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We investigated the technical characteristics of a brief early numeracy screening battery for both English learners
(ELs) and English proficient students (EPs). Results indicated there were differences in performance of ELs and
EPs. Further, we found reasonable overall accuracy of the screener predicting student outcomes. Similar overall
accuracy results were found for ELs and EPs, as well as for predicting academic performance. We discuss study
results related to sensitivity, specificity, and negative and positive predictive power as they relate to implications

for practice, including screening for risk for ELs and the challenge of false positives in screening systems. We
conclude by proposing future avenues of research.

In the U.S., 4.8 million school-aged students (10%) are English learn-
ers (ELs; U.S. Department of Education, 2017; U.S. Department of Ed-
ucation, National Center for Education Statistics, 2017). As the fastest
growing student population in U.S. schools, the population of ELs is ex-
pected to continually grow, with 40% of school-aged children projected
to be ELs by 2030 (Calderén et al., 2011; Thomas & Collier, 2002). In
most states, the percentage of ELs increased between the 2009-2010 to
2014-2015 school years, with five states reporting increases of over 40%
(U.S. Department of Education, Office of English Language Acquisition,
National Clearinghouse for English Language Acquisition 2017). It is
concerning that this population has lower rates of academic achieve-
ment than their native English-speaking peers. In 2019, the National
Assessment of Educational Progress (NAEP) reported only 16% of Grade
4 students identified as ELs were proficient in mathematics, compared
to 44% of English proficient speakers (EPs). Outcomes were worse for
Grade 8 ELs, with only 5% scoring at the proficient level, compared
to 36% of EPs (NAEP, 2019). Differences detected in Grade 4 begin
much earlier, with longitudinal trajectories indicating early mathemat-
ics difficulties (i.e., those apparent in preschool and kindergarten) per-
sist throughout elementary and middle school (Morgan et al., 2014).

A focus on early mathematics is critical, given the disheartening lon-
gitudinal evidence that documents a pattern in which students with
low kindergarten mathematics achievement experience persistent, in-
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creasing difficulty in mathematics throughout elementary and middle
school (Morgan et al., 2014). The relationship between early and later
mathematics has been found to be significantly stronger than relation-
ships with other kindergarten predictors, including cognitive variables,
and later mathematics (Morgan et al., 2014). Further evidence demon-
strates mathematics achievement difficulties show an intractable pat-
tern of performance (e.g. Bodovski & Farkas, 2007; Duncan et al., 2007;
Hanich et al., 2001). While the research on ELs’ longitudinal mathe-
matics development is limited, similar patterns have been documented
(Reardon & Gallindo, 2009). Support for ELs’ mathematics development
is complicated by the limited time spent on mathematics instruction in
early grades, particularly in kindergarten (La Paro et al., 2009), the cor-
responding lack of institutional support in mathematics (Clarke et al.,
2014), and, specifically for ELs, the additional need to focus instruction
on language development.

Despite these challenges, significant advancements have been made
in mathematics for the general population of learners, including in key
areas such as the development and validation of screeners to identify
risk (Fuchs et al., 2009; Gersten et al., 2012; Jordan et al., 2010) and
promising interventions in the early elementary grades (Nelson & Mc-
Master, 2019). However, the same strides have not been made with
ELs. A meta-analysis of interventions with ELs from 2000 to 2012 in-
dicated that there were no published studies utilizing randomized con-
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trol trials in mathematics (Richards-Tutor et al., 2016). Since then, a
relatively small number of studies have focused on ELs and mathe-
matics (e.g., Doabler et al., 2016; Doabler et al., 2019; Driver & Pow-
ell, 2017). Our review of the literature found no studies investigating
kindergarten or Grade 1 mathematics screeners with ELs, though there
have been calls for these explorations (Purpura et al., 2015). In literacy
contexts, Cummings et al. (2021) explored the use of different thresholds
and if they differed for ELs and EPs in kindergarten through Grade 3.
Cummings and colleagues (2021) found that similar cut scores across
groups were mostly consistent, with some differences in the kinder-
garten year. Within a multi-tiered systems of support model, the first
step in the process of providing adequate and appropriate supports to
students in need of mathematics intervention is identification of risk,
therefore, research on the utility of screeners with ELs is desperately
needed.

1. Early mathematics screening measures

Given longitudinal trajectories of mathematics development for the
general population of learners (Jordan et al., 2007), investigations to
detect risk early were warranted and have been widely researched (e.g.,
Fuchs et al., 2007; Gersten et al., 2012). These works focused on how
and if students in early grades (i.e., kindergarten and Grade 1) were
best identified as at-risk using different types of assessment activities;
ELs were part of the population of learners within these investigations,
but any differences between ELs and EPs were not specifically high-
lighted. Brief measures composed of discrete tasks have often been used
as screeners, with number sense typically being the focus in the screen-
ers for early grades (Gersten et al., 2012; Mazzocco, 2005). Numer-
ous investigations have established these measures to have predictive
validity and classification accuracy, demonstrating that tasks such as
number identification, quantity discrimination, and strategic counting
have the potential to accurately identify at-risk kindergarten students
(Chard et al., 2005; Hampton et al., 2012; Seethaler & Fuchs, 2010).

Measures typically used in early mathematics screening consist of
two underlying frameworks: (a) basic readiness skills and (b) number
understanding and underlying mathematics concepts. Measures focused
on basic readiness skills (e.g., Clarke & Shinn, 2004; Lembke et al.,
2008) require students to complete tasks such as rote oral counting or
numeral identification. Other screening measures focus on number un-
derstanding, such as magnitude comparison and strategic counting, and
are theorized to reflect the development of a mental number line and
tap into students’ general understanding of number (Berch, 2005; Booth
& Siegler, 2008; Case & Okamoto, 1996; Fuchs et al., 2007; Gersten &
Chard, 1999; Gersten et al., 2012). This central construct of the num-
ber line continues throughout elementary school, with evidence that
number line performance serves as a strong predictor of algebra readi-
ness and success (Bailey et al., 2014). Further, measures that examine
broader performance in the areas of number sense and underlying num-
ber knowledge and concepts also require competence with number line
understanding and related skills (e.g., Baker et al., 2002; Jordan et al.,
2010). Although both frameworks or approaches to early mathematics
skills (i.e., basic readiness skills and number understanding and under-
lying mathematics concepts) have demonstrated strong utility as screen-
ing measures, ELs have not been the target population of these inves-
tigations. Therefore, measures using these approaches represent logical
starting points for investigating screeners with ELs.

One important element of tests in U.S. schools is the conflation of
the targeted construct being assessed and skills in the English language.
Often, discussions of measurement development and validity do not in-
clude the language of administration and simply assume that students
speak English with sufficient proficiency to complete the assessment
tasks. Commonly used mathematics screening measures assess mathe-
matics knowledge and skills in English. Ideally, instruction in early math-
ematics would explicitly teach the necessary vocabulary in English to
increase access to content among ELs. This interaction between the lan-
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guage of instruction and the language of test administration is critical
to the understanding of the constructs and the results of assessment for
any language-dependent measure.

1.1. Investigation of a universal screener for ELs

In the current study, our objective was to examine psychometric
characteristics, predictive validities, and classification accuracy of the
Assessing Student Proficiency of Early Number Sense (ASPENS; Clarke et al.,
2011) screening measure for a sample of EL and EP students in kinder-
garten and Grade 1. ASPENS measures use the two different frameworks
of early mathematics, including activities based on both basic readi-
ness skills (i.e., Number Identification, Basic Arithmetic Facts and Base
10) and number understanding and underlying mathematics (i.e., Mag-
nitude Comparison, Missing Number). ASPENS consists of three timed
curriculum-based measures designed to assess students’ early number
sense. All measures are administered, and students answer as needed, in
English. In kindergarten, students identify randomly sampled numbers
ranging from O to 20 as quickly as possible (Number Identification),
name the greater of two written numerals (Magnitude Comparison),
and name the missing number in a string of visually presented numbers
(Missing Number). In Grade 1, the measures include Magnitude Compar-
ison, Missing Number, and a measure where students write the answer
to facts that cross 10 (e.g., 8 + 5; Basic Arithmetic Facts and Base 10).
While students are required to verbally state number names in English
for three of ASPENS subtests, we argue that the linguistic complexity of
these tasks is limited due to the straightforward, scripted assessor direc-
tions and the multiple opportunities for students to complete practice
items and receive feedback prior to the assessment. Though these tasks
are like those typically included in early numeracy screening measures,
the extent to which these measures accurately identify ELs compared to
EPs is unknown and pertinent for exploration.

1.2. Purpose and research questions

The primary purpose of this research project was to investigate the
psychometric properties of ASPENS for ELs in kindergarten and Grade 1.
This investigation provides key information on whether screening mea-
sures that are commonly used across both EL and EP populations are
appropriate for use with ELs. Through this investigation, the field of
early childhood education will gain insights into the common practice
of using the same screener across all students and initial information
on if this practice is appropriate for EL students. Further, this research
adds to the necessary literature on the psychometric properties of early
mathematics screeners. This study was guided by the following:

1 How do associations between ASPENS and an end-of-year standard-
ized published measure of mathematics achievement differ between
ELs and EPs? What are the associations (i.e., correlations, multi-
ple simultaneous associations) between ASPENS composite, individ-
ual subtest, and end-of-year scores for ELs compared to correlations
among EPs?

a Hypothesis: Correlations between ASPENS composite and end-of-
year scores are predicted to be lower for ELs than for EPs and the
extent of variance in end-of-year scores explained by ASPENS
performance is predicted to be lower for ELs than for EPs due
to the restricted range of scores for students identified as ELs.
Further, the association between ASPENS and a comprehensive
mathematics test is based on underlying mathematics skills plus
error; conversely, the scores for ELs are a function of both math-
ematics skills and English language skills plus error. Since we do
not have a measure of ELs’ language skills in the present study,
any variation captured by language skill would be modeled as
error and make the associations smaller.

2 What are the diagnostic accuracy statistics associated with cut scores
based on common definitions to determine risk and severe risk for
ELs for ASPENS composite score?
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a Hypothesis: Cut scores to determine risk on the end-of-year mea-
sure for ELs will differ from the cut score for EPs in kindergarten
but will be similar in Grade 1 as students have more exposure
to both mathematics and English language instruction. As pre-
viously described, due to the error created from the differences
in administration language and ELs’ home languages, we expect
the diagnostic statistics to not be as strong for ELs as for EPs.

2. Method
2.1. Participants

Participants were kindergarten and Grade 1 students in six elemen-
tary schools from four districts in urban areas of California and Ohio.
A total of 715 students, 341 kindergarteners and 374 Grade 1 students.
Students participated in ASPENS assessment designed for each respec-
tive grade level in the fall and winter, and the TerraNova in the spring.
Across grades, 29-33% of each subsample were identified through dis-
trict criteria as an EL; status as an EL was available for 99% of the sam-
ple. EL status was determined via district criteria, which differed across
schools, and these procedures included the use of a home language sur-
vey or scores on measures of English language development. Assessment
data is only available for students who participated in the group admin-
istration of the TN and the individual administration of the ASPENS
across the fall, winter, and spring timepoints.

2.2. Measures

ASPENS. Assessing Student Proficiency in Early Number Sense (AS-
PENS) is a series of three curriculum-based measures administered for
the purposes of universal screening of students’ mathematical profi-
ciency. ASPENS measures are designed to assess number sense for both
kindergarten and Grade 1 students. Each grade level includes Magnitude
Comparison and Missing Number measures, along with an additional
subtest designed to assess grade-level specific mathematics content (i.e.,
Numeral Identification in kindergarten and Base Arithmetic Facts and
Base 10 in Grade 1).

Specifically, the kindergarten ASPENS measure includes three sub-
tests: Numeral Identification, Magnitude Comparison, and Missing Num-
ber. Numbers within each subtest range from 0 to 20, and the score
is the number of correct responses given in one minute. For the Nu-
meral Identification measure, students name numbers as quickly as pos-
sible and the Magnitude Comparison measure requires students to name
the greater of two visually presented numbers. In the Missing Number
measure, students name the missing number in a string of three num-
bers. Testing for each measure is discontinued after a student misses
five consecutive items or one minute has elapsed. Test-retest reliabili-
ties of kindergarten ASPENS measures are in the moderate to high range
(.74-.85; Clarke et al., 2011).

The Grade 1 ASPENS measure includes three subtests: Magnitude
Comparison, Missing Number, and Basic Arithmetic Facts and Base 10.
The first two tests use the same procedures described above, however
the range of numbers is 0 to 99. By the end of Grade 1, students should
be able to quickly recall some basic arithmetic facts (e.g., 2 + 2 = 4).
It is also critical that students retrieve basic arithmetic facts that cross
10 (e.g., 8 + 5; National Governors Association Center for Best Prac-
tices, Council of Chief State School Officers, 2010). To measure these
competencies, the Basic Arithmetic Facts and Base 10 measure is added
in the middle of Grade 1 (i.e., winter testing time point). Students are
presented problems that contain elements that can be composed or de-
composed in the Base 10 system (e.g., 5 + 9 becomes 4 + 10) to assess
fact fluency. The score is the number of correct items solved in two
minutes. Test-retest reliabilities of Grade 1 ASPENS measures also fall
within the moderate to high range (.71-.87). Due to the nature of the AS-
PENS responses (i.e., primarily verbal student responses), the ASPENS
was administered individually for each student.
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In addition to the individual subtests, there is also a composite AS-
PENS score for each grade. Raw scores for the subtests are weighted
differently and combined, with more weight given to measures that are
harder for students at a particular age range (Clarke et al., 2012). An
overall ASPENS composite score in kindergarten is calculated by adding
the subtest scores as follows: (a) the raw score from Number Identifica-
tion, (b) the raw score of Magnitude Comparison multiplied by 1.7, and
(c) the raw score of Missing Number multiplied by 2.7. For Grade 1, the
ASPENS composite score is the sum of: (a) the raw score of Magnitude
Comparison multiplied by 1.4, (b) the raw score of Missing Number, and
(c) the raw score of Basic Facts multiplied by 1.8.

TerraNova. Mathematics achievement was assessed with the Terra-
Nova, 3'9 Edition (TN; CBT/McGraw-Hill, 2011). The TN is a nation-
ally norm-referenced and standardized achievement test used to assess
K-12 achievement in reading, language, mathematics, science, and so-
cial studies. Form G of the Mathematics subtest was used for the cur-
rent study; the technical manual reports reliability coefficients at a high
of 0.80s for the individual tests (CBT/McGraw-Hill, 2011). The TN is
closely aligned with Common Core State Standards, the framework of
NAEP, and the National Council of Teachers of Mathematics’ most re-
cent standards. Content-related validity for the TN was established via
a thorough, nationwide curriculum review. Developers met with edu-
cational experts to identify knowledge and skills in each content area
and their associated common educational goals. Validation studies were
conducted using teacher and student questionnaire to collect data con-
cerning the overall test effectiveness. The reliability of the TN Complete
Battery assessment, determined using the Kuder-Richardson Formula 20
coefficient, was .91 (CBT/McGraw-Hill, 2011).

2.3. Procedure

ASPENS was administered to kindergarten and Grade 1 students in-
dividually by data collectors with extensive experience in the field. Data
collectors, retired teachers with years of experience with whole class as-
sessments, received training on administration of ASPENS and TN dur-
ing the same school year of test administration, with opportunities to
practice. Training was provided to ensure reliable administration of the
assessments and that data collectors (i.e., retired teachers) were famil-
iar and comfortable with the testing procedures. They administered the
ASPSENS individually on three separate occasions, in November (fall),
February (winter), and May (spring), and the TN to student groups in
the spring.

2.4. Analytic approach

Prior to additional analyses, descriptive and correlation statistics
were evaluated. Regression models determined the extent of variance
in the spring TN scores explained by the fall and winter administrations
of ASPENS measures. Separate regression models were run for each AS-
PENS measure and the composite at the fall and winter administrations.
All students were included in these analyses, and predictors included the
ASPENS measure, a dichotomous indicator of EL status (0 = EP, 1 = EL),
and the interaction between these two. All ASPENS measures were mean
centered by grade level and spring scores were not used due to the prox-
imity of test administration timepoints for the spring ASPENS measures
and the TN. All regression models were run using SPSS 26.

The diagnostic analysis followed the methods outlined
in Smolkowski and Cummings (2015) and Cummings and
Smolkowski (2015), who provide an accessible introduction to
the selection of students at risk for academic difficulties. ASPENS
measures across all timepoints and spring TN scores were used in
this analysis. Diagnostic statistics were estimated for students at risk,
defined by the 35™ percentile on the TN. We used the 35 percentile
as it aligned with the cut scores used in previous research, with a range
from 351 (Gersten et al., 2015) — 40% percentile (Fuchs et al., 2019).
We first generated receiver operating characteristic measure (ROC)
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curves for each of the screening measures administered in the fall,
winter, and spring. ROC curves plot the proportion of true positives
(sensitivity) against the proportion of false positives (1 — specificity) for
all values of the screener. Positive, used in these analyses, refers to the
indication of risk by the screener; negative indicates no risk. Sensitivity
reflects the screener’s ability to detect risk determined by the criterion
(i.e., TN). Specificity reveals the ability of the screener to identify true
negatives.

We next calculated the area under the curve, A, an overall estimate
of the accuracy of the screener. It estimates the average sensitivity (i.e.,
ability to detect all potential positives) for all levels of specificity (i.e.,
ability to predict students who really are at some or high risk). Based
on a review of the literature on signal detection theory and academic
outcomes, Smolkowski and Cummings (2015) considered values of A
above .95 as excellent, values from .85 to .95 as very good, and values
from .75 to .85 as reasonable. Estimates and confidence intervals for A
were produced by SAS PROC LOGISTIC (SAS Institute, 2016).

We chose decision thresholds based on the screener score with a
sensitivity value closest to .80. The decision rule for selecting a decision
threshold (i.e., cut score) for each level of risk should depend on the
anticipated consequences of each of the four potential outcomes from a
screening decision: (1) true positive, (2) false positive, (3) true negative,
and (4) false negative (Smolkowski & Cummings, 2015). We selected
decision thresholds based on the complement of sensitivity, the propor-
tion of false negatives, such that the cutoff would incorrectly identify
no more than 20% of students at risk for mathematics difficulty, based
on the TN, as typically achieving (i.e., sensitivity = .80). This decision
rule typically produces greater sensitivity than specificity, which would
capture fewer false negatives than false positives, which increases the
chance that students will receive additional instruction when they need
it (i.e., true positives), but also the changes that students will receive ad-
ditional instruction they do not need (i.e., false positives). This threshold
will catch more students who truly require additional support to succeed
and the increase in false positives will inflate the number of students
who receive supplemental instruction. Due to the added attention these
students would receive, however, teachers also have more opportunities
to identify students who demonstrate adequate achievement and sub-
sequently exclude them from unnecessary small-group instruction. In
contrast, we choose a threshold that minimized false positives and that
would increase false negatives, or students who require supplemental
support but failed to receive it. These students could then flounder in
regular instruction until the next administration of a universal screener.
We believe false negative assignments could induce more harm and last
longer, as these students may receive only core instruction, then false
positives, students who receive more attention in supplemental instruc-
tion, where teachers are more likely to detect and remedy decision er-
rors.

For each measure, we reported A with confidence intervals, the se-
lected decision threshold (i.e., recommended cut point), sensitivity and
specificity with confidence bounds, negative and positive predictive val-
ues, the proportion of students who screened positive (z), and the base
rate or proportion determined to be at risk on the criterion measure.
Confidence bounds around sensitivity and specificity were formed us-
ing a normal-curve approximation (Harper & Reeves, 1999), which are
recommended only when cell sizes (e.g., number of false positives, num-
ber of true negatives) were greater than 10. We also defined confidence
bounds around the cut scores, which represented the lowest and highest
screener scores for which the sensitivity confidence intervals contained
sensitivity of .80. Frequency statistics were produced with SAS PROC
FREQ (SAS Institute, 2016). The online supplemental appendix presents
the results for additional combinations of assumptions: risk level de-
fined by the 15th and 35th percentiles with decision thresholds based
on sensitivity values of .80 or .90, and the TN criterion test collected at
the end of the year following screener administration for risk defined by
the 35th percentile.
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3. Results
3.1. Descriptive statistics and correlations

Descriptive statistics for all study measures by EL student status are
displayed in Table 1. Descriptively, EP kindergarten and Grade 1 stu-
dents scored slightly higher than ELs on ASPENS at most time points
and TN.

Correlations. To address research question 1, correlations for AS-
PENS composite scores and TN-3 scores across the year are reported in
Table 2. For ELs at both grade levels, the fall, winter, and spring ASPENS
composite scores were not as strongly correlated with one another and
with TN scores compared to the EP group. This pattern was especially
pronounced in the correlation between the fall kindergarten ASPENS
composite and the TN scores, where the correlation for EL students was
r = .25 compared to r = .58 for EP students.

Multiple Regression. Results for the regression models with spring
TN scores regressed on each measure, EL status, and the interaction be-
tween the measure and EL status are reported in Tables 3 and 4. Separate
regression models were conducted for each measure and the composite
score at fall and winter timepoints for kindergarten and Grade 1. For all
regression analyses, Benjamini and Hochberg (1995) corrections were
used to account for multiple tests and p values for the overall regression
models reflect this correction procedure. For illustrative purposes, only
kindergarten Number Identification will be reviewed. All other kinder-
garten and all Grade 1 results can be found in Tables 3 and 4, respec-
tively.

For kindergarten Number Identification, approximately 24% of the
variance in TN score was explained by the predictors (Number Iden-
tification score, EL status, and the interaction between EL status and
Number Identification score), R? = .24, F(3, 285) = 29.53, original p <
.001, adjusted p < .001. Further, as we mean-centered ASPENS scores,
a student with an average score on fall Number Identification and iden-
tified as an EP would be expected to score approximately 462 on the
TN (see Table 3, row 1). Students identified as ELs would be expected
to score about 7 points less than their EP peers on the TN based on an
average score on Number Identification. For a one-point gain on Num-
ber Identification, an EP student would be expected to gain 1.37 points
on the TN, but ELs would be expected to gain about 1 point less than
EPs, b = -0.99, t(1, 283) = -3.40, SE = 0.29, p = .001. Further, to deter-
mine the expected gain for EL students, the regression coefficients for
the expected gain for EP students is subtracted by the interaction co-
efficient. Therefore, for a one-point gain on Number Identification, EL
students would be expected to gain 0.38 points on the TN, b = 0.38, t(1,
285) = 1.51, SE = 0.25, p = .133, though this was not statistically sig-
nificant. While ELs at the grade-level mean score about 7 points higher
on the TN than EPs, the association between the Number Identification
and TN is weaker; each point gained on Number Identification repre-
sents a 1.4 gain in TN scores for EPs but only a 0.4 gain for ELs. For the
remaining measures in kindergarten, see Table 3.

Overall, in Grade 1, the interaction terms are consistently not sta-
tistically significant, indicating that we could not detect any variation
by status in the association between the screeners and spring TN, as
depicted in Table 4. That is, if there are two Grade 1 students, one EL
and one EP, we cannot conclude that there would be differences in their
TN score given they had the same ASPENS composite score. Conversely,
if these two students were kindergarten students, the same prediction
would not hold true based on EL status. This demonstrates that there
may be something being captured in kindergarten outside of the ASPENS
measure but related to EL status and impacting student achievement at
the end of the school year. These results may indicate that the ASPENS
measures may be used with the same procedures and cut off scores in
Grade 1, but different screening procedures (e.g., measures, cut scores,
directions, etc.) may be needed in kindergarten. The ROC curve analyses
provide further detail on if this finding holds true.
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Table 1
ASPENS and TerraNova Scores for Kindergarten and Grade 1 by English Learner Status
Kindergarten Grade 1
Statistic All students English learners English proficient students All students English learners English proficient students
ASPENS Fall Composite
N 317 74 240 349 102 245
Minimum 0 0 0 0 0 0
Maximum 182.3 182.3 168.4 63.8 49.8 63.8
Mean (SD) 49.2 (42.2) 49.7 (41.2) 49.0 (41.2) 24.0 (14.4) 22.8 (12.9) 24.7 (14.9)
ASPENS Winter Composite
N 338 95 240 370 122 245
Minimum 0 0 0 0 0 0
Maximum 211.2 166.8 211.2 141.2 141.2 98.2
Mean (SD) 75.2 (43.3) 69.7 (40.4) 78.0 (44.2) 39.2(20.3) 35.3 (20.0) 41.2 (20.3)
ASPENS Spring Composite
N 343 106 234 374 124 247
Minimum 8.7 8.7 11.4 0 5.8 0
Maximum 225.4 202.6 225.4 157.8 157.8 126.4
Mean (SD) 108.4 (47.4) 104.4 (44.3) 110.8 (48.6) 52.6 (23.0) 51.4 (23.6) 53.4 (22.8)
TerraNova
N 342 105 233 374 124 246
Minimum 290 405 290 390 404 390
Maximum 623 577 623 680 595 680
Mean (SD) 463.0 (40.9) 465.2 (33.3) 462.1 (44.0) 518.5 (42.2) 507.6 (34.8) 524.3 (44.8)
Table 2

Correlations for ASPENS and TerraNova Scores for Kindergarten and Grade 1 Samples by English Learner Status

ASPENS Composite Scores

Kindergarten Grade 1
Fall Winter Spring Fall Winter Spring
APSENS Composite Scores
Winter
All students .84 .84
English learners .80 74
English proficient students .86 .87
Spring
All students .76 .85 .77 .87
English learners .70 .80 72 .87
English proficient students .78 .86 .80 .87
TerraNova
All students .50 .53 .56 .57 .63 .63
English learners .25 .37 .50 .53 .67 72
English proficient students .58 .590 .60 .57 .61 .61

Note. Fall indicates scores at the fall testing timepoint, Winter indicates scores for the mid-year testing time point, and Spring indicates scores obtained
at the end-of-year testing timepoint. TerraNova scores are standard scores. All correlations were statistically significant at p < .05.

Table 3
Results of Regression of ASPENS Subtests, English Learner Status, and Their Interaction on Spring TerraNova for Kindergarten Students
Predictors
Intercept
Measure R2 (SE) Measure EL status Measure x EL status
b* b SE b b SE b* b SE
Fall
Number Identification 237 461.58 (2.45) .56 1.37%** 0.15 .07 7.08 4.93 -.20 -0.99** 0.29
Magnitude Comparison 221 462.85 (2.47) .52 2.64*** 0.30 .06 5.2 4.97 -17 -1.86** 0.64
Missing Number .263 463.90 (2.33) .57 4.00%** 0.57 .04 3.20 4.71 -15 -2.20%* 0.85
Composite .292 463.09 (2.29) .61 0.58*** 0.06 .05 5.01 4.60 -.20 -0.38** 0.11
Winter
Number Identification 223 459.61 (2.45) .51 1.30%** 0.14 11 10.23* 4.58 -11 -0.55 0.30
Magnitude Comparison 275 459.85 (2.36) .58 2.50* 0.24 11 9.67* 4.40 -.15 -1.28** 0.48
Missing Number .284 461.55 (2.34) .59 4.39%** 0.41 .06 5.67 4.32 -15 -2.12% 0.80
Composite 314 459.91 (2.30) .62 0.59*** 0.05 .10 9.46* 4.27 -.15 -0.29** 0.10

Note. b* = standardized regression coefficients. b = unstandardized regression coefficients. For all F tests, p < .001 (Benjamini-Hochberg-adjusted),
tested with 3 and 284-285 df in the fall and 3 and 316-317 df in the spring. EL status was a dichotomous predictor (0 = English proficient students,
1 = English learners). ASPENS measures were centered on their mean to aid interpretation.

*unadjusted p < .05.

**unadjusted p < .01.

***unadjusted p < .001.
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Table 4
Results of Regression of ASPENS Subtests, English Learner Status, and Their Interaction on Spring TerraNova for Grade 1 Students
Predictors
Intercept
Measure R2 (SE) Measure EL status Measure x EL status
b* b SE b* b SE b* b SE
Fall
Magnitude Comparison .295 521.79 (2.30) .56 2.92%** 0.28 -.05 -4.26 4.31 -.05 -0.58 0.59
Missing Number .296 523.02 (2.29) .58 4.53** 0.43 -.09 -8.26 4.24 -.10 -1.53 0.82
Composite .326 522.23 (2.24) .60 1.69*** 0.15 -.07 -5.89 4.18 -.07 -0.42 0.30
Winter
Base 10 277 523.00 (2.32) .56 6.02%** 0.63 =12 -10.90** 4.04 -.10 -1.81 1.01
Magnitude Comparison .381 522.53 (2.15) .63 3.32%** 0.27 -.10 -8.56* 3.77 -.07 -0.61 0.48
Missing Number 313 523.03 (2.26) .55 3.81%** 0.37 -11 -9.47* 3.96 -.03 -0.35 0.67
Composite 409 514.21 (3.02) .66 1.33%** 0.10 -.09 -8.00* 3.68 -.07 -0.23 0.18

Note. b = unstandardized regression coefficients. b* = standardized regression coefficients. EL status was a dichotomous predictor (0 = English proficient
students, 1 = English learners). Benjamini-Hochberg correction used to account for multiple tests. ASPENS measures were centered on their mean to

aid interpretation.
*unadjusted p < .05.
**unadjusted p < .01.
***unadjusted p < .001.

Table 5

Diagnostic Statistics and Cut Scores for ASPENS Screeners Collected in Kindergarten Compared to the Criterion 35™ Percentile on the Spring Administration of

the TerraNova in the Same School Year at Target Sensitivity of .80

Observed Specificity Predicted  Base
A Cut Points # Sensitivity (TPF) (1 - FPF) NPV PPV Positive Rate
Fall Assessments
NI 719 [.659, 28 [22, 31] .803 [.731, .875] 416 [.343, .489] .758 482 672 .403
7791
MC .745 [.688, 7 [6, 10] .786 [.712, .860] .532 [.458, .606] .786 .532 .597 403
.802]
MN 779 [.725, 7 [5, 81 .819 [.749, .889] .572 [.498, .646] .825 .562 .585 .401
.833]
773 [.718, 50 [42, 64] .802 [.729, .875] .607 [.534, .680] .820 .578 .557 .401
Composite .828]
Winter Assessments
NI .720 [.663, 38 [35, 41] .805 [.738, .872] .487 [.416, .558] .780 525 634 413
7771
MC .770 [.719, 15 [14, 16] 811 [.744, .878] .608 [.538, .678] .821 .591 .564 411
.821]
MN .809 [.760, 8 [7, 9] .805 [.738, .872] .656 [.588, .724] .827 622 .534 413
.858]
.789 [.739, 82 [70, 891 .803 [.735, .871] .619 [.550, .688] .818 .596 .555 411
Composite .839]
Spring Assessments
NI 722 [.668, 46 [44, 48] 797 [.731, .863] .508 [.438, .578] .775 .540 621 421
.776]
MC .789 [.741, 22 [20, 23] 811 [.747, .875] .604 [.536, .672] .815 .598 571 421
.837]1
MN .740 [.687, 16 [14, 16] .825 [.763, .887] 492 [.422, .562] .795 541 .641 421
.793]
778 [.729, 116 [106, .804 [.739, .869] .584 [.515, .653] .804 .584 .579 421
Composite .827] 125]

Note. NI = numeral identification, MC = magnitude comparison, MN = missing number, A = area under the ROC curve, TPF = true-positive fraction, FPF = false-
positive fraction, NPV = negative predictive value, and PPV = positive predictive value. Decision thresholds (cut points) bolded if AUC > .75. The 95% confidence
intervals were provided for AUC, sensitivity, and specificity. A dash (-) indicates unreliable confidence intervals due to cell sizes with 10 or fewer cases. The
base rate is the observed proportion of students who scored below the 35™ percentile.

@ Bounds on cut points represent the lowest and highest cut points for which the sensitivity confidence interval contains the target sensitivity value.

3.2. Diagnostic accuracy of ASPENS

Regarding research question 2, Tables 5 and 6 report the results of
the diagnostic analyses and cut score selection for all kindergarten and
Grade 1 measures using the 35% percentile on the TN collected in the
spring of the same year. Each decision threshold was based on the a
priori decision to maintain a sensitivity level closest to .80. Table 5 re-
ports results for the kindergarten ASPENS measures in detail for stu-
dents likely to possess mathematics difficulties at the end of the year
and Table 6 reports the results for the Grade 1 ASPENS measures. We
examined the difference between screener performance between EL and
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EP students with a series of ROC curves. Due to the number of estimates
in Tables 5 and 6, we first provide an example of their interpretation.

3.3. Example: ASPENS composite in Kindergarten

We defined students with mathematics difficulties as those falling
below the 35 percentile on the TN in the spring of kindergarten. All
others were considered not at risk for estimates of diagnostic statistics.
The screener data, therefore, fall into two overlapping distributions. One
distribution describes students who demonstrate mathematics difficul-
ties at the end of the year. For illustration, the fall composite distri-
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Diagnostic Statistics and Cut Scores for ASPENS Screeners Collected in Grade 1 Compared to the Criterion 35" Percentile on the Spring Administration of the

TerraNova in the Same School Year at Target Sensitivity of .80

Observed Specificity Predicted  Base
A Cut Points 2 Sensitivity (TPF) (1 - FPF) NPV PPV Positive Rate
Fall Assessments
MC .781 [.730, .832] 15 [14, 16] .802 [.734, .870] .616 [.548, .684] .824 .580 .550 .398
MN 777 [.726, .828] 10 [9, 10] .817 [.751, .883] .556 [.487, .625] .821 .549 .593 .398
Composite .793 [.744, .842] 26 [24, 28] .809 [.742, .876] .646 [.579, .713] .837 .602 .535 .398
Winter Assessments
MC .812 [.765, .859] 18 [16, 19] 785 [.719, .851] .700 [.638, .762] .819 .654 .503 419
MN .803 [.757, .849] 12 [11, 12] .826 [.765, .887] .643 [.578, .708] .836 .624 .553 419
BFB10 .809 [.764, .854] 4 [4, 4] .785 [.719, .851] .696 [.633, .759] .818 .650 .506 419
Composite .841 [.798, .884] 37 [35, 42] .805 [.741, .869] .783 [.727, .839] .848 727 .463 419
Spring Assessments
MC .816 [.772, .860] 23 [22, 24] 791 [.728, .854] .674 [.611,.737] .815 .641 .523 424
MN .781 [.734, .828] 14 [13, 15] .804 [.742, .866] .558 [.492, .624] .795 .572 .595 424
BFB10 771 [.722, .820] 9 [8, 10] .804 [.742, .866] .521 [.454, .588] .783 .552 .617 424
Composite .830 [.788, .872] 55 [50, 58] 797 [.734, .860] .660 [.597, .723] .816 .633 .534 424

Note. MC = magnitude comparison, MN = missing number, BFB10 = basic facts and base 10, A = area under the ROC curve, TPF = true-positive fraction, FPF = false-
positive fraction, NPV = negative predictive value, and PPV = positive predictive value. Decision thresholds (cut points) bolded if AUC > .75. The 95% confidence
intervals were provided for AUC, sensitivity, and specificity. A dash (-) indicates unreliable confidence intervals due to cell sizes with 10 or fewer cases. The base
rate is the observed proportion of students who scored below the 35™ percentile.
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Fig. 1. ROC curves for the composite score on ASPENS used to discriminate students with some risk of math difficulties, determined by the 35th percentile on the
TerraNova. The dark solid line depicts the ROC curve for all students, the light lines the confidence bounds around the curve, and the box show the confidence
bounds around the chosen cut score. The dotted lines show the ROC curve for students proficient in English and the dashed lines for the English learners. The large
markers show the chosen cut score defined as the point with sensitivity closest to .80. The legend in each figure provides the area under the ROC curve, A, and the
chosen cut point (CP). Notably, except for the fall of kindergarten, our decision rules selected a similar cut score for each sample.

bution for students with mathematics difficulties has a mean of 28.7
with a standard deviation of 30.2. The other curve describes students
not at risk, M = 64.8, SD = 42.0. The ROC curve (see Fig. 1) describes
the separation between the two distributions. The A metric quantifies
the separation between the two distributions by reporting the average
sensitivity over all values of specificity. With the criterion, ASPENS fall
kindergarten composite demonstrated moderate predictive accuracy for
the fall, winter, and spring with areas under the ROC curves, A, of .77,
.79, and .78, respectively.

We next selected decision thresholds based on sensitivity. Students
with mathematics difficulties determined by the TN had an 80% chance
of being identified as such with a cut score of 50 in the fall, 82 in the
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winter, and 116 in the spring. The observed sensitivity at each of these
selected cut scores were between .802 and .804 (see Table 5). Speci-
ficity describes the proportion of students considered not at risk by the
screener who are not at risk according to the criterion set by the authors.
With decision thresholds set at sensitivity of .80 for kindergarten, 61%,
62%, and 58% of students were correctly identified as not at risk in the
fall, winter, and spring.

Predictive values indicate the clinical significance of a screener
(Pepe, 2003). For the cut score of 50 on the fall composite, the posi-
tive predictive value (PPV) indicates that slightly over half (58%) of the
students who screened positive scored below the 35th percentile on the
TN. The negative predictive value (NPV) shows that of those students
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who screened not at risk, 82% scored where we predicted they would be,
at or above the 35th percentile on the spring TN. It should be noted that
predictive values depend on the proportion of students with mathemat-
ics difficulties (i.e., the base rate). Districts with a lower prevalence of
mathematics difficulties (i.e., lower base rate) will experience different
predictive values.

3.4. Overall accuracy of ASPENS screeners

Tables 5 and 6 present results for all ASPENS measures in kinder-
garten and Grade 1, with the 35™ percentile on the end of year TN set
as criterion for defining mathematics difficulty. The areas under the ROC
curves, A, were moderate, from .72 to .84, with A increasing as students
progress from the fall of kindergarten to the spring of Grade 1. The com-
posite performed well for all assessment times, but some subscales, such
as Number Identification in kindergarten, did not perform adequately
(i.e., A < .75) in the present sample. Overall, the results suggest that
ASPENS can discriminate students’ risk for mathematics difficulties and
the value of the screener improved over time.

ELs and EPs. To examine differences between ELs and EPs, we plot-
ted ROC curves for the ASPENS composite for ELs, EPs, and the full
sample (see Fig. 1). Each figure shows the decision threshold (i.e., cut
point) chosen for the composite screener with a large marker, and for
the full sample, we plotted a box surrounding the decision threshold
to show the confidence bounds on sensitivity and specificity. The plots
also show the confidence bounds around the full sample, represented by
thin, solid, lines. The legend in each figure provides the area under the
ROC curve, A, and the chosen cut point (CP) for each sample.

The ROC curves demonstrate that, although the screener performs
differently for ELs and EPs in the fall of kindergarten, these differences
converge through kindergarten. By Grade 1, the three samples essen-
tially overlap. In addition, except for the fall of kindergarten, our deci-
sion rules selected a similar cut score for each sample. The cut scores for
ELs and EPs from the spring of kindergarten through Grade 1 fall within
the confidence bounds for the full sample. Moreover, even though the
specificity values differ for the three groups in the winter of kinder-
garten, the cut scores were nearly identical (e.g., 81 or 82).

4. Discussion

The purpose of this investigation was to analyze the psychometric
properties of ASPENS for ELs in kindergarten and Grade 1 and to deter-
mine whether these screening measures identify risk status for EL and EP
students similarly. Our study included three primary objectives: (a) ex-
amine the descriptive statistics for EPs compared to ELs on the ASPENS
measures, (b) determine the differences for ELs and EPs in the extent
of variance explained in students’ mathematics outcome scores by AS-
PENS scores, and (c) examine diagnostic accuracy statistics to determine
risk on a mathematics outcome measures for ELs and EPs. Given calls to
investigate early numeracy screening measures for ELs (Purpura et al.,
2015), this study represents a first contribution to the research base, pro-
viding initial insight into how a widely used early numeracy screener
functions for EL and EP students. This investigation provides evidence
to the early childhood education field regarding the common practice
of using the same screener for all students, regardless of EL status.

4.1. ASPENS performance by EL status

Our descriptive analyses indicated that in general, ELs had lower
composite ASPENS scores across testing time points compared to EPs.
Correlations among the composite scores across time points were
slightly higher for EPs than ELs. The correlations between ASPENS com-
posite and TN were relatively stable for EPs, ranging from .57 to .61
from the fall of kindergarten to spring of Grade 1. For ELs, however,
the correlations with the TN increase over time, from .25 in the fall of
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kindergarten to .72 in the spring of Grade 1. For ELs, the lower corre-
lations in kindergarten may have been a result of their limited English
proficiency.

For measures of mathematics, English language proficiency could
be interpreted as construct-irrelevant variance (American Educational
Research Association, American Psychological Association, & National
Council on Measurement in Education, 2014), or variability attributed
to skills or knowledge that is irrelevant to the test’s purpose. Most
instruction in U.S. schools, however, takes place in English and both
ASPENS and TN assess mathematics knowledge and skill in English.
Though it may be tempting to attribute the correlation differences in
kindergarten as predictive bias, as Cummings et al. (2021) point out,
predictive bias assumes the grouping variable, such as EP versus EL here,
is inconsequential to performance. Cummings et al. (2021) discuss sev-
eral papers on reading screeners that draw this conclusion. With math-
ematics measures, English language is consequential, so the correlation
differences would not represent predictive bias. Importantly, instruc-
tion that teaches mathematics vocabulary in English explicitly can sup-
port ELs with limited English language proficiency (e.g., Doabler et al.,
2019). Hence, it is likely that proficiency with English among ELs im-
proved over time as students received instruction in both the English
language and mathematics in English, which would then account for
the improved correlation from the fall of kindergarten to Grade. 1.

In the regression analyses for our first research question, we exam-
ined the extent to which student scores on the ASPENS composite and
individual subtest explained variance on the TN, including EL status as
a predictor. The regression results demonstrated that ELs consistently
scored lower on the ASPENS measure compared to their EP peers across
both grade levels. Results that approached statistical significance were
found more often in kindergarten than in Grade 1. These results indicate
that there may be a change in the relationship between EL status and per-
formance on the measures over time. The amount of variance accounted
for by students’ ASPENS performance and EL status is higher when the
student is in Grade 1 than kindergarten. For instance, the composite
score accounted for approximately 30% of the variance (R? = .292) in
fall of kindergarten, but 33% of variance in TN score in fall of Grade
1 (R? = .326). Larger differences between EPs and ELs were evident in
fall testing in kindergarten than in Grade 1, suggesting that there is ei-
ther maturation, intervention, increased English language proficiency
for ELs, or some other combination of effects that reduce group differ-
ences by the next school year. Later screening administration may help
overcome the impact of these differences. Specifically, we found that it
only took one school year for ELs to test similarly to EPs. Further, the re-
lation differing across kindergarten and Grade 1 may demonstrate that
the ASPENS measure tasks captured something related to EL status in
kindergarten that could be impacting student achievement at the end of
the school year. These differences may also be due to the ASPENS mea-
sure not identifying the most predictive skills early in kindergarten for
ELs and the current instructional paradigm, English-only mathematics
instruction, is failing these students.

Answering research question 2, the ROC analyses demonstrated that
the measures could discriminate students’ risk for mathematics difficul-
ties with the screener improving over time. We found that the ASPENS
measures identified ELs and EPs similarly in Grade 1. Further, though
the screener performed differently for ELs and EPs in the fall of the
kindergarten year, these differences diminished across time. There is
a need to improve the accuracy of screening, particularly for ELs, in
kindergarten based on the research available related to general screen-
ing practices and assessing ELs specifically. This investigation demon-
strates that using later screening measures, such as ASPENS in winter,
may help improve screening accuracy.

4.2. Screening procedures

Overall, our results demonstrate ELs and EPs can be screened using
the same measure and cut score with accuracy. Results suggest that be-
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yond the fall of kindergarten, similar scores and associated technical
characteristics exist for ELs and EPs. Screeners may perform similarly
for students learning English and those proficient in English because
language affects both the screeners and criterion measures similarly.
ELs are also held to the same standard, at or above the 35™ percentile
on the TN, as EPs. These findings are promising for schools, as using a
single screening measure to determine risk for all students in a grade
level is more feasible and cost-effective than differentiating based on EL
status. One consideration for schools, though, is that the criterion mea-
sure here was also administered in English and therefore may not be the
best assessment of ELs’ full knowledge or skill in mathematics. Future
work should investigate the relation between an English-only measure
and an outcome measure in the students’ native language. Evaluating
the appropriateness of screening measures for all students, including
ELs, can assist educators in determining if they are accurately identify-
ing students who struggle. The measures investigated here can be useful
for educators, though they should be interpreted with greater caution
in fall of kindergarten than other time points (i.e., later in kindergarten
and Grade 1).

While our findings indicate that ELs and EPs performed similarly on
ASPENS, we caution readers that assessing ELs only in English does not
align with best practices. Assessing ELs in their native language con-
tinues to be the gold standard but may not be feasible for schools to
implement consistently. Our findings demonstrate that, when assessing
students in their native language is not available, using English early
mathematics screeners may be appropriate.

4.3. Assessment practices for ELs

As we develop a greater understanding of ELs’ mathematics develop-
ment, future research should be attuned to incorporating best practices
for ELs. To provide the fullest picture of strengths and areas of need for
ELs, assessing students in all languages in which they are fluent is recom-
mended for assessment practices more broadly. Assessment of ELs using
inappropriate testing procedures has historically led to ELs being un-
derrepresented for special education services in the elementary grades
and overrepresented in fifth grade and beyond (Artiles et al., 2002). Par-
ticularly important for ELs, mathematics assessments must adequately
provide data that speaks to mathematics skills, not English proficiency
(e.g., Cho et al., 2020). With screening practices representing the gate-
way to more intensive assessment and intervention, it is critical to en-
sure that screening measures are accurate and that students are classified
based on early mathematics challenges, not English proficiency, or lack
thereof. ELs are often assessed using the same measures (e.g., screeners,
statewide tests, etc.) as EPs (Obuon, 2019), and though it is more feasi-
ble for schools to continue this practice, these common assessments are
also often not linked with an intervention that is evidence-based for ELs
(Doabler et al., 2016).

Our results suggest that a measure of early numeracy may overi-
dentify EL students in need of support, specifically in their kinder-
garten year. Experts have expressed concern with this possibility more
broadly for early numeracy screening measures (Gersten et al., 2009;
Gersten et al., 2012). This may result in educators using greater caution
when interpreting screening results, using a combination of screening
results to officially identify, or waiting until a later date to screen. Our
results indicate that screening in the winter may overcome this concern.

The term “EL” is very broad and investigation is needed to unpack
how measures might work differently for different populations of ELs.
Future work should include a capturing additional data regarding cul-
tural and linguistic backgrounds of students included in a larger sam-
ple. This information, along with more descriptive information about
the classification of ELs, could assist in determining if these results can
be generalized to a different population of ELs and how initial language
and mathematics skill impacts the findings. Additionally, increasing the
assessment frequency in research can help find the “tipping point” at
which EL status no longer impacts sensitivity. Disseminating these re-
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sults and the results of other investigations regarding differences in per-
formance of ELs and EPs is important for practitioners to make mean-
ingful decisions for their kindergarten students, and potentially beyond.

Our results indicate ASPENS works better as a long-term predictor of
student performance than short-term. Specifically, these measures pro-
vide critical information at the beginning of the year, particularly in
Grade 1. As we learn more about ELs’ mathematics development and
screening for ELs’ risk, we should not lose focus on the importance of
early intervention. Integrating intervention into work to develop and
validate early screeners will enable the field to investigate factors associ-
ated with intervention response. Coupled with more robust understand-
ing of language development should enable schools to better support
the learning needs of all students in understanding mathematics.
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