

The FAST is an evidence-based, individually administered, one-minute reading fluency 

assessment for students in Grades 1–6. After reading a text for one minute, words correct per 

minute (WCPM) was calculated. To ensure all students had adequate reading fluency skills, the 

Grade 5 and 6 benchmarks was 133 WCPM and 142 WCPM, respectively. Internal consistency 

ranges from .88 to .93, the test-retest reliability ranges from .92 to .94, and alternate form 

reliability ranges from .78 to .95. To qualify for the study, students had to score 85 > on GMRT 

and score above the FAST CBM grade-level fluency benchmark. 

Design and Procedures 1.2.3 

  This study was part of a larger study examining knowledge-based inferences among 

rural, ELs and monolingual English speakers in the middle grades. The materials were modified 

from those used by Barnes and colleagues (1996), with all stimuli presented on computer using 

E-Prime and Chronos software (Psychology Software Tools, 2016; Schneider et al., 2012). 

Administration on the computer ensured high fidelity of testing across participants. All students 

were tested individually by a trained undergraduate laboratory assistant in a quiet space 

identified by the middle school literacy coach. All students completed the same three-phase 

procedure (See Figure 1).  
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(1) Phase 1: Students learned a new knowledge base that consisted of 14 facts about an 

imaginary planet called Gan.  

(2) Phase 2: Students listened to a seven-episode story about Gan. Following each 

episode, students were asked 1 coherence and 1 elaborative inference question.   

(3) Phase 3: Retention of the taught knowledge base was retested and performance on 

the coherence and elaborative inferences was reassessed immediately and one-week 

and one-month later.  

Phase 1: Learning the Knowledge Base 1.2.4 

 The knowledge base included 14 facts that ascribed a property related to the people, 

environment, or objects on the invented world of “Gan.” Facts were presented aurally by the 

computer through headphones. After listening to the knowledge base, acquisition was assessed 

using a forced-choice picture-recognition task and a verbal recall task. 

 Forced-choice picture-selection task. Students completed a forced-choice picture-

selection test comprised of 14 trials, one trial for each fact in the knowledge base. For each trial, 

students were presented four pictures on the computer that included one correct answer and three 

distractors (see Appendix B). For example, the test asked the student to “Point to the picture of 

some turtles on Gan.” The student’s task was to select the picture corresponding to a true 

property about Gan by pressing the correct button on a four-button keypad. In this example, the 

student would select picture “A”. A score of 14 indicates that the student correctly answered all 

questions the first time. A score of 15 indicates that the student missed 1 item and that upon 

retesting answered it correctly.  

 Verbal recall task. The verbal recall task comprised of 14 questions was designed to 

assess students’ memory of the knowledge base. Questions were aurally presented by the 
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computer through headphones, with students’ oral responses recorded by the computer and 

scored as correct or incorrect by the laboratory assistant. For example, a knowledge base item is, 

“The rivers and ponds on Gan are filled with Orange Juice.” The associated verbal recall 

question is, “What are the ponds on Gan filled with?” The correct answer is “orange juice.” A 

score of 14 indicates that the student correctly answered all questions the first time. A score of 15 

indicates that the student missed 1 item and that upon retesting answered it correctly.  

In both the forced-choice picture-selection task and verbal recall task, incorrect answers 

were corrected immediately and retested after all items had been presented. Items recalled 

incorrectly were presented by the computer until mastered. No time limit was given to answer 

each question, but students were encouraged to work quickly and accurately.  

Phase 2: Story episodes and inference questions 1.2.5 

Next students listened to a seven-episode story and 21 questions that were presented 

aurally by the computer through headphones, one episode at a time. Episodes ranged in length 

from 142–169 words and included one coherence and one elaborative inference question. 

Students’ verbal answers to the questions were recorded by the computer and scored by the 

laboratory assistant. When a question was answered incorrectly or incompletely, the laboratory 

assistant would say, “tell me more about that,” to elicit a more complete answer. See Appendix C 

for an example story episode and associated questions. Analyses were conducted using the total 

number of inferences correctly formed when the question was first asked or after the prompt for 

further information (“tell me more about that”).  

Phase 3: Retention and Use of the Knowledge Base to Form Inferences After the Story 1.2.6 

 Retention of the knowledge base. Retention of the knowledge base was re-tested 

immediately after the story episode, one-week and one-month later using the verbal recall task 
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described above, but no feedback or re-testing to criterion occurred. Follow-up assessments of 

knowledge base retention measured if the knowledge base was equally available for ELs and 

monolingual English speakers.  

Use of the knowledge base to form inferences. Coherence and elaborative inference 

making was also assessed at the previously mentioned three follow-up time points. The 

coherence and elaborative inference questions were cued in that they repeated information from 

the seven-episode story that the student needed to accurately form the inference (Appendix D).   

Analytic Approach 1.2.7 

 Data for this study were taken from a larger, randomized controlled trial designed to 

evaluate the effect of teaching the knowledgebase under different learning conditions on the 

accuracy of inferences. For this study, we fit single level models for three specific time-points to 

estimate the effects of key covariates such as knowledge base recall accuracy, EL status, and 

student response to different question types. The Benjamini-Hochberg (Benjamini & Hochberg, 

1995; 2000) correction was used to control for false discovery rate (FDR) associated with 

multiple comparisons, which include the two analyses of covariances (ANCOVAs) estimated for 

each of the three time points. We applied the correction separately to models that were and were 

not controlling for question type. The ANCOVAs control for students’ pretest GMRT scores 

which also optimizes statistical power; the covariate was grand mean centered for ease of 

interpretation. Data modeling was done using R (R Core Team, 2015).  

Figure 1. Models 1, 2, and 3 for the Know-it Inferential Measure.  

Model 1a: yimmediate = B0 + B1RCpretest + B2VerbalRecall_immediate+ B3ELL + i 

Model 1b: yimmediate = B0 + B1RCpretest + B2VerbalRecall _immediate+ B3ELL + B4Question_Type + i 

Model 2a: yone-week = B0 + B1RCpretest + B2VerbalRecall _one-week + B3ELL + i 
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Model 2b: yone-week = B0 + B1RCpretest + B2VerbalRecall_ one-week + B3ELL + B4Question_Type + i 

Model 3a: yone-month = B0 + B1RCpretest + B2VerbalRecall_one-month + B3ELL + i 

Model 3b: yone-month = B0 + B1RCpretest + B2VerbalRecall_one-month + B3ELL + B4Question_Type + i 

*Note: Pretest is grand-mean centered. 

Results 1.3 

  Table 1 provides demographic information including students’ average scores on reading 

comprehension and fluency. As shown in Table 1, there were no statistically significant 

differences on the GMRT or FAST between ELs and monolingual English speakers. This is 

important because the purpose of this study was to examine knowledge-based inferencing 

differences among ELs and monolingual English-speaking students who are typically developing 

fluent readers, where typical is defined as adequate reading comprehension and fluent is defined 

as reading fluency performance above state benchmarks. Additionally, as shown in Table 1, 

results of a chi-square goodness of fit test showed no association between gender and grade. ELs 

were predominantly from Asian or Hispanic/Latino ethnicities while monolingual English 

speakers were mostly Caucasians.  

(1) Are there differences in learning and retention of information from a novel 

knowledge base between ELs and monolingual English speakers?  

 Table 2 reports students’ performance on the ease of learning the newly taught 

knowledge base as measured by the forced choice picture recognition task and verbal recall task. 

Results show that although ELs and monolingual English speakers performed comparably on the 

forced choice picture recognition task (g = -0.15, p > .05), ELs required significantly more trials 

to achieve perfect recall of the 14 facts about the planet Gan (g = -0.42, p < .05) as measured by 

the verbal recall task. Scores on both measures suggest that, as intended, both ELs and 
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monolingual English-speaking students acquired the knowledge base with relative ease. 

However, compared to monolingual English speakers, ELs acquired the knowledge base through 

more repetitions of the content.  

When measuring students’ stability and retention of the taught knowledge base over time, 

ELs and monolingual English speakers did not significantly differ immediately or at the one-

week and one-month follow-up time points. Across the three time points, effect sizes ranged 

from g = 0.17 to g = 0.33 in favor of monolingual English speakers. Effect size differences on 

the verbal recall task indicate that monolingual English speakers retained and recalled the 

knowledge base at higher mean levels of accuracy which may be practically significant albeit not 

statistically significant.  

(2) How do coherence and elaborative inferences compare in English Learners and 

monolingual English students after learning the novel knowledge base? (3) Does inference 

making in the context of text comprehension differ from inference making elicited after the 

story concludes?  

 To examine whether differences existed between ELs’ and monolingual English 

speakers’ ability to accurately form coherence and elaborative inferences, scores were analyzed 

using regression models that controlled for student group (EL, monolingual English speaker), 

inference type (coherence, elaborative), and access to knowledge base (i.e., verbal recall) at each 

of the three time points (immediate, one-week follow-up, and one-month follow-up). Student 

group represented a between subject factor and inference type and access to knowledge base 

within subject factors. Table 3 indicates that the mean inference-making scores of ELs were 

consistently lower relative to monolingual English-speakers across each time point. This pattern 

of findings was consistent for both coherence and elaborative inference question types. 
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Specifically, the magnitude of difference in coherence inference-making between ELs and 

monolingual English speakers ranged from g = 0.31 to g = 0.55 in favor of the monolingual 

English speakers across phases two and three testing time points. The magnitude of the 

difference in elaborative inference making ranged from g = 0.35 to g = 0.41, also in favor of 

monolingual English speakers.  

Table 4 reports whether performance on inference questions varied by students’ 

performance on the verbal recall task and the type of inference question after controlling for EL 

status and their pretest reading comprehension scores. Results demonstrate that students’ 

performance on the verbal recall task at each time point was a significant predictor of their 

inference score. In Table 4, models 1a, 1b, and 1c demonstrate that when controlling for 

students’ EL status and pretest reading comprehension scores, higher scores on verbal response 

task at each time point was associated with greater accuracy on the knowledge based inference 

measure immediately (B =1.50, SE =.33, p < .01), at the one-week follow-up (B =0.90, SE =.09, 

p < .01), and at the one-month follow-up (B =0.83, SE =.06, p < .01) time points.  

Additionally, in models 2a, 2b, and 2c, as shown in Table 4, we controlled for the type of 

inference question (i.e., elaborative or coherence). When controlling for EL status, pretest 

reading comprehension, and verbal recall accuracy scores, students performed significantly 

better on elaborative inference questions compared to coherence inference questions immediately 

(B =0.45, SE =.17, p < .05) and at one-week follow-up (B =0.46, SE =.16, p < .05). There was no 

significant difference in accuracy on the two inference question types at the one-month follow-

up (B =0.20, SE =.12, p >.05).  

Furthermore, Models 1a, 1b, and 1c in Table 4 demonstrate that after controlling for 

students’ verbal recall accuracy and pretest reading comprehension scores, ELs performed 
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significantly below monolingual English-speakers immediately (B = -0.88, SE =.41, p >.05), 

one-week (B = -0.92, SE =.38, p <.05), and one-month (B = -0.66, SE =.28, p <.05) follow-up 

time points on the knowledge base inference measure. As shown in Models 2a, 2b, and 2c, 

results were similar when controlling for the type of inference question immediately (B = -0.46, 

SE =.17, p <.05), at the one-week (B = -0.51, SE =.16, p <.05), and at the one-month (B = -0.35, 

SE =.12, p <.05) follow-up time points; that is, ELs performed significantly worse compared to 

monolingual English speakers. Finally, we tested if there were significant interactions between 

EL status and inference question type at each of the three time points. There were no significant 

interactions between EL status and questions type at the immediate (B = 0.17, SE =.35, p>.05), 

one-week (B = 0.08, SE = 0.33, p>.05), and one-month (B = 0.21, SE =.25, p>.05) follow-up 

time point; to present a parsimonious model, we dropped the interaction term from the final 

models in Table 4.  

Discussion 1.4 

 Findings from this study describe the knowledge-based inference making skills of 

English learners and monolingual English speakers in the middle grades where a new knowledge 

base was taught to all students and where the only inferences required were those that drew on 

this newly learned knowledge base. The use of a newly learned knowledge base provided the 

opportunity to examine how knowledge availability is related to coherence and elaborative 

inference making among ELs, the fastest growing subgroup of students attending United States 

schools. To accurately make either type of inference, evidence from text and information from 

the taught knowledge base had to be activated, retrieved, and integrated. We summarize and 

discuss the results below.  

Learning and retention of information from a novel knowledge-base 1.4.1 
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 First, the experimental paradigm was designed to ensure that both ELs and monolingual 

English speakers learned a set of knowledge base elements from which inferences could be made 

with relative ease. To accomplish this, the 14 facts about the planet “Gan” were taught to perfect 

recall, resulting in ceiling effects for both groups. Results show that ELs and monolingual 

English-speakers learned the novel knowledge base quickly. However, compared to monolingual 

English speakers, ELs required slightly more learning trials to achieve perfect recall. More 

specifically, the effect size of .42 indicates that ELs required approximately one additional 

learning trial to perfectly recall all 14 knowledge base elements about the planet “Gan.” This 

difference in learning was statistically significant, suggesting that the learning rate differences 

between monolingual English speakers and ELs are practically meaningful. These findings also 

provide practical suggestions for educators in that equivalent outcomes for ELs and monolingual 

English students were possible when ELs were provided immediate feedback for all wrong 

answers and incorrect items were practiced until perfectly recalled.  

 Stability and retention of the newly taught knowledge base was assessed immediately 

after listening to the seven-episode story, one week and one month later. Stability of the 

knowledge base was re-assessed to determine whether inference skill was associated with 

retention of the knowledge base over time and whether group differences in the stability of the 

knowledge base existed. Across testing time points, ELs and monolingual English speakers 

recalled the knowledge base at similar levels of accuracy, suggesting that the knowledge base 

was equally available over the time students were required to draw on this knowledge to make 

inferences. Consequently, any differences in inferencing between ELs and monolingual English-

speaking students cannot be attributed to variations in the availability of knowledge about “Gan.”  

Coherence and elaborative inferencing among ELs and monolingual English speakers 1.4.2 
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 Second, the experimental design enabled us to describe elaborative and coherence 

inferencing among ELs and monolingual English-speaking students when knowledge was 

equally available to both groups of students. In addition, students’ inference-making accuracy 

was assessed in the context of story comprehension as well as immediately afterwards, one week, 

and one month later. These three delayed assessments of inference-making allowed us to 

compare inference-making among ELs and monolingual English-speaking students when 

inference-making was cued to evaluate if inferencing difficulties signify more fundamental 

reasoning and integration issues involved in generating coherence and elaborative inferences 

(Barnes et al., 1996).  

 Results show that even though ELs learned the knowledge base and retained the same 

amount of information over time, they generated significantly fewer elaborative and coherence 

inferences than monolingual English-speaking students. The effect size differences indicate that 

differences in coherence and elaborative inference-making between ELs and monolinguals were 

substantial. So, even though ELs had acquired the knowledge necessary to make these two types 

of inferences, they were not drawing on the taught knowledge base as consistently as 

monolingual English-speaking students.  

Next, comparing the accuracy by which elaborative and coherence inferences were made 

immediately after the story, we see that for every additional knowledgebase item that was 

accurately recalled, inferencing increased by 1.5 points among both groups. Similarly, at the one 

week and one month follow up time points, we see that for every additional knowledge base 

element recalled accurately, inferencing improved by 0.83-0.90 points. Results suggest that 

knowledge-based inferences are constructed to the extent that the information on which the 
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inference depends is readily available. If required information is readily available, then the 

inference is more likely to be accurately made.  

In addition, the study compared knowledge-based inferencing for two reading contexts. 

In the first context, students formed inferences during text comprehension. This context can be 

considered a relatively complex processing condition due to the amount of information that must 

be processed to understand the story. In the second condition, students were asked to form 

knowledge-based inferences immediately after the story, one week, and one month later. This 

condition is less complex because the questions cued textual information that should be 

integrated with the knowledge base to form the inference. If ELs are poorer at integrating 

information to form knowledge-based inferences even in simple processing contexts, then their 

inferencing difficulties during text comprehension may reflect basic limitations in the operation 

of integrating information or reasoning and not the operation of inferencing per se (Barnes, 

1996). Results revealed that although monolingual English-speaking students outperformed ELs 

in the formation of knowledge-based inferences, both groups of students generated a greater 

number of coherence inferences compared to elaborative inferences while listening to the story 

episode. At immediate post-test and one week follow-up, students generate significantly more 

elaborative inferences. Finally, at the one month follow-up, students generated more coherence 

than elaborative inferences even though the means were practically similar.  

Our findings are similar to that of past research with typically developing children which 

shows that coherence inferences were made during text comprehension but more elaborative 

inferences were made in the less complex processing condition (immediate and one week follow-

up) where the question cued the inference. Results align with past research showing that 

coherence inferences were made more often than elaborative inferences during ongoing 
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comprehension of text (Barnes et al., 1996). The idea that the integration or reasoning skills 

required for elaborative inferencing are simpler than those skills required for coherence 

inferencing is consistent with the notion that while elaborative inferences are made less often 

than coherence inferences during text comprehension, they can be easily made from a situation 

model of the text (Garham, 1982). Further, this study also suggests that coherence inferences are 

often made during text comprehension to support understanding at the local level since texts 

rarely provide all the details of an event required to fully describe the situation in a lifelike 

manner (Oakhill & Garnham, 1981; Barnes et al., 1996). This implies that coherence inferences 

may be obligatory such that a text cannot be fully understood without them (Gerrig, 1986). Of 

note, this study is the first to show that coherence inferences are regularly encoded by ELs 

during reading when information on which the inference depends is readily available, thus 

expanding our understanding of constructionist models of text comprehension. 

Finally, because the experimental design first taught the knowledge base to mastery then 

prompted students to form inferences using this knowledge, we can argue that knowledge 

availability is essential for the accurate generation of knowledge-based inferences. Of note, by 

the one month follow-up, after controlling for student EL status and their pretest comprehension 

score, knowledge availability accounted for 60% of the variance in knowledge-based 

inferencing. However, the availability of relevant knowledge did not facilitate knowledge-based 

inferencing among ELs at the same level of accuracy as monolingual English-speaking students. 

This suggests that for students learning English as a second language, immediately available 

information from semantic memory may be more varied than we currently believe and that 

knowledge available in short-term memory may be more complexly structured than originally 

thought (McKoon & Ratcliff, 1992). Perhaps a contributing factor could be that the richness of 
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the knowledge base or depth of concepts used in the “Gan” task is not completely equivalent 

between the two groups even though ELs were trained to accurate recall. Alternately, the 

organization of the “Gan” knowledgebase may not be equivalent thus impacting lexical retrieval 

accuracy and lexical retrieval rates among ELs. That is, weaker links between existing general 

knowledge and associated concepts in long-term memory, potentially due to less accumulated 

practice with the English language, may lead to less accurate and slower retrieval of newly 

acquired knowledge and greater inferencing errors among ELs.   

To summarize, although the importance of general knowledge in the construction of 

inferences is well established among monolingual English-speaking students, the present study 

substantiates its role among ELs. Specifically, this study shows that knowledge is a necessary but 

not sufficient condition for inferencing among monolingual English-speaking students and ELs 

in the rural, middle grades. Further, this study indicates that knowledge-based inferencing is an 

area for providing additional instructional support for ELs and that their inference difficulties are 

not wholly accounted for by the availability of general knowledge.  

Study Limitations 1.4.3 

 We recognize several limitations of the present study. First, the sample was relatively 

small which may partly explain why interaction effects were null. Future research should be 

conducted on a larger scale so there is greater power to detect effects with randomized control 

designs and to explore how effects might differ as a function of different learning conditions and 

types of inferences. Second, results of this study are based on a single sample of students from 

one rural school district who were identified using only one reading comprehension and one 

fluency measure. More studies of this nature are needed to generalize the current study’s 

findings. Third, the study was conducted among ELs who performed above school district 
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reading benchmarks. English learners with reading difficulties were not included. This 

population of ELs were the focus of this study given their growing proficiency in English but 

access to limited supplemental support within general education middle grade classrooms 

(Proctor et al., 2019), particularly classrooms in rural districts.  Further, general education 

teachers generally agree that strategies to improve comprehension, such as inferencing, would be 

useful to ELs who are still learning to use their linguistic resources to independently learn from 

content area texts (Proctor et al., 2019). However, because the majority of ELs read below 

proficient levels, an important next step is to examine inference making skills among ELs who 

read below grade level benchmarks and ELs identified with a reading disability as well as the 

effect of knowledge retrieval on inference-making (Hall et al., 2017). 

Conclusions 1.5 

 We believe that our findings have implications for future research and practice. First, 

when typically developing ELs were provided sufficient learning trials, they remembered new 

knowledge at the same level of accuracy as monolingual English-speaking students. Yet, mere 

availability of knowledge in semantic memory did not ensure that such knowledge was accessed 

and integrated to form coherence and elaborative inferences. These results remind us that 

learning facts are important for thinking, reasoning, and problem solving, but expertise depends 

significantly on a rich body of knowledge about content matter (e.g., Chase & Simon, 1973; Chi 

et al., 1981; DeGroot, 1965). In other words, “usable knowledge” for the purpose of thinking, 

reasoning, and problem solving is not the same as learning and recalling a list of disconnected 

facts about specific content. Experts’ knowledge is connected and organized around important 

concepts that is both readily available and accessible for the specific contexts for which it is 

appropriate to apply; it supports understanding and learning as well as transfer to other contexts 



KNOWLEDGE AVAILABILITY 25 

(National Research Council, 2000). For this reason, it is important to consider how to help ELs 

build knowledge structures that are smartly organized and well-connected to and overlapping 

with related concepts in long term memory. 

Second, this study extends previous research (e.g., Barnes & Dennis, 1998; Barnes et al., 

1996; Author, 2001) by showing that typically developing ELs do not make knowledge-based 

inferences at the same level of accuracy as monolingual English-speaking students. These 

findings are important and suggest that inference-making, a higher-level language skill, may 

represent a key instructional target that will enable higher levels of comprehension for ELs. 

Results also provide support for Proctor and colleagues’ claim that to improve typically 

developing ELs access to and understanding of the curriculum, instruction in the general 

education classroom may require broader emphasis on dimensions of language beyond academic 

vocabulary and reading comprehension generally. Yet, for typically developing ELs, inference-

making has largely been overlooked as an instructional target (Hall et al., 2017; Proctor et al., 

2019). 

Acknowledgements 1.6  

The authors wish to acknowledge the invaluable contributions of the middle school staff and 

students in Storm Lake Middle School, Storm Lake Community School District, and the 

assistance of Principal Jay Slight, Assistant Principal Jamie Braal, and Instructional Coach 

Megan Richardson. 



KNOWLEDGE AVAILABILITY 26 

Figure 1 
 

Study design. 
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Table 1 

Demographic Information  

Measure ELs 

(n = 87) 

Non-ELs 

(n = 58) 

χ2 

 

p-value 

Gender 

- Male 

- Female 

 

38 

49 

 

23 

35 

 

0.095 

 

.757 

Grade 

- Fifth 

- Sixth 

 

54 

33 

 

33 

25 

 

0.202 

 

.652 

Ethnicity / Race 

- Asian 

- African American 

- Caucasian 

- Hispanic / Latino 

- Other 

 

22 

3 

0 

59 

3 

 

1 

2 

37 

16 

2 

 

82.71 

 

<.01 

GMRT – Reading Std Score 

- Fifth Grade 

- Sixth Grade 

- Full Sample 

 

102.29 (7.96) 

103.66 (11.44) 

102.81 (9.39) 

 

103.38 (8.35) 

108.74 (10.02) 

105.69 (9.41) 

 

- 

- 

- 

 

.544 

.083 

.072 

CBM WCPM 

- Fifth Grade 

- Sixth Grade 

- Full Sample 

 

163.92 (25.30) 

171.53 (16.46) 

166.78 (22.58) 

 

162.93 (24.73) 

174.12 (20.04) 

168.01 (23.20) 

 

- 

- 

- 

 

.858 

.591 

.751 

Note: EL – English language learner. Non-Els – Monolingual English speakers. GMRT Reading = Gates MacGinitie Reading Comprehension Test; CBM WCPM = Fast Bridge 

CBM Reading Words Correct Per Minute 
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Table 2 

ELs and Non-ELs Ease of Learning and Retention of the Knowledge Base during Phase 1 and Phase 3 

 Ease of Learning (Phase 1)  Retention (Phase 3) 

 Picture Test Verbal Recall  Immediate 

(Verbal Recall) 

1-week delay 

(Verbal Recall) 

1-month delay 

(Verbal Recall) 

EL Status M SD M SD  M SD M SD M SD 

Non-EL 15.57 1.84 15.69 2.14  13.82 1.87 13.72 4.00 12.47 2.73 

EL 15.90 2.40 16.66 2.44  13.49 0.59 12.74 1.94 12.04 2.29 

Hedge’s g -0.15 -0.42*  0.26 0.33 0.17 

EL – English language learner; Non-Els – Monolingual English speakers  

Note—One point was given for each item recalled accurately for the first time on the picture test and verbal recall test. For inaccurate responses, errors were corrected and retested, 

and 1 point was added for additional trials needed. Perfect recall score was 14. Higher scores on ease of learning tasks indicate greater number of errors. For the immediate and 

delayed tests of recall, the maximum score was 14 too. Higher scores on retention tests indicate greater retention.  

*p<.05 
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Table 3 

Average Coherence and Elaborative Inferencing Scores for ELs and Non-ELs 

Phase Inferencing Type Max Score 

Possible 

Non-ELs  ELs Hedge’s g 

 Story Episodes     

2 Coherence 14 7.75 (2.90) 6.27 (2.47) 0.55* 

 Elaborative 14 6.15 (2.43) 5.31 (2.20) 0.36 † 

 Immediate     

3 Coherence 7 5.52 (1.43) 4.75 (1.75) 0.47* 

 Elaborative 7 5.78 (1.36) 5.28 (1.45) 0.35†  

 One-week Follow-up     

3 Coherence 7 5.63 (1.39) 4.97 (1.80) 0.37† 

 Elaborative 7 5.98 (1.23) 5.38 (1.57) 0.41† 

 One-month Follow-up     

3 Coherence 7 5.95 (1.22) 5.51 (1.55) 0.31  

 Elaborative 7 5.86 (1.38) 5.37 (1.42) 0.35†  

*Note: In Phase 2, two points were recorded for unprompted correct response, one point for prompted correct response, and no points for incorrect response. In Phase 3, one point 

was recorded for unprompted correct response and no points for incorrect response; students were not prompted during Phase 3.  

 EL – English language learner; Non-Els – Monolingual English speakers 

*p<.05 (after controlling for the false discovery rate using the Benjamini-Hochberg procedure) 

† p-value <.05 (prior to Benjamini-Hochberg correction) 
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Table 4 

Regression Models Predicting Student Response to Know-it Inference Task during Phase 3 

 Model 1a Model 2a  Model 1b Model 2b  Model 1c Model 2c 

Predictors Estimates 

(SE) 

Estimates 

(SE) 

 Estimates 

(SE) 

Estimates 

(SE) 

 Estimates 

(SE) 

Estimates 

(SE) 

Intercept -9.26†  

(4.56) 

1.18  

(1.33) 

 -0.12  

(1.30) 

0.27  

(0.52) 

 1.63†  

(0.80) 

1.14**  

(0.33) 

Verbal Recall 

Immediate 

1.50**  

(0.33) 

0.60**  

(0.19) 

      

Verbal Recall 

One-Week 

   0.90**  

(0.09) 

0.81**  

(0.07) 

   

Verbal Recall 

One-Month 

      0.83** 

(0.06) 

0.76** (0.05) 

EL–Yes -0.88†  

(0.41) 

-0.46*  

(0.17) 

 -0.92*  

(0.38) 

-0.51** 

(0.16) 

 -0.66*  

(0.28) 

-0.35*  

(0.12) 

GMRT 0.07**  

(0.02) 

0.04**  

(0.00) 

 0.03  

(0.02) 

0.02*  

(0.00) 

 0.03  

(0.01) 

0.02*  

(0.00) 

Question Type - 

Elaborative 

 0.45* 

(0.17) 

  0.46*  

(0.16) 

  0.20 

 (0.12) 

R2 .265 .170  .477 .398  .598 .498 

Note: Note: Models a = Immediate posttest; Models b = One-week follow-up; Models c = One-month follow-up. EL = English Learner. GMRT = Gates MacGinitie Reading 

Comprehension Pretest (Grand-mean centered).  

**p<.01, *p<.05 (after controlling for the false discovery rate using the Benjamini-Hochberg procedure)  

† p-value <.05 (prior to Benjamini-Hochberg correction) 
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Appendix A: Knowledge Base 

The rivers and ponds on Gan are filled with orange juice! 

The trees on Gan have pink leaves! 

The shoes from Gan have wings! 

The mushrooms on Gan are as tall as the children! 

The bears on Gan have blue fur! 

The raindrops on Gan are shaped like triangles! 

The cats on Gan have to be dressed in a coat and a hat and shoes before they can go outside! 

The mountains on Gan are made of bubbles! 

The walls and roofs of the houses on Gan are built of glass! 

The frogs on Gan glow in the dark! 

The book covers on Gan are made of popcorn! 

On Gan, all the people have bright green hair! 

The turtles on Gan wear ice skates! 

The moon on Gan is shaped like a diamond! 
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Appendix B: Force-choice picture-selection task 
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Appendix C: Example of Story Episode and Questions  

Episode 1 

 

Dack was lying on his bed under the attic roof. He looked up and saw a squirrel enjoying the 

sun and eating an acorn on the roof. “What should we do today?” he yawned. “Dack, did you 

forget? Our cousin is coming to visit,” said Tane. Dack and Tane decided to run away from 

home because their cousin always got them in trouble. Dack and Tane packed their backpacks 

and were just about to leave when their cat, Zoe, spied them and began to meow loudly. 

“Sshhh! Dack whispered. “You’ll wake mom and dad.” Tane got the cat ready to go. Then the 

children took their shoes off and tiptoed outside.  

 

Questions 

 

1. What did Dack see when he woke up? (coherence inference) 

2. What did Tane do to Zoe before leaving? (elaborative inference) 
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Appendix D:  Cued Coherence and Elaborative Inference Task 

Inference Question Inference Type 

1. How could Dack see the squirrel eating on the roof? Coherence 

2. How did Zoe look when Tane got her ready to go? Elaborative 

3. How did Dack and Tane manage to fly up and over the fence? Coherence 

4. What did Dack and Tane have to drink when they drank from the 

pond? 

Elaborative 

5. How could Dack and Tane blow pieces of the mountain at each 

other? 

Coherence 

6. What colour was the ribbon that Tane used to match her hair? Elaborative 

7. Why did Dack and Tane run to the mushroom when it started to 

rain? 

Coherence 

8. When Dack watched the rain fall, what did it look like? Elaborative 

9. Why did Dack wish he was a turtle? Coherence 

10. What colour were the bear fur coats that Dack and Tane took out 

of their backpacks? 

Elaborative 

11. Why did Dack and Tane use frogs to help them find a cave in the 

dark? 

Coherence 

12. When Dack looked up at the moon, what did it look like? Elaborative 

13. How could Dack and Tane eat the covers of their storybooks for 

a snack? 

Coherence 

14. What colour were the beds of leaves that Dack and Tane made? Elaborative 
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Appendix E: Information on Excluded Sample 

 

 

Reason for 

exclusion 
Grade 5 Grade 6 

EL (n = 57) Non-EL (n = 17) EL (n = 38) Non-El (n = 13) 

GMRT < 85 19 7 13 8 

Below WCPM 

Benchmark* 
21 9 16 4 

GMRT < 85 and 

Below WCPM 

Benchmark* 

17 1 9 1 

*
 
GMRT = Gates MacGinitie Reading Comprehension Pretest; WCPM = FastBridge Oral Reading Fluency Words Correct Per Minute.  

Note: Grade 5 CBM Benchmark <133 words correct per minute; Grade 6 CBM Benchmark < 142 words correct per minute. 

 

 




