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Abstract

This study was designed to deepen insights on whether word-problem (WP) solving is a form of 

text comprehension (TC) and on the role of language in WPs. A sample of 325 second graders, 

representing high, average, and low reading and math performance, was assessed on (a) start-of-

year TC, WP skill, language, nonlinguistic reasoning, working memory, and foundational skill 

(word identification, arithmetic) and (b) year-end WP solving, WP-language processing 

(understanding WP statements, without calculation demands), and calculations. Multivariate, 

multilevel path analysis, accounting for classroom and school effects, indicated that TC was a 

significant and comparably strong predictor of all outcomes. Start-of-year language was a 

significantly stronger predictor of both year-end WP outcomes than of calculations, whereas start-

of-year arithmetic was a significantly stronger predictor of calculations than of either WP measure. 

Implications are discussed in terms of WP solving as a form of TC and a theoretically coordinated 

approach, focused on language, for addressing TC and WP-solving instruction.

Based on theories of reading comprehension, discourse processing, and word-problem (WP) 

processing (van Dijk & Kintsch, 1993; Perfetti, Yang, & Schmalhofer, 2008; Rapp, Van Den 

Broek, McMaster, Kendeou, & Espin, 2007; Verschaffel & De Corte, 1997), text 

comprehension (TC) and WP solving may be defined in integrated fashion. This definition 

assumes that representations of text have three components. The first involves constructing a 

coherent microstructure and deriving a hierarchical macrostructure to capture the text’s 

essential ideas. The second, the situation model, requires supplementing the text with 

inferences based on the reader’s world knowledge; for WPs, this includes informal and 

formal knowledge about quantities. With the third component, the reader derives problem 

models or schema; for WPs, this focuses on relations among quantities. WP solving does, 

however, differ from other forms of TC in that identification of the schema triggers and 

guides strategies for answering the WP’s question. This second, WP solution phase involves 

representing the problem model with numerals and deriving the mathematical result, 

evaluating whether the mathematical outcome is computationally correct and reasonable, 

and communicating the solution (Jiménez & Verschaffe, 2014).
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In line with an integrated definition, Kintsch and Greeno (1985) posited that the general 

features of the reading comprehension process apply across stories, informational passages, 

and WP statements but that the comprehension strategies, the nature of required knowledge 

structures, and the form of resulting structures, inferences, and problem models differ by 

task. Yet few studies have investigated connections or distinctions between WP solving and 

other forms of TC.

Prior work involving concurrent data collection suggests an association between TC and WP 

solving. Vilenius-Tuohimaa, Aunola, and Nurmi (2008) reported substantial shared variance 

across TC and WP solving when controlling for foundational reading skill. Swanson, 

Cooney, and Brock (1993) identified TC as a correlate of WP solving while controlling for 

working memory, knowledge of operations, WP propositions, and calculation skill. Boonen, 

Van Der Schoot, Florytvan, De Vries, and Jolles (2013) found that TC had medium to large 

relations with WP solving. This relation was not evident at the WP item-level in Boonen, 

Van Wesel, Jolles, and Van Der Schoot (2014); however, the authors indicated that their WP 

items did not involve the semantic complexity that warrants strong reliance on TC.

L. S. Fuchs, Fuchs, Compton, Hamlett, and Wang (2015) extended this concurrent literature 

by relying on a longitudinal design and by examining sources of individual differences in 

TC versus WP outcomes. Early in the school year, children were assessed on general 

language comprehension, working memory, nonlinguistic reasoning, processing speed, and 

foundational reading and math skill; at year’s end, on WP-specific language comprehension, 

TC, and WPs. Path analytic mediation analysis indicated the effect of general language 

comprehension on TC was entirely direct, whereas the effect on WPs was partially mediated 

by WP-specific language. Yet, across both domains, effects of working memory and 

reasoning operated in parallel ways. These findings are in line with Kintsch and Greeno 

(1985), who suggested that WP solving is a form of TC involving language comprehension, 

working memory, and reasoning, but differing from other forms of TC by requiring WP-

specific as well as general language comprehension.

With the present study, we extended studies employing concurrent designs as well as L. S. 

Fuchs et al. (2015) by testing effects of initial TC on year-end WP solving. If WP solving is 

a form of TC, then start-of-year TC should support (uniquely account for) individual 

differences in year-end WP solving. To create a stringent test, we examined the specificity of 

effects by contrasting the contribution of TC to year-end WP solving against TC’s effects on 

year-end calculations. Based on studies indicating (a) shared concurrent variance between 

TC and WP solving (Boonen et al., 2013, 2014; Swanson et al., 1993; Vilenius-Tuohimaa et 

al., 2008), (b) substantially similar patterns of cognitive and linguistic predictors across TC 

and WP solving (L. S. Fuchs et al., 2015), and (c) shared but some distinctive predictive 

patterns for WP solving versus calculations (L. S. Fuchs et al., 2008; Swanson & Beebe-

Frankenberger, 2004), we hypothesized that TC’s effects are stronger on WP solving than on 

pure calculations. We also included a measure of WP-language processing to represent WP 

solving without calculation demands. Our hypothesis concerning the role of TC in WP-

language processing mirrored the prediction for WP solving. Conversely, we expected initial 

arithmetic skill (basic facts) to predict year-end calculations (two-digit problems with and 

without regrouping) more strongly than either of the year-end WP measures.
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In addition, we targeted general oral language (in this article, referred to as language) as a 

strategy for deepening insight into whether WP solving is a form of TC, by exploring the 

role of start-of-year language in WPs while controlling for start-of-year TC. Consistent with 

Kintsch and Greeno (1985) and given studies documenting connections between language 

and TC (Catts, Hogan, & Adolf, 2005; Gough & Tunmer, 1986) and between language and 

WPs (Bernardo, 1999; L. S. Fuchs et al., 2008, 2010; Van Der Schoot, Bakker Arkema, 

Horsley, & Van Lieshout, 2009), we expected the effects of start-of-year language to be 

stronger on both WP outcomes than on calculations. Finding a stronger role for language in 

WPs than in calculations, while controlling for effects of TC (which is expected to share 

variance with language and therefore compete with language as a predictor of WPs), would 

strengthen existing evidence for the importance of language within WP solving. A common 

role for language across WPs and TCs would represent an important connection between the 

two academic domains and would thus strengthen the basis for thinking that WP solving 

may be conceptualized as a form of reading comprehension.

To contextualize our focus on language, we note that the link between language and 

mathematical development has been established (e.g., Aiken, 1972; Powell, Driver, Roberts, 

& Fall, 2017; Purpura & Ganley, 2014). Moreover, language has been specifically identified 

as active in the development of exact calculation skill (Dehaene, Spelke, Pinel, Stanescu-

Cosson, & Tsivkin, 1999; Gordon, 2004), and other studies suggest a connection among 

linguistic abilities and early math and reading. In Purpura, Logan, Hassinger-Das, and 

Napoli (2017), mathematics-specific language mediated the relation between preschool 

literacy and numeracy. LeFevre et al. (2010) found that a composite across vocabulary and 

elision predicted number naming, calculation skill, and word reading in 4.5- to 7-year-olds, 

and vocabulary specifically predicted number naming (nonlinguistic arithmetic), but the 

relation between vocabulary and calculations was not reported. In Harlaar, Kovas, Dale, 

Petrill, and Plomin (2012), phenotypic and genetic correlations between a math composite 

(including but not limited to calculations) and reading comprehension were stronger than 

between math and word decoding. None of these studies addressed WP solving.

Given that language has been identified as active in the development of exact calculation 

skill, it would not be surprising to find a relation between language and calculations. By 

contrast, the hypothesis in the present study is that language exerts a stronger effect on WPs 
than on calculations, even when controlling for effects of TC, which is expected to share 

variance with language and therefore compete with language as a predictor of WPs. The 

present study thus addressed two related issues: whether WP-solving may be considered a 

form of TC, and the role of language in WPs. Our methods submit the question of whether 

WP solving is a form of TC to a more stringent test than in previous studies. This includes a 

final, methodological extension: use of multivariate, multilevel path analysis to account for 

classroom and school effects, which increases precision in estimating effects and eliminates 

the nature of school context and classroom instruction as competing explanations for 

findings.

Findings, if supportive, would raise the possibility that TC and WP performance may both 

be improved with some efficiency using a theoretically coordinated approach that integrates 

language instruction into TC and WP instruction. Such an approach would address the needs 
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of an especially vulnerable subset of the population: students with comorbid learning 

disorders across TC and WP solving. These students, who perform lower in each domain 

than do students with difficulty in one area (Willcutt et al., 2013), are at risk of poor long-

term outcomes in and out of school (Batty, Kivimäki, & Deary, 2010; Every Child a Chance 

Trust, 2009; Meneghetti, Carretti, & De Beni, 2006; Murnane, Willett, Braatz, & 

Duhaldeborde, 2001; Ritchie & Bates, 2013). We return to this point in the discussion.

In the present study’s design, we simultaneously modeled the effects of eight predictors on 

three outcomes while controlling for nesting at the school and classroom levels. As outlined, 

the outcomes were end-of-second-grade WP solving, WP-language processing, and 

calculations. Among the eight predictors were four cognitive and linguistic measures. These 

represent the constructs addressed in Kintsch’s model of WPs as a form of TC and for which 

the literature indicates a role in TC and WPs: language (Catts et al., 2005; L. S. Fuchs et al., 

2010; Gough & Tunmer, 1986); nonlinguistic reasoning (Chase, 1969; L. S. Fuchs et al., 

2015; Geary & Widaman, 1991); and working memory (Carretti, Borella, Cornoldi, & De 

Beni, 2009; Miyake, Just, & Carpenter, 1994; Siegel & Ryan, 1989). To avoid biasing 

predictive relations, we operationalized working memory span with two measures, one 

involving words and the other numerals. The other four predictors were academic. To 

address the study’s major questions, TC was included. We controlled for arithmetic, a 

foundational skill for WPs (L. S. Fuchs et al., 2006); word reading, a foundational skill for 

TC (Gough & Tunmer, 1986); and start-of-year WP performance (in this article, referred to 

as early word-problems). Note that in the district where the study took place, the school year 

starts in August and ends in May. Predictors were assessed in September-October and 

outcomes in April.

Method

Participants

A sample of 325 children was selected to represent high, average, and low reading and 

mathematics performance (as indexed on the Wide Range Achievement Test [WRAT; 

Wilkinson, 1993] Reading and Arithmetic) from 133 second-grade classrooms in 24 schools 

in an urban district in the United States. (We relied on selection to ensure a representative 

sample, because a high proportion of participants came from high-poverty backgrounds.) 

Children scoring below the ninth percentile on both subtests of the Wechsler Abbreviated 

Scale of Intelligence (WASI; Wechsler, 1999) were excluded to ensure that participants had 

access to the study measures. (One third of participants in this analysis were participants in 

the L. S. Fuchs et al., 2015, analyses. In this line of studies, data were collected in waves, 

with overlapping but not identical measures across the waves. The questions asked in the 

two papers articles differ.)

In August, the sample’s mean age was 7 years 6 months; 50% were female; 78% were from 

families with low socioeconomic status (as revealed in eligibility for the U.S. school 

subsidized lunch program); 48% were African American, 31% non-Hispanic White, 15% 

White Hispanic, and 7% other; 6% had an identified disability; and 11% were learning 

English as a second language. All tests were administered in English.
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In September-October, the percentile score equivalent for the sample’s raw score mean on 

Gates–MacGinitie Reading Comprehension (MacGinitie, MacGinitie, Maria, & Dreyer, 

2002) was 43. On KeyMath–Revised–Problem Solving (KeyMath; Connolly, 1998), the 

mean standard score was 106.06 (SD = 9.37); on WRAT-Arithmetic (Wilkinson, 1993), 

94.72 (SD = 13.26); on WRAT-Reading, 103.74 (SD = 14.53); and on WASI (Wechsler, 

1999), 96.11 (SD = 12.75).

Measures

Screening and descriptive pretests used to select and describe sample—With 

WRAT-Arithmetic (Wilkinson, 1993), children have 10 min to write answers to calculation 

problems of increasing difficulty. With WRAT-Reading (Wilkinson, 1993), children identify 

up to 15 letters and up to 42 words without a time limit. Testing is discontinued after 10 

errors. At ages 7–9, the alpha is .90 to .92 on these WRAT subtests. The two-subtest WASI 

(Wechsler, 1999), which comprises Vocabulary and Matrix Reasoning, is an individually 

administered measure of general cognitive ability (reliability = .92). Gates (MacGinitie et 

al., 2002) is described under academic predictors; KeyMath (Connolly, 1998) under 

outcomes.

Cognitive and linguistic predictors: Language, nonlinguistic reasoning, and 
working memory—Language was measured with WASI–Vocabulary (Wechsler, 1999), 

with which children identify objects in pictures (first four items) and construct verbal 

definitions of words (remaining items). At 6–11 years, test stability is .85.

Nonlinguistic reasoning was measured with WASI–Matrix Reasoning (Wechsler, 1999), 

which assesses pattern completion, classification, analogy, and serial reasoning. For each 

item, children select one of five options that best completes a visual pattern. At 6–11 years, 

test stability is .79.

Working memory was assessed with Working Memory Test Battery for Children–Counting 

Recall and Listening Recall (Pickering & Gathercole, 2001). Each subtest has six items at 

span Levels 1–6 to 1–9. Passing four items at a level moves the child to the next, increasing 

the number of items to be remembered by one. Failing three items within a level terminates 

the subtest. The score is trials correct. For Listening Recall (WM-words), children determine 

if each sentence in a series is true; then they recall the last word of each sentence. For 

Counting Recall (WM-numerals), children count four, five, six, or seven dots on a series of 

cards; then they recall the numerals of the counted sets. At Grade 2, subtest stability is .83–.

85.

Academic predictors: Word reading, TC, arithmetic, and early word-problem—
Word reading was assessed with Word Identification Fluency (L. S. Fuchs, Fuchs, & 

Compton, 2004). Children have 1 min to read a single page of 50 high-frequency words 

randomly sampled from the Dolch preprimer, primer, and first-grade levels. If they hesitate 

on a word for 4 s, the tester tells them to proceed. If they finish in less than 1 min, the score 

is prorated. Test stability is .86.
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TC was measured with Gates (Level 2, Form S; MacGinitie et al., 2002), which relies on 

code-related skill as well as language ability (Cutting & Scarborough, 2006). It includes 11 

narrative or informational passages, each with four paragraphs (except the first, with three 

sentences). Three pictures are shown next to each paragraph; children construct the 

passage’s explicit or implicit meaning to select the picture best representing the text. They 

have 35 min to read and select pictures. Alternate form reliability was .74–.92.

Arithmetic was assessed with Second-Grade Calculations Battery (SGCB)–Arithmetic (L. S. 

Fuchs, Hamlett, & Powell, 2003), including Sums to 12, Sums to 18, Minuends to 12, and 

Minuends to 18. On each subtest, students have 1 min to write answers to up to 25 problems. 

The score is number of correct answers across subtests (sample α = .95).

Early word problems was assessed with Story Problems (Jordan & Hanich, 2000), 

comprising 14 combine, compare, and change WPs requiring single-digit addition or 

subtraction. Testers read items; children follow along on paper (sample α = .87).

Calculations, WP solving, and WP language outcomes—Calculations was 

assessed with SGCB–2-Digit Addition and 2-Digit Subtraction (L. S. Fuchs et al., 2003). 

Testers provide students 3 min on each subtest to complete up to 20 problems requiring two-

digit calculations with and without regrouping. The score is total correct across subtests 

(sample α = .85).

WP solving was assessed with KeyMath (Connolly, 1998), which includes problems of 

increasing difficulty involving all four operations. Text is shown visually, while the examiner 

reads problems aloud. There is no time limit. Students can reread text, but the tester reads 

the problem aloud once. (We opted for a WP measure in which text is presented visually to 

students while testers read aloud. This ensures access to the WP content and reduces the 

likelihood students grab numbers from text without processing text, which is common in 

emerging readers.) Nine problems are in the range of second graders (within 2 SDs of the 

sample’s mean performance). Seven assess combine, compare, and change WP types, eight 

requiring one-digit calculations and the others requiring two-digit calculations; one involves 

money; and one involves identifying a number series. Seven problems are routine, requiring 

a number answer; one involves identifying irrelevant information; and one involves 

connecting sentences to create a WP. Testing is discontinued after three consecutive errors. 

At Grade 2, split-half reliability is .67–.74.

WP language was assessed with WP-Language Assessment (L. S. Fuchs, DeSelms, & 

Deason, 2012). On each of two subtests, testers read WPs aloud while students follow along 

on paper and write responses on paper. The first subtest, Bigger/Smaller WP Language, 

assesses understanding of language that determines bigger and smaller quantities, with two 

item types. With the first (eight items), students identify whether the quantity referred to in 

the WP’s question is the bigger number, smaller number, or difference between numbers 

(e.g., Linda has 3 toys. She has 8 fewer toys than Jane. How many toys does Jane have?). 

With the second type (eight items), students identify which of four sentences matches the 

meaning of a sentence describing a compare relationship (e.g., Sue has 4 fewer stickers than 

Jan, response options are: Jan has 4 fewer stickers than Sue; Jan has 4 more stickers than 

Fuchs et al. Page 6

Sci Stud Read. Author manuscript; available in PMC 2018 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Sue; Sue has 4 more stickers than Jan; None of the above). The second subtest (eight items), 

Compare/Change WP Language, assesses understanding of language that determines 

whether a WP compares two quantities or describes a change in quantity for one object. This 

involves use of more combined with than or then (e.g., Sue had 4 pieces of candy. Then she 
went to the store and bought 8 more pieces. How many pieces of candy does she have now? 
vs. Sue had 4 more pieces of candy than Jim. Jim has 7. How many does Sue have? The 

tester asks, Does the problem tell us about the difference between two amounts of candy or 
about a starting amount of candy that changes?) The score is number correct across subtests 

(sample α = .84).

Procedure

Testers were trained to criterion on each measure and used standard administration 

directions. Procedural fidelity checks were conducted prior to data collection and were 

repeated until each tester scored 90% or higher. In September-October, testing occurred in 

large groups in classrooms on WRAT–Arithmetic, Gates, Story Problems, and SGCB–

Arithmetic. Testing occurred individually in quiet school spaces on WASI, WRAT–Reading, 

Working Memory Test Battery for Children–Counting Recall and Listening Recall, and 

Word Identification Fluency. In April, KeyMath was administered individually, and the other 

two outcome measures in small groups of two to four. Interscorer agreement on each 

measure exceeded 98%. Individual sessions were audiotaped; 15% of tapes were selected 

randomly, stratified by tester, for accuracy checks by independent scorers. Agreement 

exceeded 98%. Data were double entered, with discrepancies resolved.

Data analysis and results

Nesting, skewness, multicollinearity, and model fit

Using multivariate, multilevel path analysis, students (Level 1) were nested in classrooms 

(Level 2), classrooms were nested in teachers (Level 3), and teachers were nested in schools 

(Level 4). (The study was run in cohorts, such that some teachers had different classrooms 

across years.) Multivariate outcome modeling in Mplus 7.4 (Muthén & Muthén, 1998–2015) 

does not accommodate four-level models. Thus, we first ran three separate unconditional 

multilevel models in Stata using the mixed command to calculate the intraclass correlation 

coefficient (ICC) for each nesting level (classrooms, teachers, and schools) by outcome. The 

purpose was to gauge whether all nesting levels were necessary to include in the baseline 

model. School ICCs were .06–.08; teacher ICCs were exactly .00 (there was no teacher-to-

teacher variability in the outcomes when accounting for school and classroom membership); 

classroom ICCs were .00–.18. These results indicate that clustering at the teacher level 

accounted for no variance in the outcome. It was therefore omitted from further modeling.

After excluding the teacher level, the baseline model accounted for school and classroom 

membership to accurately estimate the Level-1 standard errors. The relatively small number 

of schools (24) compared to model parameters produced warning messages in MPlus. 

Therefore, clustering at the school level was handled by the TYPE = COMPLEX 

TWOLEVEL option in Mplus in which random intercepts were allowed for classrooms but 

not schools, although standard error and model chi-square computations were adjusted for 
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school clustering via the COMPLEX option (see Muthén & Satorra, 1995). Due to some 

skewness in the three outcome variables, we used maximum likelihood estimation with 

robust standard errors to account for nonnormality. Prior to estimating the baseline model, 

multicollinearity was checked in Stata using the collin command; no variance inflation 

factor approached or exceeded the typical cutoff of 10.

Prior to running the baseline model with all predictor variables included, we ran an 

unconditional multivariate model to record the amount of variance at Level 1 (student/

residual). We then used these estimates to compute a Level-1 proportion of variance 

accounted for (R2) for each outcome. For the baseline model, all indicators of model fit were 

in the acceptable range (Kline, 2011). Specifically, the chi-square test of model fit was 

nonsignificant, χ2(3) = 3.47, p = .32, the RMSEA of .02 fell below the .05 cutoff, and the 

CFI and TLI were above the .95 cutoff at 1.00 and 0.99, respectively (Figure 1).

Proportion of variance explained and predictor variable effects

Means, standard deviations, and correlations are shown in Table 1. Path estimates (in z-score 

units) are listed in Table 2. Together, the predictors accounted for 49% of Level-1 variance 

(Level-1 R2) in calculations, 54% in WP solving, and 42% in WP language. Table 3 

provides these estimates along with Level-1 variance components for all outcomes in the 

unconditional and baseline models. Also shown are Level-1 residual correlations among the 

outcome variables (.04–.13). This indicates little of the unexplained variance of one outcome 

was related to that of another. In other words, the predictor variables in our model accounted 

for the vast majority of shared variance among the outcomes.

Before discussing trends for predictor variables for the baseline model, we interpret one path 

as a guide to interpretation. The estimated path from TC to calculations was 0.16, SE = 0.07, 

p = .030. (Interpretations of standardized path coefficients parallel those of standardized 

regression coefficients.) Significant predictors of the calculation outcome in descending 

order of path estimates were as follows: arithmetic (0.44), early word-problems (0.19), TC 

(0.16), and language (−0.12); in predicting WP solving, early word-problems (0.36), 

working memory-words (0.17), TC (0.15), language (0.12), and arithmetic (0.11); in 

predicting WP language, early word-problems (0.27), TC (0.24), language (0.13), and 

working memory-words (0.12).

When considering results by predictors rather than outcomes, three predictors were 

significant for all outcomes when controlling for the other predictors: language, early word-

problems, and TC. Three predictors were nonsignificant for all outcomes when controlling 

for the other predictors: nonlinguistic reasoning, working memory-numerals, and word 

reading. As expected, arithmetic was a significant predictor of both outcomes involving 

calculations but not of WP language. Working memory-words predicted the two WP 

outcomes but not calculations.

See Table 4 for tests of the six a priori hypotheses involving the equality of predictor effects 

between two outcomes. To be clear, the null hypothesis tested in each case was that the 

standardized path of one predictor to two different outcomes was the same. The false 

discovery rate was controlled by adjusting the alpha criterion for each test using the 
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Benjamini–Hochberg step-up procedure (Benjamini & Hochberg, 1995); all p values less 

than .05 listed in Table 4 are significant when applying the adjusted alpha. Estimates 

reported in this section are differences in standardized path values.

We found that, controlling for the other predictors, language was indeed less predictive of 

calculations than either WP outcome. The standardized path from language to calculations 

was 0.24 SD less and 0.25 SD less, respectively, than the path from language to WP solving 

and from language to WP language. The arithmetic variable also behaved as expected, 

predicting calculations more strongly than the WP outcomes (difference of 0.33 for WP 

solving and 0.45 for WP language). Surprisingly, TC’s path to calculations was comparably 

strong as TC’s effect on WP solving (difference = 0.01) and on WP language (difference = 

0.09).

Discussion

The present study addressed two related issues: whether WP solving is a form of TC and the 

role of language in WPs. In considering the value of language in predicting individual 

differences in WPs, we employed a stringent model that simultaneously controlled for TC 

and early word-problem skill, both of which have been shown to share variance with 

language (Catts et al., 2005, L. S. Fuchs et al., 2008; L. S. Fuchs et al., 2010; Gough & 

Tunmer, 1986; Van Der Schoot et al., 2009), even as we controlled for other salient cognitive 

processes and academic skills as well as school and classroom nesting. Even with this 

stringent model, language emerged as uniquely significant in forecasting individual 

differences in both WP outcomes. This includes WP solving as well as WP language 

processing. Moreover, language’s effect was not only strong (path coefficients of .12 and .

13), its predictive value was also specific: Language predicted each of the WP outcomes 

substantially and significantly more strongly than the contrasting mathematics outcome 

involving pure calculations. This provides strong evidence for the role of language in WP 

solving.

At the same time, we further extended insights into the nature of WP solving and its 

potential connections to TC by assessing whether initial arithmetic skill (basic facts) predicts 

year-end calculations (multidigit problems with and without regrouping) more strongly than 

both year-end WP measures. Results supported this specificity hypothesis, with path 

coefficients of .44 on calculations, .11 on WP solving, and –.01 on WP language.

Together, language’s differentially strong value in predicting WP over calculation outcomes 

as well as initial arithmetic’s differentially strong role in predicting calculation over WP 

outcomes suggest that WPs and calculations may represent distinct domains of academic 

performance. This corroborates other correlational findings (L. S. Fuchs et al., 2008; 

Swanson & Beebe-Frankenberger, 2004). It also echoes an experimental study (L. S. Fuchs 

et al., 2014) in which calculation intervention did not enhance WP learning, and WP 

intervention did not improve calculation learning.

Finding that the cognitive, linguistic, and academic predictors of WP performance are 

separable from those involving pure calculations, while finding a differentially strong role 
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for language in WPs over calculations, also speaks to the question of whether WP solving is 

a form of TC. Kintsch and Greeno (1985) suggested this possibility decades ago. Vilenius-

Tuohimaa et al. (2008), Boonen et al. (2013), Boonen et al. (2014), and Swanson et al. 

(1993) provided evidence of concurrent relations between TC and WPs. In a longitudinal 

framework, L. S. Fuchs et al. (2015) found more commonalities than differences in the 

predictors of WP solving and TC, with effects of working memory and nonlinguistic 

reasoning operating in parallel ways on both outcomes and the effects of total (general and 

WP-specific) language comparably important in determining individual differences in both 

outcomes. The major distinction was that the effects of language on TC was entirely direct, 

whereas the effect of language on WPs was partially mediated by WP-specific language.

Present findings provide additional evidence that WP solving may productively be 

conceptualized as a form of TC. This growing literature also suggests that the instructional 

framework for addressing WP solving should not focus dominantly on calculation skill, as is 

often the case in school instruction. Instead, results suggest an important role for TC 

instruction within WP teaching.

This instructional approach involves a strong focus on language, including but not limited to 

WP-specific vocabulary and syntactic knowledge (e.g., understanding the distinction 

between more than and then there were more; that the cause and effect in change WPs may 

be presented in either order within WP statements). Such an approach is consistent with 

recent calls (Catts & Kamhi, 2017; Ukrainetz, 2017) to intimately connect an instructional 

focus on oral language to specific TC task demands, even as that instruction targets the 

subset of learners with language deficits for such embedded language instruction and relies 

on outcome measures reflecting the relevant TC tasks to index effects. An integrated 

approach with a deliberate focus on the TC demands of WP statements may also include 

methods to assist students in constructing explicit text-level representations, generating text-

connecting inferences, retrieving general as well as math-specific background knowledge, 

and integrating that knowledge with information in text-level representations (Perfetti et al., 

2008; Rapp et al., 2007; Verschaffel & De Corte, 1997), all in the service of building the WP 

situation and problem model.

Moreover, an integrated instructional framework may ultimately provide direction for a 

theoretically coordinated approach for simultaneously improving performance across TC 

and WPs in relevant ways. This might include, for example, teaching cause–effect 

informational text structure in conjunction with change WPs (in which an event serves to 

increase or decrease a starting amount, thereby creating a new ending amount) or connecting 

compare–contrast informational text structure with WPs that compare quantities.

Testing effects of a more inclusive approach to TC intervention, designed to focus on TC 

and WPs in coordinated fashion, would provide experimental evidence on whether WP 

solving is a form of TC, even as it would extend theoretical understanding of both domains. 

This line of work is potentially important for three additional reasons. First, students with 

comorbid learning disorders across TC and WPs represent an especially vulnerable subset of 

the population, because TC is a strong predictor of quality of life, financial security, and life 

expectancy (Batty et al., 2010; Meneghetti et al., 2006; Ritchie & Bates, 2013), even as WP 
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solving is the best school-age predictor of later employment and wages (Every Child a 

Chance Trust, 2009; Murnane et al., 2001). Second, students with concurrent difficulty 

perform lower in each domain than students with difficulty in only one domain (Willcutt et 

al., 2013). Third, schools are challenging environments for providing students with 

intervention on more than one academic domain. A coordinated approach for addressing TC 

and WPs would alleviate this logistical problem.

We also note that WP solving, as operationalized in the school curriculum, involves word 

reading. Yet, in the present study, both WP measures (WP solving and WP language) were 

read aloud to children (although with both measures, each WP is presented visually at the 

same time, and the text remains available after the tester’s reading ends, until the child has 

completed the item). When students are required to independently read text for accessing 

WP statements without the reading-aloud support, as is typically the case in school generally 

and on high-stakes assessments, connections between WP solving and TC may increase 

further. Similarly, differences in assessment modality (visual for TC but oral-visual for WPs) 

may have affected findings. These possibilities should be addressed empirically in studies 

that systematically vary calculation demands within the WP process (as in the present study, 

by including measures of WP solving as well as WP language without calculation demands) 

while varying reading demands and modalities in assessing WP solving (including measures 

that require reading vs. listening to WP statements, a contrast not included in the present 

study).

This brings us to the issue of whether the present study provides support for TC as a 

predictor of the WP outcomes. On one hand, in the context of our stringent model that 

controlled for initial word reading, language, nonlinguistic reasoning, two forms of working 

memory, arithmetic, and early WP skill, TC emerged as a significant predictor of and 

accounted for a substantial portion of variance in year-end WP solving. The path coefficient 

of .15 was the largest predictor of this outcome, after controlling for early WP skill (with a 

coefficient of the same magnitude for working memory with words). A similar pattern 

emerged for the WP-language processing outcome, with a path coefficient of .24 for this WP 

outcome absent the calculation demands.

On the other hand, despite TC’s strong value in predicting the WP outcomes, TC was not a 

specific predictor. Contrary to our hypothesis, the magnitude of the TC’s path coefficient to 

WP solving and WP-language processing was comparable to its predictive value for end-of-

second-grade calculations. In fact, the point estimates for TC’s predictive value on year-end 

calculations and WPs were nearly identical (.16 and .15). The strong predictive value of TC 

in explaining individual differences in calculations is surprising.

Three explanations appear plausible. First, because we designed the study with WPs as the 

major outcome, we did not control for at least two viable predictors of the calculation 

outcome, processing speed (L. S. Fuchs et al., 2006; L. S. Fuchs et al., 2008; Geary, 2011) 

and visual-spatial ability (Geary et al., 2009; Holmes, Adams, & Hamilton, 2008; Zhang & 

Lin, 2015). Including those predictors in the model may have reduced the estimate of TC’s 

role in explaining the calculation outcome.
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The second explanation is that reading exerts an effect on math. Some prior provides such 

evidence. For example, L. S. Fuchs, Geary, Fuchs, Compton, and Hamlett (2016) found that 

the effects of reading competency at the start of first grade on end-of-third-grade calculation 

performance were sizeable and significant (the reverse was not true), but findings on this 

point are mixed (e.g., Duncan et al., 2007). Additional research that systematically varies 

effects on higher versus lower order academic processes as well as reading versus 

mathematics (word-level reading skill vs. calculations vs. TC vs. WP solving) is needed.

The third potential explanation raises questions about what broad, multi-component TC 

measures, such as the Gates, actually assess. Such measures transparently tap an array of 

linguistic reasoning abilities as well as depth of background knowledge, even as they may 

index the strategic behavior involved in multiple-choice testing. Such measures have also 

demonstrated poor sensitivity to the effects of intervention within experimental 

investigations, even when measures aligned to the instructional targets and considered 

essential to the TC process reveal responsiveness (Alfassi, 1998; Catts & Kamhi, 2017; D. 

Fuchs et al., in press; Jitendra, Hoppes, & Xin, 2000). Present findings, in which TC 

predicted performance on later calculation performance, also raise the possibility that broad, 

multicomponent TC measures may operate as indicators of overall cognitive ability, raising 

questions about the tenability of broad, multicomponent TC measures as outcomes of TC 

instructional studies. In fact, discarding TC instructional procedures on the basis of low 

effect sizes on such broad measures, in the face of demonstrated effects on more narrow 

measures, may represent Type II error. At the same time, finding that TC is broadly 

predictive of three mathematics outcomes indicates the need to study the role of an array of 

TC assessments in predicting WP solving, while incorporating other forms of mathematics 

outcomes to assess specificity, as in the present. Such a research program can provide insight 

not only into connections between TC and WP solving but also the very structure of 

academic performance.

Before closing, we note two important study limitations. First, we relied exclusively on a 

measure of vocabulary as the indicator of language ability, without indexing syntax or 

sentence processing. Although WASI-Vocabulary requires children to construct verbal 

definitions of words and thus reflects broader language ability, the WP-specific language 

comprehension task highlights how sentence structure operates within WP solving. 

Exclusive reliance on vocabulary, even using a measure that reflects broader language ability 

by requiring students to construct verbal definitions, runs the risk of overestimating the 

importance of TC and underestimating the importance of language in WP performance. 

Second, the present study’s sample was largely from families of low socioeconomic status 

(78% of participants met eligibility for the U.S. school subsidized lunch program). Thus, it 

is important that future studies index language ability more broadly and investigate the 

robustness of findings for diverse samples.
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Figure 1. 
Baseline model in which all end-of-second-grade outcomes were regressed on all start-of-

second-grade predictors.

Note. In the model, there was a path from each predictor to each outcome; the brace in this 

figure is for visual clarity only.
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