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Abstract

:

Critical thinking has been identified as an essential skill for the 21st century, yet little research has investigated its role in reading comprehension. Executive functions (EF) and critical thinking overlap, where the latter often rely on the proficient operation of EF and vice versa. Extending the simple view of reading, the active view of reading considers the contribution of language comprehension and decoding to reading comprehension by including the role of EF. In the present study, we assess 360 seventh-grade English language learners attending schools in three states in India. We gathered measures of reading comprehension, critical thinking and listening comprehension, reading fluency, academic vocabulary, and encoding. Using multiple regression to fit a linear model, the best-fit model explained 59.3% of the total variance in reading comprehension. Two indicators of critical thinking, induction and deduction, were significant predictors of reading comprehension, along with listening comprehension, encoding, and academic vocabulary. Also of interest was the result showing reading fluency to be a non-significant predictor of reading comprehension. Results of this study add empirical support for the role of critical thinking in reading comprehension.
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1. Introduction


The role of critical thinking, along with reading attainment, is being touted as essential competencies for the 21st century. For example, in its Learning Framework for 2030, the Organization for Economic Cooperation and Development [1] identifies critical thinking as an essential skill necessary to navigate the complexities of today’s world. The ultimate outcome of reading attainment is comprehension, which has been found to share a bi-directional relationship with the growth of cognitive abilities and academic achievement [2,3], indicating that advancements in reading comprehension align with heightened critical thinking abilities and vice versa. Principles and insights from educational and cognitive science literature would, therefore, suggest that critical thinking and reading comprehension are reciprocal cognitive processes. Thus, critical thinking should be a robust predictor of reading comprehension. In this study, we address the role of critical thinking as a predictor of reading comprehension in 360 seventh-grade students from across three states in India.



Within the domain of cognitive science, a widely shared construct centers on the dual-process nature of thinking [4]. This dual-process framework theorizes the existence of two distinct systems guiding cognitive operations. System 1 processes are characterized by their rapidity, implicit nature, and automatic execution, demanding minimal cognitive attention. In contrast, System 2 processes require heightened cognitive focus, engaging in intentional, analytic, and reflective operations [4,5,6]. Serving as the umbrella for reasoning, System 2 processes play a pivotal role in cognitive activities that demand deliberate thought and analysis. Integral to this dual-process framework is the recognition that System 2 processes are not only essential for reasoning but are particularly crucial in the realm of critical thinking [7]. Critical thinking is a cognitive activity, that is distinguished by its intentionality, reflective nature, and substantial reliance on the cognitive efforts governed by System 2. In the intricate interplay between cognitive processes and critical thinking, the dual-process framework stands out as a succinct and illuminating conceptualization within the context of cognitive science. Executive function emerges as critical in this cognitive interplay, assuming a pivotal role in coordinating deliberate and analytical cognitive operations.




2. Executive Function


Executive functions (EF) consist of three distinct components: cognitive, metacognitive, and dispositional [8,9]. The cognitive component includes inductive and deductive thinking, decision-making, cognitive flexibility (the ability to adopt different perspectives and adapt to changed circumstances), problem-solving, and creativity. Meta-cognitive components consist of control and self-awareness, while dispositional components include motivation, goal orientation, and attitude. Critical to EF is working memory, the ability to manipulate information while holding it in mind [10,11]. Zelazo and Mϋller [12] define executive functions (EF) “as the psychological processes involved in the control of thought and action” (p. 445). Similarly, Lizarrage et al. [13] describe EF as a set of “managerial processes” (p. 274) that operate to control advanced cognitive processes used to produce thoughts, memories, and emotions, particularly in contexts requiring novel and ambiguous approaches to achieve a solution.



In sum, executive function is linked to self-management and task-oriented processes, whereas critical thinking is centered on intellectual tasks and reasoned decision-making. Research indicates an overlap, recognizing that effective critical thinking often relies on proficient executive function skills and vice versa [14].




3. Critical Thinking


Critical thinking has long been recognized as a useful tool when confronting everyday situations and is now considered an important student outcome in general education [15,16,17,18,19,20,21]. However, there is not an agreed-upon definition of CT. Ennis [22] and Bensley [23] focus on it being purposeful and reflective, while other authors conceptualize CT as a habit of mind, something that is conducted routinely in the pursuit of fair evaluation [24]. CT is a multidimensional construct composed of complex, higher-order cognitive skills as well as dispositional, motivational, and meta-cognitive components that are purposeful, reflective, problem-focused, and skeptical.



Critical thinking requires a purposeful effort to engage in the independent analysis of evidence apart from one’s own beliefs and biases [16,21,22,25,26,27,28]. Engaging in reasoning and analysis requires the reader to possess the stable and relative content knowledge necessary to evaluate the claims and warrants appearing in the text [29,30]. A challenge with knowledge is that it cannot be instantly constructed; content knowledge is built over time through intentional learning and study, and when it is insufficient, it results in a poor ability to generate inferences [31]. Readers may possess deep knowledge and critical thinking skills; however, this does not mean that these will be used in comprehension tasks [22,32].



Critical thinking research is often focused on the reasoning necessary to first identify and then accept or reject fallacies in arguments and short scenarios [33,34]. Inductive and deductive thinking are components of such reasoning because they aid individuals in determining the origin and validity of knowledge sources and their applicability to specific situations [35,36,37,38,39]. Inductive reasoning (IR) can be conceptualized as generalizing rules from individual observations and involves the tasks of data gathering, pattern finding, and hypothesis generation [40,41]. IR is thought to provide the basis for applying knowledge to unfamiliar contexts and is one of the strongest predictors of academic performance [40,42]. On the other hand, deductive reasoning (DR) results in valid conclusions when premises are, in fact, true, making for only one logically valid answer [43,44]. A major difference between inductive and deductive reasoning is that the latter can be invoked without real-world knowledge, thus setting up the possibility of a logically valid but factually incorrect deduction. Consider two premises where the first states that “All insects can bark” and the second states that “A caterpillar is an insect.” Despite it resulting in an incorrect counterfactual, the correct deduction is that a caterpillar can bark.




4. Belief Systems


A challenge in evaluating arguments is the acceptance of fallacious arguments supporting the reader’s existing belief systems that can lead to invalid conclusions [16,22,25,44,45,46,47].



Belief systems influence how a reader frames a problem or statement, which then directs subsequent reasoning regarding its interpretation [48,49,50,51,52,53,54,55]. Engagement in critical, hypothetical thinking requires the reader to decouple real or current representations of the world from those that can be imagined [56,57,58]. This requires the reader to have the basic cognitive skills to identify logical reasoning flaws in themselves and others and to possess the meta-cognitive skills needed to evaluate evidence independently from one’s own beliefs [16,59,60,61,62].




5. Reading Comprehension


Critical thinking applied to reading comprehension involves the application of executive function processes, such as comprehension monitoring and inference-making, as included in the construction–integration (CI) model of reading comprehension [29]. The CI model identifies three levels of comprehension, beginning with the words and syntax comprising the surface code, the textbase that contains the reader’s abstracted text propositions and the minimal inferences needed for coherence, and the situation model where the text is integrated with the reader’s background knowledge [29,63,64,65].



Some theorists argue that critical thinking works in interaction with the reader’s existing knowledge base [66,67]. For example, the reading systems framework hypothesizes that linguistic and orthographic systems interact with the reader’s background knowledge to produce textual understanding [68]. However, Willson and Rupley [69] found that by sixth grade, background knowledge was no longer the primary predictor of reading comprehension. Rather, strategic knowledge of how and what to read in a text becomes more important for both narrative and expository text understanding, thus suggesting a role for critical thinking. Further, Diakidoy et al. [70] found that reading to evaluate an author’s argument resulted in better comprehension as the reader was more likely to engage in critical evaluation.




6. Conceptual Framework


Duke and Cartwright [71] have proposed the active view of reading (AVR), which extends the simple view of reading [72] by including executive function processes necessary for active self-regulation when reading. These processes include working memory capacity, prior knowledge of the content, and inference-making. The AVR also includes bridging processes connecting decoding and comprehension, such as reading fluency and morphological awareness [73,74,75,76]. A conceptual strength of the AVR is that it allows for the possibility of unique, explanatory variance in reading comprehension attributable to critical thinking. Consider that critical reading of a text requires the reader to use the text-dependent information provided by the author to then generate inferences that integrate with the reader’s schema to improve comprehension [31,64,77]. The quality of the resulting representation rests on reader-dependent factors such as word-level knowledge, working memory capacity, inference-making ability, self-monitoring of comprehension, and prior knowledge of the topic [78,79,80,81,82,83]. As such, these processes are viewed as important to reading comprehension above and beyond decoding and language comprehension processes.




7. The Present Study


This study is set in India, and although reading achievement is slowly improving, it is characterized by generally low attainment and large discrepancies by gender and age [84]. Critical thinking has not been an explicit part of the educational curriculum in India, thus providing an opportunity to analyze the role of CT in a setting where students have not been instructed in its use [85]. This study investigates the potential contribution that CT may make to reading comprehension in seventh-grade students across three states in northeast India. This study is focused on the following three research questions:



RQ1: What is the attainment level of critical thinking skills in the study population?



RQ2: Do students at the three participating schools differ on the measured variables?



RQ3: To what extent does critical thinking predict reading comprehension?



We hypothesize that critical thinking, reading fluency, listening comprehension, and vocabulary will contribute significantly to reading comprehension. We base this hypothesis on the active view framework, which suggests that meta-cognitive processes are important to comprehension, while reading fluency, listening comprehension, and vocabulary have been shown in multiple studies to predict reading comprehension.




8. Methods


8.1. Participants


The present study was conducted in three private, all female schools located in cities in the northeastern Indian states of Assam, Meghalaya, and West Bengal. These schools were selected because they were part of a larger initiative by the researcher to improve reading instruction across the schools. The schools are run by a religious Christian order that has operated private schools across India for over 100 years. Although school administrators do not collect socioeconomic information from students or their families, the researcher was informed that a small portion of students are financially disadvantaged and receive tuition assistance. However, most students come from middle-class backgrounds whose parents pay full tuition. Because of these factors, it should be noted that these schools are not representative of schools across India, particularly government-sponsored schools. The students attending these three schools come from a variety of faith traditions, with the large majority being Hindu. A smaller number are of the Christian tradition, and the smallest percentage are Muslim. It was also shared by administrators that parental involvement is high in each of the three schools. For example, principals meet twice a year with parents to review the progress of their child. The medium of instruction in each school is English. Additionally, all students take a class in Hindi, which, along with English, is the other official language in India. Students also study the local, indigenous language, which differs by state. Administrators reported to the researcher that daily attendance at each school is nearly 100%.



It was decided that seventh-grade students would be selected for the study because nearly all students matriculate into each of the schools at kindergarten and have been studying English as a second language for nearly eight years. While English is their second language, the principals of the participating schools stated that nearly all seventh-grade students are fluent English speakers, readers, and writers. All seventh-grade students present on the days that assessments were administered were included in the study, making the sample a census of seventh-grade students attending each school. The number of students participating in the study was n = 141, 81, and 138 for the schools located in Assam, Meghalaya, and West Bengal, respectively, resulting in a total sample of N = 360. The ages of the students in the study sample ranged from 11 years and 8 months to 12 years and 6 months, with a mean age of 12 years and 1 month.




8.2. Assessments


To determine the influence of predictors of reading comprehension (bridging processes, decoding, and comprehension), assessments were administered to measure developmental spelling knowledge (encoding), academic vocabulary, reading fluency, and listening and reading comprehension. To determine critical thinking ability, a standardized test of critical thinking was administered.




8.3. Encoding


The Developmental Spelling Assessment (DSA) [86] is a 20-item spelling (encoding) test that identifies the current stage of spelling knowledge attained by the student, thus providing a measure of the reader’s orthographic knowledge [86,87,88]. Based on work describing spelling stages by Henderson and Templeton [89], the 20 words increase in spelling complexity, where the first five represent the letter-naming stage, the next five the within-word stage, words 11–15 assess the syllable juncture stage, and the last five assess attainment of the derivational constancy stage. The DSA is group-administered as a traditional spelling test using paper and pencil. To administer the test, the teacher pronounces each word, uses it in a sentence, and then pronounces it again. Students spell the word on their paper and then wait for the next word. The test continues in this manner and typically takes about 10 to 15 min to administer. To score the test, 1 point is awarded for each correctly spelled word in a range of 0 to 20 points. Pearson-r correlations for the five words comprising each of the four spelling stages, as reported by the test author, range from 0.97 to 0.99, while test–retest correlations range from 0.97 to 0.98.




8.4. Vocabulary


The Test of Academic Word Knowledge (TAWK) is a 50-item assessment of academic vocabulary that takes about 15 to 20 min to complete [90]. The TAWK uses 10 sub-lists of words created by Coxhead [91], resulting in 570 word families that account for about 10% of the word tokens found in academic texts but only 1.4% of narrative texts. The TAWK is group-administered using paper and pencil. To complete the TAWK, the student silently reads the target word and then chooses from among three words the one whose meaning is most closely related to the target word. The student repeats this procedure for all 50 items. The test authors report internal reliability for the TAWK with Cronbach’s alpha equal to 0.85 and test–retest coefficient = 0.89.




8.5. Reading Fluency


To assess reading fluency, all students read aloud to complete an unrehearsed narrative passage consisting of 170 words with a Lexile ranging between 810L and 1000L. Readings were digitally recorded for later scoring. Each reading was evaluated for the time it took the reader to complete the passage. Additionally, word-reading accuracy was determined by counting the number of errors made by the student in the 170-word passage. Errors included mispronounced words, words not read, and words inserted into the text, and self-corrections did not count as errors. The total number of errors was subtracted from the 170-word total to determine the total number of words read correctly. This number was then adjusted to reflect the number of words read correctly per minute (WCPM), a metric we call accumaticity [92]. Additionally, all readings were evaluated for reading prosody using the Multidimensional Fluency Scale (MDFS) [93]. Evaluative ratings using the MDFS result in a score ranging from 4 to 16, with higher scores indicating more competent reading. MDFS was found to be highly reliable, with generalizability coefficients ranging from 0.91 to 0.93 [94].




8.6. Critical Thinking


To assess critical thinking, the Cornell Critical Thinking Test (5th ed., Revised, Level X [CCTT]) [95] was administered to students. The CCTT Level X is a 76-item assessment that uses a future-based, four-section adventure story to assess inductive and deductive thinking, the ability to evaluate the credibility of sources, and the identification of assumptions to assess critical thinking in 4th- through 14th-grade students. In each of the four sections of the story, the student reads and rates statements that gradually reveal more about the story and its characters. For example, examinees may be asked to determine if a fact supports a hypothesis, to rate the believability of a statement, to determine what might occur next given certain circumstances, or to determine the assumptions being made by the exploration team in the story. The CCTT takes about one hour to complete, and results can be computed for four domains that, include inductive and deductive thinking, judgment of credibility, and determination of assumptions. These four domains can then be summed into a composite score. Test reliability measures for the internal consistency of Level X reported by its authors range from 0.67 to 0.90, with a weighted average across all reported studies = 0.78. The test authors provide criterion-related evidence for the validity of the CCTT with correlations ranging from r = 0.41 to 0.49 with the Watson–Glaser assessment and correlations with IQ aptitude tests of r = 0.44 to 0.74 with the Otis–Lennon, r = 0.42 to 0.53 with the Houghton–Mifflin Cognitive Abilities Test, r = 0.27 to 0.49 with the California Test of Mental Maturity, r = 0.63 with the Iowa Test of Educational Development, and r = 0.41 to 0.52 with the Scholastic Aptitude Test. To score the CCTT, all the correct answers from each of the four domains are totaled. The four domains are then summed to form a composite score ranging from 0 to 76.




8.7. Listening Comprehension


To assess listening comprehension, the listening comprehension subtest of the Oral and Written Language Scales (2nd ed.) was individually administered to all students in the study sample [96]. The OWLS listening comprehension subscale consists of three practice items, followed by 111 items. Following the recommendations of the test authors for the grade level assessed in the present study, the assessment begins with item 60 and proceeds through the end of the assessment, resulting in scores ranging from 0 to 111. The test items assess three areas of skills, including lexical (nouns, pronouns, verbs, and modifiers), syntactic (grammatical forms), and supralinguistic (humor and deriving meaning from context) knowledge. The examiner reads the item promptly to the student, who then selects an answer from among four pictures. The completion time for the OWLS is about 20 min. Spearman–Brown reliability correlations range from 0.75 to 0.89 with two-week test–retest reliabilities of r = 0.94.




8.8. Silent Reading Comprehension


Silent reading comprehension was assessed using the text comprehension subtest from the Test of Reading Comprehension-4 (TORC) [97]. The TORC was group administered to participants, with students reading six increasingly complex stories that increased in length from 56 to 340 words. Following each story, students answered five multiple-choice questions requiring factual and inferential thinking. Students were group-assessed and told to read each story silently and then answer the questions following the story until they had finished the six stories. Students completed the assessment in about an hour. The score used for this subtest was the total number of correct answers, with a range of 0 to 30. Test–retest reliability for the text comprehension subtest, as reported by the test authors, is r = 0.81 for students in the assessed age range. The test authors also report coefficient alpha, test–retest coefficients for all students in the normative sample, and interscorer reliabilities as 0.95, 0.83, and 0.95, respectively.




8.9. Assessment Administration


The administration of the assessments took place over two days at each of the study sites. Students were group-administered the assessments measuring encoding, reading comprehension, academic vocabulary, and critical thinking. Directions for the tests were given to students by a local, school-based teacher to avoid misunderstandings among students of the American dialect spoken by the research team. The first researcher monitored the local teacher as the instructions were explained to ensure correctness. The order in which assessments were administered was randomized to avoid administration bias. The reading fluency passage and listening vocabulary assessments were individually administered by the first researcher and a graduate student trained in the administration of the two assessments.





9. Results


9.1. Research Question 1


The first question asks about the attainment level of critical thinking skills in the study population. The means and bivariate correlations for the four domains of the critical thinking construct and their composite are shown in Table 1. Correlations between the four domains show small, statistically significant correlations, except for those between credibility and assumptions, which share a small and non-significant relationship. To further explore the relationships among the four domains, a principal components analysis (PCA) was conducted. Direct oblimin rotation was used to account for the correlations among the variables. Results shown in Table 2 reveal that the four domains form a single dimension, explaining 42.64% of the variance. Student attainment on the critical thinking composite was 30.54 (6.87). While norming data for the CCTT is limited, the authors provide data showing mean attainment of 35.4 (5.3) and 37.0 (5.3) for fourth- through sixth-grade and seventh- through ninth-grade, respectively. The mean for the study population is 30.54 (6.87) and suggests attainment that is less than the fourth- to sixth-grade norm. Attainment across the four domains was 10.34 (3.19) for inductive thinking, 6.79 (2.61) for deductive thinking, 10.7 (2.87) for evaluation of credibility, and 3.34 (1.69) for evaluation of assumptions.




9.2. Research Question 2


The second research question asks if students attending the three participating schools differed on the measured variables. To answer this question, a multivariate analysis of variance (MANOVA) was conducted with location as the between-subject factor. Table 3 shows the means, standard deviations, and statistical significance for differences by location. To control for Type 1 error rates when conducting multiple significance tests, alpha levels were adjusted using a Bonferroni correction. Results show that on the measures of reading comprehension and critical thinking, achievement at the Meghalaya school was below the other two locations at a statistically significant level (p < 0.001), while no achievement differences were found between the Assam and West Bengal schools on either measure. On the measure of accumaticity (WCPM), each of the three schools was statistically different from the other, with the Meghalaya school achieving significantly below the other two (p < 0.001) and the Assam school showing significantly greater achievement than the West Bengal school (p < 0.001). Results for prosody found the Meghalaya location to be significantly lower than both the Assam (p = 0.005) and West Bengal (p < 0.001) locations. On the measure of encoding, attainment at the Meghalaya school was significantly lower than both the Assam and West Bengal schools (p < 0.001), neither of which differed significantly from each other (p = 0.056). For the measure of academic vocabulary, the West Bengal and Assam schools showed no statistically significant difference between each other (p = 1.00), while the Meghalaya schools attained a level significantly below the other two (p < 0.001). On the last measure of listening comprehension, the Meghalaya school again scored significantly below (p < 0.001) the other two schools that were not statistically different from each other (p < 1.00).




9.3. Research Question 3


The research question asks if critical thinking predicts reading comprehension. Before beginning the analysis, the assumptions necessary for regression analysis were checked. All variables were found to be normally distributed, and no multicollinearity was detected (tolerance and VIF statistics were all acceptable). We evaluated whether homoscedasticity existed across the error terms and found no violations in any of the variables. To determine if the sample size was adequate for linear multiple regression, we conducted an a priori power analysis using G*Power [98,99]. We estimated a conservative effect size of 0.15, a significance level = 0.05, and a power level = 0.80 for the nine predictors. Results showed a minimum sample size of N = 114 would provide adequate statistical power, which is far less than the study sample of N = 360.



We began our analysis by regressing reading comprehension onto the four indicators of critical thinking (induction, credibility, deduction, and assumptions) and the bridging process variables, accumaticity, prosody, academic vocabulary, encoding, and listening comprehension. Results in Table 4 reveal that the model predicted 59.4% of the variance in reading comprehension, F(9350) = 59.407, p < 0.001. Non-significant predictors included credibility, assumptions, accumaticity, and prosody (p < 0.05). It should be noted that accumaticity was a negative predictor of the outcome variable. We then regressed reading comprehension onto the remaining significant measures, which now included induction, deduction, academic vocabulary, encoding, and listening vocabulary. All measures were statistically significant predictors of reading comprehension, with the final model predicting 59.3% of the variance, F(5354) = 105.500, p < 0.001. The five significant predictors are shown in Table 4, while Figure 1 displays a diagram of the results. Standardized beta coefficients reveal listening comprehension to be the strongest predictor of reading comprehension (β = 0.460), followed by encoding (β = 0.273), induction (β = 0.140), deduction (β = 0.137), and academic vocabulary (β = 0.086).





10. Discussion


As decoding and word reading processes become increasingly automatic, their value in predicting reading comprehension recedes while language processes, background knowledge, and EF take on increasing importance [100,101,102]. The results of our study provide insight into this shift and the contribution of critical thinking to reading comprehension in adolescent readers who speak English as a second language.



In this study, we measured the contribution of critical thinking to reading comprehension, along with the bridging processes connecting decoding and comprehension, encoding, academic vocabulary, reading fluency, and listening comprehension, in a group of 360 seventh-grade students attending private, English-medium schools in three states in northeast India. The final model found that inductive and deductive thinking, academic vocabulary, encoding, and listening comprehension were significant predictors of reading comprehension, accounting for 59.3% of the explained variance. Standardized beta coefficients for the final model showed listening comprehension to be by far the strongest predictor of reading comprehension (β = 0.460), followed by encoding (β = 0.273). The two indicators of critical thinking revealed nearly equal standardized beta coefficients of β = 0.140 and 0.137 for inductive and deductive thinking, respectively, while academic vocabulary was the smallest statistically significant predictor (β = 0.086). The results of this study contribute to the research base by supporting and quantifying the contribution of critical thinking to reading comprehension beyond that explained by decoding and linguistic processes in a sample of adolescent Indian students.



Our study is framed by the Active View of Reading [71], which hypothesizes that executive function skills regulate reading comprehension. Higher-order executive function skills operate by updating information in working memory, inhibiting prepotent responses so other perspectives can be considered, and toggling among mental sets to facilitate critical thinking [103,104,105]. Our results show that the addition of unique variance contributed by deductive and inductive thinking partially supports the AVR and the role of critical thinking in reading comprehension.



A surprising result of this study was that oral reading fluency, as measured by accumaticity (words-correct-per-minute) and prosody, did not predict unique variance in reading comprehension in our study population. In fact, accumaticity was a negative predictor of reading comprehension, with a standardized beta equal to −0.053. We suggest an explanation can be found in the Decoding Threshold Hypothesis that posits the relationship between decoding and reading comprehension can only be observed above a certain decoding threshold [106]. The mean score for reading fluency in our study sample revealed accumaticity equal to 126.62 (26.10), putting students at the 50th percentile of widely used reading norms, a metric that has been found sufficient to sustain reading comprehension [90,107]. However, students in our study sample achieved the 9th percentile for reading comprehension on our standardized measure. Unfortunately, our measure of accumaticity (words-correct-per-minute) is not directly comparable to the six-indicator construct used by Wang and colleagues [106] to arrive at the DTH. Nevertheless, our measure of accumaticity was not predictive of reading comprehension and resulted in a negative, non-significant standardized beta (−0.053; Table 4). This result suggests at least three possible explanations. First, reading fluency attainment in our study sample attained a threshold where, as hypothesized by the DTH, it is not a positive predictor of reading comprehension. Second, given the very low level of comprehension attainment in our study sample (e.g., the 9th percentile), students may have been focused on reading accumaticity rather than on creating an understanding of what they were reading. A possible explanation for why accumaticity was a negative predictor of reading comprehension may be that most students read to maintain their reading rate. However, it is plausible that students who applied deductive and inductive thinking to the text slowed down or even stopped to think about the text. In such a case, faster reading would not be beneficial to critical thinking.



Reading prosody, another indicator of fluent reading that has been found to predict variance in reading comprehension across elementary, middle, and secondary grades, resulted in a mean of 5.30 (1.19), suggesting less than adequate development [94]. While the predictive value shown in Table 4 is positive, it is far from being statistically significant. We tentatively suggest that the low attainment of reading prosody in the study sample may contribute in a small way to poor reading comprehension. Another perspective on this is that too many students in the study sample may not have properly understood what they were reading to result in an appropriate, prosodic interpretation of the text.



Encoding, which measures the ability to apply phoneme–grapheme relationships to correctly spell words, was the second strongest predictor of reading comprehension (β = 0.273). The encoding grand mean equaled 15.66 (3.25) and revealed development in the derivational constancy stage of developmental spelling, suggesting appropriate control over the sound-to-letter process. Of interest is why encoding would be a significant predictor of reading comprehension. Although decoding and encoding have been called “two sides of the coin” [108] (p. 19), there are fundamental differences that make spelling a word more difficult than correctly pronouncing it in text. When attempting to decode a written word, there is a constraint on the phonemic possibilities that can be applied to the written letter features. For example, if one encounters the word Phoenix in text, of the 43 English phonemes, the number involved in pronouncing the word is just five. However, there are numerous, non-standard, plausible ways to spell Phoenix that could lead to the pronunciation of the word (e.g., phenix, fenix, phenicks, etc.). As such, these phoneme-to-grapheme possibilities can potentially cause confusion as the student attempts to write the standard spelling of the word. Students with superior spelling skills have developed a deeper knowledge of word orthography and likely word meaning than do their lower-achieving peers [109,110]. As the second strongest predictor, particularly considering the non-significance of reading fluency, this suggests the importance of encoding to reading comprehension in this sample of adolescent readers.



Listening comprehension, as measured by the OWLS [96], was, by far, the strongest predictor of reading comprehension. Researchers have found listening comprehension to be a predictor of reading comprehension across a variety of age groups [111,112]. Hjetland and colleagues [101] remark that language comprehension is such a strong predictor of reading comprehension that it is “a causal influence” (p. 759). Our results support the role of listening comprehension as a fundamental factor in reading comprehension attainment.



Academic vocabulary can be thought of as a “specialized language” [113] (p. 92) that is often used in academic settings when discussing disciplinary content. Whether involved in individual thinking or communication, academic vocabulary provides the individual with the critical language to engage in the cognitive processing of disciplinary concepts. In the present study, student attainment on the measure of academic vocabulary was at about the 45th percentile. Although it was the weakest of the five statistically significant predictors in this study, we interpret this result as suggesting that an understanding of academic vocabulary aids in the understanding of increasingly complex texts and is a partner with listening comprehension in understanding what is read.




11. Conclusions


Chafee [114] states that critical thinking is “our active, purposeful, and organized effort to make sense of our world by carefully examining our thinking and the thinking of others in order to clarify and improve our understanding” (p. 29). Research has consistently shown that students in post-secondary education exhibit improved performance when they have sufficient skills in the bridging processes connecting decoding and comprehension, which include critical thinking and meta-cognitive skills [115,116,117]. Unfortunately, research over the past 20+ years shows that students exhibit less willingness to engage in extended reading and have a declining ability to critically extract meaning from what they read [90]. Further, only 28% of students age 8 to 18 report engagement in daily reading [118]. At the same time, our results provide evidence that critical thinking skills, along with listening comprehension, academic vocabulary, and encoding skills, are processes that contribute to improved reading comprehension in a sample of Indian students. We suggest that encouraging students to engage in consistent reading of high-interest, informational texts to build background knowledge across grades can foster knowledge and motivation to learn through reading. This may help turn the tide towards increased reading engagement, deeper and broader global schema building, and greater academic achievement.



11.1. Limitations


Several limitations of this study should be considered by the reader. While students were proficient English speakers and precautions were taken to ensure understanding of assessment instructions, the possibility exists that some may have misunderstood, thus reducing the veracity of the data. One must also consider other variables that were not collected that could affect the outcome of the study. For example, a test of working memory, a variable that is known to affect executive function, was not assessed. Additionally, no variable to measure general intelligence was administered, nor was reading motivation measured.




11.2. Future Research


Our results suggest further research into the role of bridging processes connecting decoding and comprehension to reading comprehension is warranted. To begin, additional studies of critical CT using measures for deductive and inductive thinking could replicate the present study to determine if similar effects are found and the magnitude of their strength. Longitudinal studies could provide insight into how CT evolves in students across grades. For example, does CT increase in its effect on reading comprehension as students matriculate across grades? Also, are there other executive function skills that contribute to comprehension other than, or in synchronicity with, deductive and inductive thinking?
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Figure 1. * p < 0.05; *** p < 0.001. Measures predicting reading comprehension show bivariate correlations, standardized beta coefficients, and total explained variance (R2). 






Figure 1. * p < 0.05; *** p < 0.001. Measures predicting reading comprehension show bivariate correlations, standardized beta coefficients, and total explained variance (R2).



[image: Education 14 00225 g001]







 





Table 1. Means, standard deviations, and bivariate correlations of the measured variables.
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	Variable
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11





	1. CCTTInduction
	1
	
	
	
	
	
	
	
	
	
	



	2. CCTTDeduction
	0.369 **
	1
	
	
	
	
	
	
	
	
	



	3. CCTTCredibility
	0.265 **
	0.224 **
	1
	
	
	
	
	
	
	
	



	4. CCTTAssumptions
	0.125 **
	0.284 **
	0.101
	1
	
	
	
	
	
	
	



	5. CCTTComposite
	0.746 **
	0.714 **
	0.650 **
	0.454 **
	1
	
	
	
	
	
	



	6. Reading comprehension
	0.436 **
	0.396 **
	0.199 **
	0.182 **
	0.481 **
	1
	
	
	
	
	



	7. Encoding
	0.307 **
	0.295 **
	0.163 **
	0.065
	0.339 **
	0.551 **
	1
	
	
	
	



	8. Accumaticity (WCPM)
	0.204 **
	0.238 **
	0.154 **
	0.097
	0.273 **
	0.286 **
	0.509 **
	1
	
	
	



	9. Prosody
	0.121 **
	0.215 **
	0.066
	0.020
	0.170 **
	0.186 **
	0.247 **
	0.208 **
	1
	
	



	10. Academic vocabulary
	0.322 **
	0.344 **
	0.201 **
	0.109 **
	0.391 **
	0.437 **
	0.501 **
	0.297 **
	0.073
	1
	



	11. Listening comprehension
	0.291 **
	0.213 **
	0.080
	0.121 **
	0.279 **
	0.642 **
	0.329 **
	0.197 **
	0.132 **
	0.265 **
	1



	Range (min–max)
	0–19
	0–14
	0–17
	0–14
	3–53
	4–26
	7–16
	7–16
	0–10
	5–43
	72–108



	Mean

(sd)
	10.34

(3.19)
	6.79

(2.61)
	10.17

(2.87)
	3.34

(1.69)
	30.54

(6.87)
	15.27

(4.20)
	15.66

(3.25)
	126.62

(26.10)
	11.18

1.86
	24.19

5.82
	92.96

6.35



	Percentile Attainment
	na
	na
	na
	na
	<4th grade
	9th
	DC
	50th
	na
	45th
	45th







Note. ** p < 0.01. CCTT = Cornell Critical Thinking Test; WCPM = words-correct-per-minute. NA = no percentiles available.













 





Table 2. Factor loadings and communality for principal component analysis for critical thinking scale are composed of induction, deduction, assumptions, and credibility.
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	Item
	Factor Loading
	Communalities





	1
	0.712
	0.507



	2
	0.767
	0.588



	3
	0.519
	0.269



	4
	0.585
	0.342



	% of variance extracted
	42.64
	







Note. Item 1 = Induction, Item 2 = Deduction, Item 3 = Assumptions, Item 4 = Credibility.













 





Table 3. Multivariate analysis of variance (MANOVA) results for differences in the measured variables by school location.
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Location

	




	

	
Meghalaya

	
Assam

	
West Bengal

	
Total




	
Variable

	
Mean (sd)

	
Mean (sd)

	
Mean (sd)

	
Mean (sd)






	
Reading Comprehension

	
11.85 (3.40) ***

	
16.02 (3.97)

	
16.51 (3.77)

	
15.27 (4.20)




	
Critical Thinking Composite

	
25.91 (5.23) ***

	
32.33 (6.96)

	
31.43 (6.44)

	
30.54 (6.87)




	
Accumaticity (WCPM)

	
110.33 (22.54) ***1

	
138.66 (25.32) ***2

	
123.88 (26.10) ***3

	
126.62 (26.10)




	
Prosody

	
4.80 (1.11) ***4

	
5.32 (1.27)

	
5.57 (1.07)

	
5.30 (1.9)




	
Encoding

	
12.31 (3.18) ***

	
16.26 (2.41)

	
17.02 (2.62)

	
15.66 (3.25)




	
Academic Vocabulary

	
19.30 (4.85) ***

	
25.65 (5.38)

	
25.58 (5.22)

	
24.19 (5.82)




	
Listening Comprehension

	
89.42 (6.54) ***

	
94.16 (5.96)

	
93.54 (6.34)

	
92.86 (6.35)








Note. WCPM = words-correct-per-minute; *** p < 0.001. 1 Mean lower than Assam and West Bengal at p < 0.001. 2 Mean greater than Meghalaya and West Bengal at p < 0.001. 3 Mean greater than Meghalaya and lower than Assam at p < 0.001. 4 Mean 