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Special Series: Identifying and Serving Students with LD

While the number of English learners (ELs) has been grow-
ing at a rapid rate in the United States, comprising approxi-
mately 10% of the school population (McFarland et al., 
2018), they are also one of the lowest achieving subgroups 
in mathematics, with mean performance only slightly above 
the basic level on the National Center for Education 
Statistics (NAEP, 2017). More troubling is the pervasive 
achievement gap between ELs and non-ELs. The preva-
lence of mathematics difficulties is much higher in ELs than 
in non-ELs: The percentage of ELs (47%) performing 
below the basic level is more than twice that of non-ELs 
(17%). Because mathematics difficulties exacerbate over 
time (Morgan et al., 2009; National Mathematics Advisory 
Panel, 2008), there is an urgent need to develop early 
screening methods to identify ELs who are at risk for devel-
oping mathematics disabilities so that timely supplemental 
intervention may proceed.

Despite advances in prevention and early identification 
of learning disabilities (LD) with the introduction of 
response to intervention (RTI; Fuchs & Fuchs, 2006), LD 
identification for ELs is still 3 to 4 years delayed. Prior 
research indicates ELs (racial and linguistic minorities) are 
less likely to be identified as having disabilities and receive 

special education services than their counterparts during 
early childhood (Morgan et al., 2012) and throughout ele-
mentary school years (Morgan et al., 2015; Zehler et al., 
2003). A more complex picture is provided by other studies 
reporting underrepresentation of ELs in special education at 
young ages but overrepresentation at older grades (Hibel & 
Jasper, 2012; Samson & Lesaux, 2009). This phenomenon 
may be due to teachers’ propensity to not identify ELs as at 
risk compared to native English speakers because they pre-
sume difficulties are due to limited English proficiency 
(Limbos & Geva, 2001).

Early identification of ELs with mathematics disabilities 
is challenging because young ELs’ low performance  
on a mathematics test may occur due to several reasons  
(e.g., Wagner et al., 2005). First, ELs may have mathematics 
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competencies but perform poorly on tests due to the lan-
guage demands of the items on those tests, particularly with 
word problems (Abedi & Lord, 2001; Martiniello, 2009). 
Second, ELs may initially struggle with mathematics due to 
limited proficiency in English, which is their second lan-
guage, or a lack of environmental supports that facilitate 
numeracy development, which is often prevalent in low 
socioeconomic backgrounds (e.g., Anders et al., 2012; 
Magnuson et al., 2004). Third, low test scores may accu-
rately depict ELs’ true mathematics competence. The first 
two scenarios, which often co-occur, represent false positive 
cases in which ELs are inaccurately identified as LD based 
on low mathematics performance when, in fact, environ-
mental factors or limited English proficiency are masking 
ELs’ mathematics learning abilities. These students may 
soon catch up as they receive sound mathematics instruction 
in school and as they acquire English proficiency.

Disentangling various sources of low mathematics per-
formance to distinguish ELs with true risk for mathematics 
disabilities (true positives) from ELs whose mathematics 
difficulties result from extraneous factors (false positives) 
is critical because inaccurate identification of at-risk status 
and mismatched placements have undesirable consequences 
at the school and student levels. High false positive rates 
increase the cost of multitiered support systems due to 
unnecessary expenditures for supplementary intervention 
(Tier 2) to students who otherwise do well with Tier 1 class-
room instruction. At a student level, false positives may 
result in negative consequences associated with receiving 
an at-risk label. Moreover, misplacement of students in Tier 
2 can impede their learning (e.g., Balu et al., 2015), because 
instruction may be inappropriately slow-paced with less 
content coverage (e.g., Oakes, 2005).

Dynamic Assessment

One method to address this long-standing challenge of early 
identification of ELs at risk for LD is dynamic assessment 
(DA). DA is a collection of assessment procedures in which 
structured instruction is provided as part of the testing pro-
cess to measure how well a student can learn with help 
(Caffrey et al., 2008; Grigorenko, 2009; Grigorenko & 
Sternberg, 1998; Wagner & Compton, 2011), a develop-
mental phase referred to as the zone of proximal develop-
ment (Vygotsky, 1962). Traditional static assessments 
measure students’ independent performance tapping only 
the product of learning. This inflates false positive rates 
because static assessments often show floor effects in young 
children, many of whom do not perform well because they 
have insufficient learning opportunities (e.g., Catts et al., 
2009). DA addresses this problem by directly teaching the 
skills assessed on the test items and measuring students’ 
learning in response to that instruction. This permits differ-
entiation between poor performances of students due to 

lack of prior learning opportunities (false positive) from 
learning deficits (true positive). In fact, DA has been shown 
to improve the precision of early identification of risk for 
LD (Cho et al., 2014, 2020; Compton et al., 2010; Gellert & 
Elbro, 2018; O’Connor & Jenkins, 1999; Petersen et al., 
2018; Seethaler et al., 2012).

DA’s validity for predicting mathematics outcomes has 
been examined in several studies with elementary students. 
DA involving working memory training predicts concurrent 
and later math outcomes at third through fifth grade 
(Stevenson et al., 2014; Swanson & Howard, 2005). Other 
studies extend that work by focusing the DA’s content on 
mathematics while considering DA’s contribution beyond 
static mathematics screeners and domain-general cognitive 
assessments. Fuchs, Fuchs, Compton, et al. (2008), whose 
DA teaches novel mathematics content to third graders, 
demonstrated DA’s incremental validity when predicting 
RTI. As in Seethaler et al. (2012), whose DA relies on math 
content at first grade, DA was one of the three strongest 
predictors of the year-end calculation outcome, followed by 
brief (Quantity Discrimination; Chard et al., 2005) and 
extended (Test of Early Mathematics Achievement; Ginsburg 
& Baroody, 2003) math screeners. DA was also the stron-
gest predictor of word-problem (WP) outcomes. While 
these studies show promise for DA in screening for later 
mathematics disabilities, little is known about how DA 
works for ELs.

Whereas a few recent studies have examined DA’s valid-
ity for predicting reading development in ELs (e.g., Petersen 
& Gillam, 2015; Petersen et al., 2018), we identified only 
one prior study that examined DA’s utility in predicting 
later mathematics outcomes in ELs. Seethaler, Fuchs, 
Fuchs, and Compton (2016) examined whether the predic-
tive value of DA using equation-solving tasks at the start of 
first grade differs for ELs and non-ELs in forecasting end-
of-year calculation and WP outcomes. Differential predic-
tive validity was associated with students’ language status, 
depending on the type of mathematics outcome. In non-
ELs, DA predicted calculation but not WP outcome, while 
controlling for domain-general and mathematics predictors; 
by contrast, in ELs, DA predicted both outcomes.

One factor to consider when designing DA for ELs is the 
language of DA. Orosco et al. (2013) developed a DA that 
provided linguistic scaffolds while teaching math compre-
hension strategies in WPs to ELs. In their DA, the language 
of WPs was simplified (reduced sentence lengths, removal 
of irrelevant information). ELs with significant reading and 
math difficulties also received linguistic support in three 
steps, which included preteaching of math ideas and con-
cepts (Step 1), explicit comprehension strategy instruction 
(Step 2), and guided practice through collaborative learning 
with a teacher (Step 3). With Step 3, students received probe 
questions reminding them of the strategies taught in previ-
ous steps. In a single-subject study, ELs’ WP performance 
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improved with linguistic support compared with the base-
line performance, suggesting that oral language difficulties 
may overshadow ELs’ capacity to learn from English-DA 
instruction. Thus, delivering DA instruction in ELs’ first 
language may provide valid results regarding ELs’ mathe-
matics learning potential.

Language of Assessment

Language is the medium through which test content is com-
municated to students. This is true for mathematics tests gen-
erally. On WP tests, language comprehension is centrally 
involved in the construct (Fuchs et al., 2015, Fuchs, Fuchs, 
Seethaler, Cutting, & Mancilla-Martinez, 2019). WP tests rely 
heavily on students’ language abilities because they require 
students to understand the problem situation and identify 
semantic relations among numerals presented in text (e.g., 
locate the missing information, discriminate relevant informa-
tion from irrelevant information). Thus, items with heavy lan-
guage load may differentially function for students with the 
same level of mathematics ability, due to differences in their 
language proficiency, compromising the validity of mathe-
matics test score interpretation for ELs. When ELs are tested 
in a language in which they have yet to develop proficiency, 
valid and fair interpretation of the test score is difficult.

Prior research demonstrates the important role of lan-
guage skill in young ELs’ mathematics performance within-
language for both numeracy and applied problems, but 
cross-language transfer was not evident in applied problems 
(Méndez et al., 2019; Foster et al., 2019). Thus, ELs whose 
English language is low may experience greater difficulty 
with WPs than do non-ELs or ELs with higher English profi-
ciency even when mathematics competence is accounted for 
(Martiniello, 2009; Shaftel et al., 2006). This is especially the 
case when problems pose greater  linguistic demands (more 
prepositions, pronouns, difficult vocabulary).

Determining the language for EL testing is a complex 
issue that several factors, such as students’ proficiency in 
their first and second languages (L1 and L2), and formal 
schooling experience such as the language of instruction, 
need to be considered (Kopriva, 2008). A general recom-
mendation for preventing invalid test interpretation is to 
avoid testing ELs in English until their English proficiency 
is sufficiently developed (Katz et al., 2004). Testing in L1 
(which is Spanish in Spanish-speaking ELs) is therefore 
considered a test accommodation option for reducing the 
influence of factors irrelevant to ELs’ mathematics compe-
tence on test performance (e.g., Rivera & Collum, 2006; 
Willner et al., 2008), thereby improving the test performance 
of students who are affected by skills irrelevant to the target 
construct being measured. This phenomenon is referred to as 
differential boost (Fuchs & Fuchs, 2001). A differential 
boost is demonstrated when an accommodation improves 
the test performance of ELs more than it does for non-ELs. 

Thus, it is expected that ELs perform better when assessed in 
L1 because linguistic burden on the mathematics test 
decreases. For example, kindergarten and first-grade 
Spanish-speaking ELs performed better on a mathematics 
test when assessed in Spanish instead of English, especially 
so for students with low socioeconomic status (Robinson, 
2010).

At the same time, testing ELs in L1 may not represent 
a better option than English testing for ELs who receive 
instruction in English. ELs who learn content knowledge 
in English-only programs may develop stronger academic 
language (content area-specific vocabulary) and test regis-
ter (the language of the test) in English than in L1 (Butler 
& Stevens, 1997; Solano-Flores, 2008). This is because 
memory processes and word representations in bilinguals 
are impacted by the language in which the original learn-
ing experience is encoded (Altarriba, 2003; Marian & 
Neisser, 2000). In fact, ELs who receive instruction in 
English-only programs perform better when the test is 
administered in English than in L1 (Abedi et al., 1998; 
Kujawa et al., 2001).

Another factor to consider when determining whether 
ELs should be tested in their L1 or English is the test’s pur-
pose. Whereas previous discussions have focused mainly 
on assessments of students’ achievement level and account-
ability (e.g., Abedi, 2004), schools frequently use screening 
assessments to index risk for later LDs to allocate preven-
tion services. If the purpose is to predict later achievement, 
one should consider the match between the language of the 
screener and the criterion assessment. L1 assessment may 
be less predictive than English testing if the goal is to index 
risk for academic success in English-only settings. In fact, a 
recommendation for screening ELs for later English read-
ing problems has been to use the same measures and 
approaches as used with non-ELs (Gersten et al., 2007). 
Yet, there is no practice guide for screening ELs for mathe-
matics difficulties.

It is also important to note that the decision regarding 
test language should be made on an individual basis 
(Kopriva et al., 2007). The term English learner fails to 
capture the full spectrum of language development in ELs, 
a heterogeneous group who vary considerably in various 
factors including language dominance, English proficiency, 
and L1 across various modalities (e.g., August & Hakuta, 
1997; Ford et al., 2013; Solano-Flores & Trumbull, 2008). 
Recognizing ELs as emergent bilinguals (García et al., 
2008), they develop their L1 and English simultaneously 
but at different rates based on language learning contexts 
and history, often resulting in one language used more 
 dominantly than another (Wei, 2000). The term language 
dominance characterizes bilingual children’s relative pref-
erence or facility in one language over the other (Gathercole 
& Thomas, 2009; Silva-Corvalán & Treffers-Daller, 2016). 
Thus, beyond English proficiency, which is often defined 
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relative to vocabulary size, language dominance should be 
taken into account.

Present Study

To better understand which language should DA be admin-
istered for ELs, we addressed three research questions 
focusing on Spanish-speaking ELs:

Research Question 1: Do ELs perform better on DA 
when tested in Spanish (L1) than in English?
Research Question 2: Does DA’s predictive validity for 
explaining year-end mathematics outcomes vary as a 
function of DA language or type of mathematics 
outcome?
Research Question 3: Does ELs’ language dominance 
moderate the effect of DA language on its predictive 
validity?

We conceptualize DA as a supplementary screener to 
static assessments predicting two important mathematics 
outcomes: calculations and WPs. Calculations, particu-
larly whole-number addition and subtraction, are founda-
tional for advanced mathematics (Fuchs, Compton, 
Powell et al., 2012) and a focus of the first-grade curricu-
lum. WPs require students to use linguistic information to 
construct a problem model, identify a number sentence to 
represent that model, and perform calculations to solve 
for unknown quantity. Whereas calculations serve as a 
platform for more complex mathematics skills and ideas, 
WPs are the most important school-age predictor of 
wages and employment in adulthood (Every Child a 
Chance Trust, 2009) and are emphasized in most of the 
strands in math curriculum at every grade. Moreover, WP 
solving relies more heavily on oral language comprehen-
sion than does calculation skill because of its inherent 
demand for students to process the text describing a prob-
lem situation while identifying semantic relations among 
the quantities (Fuchs et al., 2016; Swanson, Beebe-
Frankenberger, 2004).

Consistent with prior studies in this line of studies 
(Seethaler et al., 2012; 2016), we compared DA’s predictive 
validity against the two types of competing static assess-
ments. This first was domain-general predictors that consti-
tute traditional intelligence tests. Language, often indexed 
via oral vocabulary, is crucial in mathematics sense-making 
and WP solving (Jordan et al., 2010), particularly for ELs 
(Vukovic & Lesaux, 2013). Nonverbal reasoning is impor-
tant in supporting various forms of mathematics develop-
ment (Seethaler et al., 2012). Also, we included two static 
assessments of numerical competence: a brief static screener 
and an extended mathematics test. A combination of these 
predictors creates a rigorous evaluation of DA’s predictive 
validity.

Method

Participants

We recruited first-grade students from 75 classrooms in 
17 Title 1 schools in a southeastern metropolitan public 
school district. Parents of 392 students provided consent 
(i.e., a 74.4% consent rate) via consent documents pro-
vided in English and Spanish; a Spanish-speaking staff 
member was available to answer parents’ questions. 
Students were identified as ELs by their schools if they 
were designated as limited English proficient (LEP) and 
qualified to receive English as a Second Language ser-
vices from the school district based on their scores on the 
English Language Development Assessment (ELDA) or 
the Tennessee English Placement Assessment (Tennessee 
Department of Education, 2009). A detailed description 
of the ELDA and TELA is provided in the appendix. 
Students were excluded if their first language was not 
Spanish (n = 2), if they participated in other intervention 
research studies (n = 4), or they were identified as non-
EL (n =1). In addition, three students moved out of dis-
trict prior to pretesting, resulting in a total of 382 students 
who were randomly assigned to English (ENG-DA; n = 
192) or Spanish (SPAN-DA; n = 190) conditions. 
Fourteen students moved prior to completing spring test-
ing (ns = 5 and 9 from ENG-DA and SPAN-DA condi-
tions, respectively). Attrition did not differ by condition 
(χ2 = 1.23, df = 1, p = .28), and movers were compara-
ble to stayers on the incoming mathematics performance, 
F(1, 380) = .58, p = .45, and demographic variables (χ2s 
< 2.64, ps > .10). Data for the 368 remaining students 
were complete. See Table 1 for demographic information 
by language administration condition. There were no sig-
nificant differences between conditions on measures used 
to identify LEP status or on demographic variables, 
except for gender (χ2 = 5.31, df = 1, p =.02).

Measures

Incoming mathematics performance. The Number Sets Test 
(NST; Geary et al., 2009) was used to measure incoming 
mathematics performance (see the appendix for detail). It 
assesses the ability to quickly and accurately process quan-
tities depicted by Arabic numerals and by sets of objects. 
Internal consistency reliabilities range from .70 to .90 
(Geary et al., 2009).

Domain-general predictors. We assessed language (L2 
expressive vocabulary and verbal knowledge) with the 
Wechsler Abbreviated Scale of Intelligence (WASI) Vocab-
ulary test, which measures students’ receptive (Items 1–4) 
and expressive vocabulary. Nonverbal reasoning was 
assessed with the WASI Matrix Reasoning test, which 
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indexes pattern completion, classification, analogy, and 
serial reasoning. Split-half reliabilities reported in the man-
ual are above .86 (Zhu, 1999).

Mathematics predictors. We assessed numerical compe-
tency with Quantity Discrimination (QD; Chard et al., 
2005; Lembke & Foegen, 2009) and Test of Early Mathe-
matics Achievement (3rd ed.) (TEMA; Ginsburg & Baroody, 
2003). QD assesses the accuracy and efficiency of making 
magnitude comparisons between pairs of Arabic numerals 
in 1 min. Test–retest reliability is .85 to .99 (Clarke et al., 
2008). The TEMA assesses informal and formal mathemat-
ics knowledge. TEMA is individually administered and 
takes approximately 45 min (alpha =.77).

Dynamic assessment. The Balancing Equations Dynamic 
Assessment (DA; Seethaler & Fuchs, 2010a) measures the 
degree of scaffolding required to learn unfamiliar mathe-
matics content, specifically solving for missing variables in 
nonstandard addition equations. This task was selected for 
the following reason. Balancing equations, while critical for 
higher level mathematics, is difficult for many students 
because they misinterpret the equal sign as an operational 
rather than a relational symbol (Sherman & Bisanz, 2009). 
Thus, balancing equations presents a learning opportunity 
for students and a measurement opportunity to index the 
amount of support a student needs to learn. For a detailed 
description of the DA’s instruction, see Table 2 and the 
appendix (also see Seethaler et al., 2016).

Table 1. Student Demographics by Condition.

Variable

Condition

χ2(df) p

English-DA Spanish-DA

(n = 187) (n = 181)

n % n %

Gender 5.31 (1) 0.02
 Male 85 45.45 104 57.46  
 Female 102 54.55 77 42.54  
Subsidized lunch 2.68 (1) 0.10
 No 7 3.74 2 1.10  
 Yes 180 96.26 179 98.90  
Special education services 1.91(1) 0.17
 No 182 97.33 171 94.48  
 Yes 5 2.67 10 5.52  
Repeated kindergarten 0.48 (1) 0.49
 No 183 97.86 175 96.69  
 Yes 4 2.14 6 3.31  
Years receiving ELL services 0.99
 0 2 1.07 2 1.10  
 1 9 4.81 13 7.18  
 2 154 82.35 154 85.08  
 3 18 9.63 20 11.05  
Language dominance .68 (3) 0.88
 Speak Spanish exclusively at home and in school 13 6.95 12.0 6.67  
 Speak mostly Spanish but also speaks some English 73 39.04 77.0 42.78  
 Speak both Spanish and English with equal ease 94 50.27 84.0 46.67  
 Speak mostly English, but also speaks some Spanish 7 3.74 8.0 4.44  

 n M (SD) n M (SD) F p

Age (in years) 187 6.55 (0.38) 181 6.51 (0.33) 1.03 (1,366) .31
ELDA 97 2.41 (0.81) 89 2.28 (0.78) 1.26 (1,184) .26
TELPA 90 1.91 (0.80) 92 1.83 (0.72) 0.57 (1,180) .45

Note. ELL = English-language learner; ELDA = English Language Development Assessment; TELPA = Tennessee English Placement Assessment; 
Students receiving special education services were identified as having either one or the combinations of the following: learning disabilities, speech, and 
language.
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The DA was translated to Spanish (SPAN-DA) by mem-
bers of the project’s bilingual (English-Spanish) research 
team. All graduate-student members of the research team 
were fluent in both Spanish and English, as a result of hav-
ing been raised in homes with both languages or because 
they were certified, secondary-school Spanish-language 
teachers. The original, ENG-DA was copied electronically 
in its entirety to a second file. Then, one bilingual research 
assistant translated the entire assessment, including all 
scripted instructional scaffolding, worked examples, and 
mastery test items, to Spanish. A second bilingual research 
assistant then back-translated the SPAN-DA into English. 
We compared the back-translated ENG-DA to the original 
measure, noting discrepancies and resolving them.

Language dominance. Language dominance was assessed 
with a single-item survey asking teachers to describe the 
dominant language their EL students use at home and in 
school at the start of the school year. Based on informal 
classroom observations and district’s home language sur-
vey, teachers answered if each student (a) speaks Spanish 
exclusively; (b) speaks mostly Spanish but also speaks 
some English; (c) speaks both Spanish and English with 
equal ease; or (d) speaks mostly English but also speaks 
some Spanish. Students were classified as Spanish-domi-
nant ELs if they were identified by teachers as speaking 
exclusively or mostly Spanish (a and b); they were 

considered English-dominant ELs if they were either fluent 
in both languages (c) or speaks mostly English (d). English-
dominant ELs performed significantly better on either 
ELDA, g = .53; F(1, 184) = 13.14, p < .05, or TELPA,  
g = .30; F(1, 180) = 4.24, p < .05, compared with Spanish-
dominant ELs.

Year-end mathematics outcomes. We assessed calculation 
with the Wide Range Achievement Test (3rd ed.)–Arithmetic 
(WRAT-3; Wilkinson, 1993). Students answer 15 items pre-
sented orally by the tester. Items include counting objects, 
identifying and comparing numbers, and simple word prob-
lems. Students then have 10 min to solve 40 calculation 
items of increasing difficulty printed on paper. Split-half 
reliability reported in the manual is .94. We assessed WPS 
performance with Story Problems (Jordan & Hanich, 2000), 
which comprises 14 single-step addition and subtraction 
word problems of the types most often encountered in the 
primary grades: compare, combine, and change (alpha 
=.77). The tester reads aloud each item and provides one 
additional reading if requested.

Classroom Instruction

First-grade teachers from the same school district in which 
the DA study took place (but collected on a different  sample) 
completed a questionnaire in the spring, describing their 

Table 2. Description of DA instruction.

Intructional 
Levels

Type A
Drawing missing circles 
to match the amount 
indicated by an Arabic 

numeral

Type B
Solve missing number 
using 1 as addend and 

sums less than 10

Type C
Solve missing number that 
do not use 1 as an addend 

with sums less than 10

Type D
Sums on both sides of an equal sign and 

solve for a missing number

Example 6 = O O O
O O = 4

8 + __ = 9 or
1 + __ = 5

__ + 3 = 5 4 + 4 = 5 + __ or 3 + 6 = __ + 7

Instruction The levels of instruction have two unsolved teaching items with which the tester models and explains a problem-solving 
strategy.

Level 1 Level 1 begins with the tester presenting an already solved equation while pointing out and defining relevant 
mathematical terms (e.g., equal means the same as; a plus sign means to add more). The tester then suggests playing 
a “Hiding Game” in which one of the known quantities from the equation is covered up with a small opaque square 
of paper, affixed with a reusable adhesive. The tester prompts the student to solve for the “hiding number” under 
the paper. After the student responds, the tester affirms the response or provides the correct answer; the student 
removes the paper to see the missing number. Then, two unsolved items are presented in which the student is 
prompted to name the hiding number (i.e., the amount missing as indicated by a blank line in the equation).

Level 2 In Level 2, students receive instruction in conjunction with a 5.5-in. number line printed on paper. The number line 
comprises 10 half-inch squared boxes connected in a row; the boxes contain the numerals 1 to 10. Students are 
taught to move their finger to count the boxes on the number line while solving equations. This is designed to support 
understanding of the inverse relation between addition and subtraction (e.g., for 1 + __ = 3, students put their finger 
on the 1 on the number line and count up 2 more boxes to get to 3, revealing that 3 − 1 = 2)

Level 3 The third level of instructional scaffolding increases support to successfully apply the number line strategy for building 
understanding of the inverse relation of addition and subtraction. Toward that end, different colored markers on the 
number line represent different parts of the equation.

Note. DA = dynamic assessment.
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whole-class math instruction. They reported an average of 
233.05 min per week (SD = 75.73; range: 80–480) allo-
cated to math instruction. During a typical lesson, they 
spent 16.71% of the lesson reviewing (SD = 5.55), 26.91% 
leading instruction on new content (SD = 8.79), 24.76% 
guiding practice (SD = 8.79), 23.90% providing indepen-
dent practice (SD = 8.79), and 6.71% “other” (SD = 9.26). 
They also assigned 10.32 min of daily homework (SD = 
6.54). They relied primarily on whole-class instruction 
(assigning 45.49 points, SD = 21.02, of 100 to indicate 
importance), with other formats as follows: small-group 
instruction (21.30 points, SD = 7.43), individual instruction 
(11.85, SD = 6.44), peer tutoring and cooperative group 
work (20.32, SD = 7.32), and other (1.29, SD = 2.19). 
Furthermore, teachers report about 28% of their mathemat-
ics instructional time was spent teaching word problems, 
and the rest focused on calculations and number knowl-
edge. Classroom instruction was provided in English.

Procedure

In September, students were screened using NST, and the 
survey of language dominance was obtained from teachers. 
In October, static assessments of the predictors (QD, 
TEMA, WASI-vocab and reasoning) were administered in 
one individual testing session. In November, DA was 
administered. Competing predictors were administered 
prior to the DA so that DA instruction would not influence 
performance on the other measures. Testing sessions were 
evenly distributed between students assigned to ENG-DA 
and SPAN-DA. In May, mathematic outcomes (WRAT-3 
and WPS) were administered in an individual testing ses-
sion. Tests were administered by research assistants and 
the project coordinator with 100% accuracy during training 
and practice administrations of the measures. All testers 
who administered the DA in Spanish were bilingual speak-
ing both languages fluently or were certified Spanish 
teachers. Testers received 1 week of training, consisting of 
demonstration followed by practice with each other. Then, 
testers completed fidelity checks until they reach 100% 
procedural fidelity. All testing sessions were audio-
recorded. Fifteen percent of sessions, distributed equally 
across sessions, testers, and each condition, were randomly 
sampled to assess fidelity of administration. Scoring agree-
ment was above 99%.

Data Analyses

Preliminary analyses. Table 3 provides correlations and 
descriptive statistics by the DA condition. One-way analysis 
of variance indicated no differences between the DA condi-
tions on all of the variables, 0.01 ≤ Fs(1, 366) ≤ 1.32, .25 ≤ 
ps ≤ .93. We neither found univariate outliers using the 
Tukey’s (1977) standards nor did we detect any multivariate 

outliers using the blocked adaptive computationally efficient 
outlier nominators algorithm (Billor et al., 2000). Class-
level intraclass correlations (ICCs) were between 0 and .19. 
School-level ICCs were below .05, except for QD and calcu-
lation (ICCs < .08). Dependencies at the classroom-level 
were addressed by adjusting standard errors using Type = 
Complex commend with MLR estimator in Mplus 7.4.

Primary analyses. First, we tested the mean-level differences 
in DA performance between ENG-DA and SPAN-DA con-
ditions, controlling for incoming math ability (i.e., NST), 
using multigroup path analysis by regressing DA on NST 
and estimating the intercept (mean) of DA in each group. 
Then, we included language dominance in the model to 
examine the effects of language dominance on DA perfor-
mance (Research Question 1). Second, to examine the 
effects of DA language on predictive validity and the mod-
erating role of language dominance, we ran a series of mul-
tigroup path models, comparing ENG-DA and SPAN-DA 
(Research Questions 2–3). Initially, we only included the 
static predictors (Base Model). Because students were ran-
domly assigned to DA conditions, and these static assess-
ments were administered prior to DA, we did not expect the 
relation of these static assessments outcomes to differ 
between the conditions. This assumption was confirmed by 
a series of Wald tests of parameter constraints, Wald χ2s (1) 
< 3, ps <.05; thus, we constrained all path coefficients to 
be equal between the two conditions. This allowed us not 
only to build a parsimonious model but also to directly 
compare the predictive validity of ENG-DA and SPAN-DA 
while holding the effects of static assessments invariant 
between the conditions. Then, we added DA to the base 
model to examine DA’s additional predictive value beyond 
what could be explained by the static assessments (DA 
Model). Third, we created an interaction term between lan-
guage dominance and DA. We included the main effect of 
language dominance as a binary variable (1 = Spanish-
Dominant; 0 = English-Dominant) as well as the interac-
tion term (Interaction Model). For significant interaction 
effects, we calculated simple slopes of DA.

Results

Mean Differences Between English-DA and 
Spanish-DA

Results from multigroup path analyses (see Table 4) indi-
cate that the intercept did not differ between the conditions 
(Wald χ2 = 0.25, df = 1, p =.62), controlling for the incom-
ing mathematics. On average, ELs in SPAN-DA condition 
(8.37) performed comparably to those in ENG-DA condi-
tion (8.17). However, differential boost was observed: 
Whereas Spanish-dominant ELs performed poorly com-
pared with English-dominant ELs on ENG-DA (B = −1.25, 
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p < .05), they performed at the level similar to that of 
English-dominant ELs on SPAN-DA (B = −0.01, p = .83).

Predictive Validity of English-DA Versus  
Spanish-DA

Effects of DA language. Predictive validity results are pre-
sented in Table 5. The base model provided excellent fit to 
data, χ2(8) = 7.59; p = .47; root mean square error of 
approximation (RMSEA) = 0.00; comparative fit index 
(CFI) = 1.00; Tucker–Lewis index (TLI) = 1.00; standard-
ized root mean square residual (SRMR) = .02. In the Base 

Model, reasoning (B = 0.08, p <.01), TEMA (B = 0.19,  
p < .01), and QD (B = 0.07, p < .05) were significant 
 predictors of calculation. However, only language (B = 0.05,  
p < .01) and TEMA (B = 0.21, p < .01) were significant 
predictors of WPS. When DA was added, DA Model yielded 
excellent fit to data, χ2(8) = 5.98; p = .95; RMSEA = 0.00; 
CFI = 1.00; TLI = 1.00; SRMR =.01. ENG-DA was a sig-
nificant predictor of calculation (B = 0.19, p < .01) and 
WPS (B = 0.21, p < .01), explaining additional 5% and 8% 
of their respective variance. Similarly, SPAN-DA predicted 
calculation (B = 0.21, p < .01) as well as WPS (B = 0.13, p 
< .01), explaining additional 6% and 5%, respectively.

Table 4. Effects of DA Language on DA Performance and Effects of Language Dominance.

Base model Language dominance model

 English-DA Spanish-DA English-DA Spanish-DA

Variables B SE p B SE p B SE p B SE p

Intercept 8.37 0.20 <.001 8.17 0.27 <.001 8.95 0.44 <.001 8.26 0.41 < .001
Number Sets Test 2.39 0.20 <.001 2.38 0.23 <.001 2.31 0.20 <.001 2.37 0.23 < .001
Language dominance −1.25 0.64 .049 −0.12 0.56 .827

Note. DA = dynamic assessment.

Table 5. Results of the Multigroup Path Analyses.

Base model DA model Interaction model

 Both groups English-DA Spanish-DA English-DA Spanish-DA

Outcome Predictors B SE p B SE p B SE p B SE p B SE p

Calculation Language 0.02 0.02 .288 0.02 0.02 .390 0.02 0.02 .390 0.02 0.02 .349 0.02 0.02 .349
 Reasoning 0.08 0.03 .003 0.05 0.03 .062 0.05 0.03 .062 0.05 0.03 .068 0.05 0.03 .068
 QD 0.07 0.02 <.001 0.05 0.02 <.001 0.05 0.02 <.001 0.05 0.02 <.001 0.05 0.02 <.001
 TEMA 0.19 0.03 .002 0.14 0.03 .014 0.14 0.03 .014 0.14 0.03 .016 0.14 0.03 .016
 DA 0.19 0.03 <.001 0.21 0.02 <.001 0.16 0.04 <.001 0.11 0.07 .085
 Language 

dominance
0.05 0.32 .865 −0.15 0.36 .675

 DA × 
Language 
Dominance

0.06 0.07 .354 0.17 0.07 .017

WP solving Language 0.05 0.02 .010 0.05 0.02 .012 0.05 0.02 .012 0.05 0.02 .025 0.05 0.02 .025
 Reasoning 0.06 0.04 .104 0.03 0.04 .457 0.03 0.04 .457 0.03 0.03 .468 0.03 0.03 .468
 QD −0.01 0.02 <.001 −0.03 0.02 <.001 −0.03 0.02 <.001 −0.03 0.02 <.001 −0.03 0.02 <.001
 TEMA 0.21 0.02 .553 0.15 0.02 .143 0.15 0.02 .143 0.15 0.02 .114 0.15 0.02 .114
 DA 0.21 0.04 <.001 0.18 0.04 <.001 0.25 0.05 <.001 0.19 0.06 .001
 Language 

dominance
0.14 0.37 .699 −0.28 0.29 .333

 DA × 
Language 
Dominance

−0.08 0.06 .206 −0.01 0.07 .940

Note. Coefficients of Language, Reasoning, QD, and TEMA are set to be equal across the English-DA and Spanish-DA group. WP = word-problem; DA 
= dynamic assessment; Language = Wechsler Abbreviated Scale of Intelligence (WASI) Vocabulary; Reasoning = WASI Matrix Reasoning; QD = Quantity 
Discrimination; TEMA = Test of Early Mathematics Ability, 3rd ed.
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The moderating role of language dominance. Interaction 
Model showed excellent fit to data, χ2(8) = 7.23; p = .95; 
RMSEA = 0.00; CFI = 1.00; TLI = 1.00; SRMR = .01. 
The main effects of ENG-DA on calculation and WPS con-
tinued to be significant, and neither language dominance 
nor the interaction term were significant predictors of either 
outcome. However, in the SPAN-DA condition, the main 
effect of DA was no longer predictive of calculation (B = 
0.11, p = .09) whereas the interaction term was significant 
(B = 0.17, p < .05), explaining an additional 2% of vari-
ance to the DA Model. Simple slope of SPAN-DA on calcu-
lation was .28 (p < .01) for Spanish-dominant ELs and .13 
(p = .09) for English-dominant ELs. For predicting WPS, 
SPAN-DA’s main effect continued to be significant, and 
DA’s predictive validity did not vary as a function of lan-
guage dominance.

Discussion

Accurately identifying ELs at risk for mathematics LDs 
without inflating false positive rates has been an uphill bat-
tle, due to the challenges associated with distinguishing true 
mathematics difficulties when limited English proficiency 
is confounded with low mathematics performance. DA has 
been used in clinical settings to identify language disorders 
(e.g., Peña, Gillam, & Bedore, 2014) but has yet to be used 
in school settings for early LD identification. Yet, research 
demonstrates DA’s promise for this purpose (Seethaler  
et al., 2016). The purpose of the present study was to explore 
the effects of DA language for ELs. Spanish-DA potentially 
minimizes the effects of limited English proficiency, which 
is irrelevant to students’ mathematics learning ability. This 
would increase DA’s validity as a screening measure for 
identifying the need for early intervention. Furthermore, 
recognizing the heterogeneity of the EL population, we 
examined whether the effects of Spanish-DA vary as a func-
tion of language dominance.

Does Administering DA in L1 Improve ELs’ DA 
Performance?

Conceptualizing Spanish-DA as a type of test accommoda-
tion, we followed the logic of test accommodation literature 
(Kieffer et al., 2009). The effectiveness of accommodation 
is evaluated based on whether students receiving the accom-
modation (SPAN-DA) perform higher than students tested 
without accommodation (ENG-DA) because it diminishes 
the negative impact of test access (language) irrelevant to 
the target skill being assessed (mathematics learning poten-
tial). Thus, when a test accommodation is valid, we observe 
a differential boost such that it improves scores only for stu-
dents who lack the access skill without inflating the scores 
of those with appropriate access skills.

We hypothesized that Spanish-DA lowers the language 
barrier and promotes ELs’ responsiveness to DA instruc-
tion. Contrary to the findings of Orosco et al. (2013), where 
ELs performance on WPs improved with linguistic support, 
we did not identify such benefits of testing in Spanish. On 
average, ELs’ DA scores were comparable when the testing 
was completed in either language. This inconsistency may 
be due to one of two possibilities. First, studies examining 
test accommodations for ELs are mostly conducted in stan-
dardized assessment settings (state or national achievement 
test) where students perform independently (see Kieffer 
et al., 2009). By contrast, students receive ample amount of 
scaffolds using child-friendly language in DA. In particular, 
we used a visual representation (i.e., number line) with 
which ELs could make meaning of equation solving with-
out relying on linguistic information. Nonlinguistic sche-
matic representations in mathematics test items have shown 
to attenuate negative bias against ELs (Martiniello, 2009). 
Thus, our DA instruction may have already been suffi-
ciently accessible to most ELs, making testing in L1 unnec-
essary for most of our participants. Similarly, language load 
in balancing equation task is low compared with WP solv-
ing, a target task used in Orosco et al. (2013). Second, 
because ELs in our study received school mathematics 
instruction in English, DA instruction in Spanish may not 
have facilitated mathematical learning. We tested this last 
possible explanation.

Despite not finding the overall positive impact of Spanish 
over English testing on DA performance, we did find that the 
effects of DA language were conditional on ELs’ language 
dominance. That is, we found evidence of differential boost. 
There was a benefit of Spanish-DA in Spanish-dominant 
ELs. Under the English-DA condition, Spanish-dominant 
ELs performed worse than English-dominant ELs, whereas 
they performed similarly to English-dominant ELs in the 
Spanish-DA condition. This finding suggests that DA 
instruction in English begets barriers for Spanish-dominant 
ELs, even when they receive classroom instruction in 
English. The hampered DA performance of Spanish-
dominant ELs in English-DA renders the use of DA scores 
invalid. Interestingly (but as expected), Spanish-dominant 
ELs’ DA performance was commensurate with that of 
English-dominant ELs under the Spanish-DA condition.

Results thus suggest that, for Spanish-dominant ELs, 
Spanish-DA provides more equitable access to DA instruc-
tion than English-DA. Our results confirm the importance 
of considering varying levels of bilingual development 
among ELs, as manifested in language dominance when 
evaluating the effect of DA language. This finding is in line 
with the idea that a “one-size-fits-all” approach of test 
accommodation for ELs does not work. Accommodation 
decisions should be formulated at the individual level and 
carefully tailored to the needs of individual students 
(Kopriva et al., 2007).
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Does Administering DA in L1 Improve Predictive 
Validity?

The present study replicated results from Seethaler et al. (2016) 
by documenting the relative contribution of DA to predicting 
year-end mathematics outcomes in first-grade ELs. It is impor-
tant to note that both versions of the DA were significant pre-
dictors of mathematics outcomes, explaining 5% to 8% of the 
variance, in the presence of the competing mathematics and 
domain-general predictors. Although DA’s unique explanatory 
power may not seem large, its importance as a supplementary 
screener should not be discounted, because it was competed 
against students’ beginning-of-the-year mathematics ability 
measured with QD and TEMA, each of which has documented 
strong validity for predicting future mathematics outcomes 
(e.g., Seethaler & Fuchs, 2010b; Seethaler et al., 2012). It is 
important to note that DA’s predictive validity was also higher 
than that of language ability, a well-established predictor of 
WP solving (e.g., Fuchs et al., 2015).

Overall, DA demonstrated similar levels of added predic-
tive validity for explaining both calculation and WP solving, 
regardless of the language of administration. This finding is 
expected given that we did not find that Spanish-DA reveals 
mathematics learning potential better than English-DA on 
average. We note, however, that the effects of DA language 
may vary depending on the mathematics outcome predicted. 
In our previous study, English-DA showed higher predictive 
validity for WP solving than for calculations. In the present 
study, English-DA showed a similar pattern: DA explained a 
larger amount of variance in WPs (8%) than calculations 
(5%). Even though balancing equation skill taught in DA is 
directly linked to calculations but not WPs, English-DA 
showed higher predictive validity for WPs (distal outcome 
relative to the DA tasks) than calculation (a more proximal 
outcome to the DA tasks) perhaps because the mathematical 
learning and reasoning skill involved in DA is critical in WPs.

At the same time, we did not find a similar pattern with 
Spanish-DA, where predictive validity was similar for cal-
culations and WPs. This may be because of the misalign-
ment between the language of DA and WPs and suggests 
that Spanish-DA’s predictive validity for English WP solv-
ing is not as high as that of English-DA. This is consistent 
with findings from reading studies demonstrating the superi-
ority of English over Spanish skills in accounting for English 
reading comprehension outcomes in Spanish-speaking ELs 
(Gottardo & Mueller, 2009; Mancilla-Martinez & Lesaux, 
2010). Thus, when one’s goal is to screen for later WP diffi-
culties, it is preferable to select DA language that matches 
the language of the WP outcome measure.

Moderating Role of Language Dominance

Translating English-DA to ELs’ L1 (Spanish) was intended 
to minimize the effect of English proficiency irrelevant to 

students’ mathematics learning potential. However, because 
ELs possess unique linguistic profiles along the continuum 
of bilingual development, we expected the effects of DA lan-
guage on predictive validity to vary as a function of students’ 
language dominance. We found moderating effects of ELs’ 
language dominance on DA’s predictive validity, which also 
depends on DA language as well as the type of outcome pre-
dicted. For predicting calculations, Spanish-DA was no lon-
ger universally predictive of calculation outcome when 
language dominance was taken into account. Instead, 
Spanish-DA demonstrated stronger validity than English-DA 
for Spanish-dominant ELs. For English-dominant ELs, 
English-DA worked better than Spanish-DA. For WP pre-
diction, language dominance did not moderate predictive 
validity of Spanish-DA.

Even so, there was a slight improvement in English-
DA’s predictive validity compared with Spanish-DA for 
English-dominant ELs. This opposite pattern of findings 
underscores the importance of simultaneously considering 
various factors, including language dominance and lan-
guage of instruction, when selecting the language of test 
administration for ELs. Complex individualized decision 
making based on student characteristics and the nature of 
outcome criterion is thus critical even with DAs.

We also acknowledge that language dominance only con-
siders relative intraindividual strength in one language over the 
other and does not necessarily speak to the absolute level of 
English proficiency (an important consideration in selecting 
testing accommodations). For example, Spanish-dominant 
ELs may have sufficiently developed English; similarly, 
English-dominant ELs may also have low English proficiency. 
In general, Spanish-dominant ELs had lower L2 vocabulary 
scores (M = 8.74, SD = 5.69) than English-dominant ELs,  
M = 13.60, SD = 5.47; F(1, 366) = 69.98, p < .05.

To further explore complexities in determining the 
choice of DA language, we conducted supplementary anal-
yses using language (L2 vocabulary), one of the competing 
predictors, as a moderator (see the appendix for detailed 
method and results). These supplementary analysis results 
corroborate and strengthen our main findings. For calcula-
tions, a skill that does not rely as much on students’ lan-
guage, Spanish-DA had higher predictive validity when 
ELs’ L2 vocabulary was lower. Such an advantage was not 
evident when predicting WPs. By contrast, English-DA 
showed stronger predictive validity when ELs’ L2 vocabu-
lary was higher with respect to predicting WPs.

Limitations

When interpreting these results, readers should consider sev-
eral limitations. First, we had no direct common measure of 
students’ Spanish proficiency, because the school district did 
not administer the same English proficiency test to all stu-
dents. Second, to index ELs’ oral language, we used 
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expressive rather than receptive language. Although this is 
often the case in prior research on young ELs’ mathematics 
(e.g., Foster et al., 2019; Gjicali et al., 2019), receptive lan-
guage is more essential for the sense-making needed to 
profit from classroom math instruction and understand 
mathematics tests. Third, in the present study, language 
dominance was classified by teachers based on a single 
question, even though determining language dominance 
requires documenting language history and considering pro-
ficiency in both languages (Bedore et al., 2012). Fourth, DA 
was not administered with school-determined testing accom-
modations. This was necessary to permit random assignment 
to English versus Spanish-DA conditions and to avoid the 
error associated with schools’ test accommodations deci-
sions (Abedi, Lord, Hofstetter, & Baker, 2000; Fuchs, Fuchs, 
Eaton, Hamlett, et al., 2000; Fuchs, Fuchs, Eaton, Hamlett, 
& Karns, 2000). Finally, information on instructional con-
text for our study participants was derived from another 
sample of teachers in the same district.

Conclusion and Implications for Practice

This study’s findings add to the evidentiary base supporting 
DA’s utility in the early identification of ELs at risk for 
mathematics disabilities within RTI and multitiered-sys-
tems of support (Fuchs et al., 2012). In particular, 
English-DA not only was effective in predicting WP solving 
for ELs, but also was a stronger predictor than students’ lan-
guage performance. This finding has important implica-
tions for practice. Because the first-grade curriculum 
focuses heavily on numeration and calculations, it is often 
difficult to forecast later WP development. DA’s utility in 
predicting later-emerging mathematics disabilities has the 
potential to help schools identify children who require early 
interventions, especially the need for WP intervention.

Furthermore, this study deepens understanding of how 
mathematics DA may be designed to address the EL popula-
tion’s linguistic characteristics. Spanish-dominant ELs’ 
potential for learning calculations may be underestimated 
when DA is administered in English. Thus, Spanish-DA 
appears preferable when predicting calculation outcomes. 
By contrast, for predicting WP outcomes, results indicate the 
need to rely on English-DA for English-dominant ELs, espe-
cially when their English vocabulary is relatively strong.

Appendix

Measures

English language proficiency. Two measures were used to 
identify limited English proficiency (LEP) status. The Eng-
lish Language Development Assessment (ELDA) is admin-
istered annually to all students receiving English language 
services in Grades K-12 in the state in which the study was 

conducted. ELDA measures students’ attainment of and 
progress toward mastering the English language via the 
domains of listening, speaking, reading, and writing; 
domain scores combine to form a composite score. For stu-
dents in Grades K-2, teachers complete a series of observa-
tion inventories during a specified testing window in the 
spring on the four targeted language domains. Each domain 
comprises several discrete skills the teacher scores on a 
scale from 0 to 3, according to detailed instructions in the 
administration guidelines. The completed inventories are 
packaged and returned to the test developer for scoring and 
reporting. School districts receive reports with participating 
students’ performance levels for each domain along with an 
overall composite score ranging from 1 (prefunctional) to 5 
(fully English proficient). The test developers report α at 
Grades 1 to 2 for the Listening, Speaking, Reading, and 
Writing subtests as .93, .95, .96, and .94, respectively.

To screen newly registered students (who did not have a 
current district-administered ELDA score on record) for eli-
gibility for English as a Second Language (ESL) services 
based on their entering level of English language profi-
ciency, trained school personnel administered the Tennessee 
English Placement Assessment (TELPA; Tennessee 
Department of Education, 2009), designed and based on 
ELDA, was used. The TELPA measures new students’ lis-
tening, speaking, reading, and writing skills with 21, 8, 16, 
and 10 items, respectively. Item types vary to include mul-
tiple choice, oral, and written formats as well as items that 
require the child to walk, clap hands, point to an object, and 
so forth. Items become progressively more difficult with 
ceiling rules guiding the termination of each section. Items 
on the listening and reading sections are worth one point 
each, while the remaining items are worth two points each. 
Cutpoints based on the combined raw scores from each sec-
tion yield a composite score of 1, 2, or 3. A composite score 
of 1 on the TELPA indicates the lowest level of English 
language skill and requires the student to receive a mini-
mum of 1 hr per day of ESL services. According to the test 
administration manual, the predictive quality of the TELPA 
for Grades K-2 is based on the items’ ability to distinguish 
between students who are and are not native speakers of the 
English language.

Incoming mathematics performance. To demonstrate compa-
rability across the groups on incoming mathematics perfor-
mance, we used the Number Sets Test (Geary et al., 2009), 
which measures students’ ability to quickly and accurately 
process quantities depicted by Arabic numerals and by sets 
of objects. Students are presented with 36 pairs of 0.5-in. 
squares joined in domino-like rectangles and presented on a 
page. Each side of a “domino” contains either an Arabic 
numeral ranging from 0 to 9 (printed in 18-pt font) or a set 
of small geometrical shapes (i.e., triangles, stars, diamonds, 
or circles); the quantity of objects in a set also ranges from 
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0 to 9. Dominos appear in lines of five across each of six 
rows followed by two lines of three 3-square dominos. Cen-
tered at the top of each page, a target number is presented in 
a larger font (i.e., 36-pt). On the first two pages, the target 
number is 5; on the last two pages, the target number is 9. 
Students have 60 s for the pages with 5 as the target number 
and 90 s for the pages with 9 to look at each domino pair, 
decide if the amounts combine to form the target number, 
and circle the item. On each page, 18 items match the target 
number, 12 items are larger than the target number, and six 
are smaller; six items on each page have a 0 or an empty 
square on one side of the domino.

Prior to administering the actual test, the tester uses a 
script to model and practice items with the target numbers 
of 4 and 3. The Number Sets Test is then administered. 
Trained research assistants worked in pairs to administer 
the screening test to groups of consented students in each 
participating classroom. One research assistant read aloud 
from the administration script and timed each portion of the 
test while the other research assistant circulated to monitor 
students. Students are told to move across each line from 
left to right without skipping, to “circle any groups that can 
be put together to make the top number, 5 (9),” and to “work 
as fast as you can without making many mistakes.” Geary 
et al. (2007) found that first graders’ performance was con-
sistent across targeted number and item type and could be 
combined to form an overall frequency of hits (alpha, α = 
.88), misses (α = .70), correct rejections (α = .85), and 
false alarms (α = .90). These data are converted to a 
d-prime score, representing students’ ability to circle the 
target quantities only rather than circle items regardless of 
whether they are correct. The d-prime score is calculated by 
subtracting the z-score for false alarms from the z-score for 
hits and has been shown to account for unique variance in 
mathematics achievement (Geary et al., 2009).

Description of the balancing equation dynamic assessment 
(DA). DA comprises four types of equations of increasing 
difficulty. Testers present instruction with increasing levels 
of explicitness to help children understanding the ideas 
underpinning the equal sign and executing strategies to bal-
ance the sides of equations. Once mastery is achieved, stu-
dents advance to the next, more difficult equation type. 
Balancing equations was chosen because (a) elementary 
school students often misinterpret the equal sign as an oper-
ational rather than a relational symbol (McNeil & Alibali, 
2005; Sherman & Bisanz, 2009) and (b) balancing equa-
tions with missing numbers is important for higher level 
mathematics skills and thus is valuable content for students 
to learn. This DA was adapted from Seethaler et al. (2012).

Equation Type A requires drawing missing circles to 
match an amount indicated by an Arabic numeral. On one 
side of an equal sign is the numeral; the other side shows a 
set of circles, fewer than the numeral indicates, printed on a 

line (e.g., 6 = O O O or O O = 4). The student draws addi-
tional circles on the line until the set of circles is equal to the 
Arabic numeral. Circles are presented on either side of the 
equal sign. With Equation Type B, students solve for a miss-
ing number in the second position in equations that use 1 as 
an addend, sums < 10 (e.g., 8 + __ = 9 or 1 + __ = 5). For 
Equation Type C, students solve for a missing number in the 
first position in equations that do not use 1 as an addend, 
with sums < 10 (e.g., __ + 3 = 5). Equation Type D pres-
ents sums on both sides of an equal sign and requires stu-
dents to solve for a missing number in the first or second 
position to the right of an equal sign, with sums on both 
sides M < 10 (e.g., 4 + 4 = 5 + __ or 3 + 6 = __ + 7). 
The assumption is that success with one equation type 
should promote understanding of subsequent equation 
types.

Administration and scoring procedures follow Fuchs, 
Fuchs, Compton, et al. (2008) and Seethaler et al. (2012). 
Within each equation type, the tester begins by assessing 
mastery. If mastery is demonstrated, the student advances to 
the next equation type. If not, instructional scaffolding 
begins with the least explicit scaffolding level. Mastery 
testing then recurs. If mastery is achieved, the student pro-
gresses to the next equation type. If not, the next more 
explicit level of instructional scaffolding ensues, and mas-
tery testing again follows. In this way, three increasingly 
explicit levels of instructional scaffolding occur. If the stu-
dent fails to master a given equation type after the tester 
presents all three levels of instructional scaffolding for that 
type, DA is terminated.

Each mastery test comprises six items representing the 
targeted equation type. Items repeat across alternate test 
forms (used for successive mastery testing within that equa-
tion type), but are presented in different orders. Mastery test 
items are not used during scaffolding. If a student asks for 
help, the tester responds, “Just try your best.” If a student 
writes nothing on a mastery test for 5 s, the tester prompts 
the student by asking, “Can you try this one?” while point-
ing to the first item. If after 15 additional seconds the stu-
dent has not written anything, the tester asks, “Are you still 
working or are you stuck?” If student responds that he or 
she is stuck or if 15 additional seconds elapse with no 
observable attempt to solve the problem, the tester removes 
the mastery test and begins the next level of instructional 
scaffolding.

Each equation type involves three levels of instructional 
scaffolding of increasing explicitness. The levels of instruc-
tion have two unsolved teaching items with which the tester 
models and explains a problem-solving strategy. Scaffolding 
is scripted to ensure consistency in language and proce-
dures; student attention is maintained via frequent questions 
and participation. Within an equation type, the first (least 
explicit) level begins with the tester presenting an already 
solved equation while pointing out and defining relevant 



Cho et al. 393

mathematical terms (e.g., equal means the same as; a plus 
sign means to add more). The tester then suggests playing a 
“Hiding Game” in which one of the known quantities from 
the equation is covered up with a small opaque square of 
paper, affixed with a reusable adhesive. The tester prompts 
the student to solve for the “hiding number” under the 
paper. After the student responds, the tester affirms the 
response or provides the correct answer; the student 
removes the paper to see the missing number. Then, two 
unsolved items are presented in which the student is 
prompted to name the hiding number (i.e., the amount miss-
ing as indicated by a blank line in the equation).

With the second scaffolding level, students receive 
instruction in conjunction with a 5.5-in. number line printed 
on paper. The number line comprises 10 half-inch squared 
boxes connected in a row; the boxes contain the numerals 1 
to 10. Students are taught to move their finger to count the 
boxes on the number line while solving equations. This is 
designed to support understanding of the inverse relation 
between addition and subtraction (e.g., for 1 + __ = 3, stu-
dents put their finger on the 1 on the number line and count 
up 2 more boxes to get to 3, revealing that 3 − 1 = 2). The 
third level of instructional scaffolding increases support to 
successfully apply the number line strategy for building 
understanding of the inverse relation of addition and sub-
traction. Toward that end, different colored markers on the 
number line represent different parts of the equation.

Worked examples completed during instructional scaf-
folding are not displayed while the student attempts a mas-
tery test, but all materials needed to apply the taught 
strategies are available for student use (including the initial 
mastery test attempt). For example, number lines are dis-
played throughout the testing session, even though the tes-
ter does not explicitly reference the number line until the 
second level of instructional scaffolding for a given equa-
tion type. Also, students are not prompted to use, or penal-
ized for their choice of, a particular solution strategy while 
completing mastery tests. That is, students are not required 
to use a specific taught strategy to earn credit for items 
when completing mastery tests. An equation type is consid-
ered mastered if the student answers at least five of the six 
items on one mastery test correctly, at which time the tester 
progresses to the next equation type.

DA scores range from 0 to 16. Zero indicates a student 
did not master any of the four equation types; 16 reflects a 
student mastering each of the four equation types on the 
first administration of the mastery test (without any instruc-
tional scaffolding required). Testers subtract 1 point from 
the maximum of 16 each time a level of instruction is 
needed. For example, if a student demonstrates mastery on 

the first administration of the mastery test for Equations A, 
B, and C (without any instructional scaffolding), but 
requires three levels of instructional scaffolding before 
mastering Equation Type D, the tester subtracts 3 points 
from the maximum of 16, awarding a score of 13. By con-
trast, if a student requires three levels of instructional scaf-
folding to master Equation Type A, two levels of 
instructional scaffolding to master Equation Type B, and 
fails to master Equation Type C (terminating the DA such 
that Equation Type D is not presented), the student loses 3 
points for Equation Type A, 2 points for Equation Type B, 
and 4 points each for Equations Type C and D, for a score of 
3. Internal consistency reliability was indexed by correlat-
ing the score from each DA equation type with the DA total 
score, using the subset of students who had not reached a 
ceiling on performance prior to the administration of that 
DA equation type. For Equation Type A, r = .55; for 
Equation Type B, r = .88; for Equation Type C, r = .92; for 
Equation Type D, r = .80.

Moderating Effect of L2 Vocabulary

We explored the possible moderating effects of EL’s lan-
guage as measured by L2 vocabulary on DA’s predictive 
validity for mathematics outcomes. We mean-centered DA 
and L2 vocabulary then added the interaction term to the 
DA model. When the interaction term was significant, we 
graphed simple slopes of DA along the continuum of L2 
vocabulary level using the Johnson-Neyman (J-N) plot with 
95% confidence interval. This method allowed us to iden-
tify the point(s) or regions along the continuous moderator 
(L2 vocabulary) where the relation between the focal vari-
able (DA) and outcome (calculation or word-problem solv-
ing) changes to being significant from nonsignificant or 
vice versa.

This model provided excellent fit, χ2(8) = 5.98; p = .95; 
RMSEA = 0.00; CFI = 1.00; TLI = 1.00; SRMR = .01. In 
this model, DA’s main effect remained significant in the 
presence of interaction term in all of our predictions. 
Interestingly, however, we did find a significant interaction 
between English-DA and L2 vocabulary (B = 0.01, p < 
.05) when predicting word-problem solving, with 2% addi-
tional variance explained. J-N plot indicated that English-
DA’s predictive validity was higher for ELs with higher L2 
vocabulary (Figure A1). Interestingly, the opposite pattern 
was noted for Spanish-DA. The interaction term was sig-
nificant when predicting calculation (B = −0.01, p < .05), 
explaining 1% additional variance. Spanish-DA’s predictive 
validity was higher for students with lower L2 vocabulary 
(Figure A2).
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Figure A1. Significant interaction between English-DA and L2 vocabulary for word-problem solving outcome.
Note. DA = dynamic assessment.

Figure A2. Significant interaction between Spanish-DA and L2 vocabulary for calculation outcome.
Note. DA = dynamic assessment.
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