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Abstract

:

Academic vocabulary is the specialized language used to communicate within academic settings. The Coxhead (2000) taxonomy is one such list that identifies 570 headwords representing academic vocabulary. Researchers have hypothesized that students possessing greater fluent reading skills are more likely to benefit from exposure to vocabulary due to greater amounts of time spent reading (Nagy and Stahl, 2007; Stanovich, 1986). In this study of 138 sixth- and seventh-grade students, we assess academic vocabulary, indicators of fluent reading, and silent reading comprehension to gain insight into relationships between the three. Our results found that reading rate mediates the relationship between academic vocabulary and reading comprehension, accounting for nearly one-third of the explained variance. Using simple slope analysis, we identified a threshold suggesting the point where reading rate exerts a neutral effect on reading comprehension beyond which vocabulary learning is no longer hindered.
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1. Introduction


The most recent reading results from the National Assessment of Educational Progress reports that some 36% of eighth-grade students scored at or above the proficient level, an increase from 34% in 2015 [1]. While the improvement is welcomed, the fact is that nearly two-thirds of students achieve at a less-than-proficient level. When these scores are analyzed by ethnicity, the results reveal that 45% of White students score at or above proficiency compared to 18% and 23% of Black and Hispanic students, respectively. In fact, an inspection of below- basic scores reveals that 18% of White students scoring at this lowest level compared to 40% of Black and 33% of Hispanic students. Many reading processes contribute to ultimate reading achievement, one of which is the understanding of words [2]. Research has linked word understanding to improvement in text comprehension both within and across grade levels [3,4,5,6]. Oulette and Beers [6] described in sixth-grade students the transition from decoding to dependency on breadth and depth of word understanding as critical to continued reading growth. A close corollary to general vocabulary during this period is growth in the understanding of academic vocabulary, a subset of words pertaining to academic discourse [7]. This study considers the role of academic vocabulary and the extent to which reading fluency may affect its contribution to reading comprehension in sixth- and seventh-grade students.




2. Background


2.1. Theoretical Framework


A defining feature of an educated individual is the ability to create understanding of what they read. Ideally, the reader extracts meaning at the textbase level where a literal or “just the facts” interpretation is made of the text. The second level, the situational model level, is where the text is integrated with the reader’s existing schema [8,9]. It is this level where the reader considers the text in conjunction with what they already know, or believe they know about the topic. To arrive at understanding, it is important the reader successfully develops a meaning-based representation of the text at the situational level [8,10]. To create these representations, the construction–integration (CI) model demonstrates that effective comprehension is supported by both top-down and bottom-up processes that function on an interactive basis [8]. The effective decoding of words and fluent reading of text reflects the automatic reading processes that allow critical working memory and attentional resources to be directed to the creation of a situational model [11,12]. The verbal efficiency theory claims that through rapid word identification processes the reader is able to retrieve both the phonology and word meaning that contributes to comprehension [13]. While word retrieval speed is critical in this process and has support in the research base, what is likely as important is the ability of the reader to arrive at the appropriate context-based meaning of the words [14]. This leads to the notion that the nuances found within word meanings are intricately tied to reading fluency and comprehension. This study explores the importance of academic word knowledge and its relationship with reading fluency indicators, and the ultimate contribution of both to silent reading comprehension.




2.2. Vocabulary Learning


Anderson and Freebody proposed that the extent to which a reader knows word meanings directly detracts or enhances comprehension [15]. Cunningham and Stanovich argued that it is the volume of reading that becomes the primary contributor to differences in vocabulary knowledge between readers [16]. Stanovich’s reciprocal model of vocabulary hypothesizes that a virtuous cycle occurs where the reader’s vocabulary knowledge facilitates engagement with texts, which results in greater word knowledge, which in turn encourages more reading [17]. Stated differently, word knowledge begets word knowledge, to which Perfetti would add enhances text comprehension [14]. This virtuous, reciprocal cycle of reading and learning words was viewed by Stahl and Nagy as the most likely scenario accounting for vocabulary growth in readers, where those who read more expand their breadth and depth of word knowledge [18]. Of interest then is the operational structure of the word learning cycle and how the cycle may vary between readers of different abilities. To further understand this cycle, Perfetti and Stafura made two points about effective readers [19]. First, they are more skilled at understanding words and integrating them into a mental model of a text than are those who are less effective [20,21,22]. Secondly, when encountering a new word, skilled readers are more effective at acquiring orthographic and semantic information about the word [23,24,25]. A fundamental characteristic defining a skilled reader is the extent to which they read with fluency [2]. This suggests that vocabulary learning may differ based on the degree to which a student possesses the indicators associated with fluent reading.



The lexical quality hypothesis claims that a reader’s ability to rapidly retrieve a words’ phonology (its sound constituent) and its associated meaning is a potentially limiting factor to comprehension [26]. The theory provides an explanation for word learning by recognizing that lexical entries are tri-part, meaning they consist of an orthographic, phonological, and semantic component. The quality of each of these three components in terms of reliability, coherence, and consistency reflects the overall lexical quality of the word. It may not be assumed that the quality of each part of a lexical entry is equal as a reader may be able to connect the orthography to the phonology of a word, but may have little to no corresponding semantic association [27]. For any given reader, the inventory of high-quality word representations can be placed on a continuum ranging from few to many. Skilled readers are those whose high-quality word representations tend toward the high end of the continuum, while the inventory of less-skilled readers aggregates towards the lower end. Although both skilled and less-skilled readers have many words for which they have low-quality representations, the former group is in a much better position to improve their understanding of a new word, and hence improve its lexical quality. For example, a skilled reader may have little trouble quickly applying their orthographic and phonological knowledge to unlock an unknown word from print. At the same time a less-skilled reader may be more likely to struggle in their attempt to pronounce the word due to less-than-adequate decoding skill. The skilled reader is thus in a better position to improve the quality of an impoverished word representation by leveraging their deeper knowledge of spelling, pronunciation, or meaning in an effort to extract new information about the word. The less-skilled reader has a shallower inventory of these foundational skills from which to draw making it more difficult to engage in new learning of impoverished words. Hence, effective word learning for less-skilled readers often requires explicit instruction and frequent encounters with the word.




2.3. Decoding Processes and Vocabulary


The simple view of reading hypothesizes that decoding and linguistic comprehension plus the interaction of the two results in reading comprehension [28]. Two accounts of the role of vocabulary in decoding have been proposed. One view proposes that breadth rather than depth in vocabulary growth promotes decoding growth and development. As young readers add words to their lexicon they become increasingly sensitive to sublexical details in those words including their phonemes [29,30,31]. This view privileges vocabulary breadth as the mechanism that drives decoding development. The second view is derived from the triangle model that hypothesizes an interaction between decoding, vocabulary, and semantics suggesting that depth of vocabulary knowledge is related to decoding proficiency [32]. To unravel these relationships, Ouellette studied decoding, vocabulary, word recognition, and comprehension processes in fourth-grade students [33]. The author found that breadth of receptive vocabulary alone predicted decoding while expressive vocabulary predicted visual word recognition (non-decodable words). Through its association with expressive vocabulary, vocabulary depth predicted both visual word recognition and comprehension above and beyond the measures of vocabulary breadth. Ouellette surmised that the relationship between decoding and oral vocabulary is a function of the size of one’s receptive vocabulary. This supports the notion by Levelt, Roelofs, and Meyer [34] that a reader’s ability to encode phonological information about a word may at least partly explain the relationship between oral vocabulary and reading comprehension reported by other authors [35,36,37]. In sum, these results suggest a perspective where an initial emphasis on decoding is followed by a focus on building automatic sight-word reading skills that leads to fluent reading and an increase in vocabulary breadth.



Decoding processes are reflected in the degree to which a student can fluently read connected text, which along with comprehension is a necessary condition for effective reading [28]. We adopt a definition of fluent reading that includes the indicators of reading rate (word automaticity), word identification accuracy, and prosody [38,39]. Word automaticity is the ability to quickly recall the phonological representation of a printed word without the need to apply decoding strategies [12]. In addition to speed, the reader must also accurately recall the letter–sound correspondences resulting in the correct pronunciation of the word. For students struggling with reading, accurate word identification has been found to be problematic at the elementary, middle, and secondary levels [40,41,42]. However, other researchers have found that word accuracy is not a significant issue for readers [43,44,45]. Despite differences in findings automatic and accurate recall of words is necessary to becoming a fluent reader and for maintaining the attentional resources critical to comprehension [11]. Reading is often measured by a metric where the number of words read (rate) minus reading miscues (word mispronunciations, omissions, and insertions) is calculated to reflect the number of correctly read words-per-minute. We call this metric accumaticity and distinguish it from the term reading fluency as the latter also includes expressive reading or prosody [46]. Numerous studies over the past several decades have found that one or more of the indicators of fluent reading accounts for significant variance in reading across multiple grade levels [38,47]. Although prosody has often been ignored, it has been found to contribute unique variance to silent reading comprehension across elementary, middle, and secondary grades beyond that accounted for by automaticity and word identification accuracy [42,48,49,50,51,52,53]. Prosody is important because as in speech, it provides a kind of cognitive architecture that aids the reader in comprehension [54,55,56,57]. Accumaticity has been found to explain from 25% to 50% or more of the variance in reading comprehension [38,42,47,52]. while prosody has been shown to contribute an additional 3 to 7% of variance to reading comprehension [42,48,52,58,59,60].




2.4. Academic Vocabulary


Hiebert and Lubliner decomposed academic words into those that are general and those that are content specific [61]. Academic vocabulary is a component of academic language and is critical to successful achievement in school [62,63,64,65]. Nagy and Townsend explained that “Academic language is the specialized language, both oral and written, of academic settings that facilitates communication and thinking about disciplinary content” [66] (p. 92). This definition situates academic language as a subset of general vocabulary and includes words such as paradigm, allocate, and preliminary that are used in both oral and written language across academic settings. Such words convey abstract ideas outside the realm of informal, casual conversation and reflect the nuanced meanings that are used across disciplines. Academic settings refer to educational institutions which includes the associated print and digital literature that discusses disciplinary concepts. In Beck, McKeown, and Kucan’s word tiers, academic vocabulary is situated in Tier 2 as words used across disciplines while Tier 3 refers to discipline-specific words [67]. To further differentiate academic vocabulary from more general and pedestrian language, Biber outlined characteristics of academic words stating they are often derived from Latin and Greek vocabulary, consist of nouns, adjectives, and prepositions that are morphologically complex, are often used as grammatical metaphors, are abstract, and are informationally dense [68]. Latin and Greek words were introduced into English by the educated classes in the eleventh century. For example, where the vernacular was deer, the new term became venison, pig became pork, to eat became to dine, be was now exist, right was correct, tooth became dental, and by hand was referred to as manual. Additional words were introduced for which no previous corollary existed and include words such as accommodate, arbitrary, and analyze [7].



Nagy and Townsend pointed out that students from less educated backgrounds will not learn academic words without explicit instruction of their meanings and repeated encounters of their use [66]. In a seminal study Coxhead proposed a list of 570 of the most common academic word families. Research has since shown that the study of these words can significantly improve a student’s word knowledge [7,69,70,71]. At the same time such lists have been criticized, particularly when they have been used as lists to be taught prescriptively to students [72]. Despite these criticisms academic words have been found to contribute significant, unique variance to academic achievement. The correlation between general vocabulary and reading comprehension is generally in the 0.70 to 0.95 range [73,74]. Townsend, Filippini, Collins, and Biancarosa found that after controlling for general vocabulary, academic vocabulary accounted for 2% to 7% of additional variance in math, social studies, ELA (English Language Arts), and science achievement [75].




2.5. Study Rationale


The importance of word knowledge to comprehension has been long established in the literature base. Our review of the literature discussed evidence suggesting the importance of academic vocabulary to academic achievement across disciplines. It is also established that students who struggle with reading require significantly more exposure to words, particularly academic words, to incorporate them into their lexical inventory. However, there remains little evidence of the extent to which academic vocabulary is acquired by middle school students, and as a corollary there are few validated instruments to assess academic vocabulary. Stanovich, Stahl, and others have suggested that fluent readers are more likely to acquire deeper word knowledge because they spend more time engaged with text and thus have an increased exposure to words [17,74]. We assume that the same fluent reading process responsible for general vocabulary acquisition is at work in learning academic vocabulary. While there are limitations to a strict focus on academic vocabulary per se, a deeper understanding can provide insight into its role and influence on comprehension, and whether those with fluent reading skills are likely to possess larger academic vocabularies that contribute to comprehension.



The goal of this study then is to describe the extent to which reading fluency and academic vocabulary contribute to reading comprehension in sixth- and seventh-grade students. The research questions guiding this study are as follows:




	
RQ1: What is the attainment level of students on measures of academic vocabulary, reading fluency, and comprehension?



	
RQ2: Do differences exist in students between grades on the measured variables?



	
RQ3: To what extent is silent reading comprehension predicted by academic vocabulary and reading fluency indicators?



	
RQ4: Does reading fluency mediate the relationship between academic vocabulary and reading comprehension?








We hypothesized that students with adequate indicators of reading fluency possess greater academic vocabulary knowledge and reading comprehension.





3. Methods


3.1. Participants


This study was conducted in a large, urban school district in the southeast U.S. containing 24 middle schools. From these schools, ten agreed to participate in the present study. Of the students attending these schools 49% are white, 37% African-American, 9% Hispanic/Latino, and 5% are of other ethnicities. Sixty-two percent of these students receive free- or reduced-priced lunch. From the 10 middle schools, 29 ELA teachers who taught sixth- and/or seventh-grade volunteered to participate in the study. A total of 320 students were randomly sampled from the class rosters of participating teachers with half drawn from sixth-grade and the other from seventh. Of these students, the final analytic sample is n = 138.




3.2. Assessments


Students were assessed over the course of 10 days in the early fall on measures of academic vocabulary, reading fluency (reading rate, word identification accuracy, and prosody), and reading comprehension. Vocabulary and reading fluency assessments were administered by researchers trained in their administration while a standardized, computer-based reading comprehension assessment was administered by the district.




3.3. Test of Academic Word Knowledge (TAWK)


The TAWK is a 50-item test of academic word knowledge created by the researchers. Word level test items were drawn from the Academic Word List (AWL) created by Coxhead [7]. The 570 headwords in the AWL are divided into 10 sub-lists containing 60 words each with list 10 containing 30 words. The frequency of occurrence in academic texts of the words in each sub-list diminishes in frequency as one moves from sub-list 1 to 2 to 3, and so on. To develop items for the TAWK an equal number of words were randomly drawn from each sub-list resulting in 110 items. For each of these items three words were selected with the one most closely associated with the target word being the correct answer. Over the course of five administrations of the 110 items to middle school students, a total of 50 emerged that demonstrated acceptable discrimination (good ≥ 0.40, reasonable > 0.30 and ≤ 0.39, fair > 0.20 and ≤ 0.29, and poor ≤ 0.20) and difficulty characteristics (easy > 0.60, moderate ≥ 0.30 and < 0.60, and hard > 0.33). Nunnally and Bernstein suggested that the difficulty of the test items should be mixed and that when a test is not designed to make placement decisions for individual students a reliability coefficient of r = 0.80 is adequate [76]. The final 50-item version of the TAWK was administered to 278 middle school students across 15 schools and resulted in a Cronbach’s alpha of internal consistency = 0.85. The TAWK is group-administered on a whole-class basis where students are instructed to circle from options A, B, and C the word that most nearly means the same as the target word. Results for internal consistency yielded a Cronbach’s alpha equal to 0.85. Split-half reliability using the Spearman–Brown and Gutman coefficients both equaled 0.940. Indices of normality exhibited a normal distribution as evidenced by a mean of 24.7(8.31), median equal to 24.0, and a mode equal to 24.0.




3.4. Reading Accumaticity Indicators


To assess accumaticity students read a primarily narrative passage selected to be grade-level appropriate. Curriculum-based measures have been established as both valid and reliable measures of reading competency [77,78,79,80]. For each grade, a passage was selected based on narrativity and appropriate textual complexity. Sixth-grade students read a passage with a complexity level between 950 L and 1000 L while the seventh-grade passage measured between 1050 L and 1100 L. Both complexity levels are within the text complexity grade bands recommended by the Common Core [81]. Narrativity was measured using Coh–Metrix with the sixth- and seventh-grade passages measuring at 58% and 61%, respectively, where 100% would indicate a completely narrative text and 0% one that is totally informational [82]. All students read aloud the narrative passage for one minute while a researcher recorded the total number of words read and the number of reading miscues that included mispronunciations, word omissions, and insertion of words not in the text. To compute accumaticity, miscues were subtracted from the total words read for one minute which resulted in the number of words read correctly. Test–retest reliability of the measures used in this study resulted in Pearson’s r = 0.962.




3.5. Reading Prosody


To assess reading prosody a recording was made of each student reading the one-minute passage and then saved for later analysis. The Multi-Dimensional Fluency Rubric (MDFS) was used to assess the quality of each student’s reading [83]. When using the MDFS the rater evaluates four domains of reading quality that include pacing, smoothness, expression, and phrasing. Each of these domains is assigned a rating from a low of 1, indicating very poor quality, to a maximum score of 4 indicating excellent reading. The four ratings are then summed resulting in a composite score ranging from 4–16. Our interpretation of the composite is that a score ≥ 12 indicates appropriate fluency, 9–11 indicates fluency that is developing, and ≤8 suggests poorly developed fluency. It is important to remember that reading fluency is assessed on a per-reading basis and that fluent reading with a particular passage does not guarantee that a student reads every passage with equal fluency.



The MDFS has been found to be a valid and reliable tool for assessing reading fluency with two particularly rigorous studies reporting reliability coefficients well above the accepted norm of 0.80 [84,85,86]. Moser, Sudweeks, Morrison, and Wilcox studied two raters who scored 144 readings of 36 fourth-grade students [87]. Each student read two narrative and two informational passages. The authors implemented a research design using a generalizability study (G-study) which found that variability attributed to readers ranged from 79.2% to 83.3% for narrative text, and 70.7% and 81.8% for informational text. The authors then used a decision study (D-study) that found reliability coefficients ranging from 0.94 to 0.97 for narrative text and 0.92 to 0.98 for informational text suggesting high rater reliability. Smith and Paige conducted a study involving 354 narrative readings by 177 first- to third-grade students [88]. Each student had read one text each in the fall and spring of their respective grade with all readings recorded for later analysis. Four teachers with no experience in formal reading instruction received five hours of training in the use of the MDFS after which the raters independently evaluated each reading. Generalizability coefficients were analyzed by grade resulting in statistics equal to 0.92, 0.93, and 0.93 for first- to third-grade, respectively. Decision study results revealed generalizability coefficients for any single rater evaluating one reading equal to 0.77, 0.77, and 0.78 for first- to third-grade, respectively. When single raters evaluated two readings reliabilities increased to 0.87 across all grades. These two studies provide strong evidence of the reliability of the MDFS as a tool to assess oral reading fluency and prosody. Test–retest reliability of rating in the present study is 0.948 (n = 274).




3.6. Scholastic Reading Inventory


Students were assessed for reading comprehension in the fall and spring by school personnel using the Scholastic Reading Inventory (SRI), a computer-adaptive, individually administered assessment. During the assessment students independently and silently read a series of passages and then answered a multiple choice inferential question. Students typically spent about 25 min taking the SRI. Test results are in student-level Lexile levels that provide the highest level of text-complexity for which the student reads with 75% comprehension [89]. The test authors provide the results of multiple studies showing concurrent validity with other standardized tests ranging from 0.88 to 0.93. Test–retest reliability is reported as 0.87 to 0.89. In the present study correlations between the fall and spring administrations of the SRI are Pearson’s r = 0.85 (n = 185).





4. Results


Our first research question sought to describe student attainment on the measured variables, while the second asks if differences exist between sixth- and seventh-grade readers. Table 1 shows the means and standard deviations of the variables under study while Table 2 displays the bivariate correlations. Numerical differences in mean scores appear to exist between grades for comprehension, vocabulary, and prosody with seventh-grade scoring higher. However, in the case of reading rate and word identification accuracy the sixth-grade means exceed those of seventh-grade. Accumaticity, the difference between reading rate and miscues adjusted for time, was calculated at 134.43 (33.99) words-correct-per-minute for sixth-grade and 125.22 (38.92) for seventh-grade. This places sixth-grade accumaticity at approximately the 55th percentile and sixth-graders just below the 50th percentile on oral reading norms from Hasbrouck and Tindal [90].



Moderate to large correlations were statistically significant between all mean variables with the strongest occurring among comprehension, reading rate, word identification accuracy, and prosody. On the measure of academic vocabulary mean scores show sixth- and seventh-grade attainment to be at the 52nd and 53rd percentiles, respectively.



Our second question asked if students differed by grade on the measured variables. We conducted an analysis of variance (ANOVA) using grade as the between-subject factor while applying a Bonferroni adjustment to account for inflated Type I error. Results revealed a statistically significant difference in favor of seventh-grade for reading comprehension (F (1,136) = 6.68, MSE = 174048.02, p = 0.011, d = 0.45) while vocabulary approached significance (F (1,136) = 4.07, MSE = 327256.98, p = 0.046) with seventh-grade scoring higher. No other variables approached statistical significance.



The third research question asks the extent to which silent reading comprehension is predicted by academic vocabulary and the indicators of fluent reading. We proceeded by regressing silent reading comprehension onto academic vocabulary, reading rate, word identification accuracy, and reading prosody. Results (Table 3) revealed academic vocabulary and reading rate to be significant predictors of comprehension while a test of the interaction of the two was non-significant. Regression results show that academic vocabulary explained 22.9% of the variance in comprehension (F (1,136) = 41.78, MSE = 367806.71, p < 0.001) while reading rate explained 18.0% of the variance (F (1,135) = 42.43, MSE = 327256.98, p < 0.001). The two variables accounted for 40.9% of the variance in silent reading comprehension.



Our fourth research question asked if reading fluency mediates the relationship between academic vocabulary and comprehension. Results from question three revealed that of the three fluency indicators only reading rate was a significant predictor of comprehension. Scatterplot analysis (Figure 1) shows a nonlinear relationship for comprehension and reading rate where the influence of rate decreases as comprehension increases. Figure 2 shows that as rate increases vocabulary also increases, while Figure 3 shows that as vocabulary increases so does comprehension. In sum, these graphs suggest the possibility that rate may function as a mediator between academic vocabulary and reading comprehension.



The path model defining the relationships between vocabulary, rate, and comprehension is shown in Figure 4.



Following recommendations by Baron and Kenny for determining if a variable acts as a mediator, we began by regressing the criterion variable comprehension onto academic vocabulary to determine the total effect [91]. We next regressed reading rate, the suspected mediation variable, onto academic vocabulary to determine a portion of the indirect effect. Finally, comprehension was regressed onto both reading rate and academic vocabulary. The final multiple regression (Table 4) gives estimates of the direct effect of academic vocabulary on comprehension while controlling for reading rate, as well as estimating the other component of the indirect effect, reading rate, on comprehension. The standardized beta coefficients associated with each of these conditions are all statically significant (p < 0.001). Consistent with Baron and Kenny’s partial mediation designation is the finding that the effect of academic vocabulary on comprehension is reduced but not eliminated when reading rate is added to the model, decreasing the effect from 12.14 to 8.30 and making the effect of reading rate equal to 3.84.



Weaknesses in the method of the Baron and Kenny model identified by Preacher and Hayes and Preacher and Kelly concerns beta estimation, particularly in the case of small sample sizes. To address these concerns, these authors recommended bootstrapping, a resampling approach that increases the stability of parameter estimates [92,93]. In line with this recommendation, we conducted 1000 bootstrap samples to increase the stability of our parameter estimates. Because our bootstrapping results at the 95% confidence interval in Table 4 do not include 0, it may be concluded that all effects are significant considering a null hypothesis of b = 0. The results of both the Baron and Kenny approach and the more robust bootstrap estimation method indicate that reading rate has a significant mediating effect on the relationship between academic vocabulary and silent reading comprehension.



Using the finding that reading rate acts as a mediator we sought to determine the point at which it had a neutral effect on reading comprehension. In other words, how much reading rate is enough to avoid degradation in comprehension? Using simple slope analysis recommended by Preacher, Curran, and Bauer we proceeded through a series of iterations where we assigned a conditional value or cut-point based on reading rate in order to split the analytic sample into low- and high-rate groups [94]. For each reading rate data point (e.g., 119, 120, 121, etc.), we regressed comprehension onto rate to estimate the standardized beta coefficients for each of the two groups. Results in Table 5 show that at a rate of 127 words-per-minute, the beta coefficients are nearly equal, suggesting the influence of rate is now neutral for the low- and high-rate groups. Using this finding, we then split the analytic sample into low- and high-rate readers using the cut-point of 127 words per minute. We then conducted an analysis of variance (ANOVA) test to determine the differences in academic vocabulary, comprehension, and reading rate between low- and high-rate readers. Table 6 reveals statistically significant differences for comprehension (F (1,137) = 33.70, p < 0.001, d = 0.700), academic vocabulary (F (1,137) = 6.85, p = 0.01, d = 0.32), and reading rate (F (1,1,137) = 242.15, p < 0.001, d = 1.88). For the low- and high-rate reading groups we then regressed comprehension onto academic vocabulary and reading rate. Results in Figure 5 and Table 3 for the low-rate group show that academic vocabulary explained 21.4% of the variance in reading comprehension (F (1,56) = 16.52, p < 0.000) while 8.5% was explained by rate (F (1.55) = 7.76, p = 0.007). Beta coefficients were b = 0.422 and 0.314 for academic vocabulary and reading rate respectively. For the high-rate group academic vocabulary explained 16.5% of the variance (F (1,78) = 16.56, p < 0.001) while rate explained an additional 5.9% of variance (F (1,77) = 7.00, p = 0.01). When the coefficients for the two models are compared, the impact of vocabulary on the low rate reading group is 32% greater than the impact on the high rate group.




5. Discussion


In this study we investigated the relationships among academic vocabulary, indicators of reading fluency, and reading comprehension. Our results found that mean accumaticity was at or above the 50th percentile for students in both grades while as a group readers generally exhibited less than adequate reading prosody. Our results also showed that sixth-grade students out-performed those in seventh-grade on all reading fluency measures, although the results were not statistically significant. We found statistically significant differences between grades in reading comprehension with seventh-grade outscoring those in sixth, while on the measure of academic vocabulary we found no statistically significant difference between the two grades, although results approached significance.



Our multivariate regression results found that of the three indicators of reading fluency, only reading rate was a significant predictor of comprehension, a finding consistent with other researchers [95]. Accompanying reading rate as a significant predictor of reading comprehension was academic vocabulary. While reading rate predicted 18% of the variance in comprehension, academic vocabulary predicted an additional 22.9% for a total of 40.9% of explained variance. We remind the reader that we measured silent reading comprehension with a standardized instrument, the results of which are often less robust than are researcher-constructed instruments. Although we did not include a measure of general vocabulary in the study, these results provide evidence for the role of academic vocabulary and reading rate as co-predictors of reading comprehension. In previous studies we have found reading prosody to be a significant predictor of reading comprehension so we were mildly surprised that in this sample of students it predicted no unique variance. A possibility for this result may rest in the constrained range of scores. We consider a score of 12 (out of a range of 12) on the MDFS to reflect appropriate prosody. In this sample, a 12 reflected attainment at the 75th percentile, nearly a full standard deviation above the sample mean of 10.4(2.00). We suspect that the suppression of scores in the upper range may have restricted the utility of prosody as a statistically significant predictor of reading comprehension.



Given research showing that fluent readers spend more time engaged with text which exposes them to more words than their less-fluent peers, we tested hypotheses from Stanovich and Stahl and Nagy that the former group would possess larger academic vocabularies that positively influence their reading comprehension. We began by testing a model showing that reading rate does indeed function as a mediator between academic vocabulary and reading comprehension. Our findings demonstrated that reading rate reduces the direct effect of academic vocabulary on comprehension by nearly one-third (32%). We interpret this result to mean that languid reading rates negatively influence growth in academic vocabulary that may ultimately reduce reading comprehension. Digging deeper into this finding we found through a simple slope analysis that a reading rate equal to 127 words-per-minute was the distinguishing point between low- and high-rate readers where the effect on comprehension became neutralized. In other words, 127 words-per-minute was the “bar” that when attained, appeared to negate the effect of reading rate on comprehension. To be clear, we do not recommend that our finding of 127 words-per-minute be interpreted as an absolute minimum standard for reading rate as it is restricted to the sample set in the present study. At the same time, we do believe it to be a plausible estimate that distinguishes the influence of reading rate on comprehension. Our estimate of 127 also happens to be the approximate accumaticity level that is equal to the 50th percentile for sixth- and seventh-grade readers as indicated by the Hasbrouck and Tindal reading norms [90]. We do not assume that these norms reflect a national sample, however, because of the large number of readers represented within each cell (approximately 15,000–17,000 readers), they do provide opportunity for an interesting insight. If our estimated cut-point of 127 words-per-minute for the present sample of students were to be applied to the sixth- and seventh-grade Hasbrouck and Tindal fall sample, then approximately half of students in the sample read at a less-than-adequate reading rate to fully benefit from exposure to academic vocabulary and its effect on comprehension. Regardless, poor reading rate represents an opportunity cost for low-rate readers as they learn less of the critical vocabulary necessary to achieve at levels commensurate with their peers possessing adequate reading rates. Our results suggest that improved reading rate offers the opportunity for improved vocabulary learning and comprehension.



It is important to remember the hypotheses put forth by Stanovich as well as Nagy and Stahl [17,18]. The authors suggest that readers with adequate fluency are more likely to engage in reading and as a result, experience greater vocabulary growth. Because an individual’s attentional capacity is a zero-sum resource, there is a finite amount that when reading, is typically divided between decoding and comprehension. If resources are over-taxed because of poor decoding, there is little attention left to direct to comprehension. On the other hand, efficient decoding leaves most of the reader’s attention capacity for making sense of the text. We say typically to allow for cases of fluent readers who expend little attention on decoding but do not focus their attention on creating meaning when they read. The point here is that it cannot be taken for granted that all readers who become rate-proficient will be inclined to engage in a sufficient amount of reading of the right texts to experience growth in academic vocabulary. Nonetheless, getting over the reading rate “bar” appears from our results, to be an important accomplishment that potentially sets the student up for further vocabulary growth due to improved engagement in reading.



There are several limitations to this study. The reader should keep in mind that this is a descriptive study and does not make use of random assignment to control for confounds necessary to draw causal conclusions of the results. We did not gather a measure for receptive vocabulary to determine the extent to which academic vocabulary provides additional, unique variance explaining differences in comprehension which would likely reduce or perhaps eliminate the percentage of explained variance found in this study. Our analytic sample is limited to students attending 10 middle schools across a large urban district and is not generalizable to a larger population or to other geographic areas. We also advise that our results may be problematic if applied to populations that differ in socio-economic status and academic achievement.



Future research into this area can explore the extent to which students possess academic vocabulary and how this subset of vocabulary affects academic achievement. While it would be expected that correlations between general and academic vocabulary would be large, this has yet to be strongly established. As many subskills in education are distributed along socioeconomic strata, it is expected that academic vocabulary would be no different, however, this too has little empirical evidence. There is also a need to determine at what point across grade levels academic vocabulary becomes a significant predictor of reading comprehension. Academic vocabulary is also a constrained set of words that can be purposely learned. As such, we do not know if there is a point in the educational continuum when academic vocabulary loses its predictive power on comprehension. Finally, the effect of academic vocabulary on state achievement assessments is unknown.
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Figure 1. Graph of the Relationship between Comprehension and Rate. 
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Figure 2. Graph of the Relationship between Vocabulary and Rate. 
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Figure 3. Graph of Relationship between Comprehension and Vocabulary. 
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Figure 4. Pathway of Mediation Analysis. 
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Figure 5. Beta Coefficients (b) for Academic Vocabulary and Reading Rate Predicting Comprehension by Group. 
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Table 1. Means and standard deviations of the measured variables by grade.
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	Variable
	Sixth-Grade

(n = 83)
	Seventh-Grade

(n = 55)
	All Students

(n = 138)





	Comprehension
	851.52(206.57)
	942.49(196.14)
	887.78(206.64)



	Academic Vocabulary
	23.30(7.99)
	26.16(8.42)
	24.44(8.25)



	Reading Rate
	136.93(33.48)
	131.36(29.97)
	134.71(32.13)



	Word Identification Accuracy
	134.43(33.99)
	126.89(34.46)
	130.33(38.26)



	Prosody
	10.64(2.18)
	10.05(1.67)
	10.41(2.01)
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Table 2. Bivariate Correlations among the Measured Variables.
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	Variable
	Comprehension
	Academic Vocabulary
	Reading Rate
	Word Accuracy
	Prosody





	Comprehension
	1
	
	
	
	



	Academic Vocabulary
	0.485
	1
	
	
	



	Reading Rate
	0.566
	0.337
	1
	
	



	Word Accuracy
	0.544
	0.321
	0.958
	1
	



	Prosody
	0.489
	0.380
	0.755
	0.738
	1







Note: All correlations significant at p < 0.01 (two-tailed); N = 138; Word accuracy = word identification accuracy.













[image: Table] 





Table 3. Hierarchical Regression Results for Measures Predicting Silent Reading Comprehension.
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All Students (n = 138)

	
Low-Rate Students (n = 58; Rate < 127)

	
High-Rate Students (n = 80; Rate ≥ 127)




	
Variable

	
Std. Error

	
B

	
SEβ

	
β

	
R2

	
∆R2

	
t

	
Std. Error

	
B

	
SEβ

	
β

	
R2

	
∆R2

	
t

	
Std. Error

	
B

	
SEβ

	
β

	
R2

	
∆R2

	
t






	
Constant

	
55.72

	
591.14

	
48.42

	

	

	

	
12.21 ***

	
79.19

	
517.08

	
68.61

	

	

	

	
7.39 ***

	
61.78

	
729.73

	
60.81

	

	

	

	
11.52 ***




	
TAWK

	
2.16

	
12.14

	
1.88

	
0.485

	
0.229

	

	
6.46 ***

	
3.37

	
11.78

	
2.90

	
0.477

	
0.214

	

	
4.07 ***

	
2.26

	
9.09

	
2.23

	
0.418

	
0.165

	

	
4.06 ***




	
Constant

	
67.40

	
291.30

	
62.58

	

	

	

	
4.66 ***

	
128.49

	
221.23

	
124.45

	

	

	

	
1.78

	
150.79

	
376.26

	
145.85

	

	

	

	
2.58 *




	
TAWK

	
1.91

	
8.30

	
1.75

	
0.332

	
0.229

	

	
4.76 ***

	
3.18

	
10.41

	
2.78

	
0.422

	
0.214

	

	
3.75 ***

	
2.35

	
6.96

	
2.30

	
0.320

	
0.165

	

	
3.03 **




	
Rate

	
0.47

	
2.92

	
0.45

	
0.454

	
0.409

	
0.18

	
6.51 ***

	
0.33

	
3.12

	
1.12

	
0.314

	
0.299

	
0.085

	
2.79 ***

	
1.01

	
2.61

	
0.99

	
0.280

	
0.224

	
0.059

	
2.65 *








* p < 0.05, ** p < 0.01, *** p < 0.001; TAWK, Test of Academic Word Knowledge (academic vocabulary).













[image: Table] 





Table 4. Regression Results for the Mediation of Rate on Vocabulary and Comprehension.
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	Model/Path
	Estimate
	SE
	95% CI (Lower)
	95% CI (Upper)





	Vocabulary—Reading Rate (a)
	1.31 ***
	0.314
	0.691
	1.934



	R2M.X
	0.114
	
	
	



	Reading Rate—Comprehension (b)
	2.92 ***
	0.449
	2.034
	3.809



	R2Y.M
	
	
	
	



	Vocabulary—Comprehension (c)
	12.14 ***
	1.878
	8.423
	15.850



	R2Y.X.
	0.235
	
	
	



	Vocabulary—Comprehension (c’)
	8.30 ***
	1.746
	4.849
	11.756



	R2Y.M.X
	0.418
	
	
	



	Indirect Effect of Rate in Y.M.X
	3.84 ***
	1.139
	1.839
	6.278







Note: Estimates for model/path effects are standardized coefficients (betas); R2M.X is the proportion of variance in reading rate (M) explained by academic vocabulary (X); R2 Y.M is the proportion of variance in comprehension (Y) explained by reading rate (M). R2Y.X is the proportion of variance in comprehension (Y) explained by academic vocabulary (X). R2Y.MX is the proportion of variance in comprehension (Y) explained by academic vocabulary (X) when controlling for rate (M). Number of bootstrap samples = 1000. CI; confidence interval. *** p < 0.001.
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Table 5. Effect of Reading Rate on Comprehension by Reading Group.
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Group

	




	
Rate Cut-Point

	
Low Rate

(b)

	
High Rate

(b)

	
∆Rate






	
114

	
0.287ns

	
0.418 ***

	
ns




	
117

	
0.293ns

	
0.412 ***

	
ns




	
118

	
0.336 *

	
0.414 ***

	
0.78




	
119

	
0.329 *

	
0.390 ***

	
0.61




	
120

	
0.374 **

	
0.417 ***

	
0.43




	
121

	
0.398 **

	
0.428 ***

	
0.30




	
122

	
0.398 **

	
0.428 ***

	
0.30




	
123

	
0.392 **

	
0.420 ***

	
0.28




	
125

	
0.437 **

	
0.445 **

	
0.08




	
127

	
0.429 **

	
0.427 ***

	
0.02




	
128

	
0.416 **

	
0.409 ***

	
0.07




	
129

	
0.417 **

	
0.395 ***

	
0.22




	
130

	
0.363 **

	
0.369 **

	
0.06




	
131

	
0.388 **

	
0.392 ***

	
0.04




	
133

	
0.387 **

	
0.377 **

	
0.10




	
134

	
0.364 **

	
0.356 **

	
0.08




	
136

	
0.395 **

	
0.368 **

	
0.27




	
137

	
0.398 **

	
0.363 **

	
0.35








Note: b, coefficient beta; Rate, words read per minute; * p < 0.05, ** p < 0.01, *** p < 0.001. Data not available for cut-points 115, 116, 124, 126, 132, and 135.
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Table 6. Means and Standard Deviations for Reading Rate, Academic Vocabulary, and Comprehension by Low- and High-Rate Readers.






Table 6. Means and Standard Deviations for Reading Rate, Academic Vocabulary, and Comprehension by Low- and High-Rate Readers.





	Group
	Comprehension
	Academic Vocabulary
	Reading Rate





	Low-Rate (n = 58, 42%)
	780.02(196.32)
	22.33(7.96)
	104.62(19.75)



	High-Rate (n = 80, 58%)
	965.90(177.59)
	25.98(8.17)
	156.53(19.04)







Note: Differences between low- and high-rate groups for comprehension and reading rate are statistically significant at p < 0.001. Differences between low- and high-rate groups for academic vocabulary are significant at p = 0.01.














© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
- -
[ (|

AIe[NqeO0A

—
_{_
—

-

250

~

200

50

0

Rate





nav.xhtml


  education-08-00165


  
    		
      education-08-00165
    


  




  





media/file2.png
1400
1200
1000
300
600
400
200
0

100

150

200

[~
N





media/file5.jpg
1400

800

600

100

0

20
Voc:

abulary

10





media/file3.jpg
50

40

30

20

10

0
0 50 100 150 200 250





media/file1.jpg
1400
1200
1000

800

600

400
200 .

0
0 50 100 150 200 250





media/file7.jpg
‘Path a: indirect effect
Std Beta = 131+++

‘Path b: indirect effect
P

‘Path c: Total Effect
Std. Beta=12.14%++

 direct effect (controlling for rate)
Std Beta=8.30+++

Comprehension






media/file10.png
0.450
0.400
0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000

0.422

Low-Rate

B Academic Vocabulary

0.280

High-Rate

Reading Rate





media/file9.jpg
0.450
0.400

0.100
0.050
0.000

0314

Low-Rate

W Academic Vocabulary

0320

0280

High-Rate

Reading Rate





media/file0.png





media/file8.png
Rate (M)

Path a: indirect effect Path b: indirect effect
Std. Beta = 1.31%## / \ Std. Beta = 2.92###

Vocabulary (X) J Comprehension
[ |

Path c: Total Effect
Std. Beta = 12 14%#*
¢’ direct effect (controlling for rate)
Std. Beta = 8 30%*%*






media/file6.png
Comprehension

1400

1200

1000

800

600

400

200

0

0

10

20

s

Vocabulary

40

Lh





