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Abstract
Research supports the efficacy of intensive literacy instruction for children with moderate intel-

lectual disabilities and Down syndrome (DS). However, much of the literature features measures

closely aligned with evaluated interventions. Despite their increasing role in instruction, curric-

ulum-based measures (CBM) are rarely featured in reading studies involving DS. Increasing the

use of CBM in research has the potential to provide insight into the effectiveness of intervention

and address concerns regarding the utility of approaches predicated on CBM. This single-case

design study used CBM to examine the performance of children with DS (N = 17) who had

largely exhibited gains on intervention-aligned measures following an intensive reading interven-

tion. Results of multilevel modeling were mixed, with significant (p < .05) effects relegated to

letter- and first-sound fluency. No more than 29% of participants met goals created using a pro-

cedure derived from CBM. Findings have implications for future studies and implementation of

literacy interventions for children with DS.

Over the past 2 decades, the focus of reading
instruction for children with moderate and
severe intellectual disabilities (ID; i.e., IQ
approximately ≤ 50; deficits in adaptive
behavior; Boat & Wu, 2015) has shifted
from functional or sight word reading to
more advanced reading components necessary
for independence (e.g., decoding, comprehen-
sion; Ahlgrim-Delzell & Rivera, 2015).
Although children with moderate ID display
lower performance in reading relative to
their peers (Allor et al., 2014), research sug-
gests this population benefits from systematic,
direct literacy instruction (Dessemontet et al.,
2019). In addition to moderate ID, the devel-
opmental profile of Down syndrome (DS)—
a genetic disorder occurring in 14 of every
10,000 births—includes relative strengths in

visual processing coupled with deficits in
expressive language, phonological awareness,
word attack, and other skills with the potential
to attenuate otherwise effective reading
instruction (Cologon et al., 2011; Grieco
et al., 2015).

Predictors of literacy in children without dis-
abilities have been well-established, with
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phonological awareness (Melby-Lervag et al.,
2012), letter-sound knowledge (e.g., Clemens
et al., 2020), and receptive language (e.g.,
Psyridou et al., 2018) all recognized as critical
to the development of advanced reading skills.
There is far less consensus regarding significant
contributors to reading development in DS, with
varying reports of IQ and other participant
characteristics impeding direct comparisons
of results (Dessemontet et al., 2019).
Phonological awareness, for example, has been
identified as a significant predictor of word-
reading in some longitudinal and intervention
studies (e.g., Lemons & Fuchs, 2010; Bird
et al., 2000), yet unpredictive of reading out-
comes in others (Burgoyne et al., 2012; Steele
et al., 2013). Similar contradictory findings
have emerged in regards to the contribution of
letter-sound knowledge (e.g., Laws & Gunn,
2002 ; c.f. Steele et al., 2013) and age (Roch
et al., 2019). Additional factors positively corre-
lated with reading outcomes for individuals with
DS include IQ and listening comprehension
(Burgoyne et al., 2012; Roch et al., 2019).
Teacher-level factors may also be at play, as
an emerging body of literature suggests
teacher experience and education level could
be positively associated with student outcomes
(Burroughs et al., 2019). Differences in
observed outcomes may be linked to the charac-
teristics of featured samples and outcome mea-
sures (Dessemontet & de Chambrier, 2015).

Notwithstanding disagreement regarding the
influence of specific factors to the development
of reading in individuals with DS, direct instruc-
tion appears to yield gains in terms of word
reading, letter identification, and phoneme
blending (e.g., Burgoyne et al., 2012, 2013).
Assessing the impact of instruction is compli-
cated, however, because of the various measures
used to assess student progress. Studies involv-
ing children with DS often feature single-case
design research predicated on measures closely
aligned with the intervention (e.g., van
Bysterveldt et al., 2010). Single-case design
reading studies involving children with moder-
ate ID and closely aligned measures yield
effect sizes over 300% larger than group
design studies featuring standardized measures
(Dessemontent et al., 2019). On standardized
measures, children with DS who possess

limited reading skills (cf., relatively advanced
readers; Lim et al., 2019) usually achieve more
modest outcomes. In a wait-list control trial,
Burgoyne et al. (2012) evaluated the effect of
20–40 weeks of intensive reading instruction
for children with DS and moderate ID
(N = 57; age 5–10 years). Intervention consisted
of 1:1 text centered reading activities coupled
with direct instruction in sight words and
phonics, delivered concurrently with a language
program during daily 40-min sessions.
Compared to the control group, children who
received 20 weeks of intervention exhibited
small and moderate improvements on standar-
dized measures including single-word reading
(d = 0.23; p = .02), letter-sound knowledge
(d = 0.42; p < .00), and phoneme blending
(d = 0.54; p = .02).

That reading outcomes for children with
moderate ID would vary based on measure-
ment is not altogether surprising. As noted
by Yoder et al. (2013), measures closely
aligned with instruction—which commonly
appear in single-case design research and
practical settings—often indicate that students
make substantial progress following an inter-
vention. This performance, however, may
reflect participants’ familiarity with instruc-
tional materials or a narrow scope and
sequence rather than their competence in a
broader domain (i.e., overalignment; What
Works Clearinghouse, 2020). Standardized
measures showing less pronounced improve-
ment potentially provide a more compelling
indication of whether instruction prepares par-
ticipants to perform highly generalized skills
(e.g., reading) whose permutations cannot be
anticipated by a single intervention. Fuchs
et al. (2018) suggest intervention-aligned
measures may nonetheless provide evidence
of the effectiveness of teaching procedures
and ultimately assist in the development of
effective instructional programs. Differences
in outcome measures could likewise reflect
the insensitivity of standardized measures to
student gains. Disparities in measures featured
in reading studies raise questions regarding
interventions for children with moderate ID
and DS.

The use of assessment in reading for indivi-
duals with ID and DS is further complicated
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by the increasing application of curriculum-
based measures (CBM; Lemons & Fuchs,
2010). Whereas intervention aligned measures
typically relate to skills taught within a spe-
cific instructional unit and may not be compar-
able to measures employed across lessons,
CBM—unlike standardized measures—are
designed to be administered repeatedly
across an extended period of time (e.g., first
grade) as a means of assessing student per-
formance (Tindal, 2013). Additionally, the
technical adequacy of CBM (e.g., reliability),
relative to many intervention-aligned mea-
sures, provides a higher degree of confidence
when making decisions or determining the
extent of student learning. Researchers (e.g.,
Hosp et al., 2014; Lemons & Fuchs, 2010)
have found CBM provide a valid metric of
reading performance for individuals with
DS. When used in conjunction with intensive
reading instruction, however, the progress of
children with moderate ID on CBM appears
to emerge slowly, with many participants
requiring at least 15–20 weeks of instruction
before demonstrating gains (e.g., Allor et al.,
2010). Likewise, in a sample of 3,811 students
with ID in Grades 3–8 and 11 assessed at the
end of the school year, only 5.2% and 0.6%
met measure-specific normative benchmarks
on word or passage reading CBM, respect-
ively (Lemons et al., 2013).

The extent to which CBM captures growth
and responsiveness to instruction, relative to
other measures, remains an important consider-
ation in evaluating reading instruction for chil-
dren with DS (Lemons & Fuchs, 2010). CBM
is used as a universal screening and progress
monitoring tool within school-wide multitiered
systems of support (MTSS) frameworks
designed to allocate educational resources
through ongoing assessment (Van Meveren
et al., 2020). A related use of CBM is data-based
individualization (DBI; Fuchs et al., 2020).
Although steps in the process vary, DBI
involves (1) ascertaining the child’s baseline
level of performance; (2) establishing an instruc-
tional goal based on benchmark data or the
child’s current level of performance; (3) imple-
menting an intervention; and (4) monitoring pro-
gress to determine if the goal should be
adjusted (if performance exceeds expectations)

or if further instructional changes are needed
(Bailey & Weingarten, 2019). Instructors gener-
ally make decisions based on four consecutive
CBM (Fuchs et al., 2014). Instructors using
the process are advised to administer CBM on
a weekly or bi-weekly basis. Approaches to
instruction featuring CBM and DBI are increas-
ingly recommended for children with intellec-
tual and developmental disabilities (Lemons
et al., 2019). Evidence regarding the application
of DBI among individuals with DS remains
limited, however. Of the 14 DBI studies
assessed by Jung et al. (2018), none involved
children with moderate ID or DS. Practitioners
hoping to extend DBI to these populations con-
sequently have little guidance from the research.

Likewise, reading intervention studies
involving children with DS rarely feature
CBM as outcomes measures (Dessemontent
et al., 2019). Lemons et al. (e.g., 2017, 2018)
evaluated the effect of a reading intervention
on the early literacy skills of children with DS
and moderate ID (N = 13) using single-case
design and intervention-aligned measures
exclusively. Results suggested 77% of partici-
pants (n = 10) responded to instruction. In a
study involving the instruction of digraphs and
blends for children with DS (N = 4), King
et al. (2020) administered intervention-aligned
measures and CBM. The intervention produced
moderate baseline corrected Tau effects (Taubc;
Tarlow, 2017) on intervention-aligned mea-
sures (M = 0.54; Range = 0.34–0.76).
Performance on CBM was mixed, however,
with moderate gains in letter-sound fluency
(LSF; M = 0.59; range = 0.51–0.66) offset by
minimal response on word identification
fluency (WIF; M = - 0.14; range = - 0.66–
0.38), oral reading fluency (ORF; M = 0.03;
range =−0.24–0.27) and first sound fluency
(FSF; M =−0.33; range =−0.75–0.41).

Integrating CBM into reading intervention
studies for children with DS has the potential
to provide insight into variables that moderate
responsiveness to reading instruction (Lemons
et al., 2013). The use of CBM could also
provide practitioners and researchers with
insight into how interventions for individuals
with DS might perform in the context of
MTSS and DBI. Typical single-case design
studies often feature few participants, however,
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and were originally designed to accommodate
behaviors that immediately respond to changes
in contingencies (Hurtado-Parrado & Lopez-
Lopez, 2015). Previous studies suggest rela-
tively large populations of participants with
DS and the ability to analyze delayed gains
may be needed to explore responsiveness to
reading intervention on CBM measures and
their relationship with intervention-aligned
measures (Lemons & Fuchs, 2010).

Integrating CBM into reading
intervention studies for children with DS
has the potential to provide insight into
variables that moderate responsiveness

to reading instruction.

Using rigorous, experimental single-case
research designs, our research team has demon-
strated functional relations between reading
intervention and intervention-aligned measures
of early reading skills across numerous studies.
The purpose of the current work is to explore
whether CBM also reflects improvements in
early reading skills following the same inter-
vention. Specifically, we examine the perform-
ance of a relatively large number of children
with DS and moderate ID (N = 17) who gener-
ally exhibited gains on intervention-aligned
measures in previous studies (e.g., Lemons
et al., 2017, 2018) using concurrently collected
literacy CBM. We then examine the effect of
intervention using multi-level modeling.
Specific research questions include: (1) What
is the overall effect of instruction on distal mea-
sures of fluency related to literacy (e.g., LSF,
ORF); (2) to what extent do specific participant
(e.g., age, IQ) or treatment (e.g., number of ses-
sions) variables moderate the effect of the inter-
vention; and (3) what is the efficacy of
intervention relative to objectives calculated
using data-based procedures associated with
DBI (e.g., Bailey and Weingarten, 2019)?

Method

Participants and Setting

Participants with DS were recruited from
public and private schools in Tennessee and

Pennsylvania following approval by school
district and university Institutional Review
Boards. Screening procedures were designed
to ensure participants had the skills needed
to benefit from beginning reading instruction
roughly aligned with K-1 content without
also demonstrating mastery of the material
prior to intervention. Eligible individuals (a)
had DS; (b) primarily communicated using
spoken English; (c) exhibited minimal chal-
lenging behavior; and (d) demonstrated
single letter-sound correspondence. Excluded
children (a) had hearing or visual impair-
ments; (b) read more than 20 words correct
on two first-grade reading passages selected
from the Dynamic Indicators of Basic Early
Literacy (DIBELS) Next (Good et al., 2013);
or (c) demonstrated knowledge ≥ 50% of the
intervention scope and sequence during
screening. We enrolled 17 children with DS
and cooperating staff in the study. After
receiving training from the research team,
school staff administered instruction in a one
to one arrangement at convenient times and
locations in the participants’ schools. Lemons
et al. (2017, 2018) fully describe screening,
researcher qualifications, and instructor training
(see, too, King et al., 2020).

A description of the characteristics of par-
ticipating children and school staff, as well as
their involvement in previous studies, appears
in Table 1. Data for 13 of participants’ perform-
ance on intervention-aligned measures are
included in published manuscripts (Lemons et
al., 2017, 2018). The unpublished data for the
additional four participants appears in a supple-
mentary file (Supplemental Figure S1). The
total sample included 11 boys and six girls
with an average age of 9.34 years (SD =
3.17; range = 6–17 years). Average experience
of school staff was 7.5 years (SD = 8.26; range
= 1–35). Participants’ typical special educators
or paraprofessionals administered the inter-
vention. Terminal degrees for staff included
MA (n = 9), BA (n = 5), and high school
diplomas (n = 3).

Design

The progression of participants through the
intervention, described in previous work
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(Lemons et al., 2017, 2018) was determined
through the administration of intervention-
aligned measures corresponding with stag-
gered elements of the scope and sequence.
That is, progress on all content was mea-
sured over the course of the study, but
instruction related to a new lesson was intro-
duced only after the mastery of an earlier
lesson. However, we also staggered imple-
mentation of intervention across participants
in order to evaluate the global impact of the
intervention on CBM. Multiple-probe across
tasks designs featured in previous research
were embedded within the current delayed
multiple-probe across participants design.
The embedded design concurrently arranges
separate experimental conditions to examine
the impact of an intervention on different
variables resistant to simultaneous examin-
ation in a single or combined design (e.g.,
King et al., 2020).

The delayed multiple-probe across partici-
pants design in which (a) the intervention is
delayed across participants and (b) the admin-
istration of baseline assessment generally over-
laps, but does not begin at the same time for all
participants (Cooper et al., 2020), addresses
threats to internal validity in the same fashion
as traditional multiple-probe designs (Ledford
& Gast, 2018). Although not randomized, par-
ticipants’ entry into the intervention and move-
ment through each lesson occurred
independently of responding on CBM. That
is, participants began intervention based on
the availability of cooperating instructors, and
instructional decisions and outcome evalua-
tions were based on intervention-aligned mea-
sures rather than CBM. This provides a
measure of protection against threats to internal
validity associated with traditional response-
guided designs (e.g., experimenter bias;
Hwang et al., 2018) as there was no relation
between the measures and experimental proce-
dures. The dataset associated with the current
study describes changes in participants’ CBM
and is available online (King et al., 2021).

Measures

Participant characteristics and intervention progress.
In addition to the demographic variables of

participants (i.e., age, gender), we obtained
the education level of cooperating instructors
(i.e., high school, BA, MA). We also recorded
information regarding the participants’
engagement with the intervention, including
the number of sessions completed and expos-
ure to optional lesson components. The
number of lessons mastered over the course
of the intervention provides an indication of
participants’ success on intervention-aligned
measures. Specifically, we determined
mastery using Lesson Mastery Probes admi-
nistered during each intervention session.
Participants who vocally identified seven of
eight lesson targets for three consecutive ses-
sions proceeded to the next lesson (Lemons
et al., 2017, 2018).

Reading ability. We administered a pre-
assessment literacy battery prior to intervention.
Project staff assessed the reading ability of parti-
cipants using subtests of theWoodcock Johnson
Reading Mastery Test ([WJMT] 3rd Ed.) and
obtained raw scores for participants in Word
Identification (WID; M =3.06; SD =2.82;
range = 0–8), Word Attack (WAT; M =0.29;
SD =0.59; range = 0–2), Letter Identification
(LID; M = 11.82; SD = 5.02; range =0–17),
and Passage Comprehension (PCM; M =1.53;
SD =1; range = 0–3). Average internal consist-
ency of the WRMT-3 is 0.91 (range = 0.68–
0.98), and split-half reliability is 0.95 (range =
0.87–0.98).

Cognitive ability. We administered the Verbal
Knowledge, Riddles, and Matrices subtests of
the Kaufman Brief Intelligence Test (2nd Ed.
[KBIT-2];Kaufman&Kaufman, 2004), an indi-
vidually administered IQ assessment.
Assessments yielded verbal (M = 14.47; SD =
8.87; range = 4–34), nonverbal (M = 7.88; SD
= 5.92; range = 0–17), and full-scale IQ scores
(FSIQ; M = 47.24; SD = 10.26; range = 40–
74). The FSIQ from the KBIT-2 is correlated
with FSIQ from theWechsler Intelligence Scale
for Children (3rd Ed.; 0.76;Wechsler, 1991).

Dependent Variables

Immediately following enrollment, research
staff assessed participants once per week
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during baseline and intervention with CBM.
Staff administered the first baseline CBM a
minimum of 3 weeks prior to the intervention.
The final baseline probe occurred prior to the
administration of three consecutive Lesson
Mastery Probes and consisted of the children
identifying lesson targets presented on flash-
cards (Mastery Probe results appear in
Lemons et al., 2017, 2018; previously unpub-
lished mastery results appear in Supplemental
Figure S1). Intervention did not occur on
CBM administration days.

Each CBM was aligned with K-1 grade
content and assessed the participants’ perform-
ance of a specific skill within a 1-min period.
For each variable, we recorded the number of
correct and incorrect responses participants
exhibited, for a total of eight outcomes.
Specific procedures, including discontinuation
rules, were derived from DIBELS (Good et al.,
2013). Adapted from the letter naming fluency
assessment, the LSF assessment required partici-
pants to provide sounds corresponding with a
random assortment of letters. The WIF assess-
ment required participants to read unconnected
words from forms encompassing equivalent pro-
portions of words targeted in Lessons 1–4 and
Lessons 5–8, as well as untaught decodable
words featuring targeted letter sounds. The
ORF test assessed the ability to read connected
text. For the FSF assessment, children produced
the sounds of words presented by the adminis-
trator and received full credit (2 points) or
partial credit (1 point) for identified first sounds.

Validity and reliability. A panel of experts in
reading and language (n = 3), as well as the
instruction of individuals with developmental
disabilities (n = 2), verified the content valid-
ity of all CBMmeasures prior to the beginning
of the study. Extensive detail regarding the
technical adequacy of DIBELS measures for
the general population, as well as measures
similar to the LSF and WIF, is available
(e.g., Anderson et al., 2012; Good et al.,
2013; Zumeta et al., 2012). Recent scholarship
attests to the suitability of CBM for older indi-
viduals with ID (e.g., Hosp et al., 2014). An
analysis involving a sample of children with
intellectual disabilities (n = 74) likewise
revealed strong correlations (see Good et al.,

2013 for correlation interpretations) between
CBM (e.g., WIF, ORF, LSF, phoneme seg-
mentation fluency) and standardized literacy
tests (e.g., Rodgers et al., 2021). For the
current sample, we correlated average correct
responses on baseline CBM scores with subtests
from the WJMT. Results should be interpreted
with caution due to the sample size; nonetheless,
correlations support the validity of CBM. The
LID subtest exhibited moderate-to-strong corre-
lations with LSF (0.52), WIF (0.45), and ORF
(0.38). We observed similar correlations
between the WID subtest and WIF (0.74),
ORF (0.60), and LSF (0.37). WAT was moder-
ately correlated with FSF (0.34). We assessed
reliability by correlating the first two data
points of each CBM. Reliability for LSF
(0.95), FSF (0.81), WIF (0.84), and ORF
(0.81) was acceptable.

Baseline

Participants received their typical reading
instruction throughout the study. Teacher
reports, instructional documentation, and
researcher observations regarding typical
instructional practices prior to the study sug-
gested participants received an average of
110 min of daily reading instruction outside of
the intervention (SD =60; range =30–270).
This included an average of 65 min of instruc-
tion in special education (SD = 50; range =
0–180) and 45 min in a general education
setting (SD = 60; range = 0–90). Special edu-
cation typically involved small group or indivi-
dualized instruction. General education
instruction primarily consisted of whole-group
instruction or small group instruction. With
the exceptions of Eddie, Bruce, and Clark, all
participants received some form of standar-
dized reading curriculum (e.g., Harcourt
Storytown). In terms of content, instruction
for older participants (e.g., Eddie) focused on
text reading and comprehension, and instruc-
tion for younger children focused on phonics,
alphabetic knowledge, and word study.

Intervention

The intervention consisted of four primary
instructional components requiring 20 min of
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instructional time and an optional two steps
instructors could choose to deliver over an add-
itional 15 min. The number of intervention ses-
sions and participant involvement in the
optional instruction appears in Table 1. The
number of intervention sessions received by par-
ticipants differed due to student absences, the
point of the year in which students entered the
intervention, and the speed at which students
met mastery criterion for intervention-aligned
measures (i.e., a score ≥ 87.5% for three con-
secutive sessions). Lemons et al. (2017, 2018;
see, too,King et al., 2020) provide details regard-
ing the instructional protocol (Supplemental
Table S1) and the scope and sequence
(Supplemental Table S2). The scope and
sequence were divided into eight lessons,
which participants moved through based on
intervention-aligned measures (i.e., Lesson
Mastery Probes).

Primary lesson activities addressed decod-
able word and letter sound acquisition,
phonics, and the recognition of high-
frequency words. In addition to words tar-
geted for mastery, each lesson incorporated
partner words (i.e., shared target sounds) and
vocabulary words (e.g., prepositions) that
were not directly assessed during the interven-
tion. Optional activities involved comprehen-
sion of adjectives and prepositions as well as
reading connected text and writing. From the
outset of the study, cooperating instructors
were permitted to omit optional activities
due to scheduling conflicts, the lack of instruc-
tionally aligned measures related to the activ-
ities, and instructor views regarding the
relevance of the activities to each learner’s
academic objectives. Instructional procedures
consisted of presenting material (e.g., picture
card, word card) and a model prior to an
instructional directive. Instructors praised
correct responses. Incorrect responses and
non-responses were followed by a model.
All activities included lesson targets and ran-
domly selected mastered items to provide
opportunities for success.

Fidelity

Project staff evaluated fidelity of instructors
using a checklist corresponding with the

administration of instruction, materials, error
correction, and other lesson components (see
Lemons et al., 2017, 2018). Observations
encompassed the first three intervention ses-
sions and continued until fidelity exceeded
90% for three consecutive days. After instruc-
tors met criterion, project staff obtained add-
itional fidelity data for one session each
week and provided additional training in the
event that fidelity fell below 90%. Fidelity
was obtained for an average of 32% of ses-
sions with a range of 54%–100% across ses-
sions. Low scores on fidelity partially reflect
instructor performance during the initial ses-
sions prior to when cooperating educational per-
sonnel met criterion. In addition, personnel with
limited experience or background in education
(e.g., paraprofessionals) frequently required
additional training sessions. Aggregate fidelity
for individual instructors ranged from 84%–
99%, with an average score of 92.5% across
instructors. Fidelity scores for individual
instructors appear in Supplemental Table S3.

Interobserver Agreement

Two MA-level students in special education
obtained interobserver agreement (IOA) from
video recordings of 60% of baseline and 21%
of intervention CBM. Agreement was defined
as an item for which scorers observed the
same response and was calculated by dividing
the number of agreements by the number of
items. Average aggregate IOA for each partici-
pant was 93.8% (SD = 3.7; range = 87–99%).
IOA for each participant appears in
Supplemental Table S3.

Data Analysis

Visual analysis. We determined the responsive-
ness of participants to instruction for each
dependent measure through visual analysis.
Procedures followed the steps outlined by
Lane and Gast (2014). Within condition ana-
lyses assessed stability and changes in level
and trend via the split-middle method. We
defined stability criterion as 80% of data
points within ± 25% of the median. Between
condition analyses involved evaluating (a)
changes in trend, and (b) immediate and
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sustained changes in level. We determined the
non-overlap in data-points for each contrast as
well as a weighted mean for each measure
using Taubc, an estimate of overlap ranging
between −1 and 1 (Tarlow, 2017). Taubc
values were interpreted as very large (> 0.8),
large (0.61–0.8), moderate (0.21–0.6), and
negligible (0–0.2). We defined responders as
participants who exhibited a change in level
immediately following the intervention or
whose data assumed a positive trend inconsist-
ent with baseline within 3 weeks of the inter-
vention (Bruhn et al., 2020).

Multilevel modeling. For the primary analysis,
we opted to aggregate and statistically
analyze the data due to (a) the limited sensitiv-
ity of CBM to short-term gains, and (b) the use
of instruction consisting of discrete, sequen-
tially administered lessons. We initially con-
sidered analyzing the data using the gradual
effects model for single-case designs (Swan
& Pustejovsky, 2018). However, this approach
presents multiple issues related to accuracy
when applied to data featuring low levels of
baseline responding. Data were therefore ana-
lyzed using multilevel modeling, which
accounts for dependency and autocorrelation
in nested data and is therefore well suited for
single-case design (Ferron et al., 2009).

Multilevel modeling has recently been
applied to single-case design (see Shadish
et al., 2013) because these designs includemul-
tiple measurements across time nested within
individuals (Ferron et al., 2009; Shadish
et al., 2013). In addition to accounting for
nested, dependent data, multilevel modeling
allows researchers to quantify critical compo-
nents of traditional visual analysis (e.g.,
trends in baseline, changes in level and slope)
and examine the influence of moderators
(Shadish et al., 2013). In the present study,
we applied a series of two-level models
wherein measurement sessions (Level 1) were
nested within individuals (Level 2):

Yij = β0j + β1jPhasei + β2jPhasei ∗ Timeij
+ β3jCovariates+ eij

In this model, Y is a child-level outcome (e.g.,
ORF corrects) for the ith child across j

measurement periods. The intercept is repre-
sented by β0j. The next coefficient (β2j) is a
dichotomous variable called phase, which indi-
cates whether a participant’s data comes from
baseline or intervention phases. The third coef-
ficient (β2j) is an interaction term between the
previouslymentioned phase variable and a con-
tinuous time variable centered on when an indi-
vidual began intervention (i.e., time = 0 on the
first instructional session, time = 1 on the
second instructional session). The phase and
phase x time variables yield values that corres-
pond to significant changes in level and trend,
respectively. The final coefficient (β3j) repre-
sents key covariates introduced into the
models, described in more detail below.

To capture variability between cases, we
allowed the phase variable to vary at the
second level of the model, meaning partici-
pants were allowed to vary with respect to
their immediate treatment effect (Rodadaugh
& Moeyaert, 2017). The random effects can
be presented as:

β1j = θ10 + μ1j

Where overall performance (β1j) are com-
prised of individual-level performances θ10
plus random variation of means (μ1j).

The use of multilevel modeling does not
necessitate the determination of specific
outcome-covariate combinations a priori; the
adequacy of various models can be compared
and the best model identified. We therefore
compared a series of models for each of the
eight outcomes and selected the best model
for each measure. All comparison models
included the two key variables phase and
phase x time, described above, and we report
the resulting coefficients for each model
regardless of statistical significance given
their importance to single-case design data.
In addition to phase and phase x time, com-
parison models incorporated some combin-
ation of the following covariates: age; sex;
verbal IQ; nonverbal IQ; FSIQ; LID; WAT;
PCM; the number of intervention sessions
and lessons mastered; whether the participant
received an optional intervention; and instruc-
tors’ level of education and years of experi-
ence. As a measure of phonological
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awareness, we also included the baseline
phase median FSF for all models except
when FSF corrects and incorrects were the
primary outcomes. These combinations
included two- and three-way interactions
between variables. When evaluating signifi-
cance of the covariates, we used the
Kenward-Roger (1997 ) method for estimating
the degrees of freedom, which adjusts for
small sample bias and is a more accurate
method of estimating treatment relative to
traditional approaches (Ferron et al., 2009).

The use of multilevel modeling does not
necessitate the determination of specific
outcome-covariate combinations a priori;
the adequacy of various models can be
compared and the best model identified.

We used the corrected Akaike Information
Criterion which adjusts for small sample bias
(AICc; Hurvich & Tsai, 1989) to identify the
best model for each measure. AICc is a rela-
tive comparison index used to rank competing
models, maximize fit, and minimize informa-
tion loss (Symonds & Moussalli, 2010). We
also report the corresponding AICc cumula-
tive weight, which presents the probability
that the selected model is more appropriate
than the preceding model.

We analyzed data using analysis RStudio
3.6.0 (R Core Team, 2019), with the lme4
(Bates et al., 2015), AICcmodavg (Mazerolle,
2019), and sjPlot (Lüdecke, 2020) packages.
Prior to analysis, continuous data were evalu-
ated for multicollinearity. All correlations
were below 0.70 (Supplemental Table S4).
There were 34 instances of missing outcome
data across four participants. The lme4
package, by default, removes observations
with missing data which is acceptable given
the limited instances of missing data and the
lack of support for methods of multiple imput-
ation for single-case designs (Lüdtke et al.,
2017). Once the best model was chosen for
each outcome, we evaluated model linearity
and residuals. Overall, there were no concerns
with linearity. The residuals for several
models (e.g., FSF Incorrects, WIF Corrects)
indicated that the models struggled to predict

outcomes at extreme values. This may be due
to the low scores of several participants on
most assessments, as such variance can impact
model residuals (Baek & Ferron, 2013). All
data and code associated with the final model
appear online (King et al., 2021).

Social Validity

Cooperating instructors completed a survey
comprisedof11 items for thepurposesofprovid-
ing a subjective measure of the skill importance
(one item), intervention acceptability (i.e.,
whether interventionists were comfortable with
the intervention; six items), and effectiveness
of the intervention (four items) using a 6-point
Likert-type scale (Supplemental Table S5). To
provide an objective measure of social validity,
we compared correct responses on all measures
to goal lines calculated using a procedure
adapted from the National Center on Response
to Intervention (2012) and the National Center
for Intensive Intervention (Bailey &
Weingarten, 2019). When individualizing
instruction, an intra-individual goal-setting
framework is advised for children who require
intensive academic supports. This process
entailed (1) determining the baseline rate of
improvement (ROI) for each child by finding
the midpoint for each baseline, subtracting the
median of the first half of baseline from the
median of the second-half, and dividing by the
number of datapoints; (2) multiplying ROI by a
desirable rate of change (1.5) and the number
of weeks the child received intervention; and
(3) adding the product to the mean of the last
three baseline datapoints. For children who
exhibited no growth during baseline, we used
an arbitraryROI that assumed an increase in per-
formance by one item per week. Figure 1 pre-
sents the goals for each child as lines extending
from baseline to the final treatment data point.
Goals could not exceed the typical first-grade
benchmark of 60 correct items per min.

Results

On average, participants received 35.41 inter-
vention sessions (SD = 12.32; range = 20–
64). Intervention sessions were delivered
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over an average of 10.59 weeks (SD = 2.85;
range = 5–15). Participants mastered an
average of 5.71 lessons (SD = 3.37; range =
0–8). Descriptive statistics for dependent mea-
sures appear in Table 2. Figure 1 graphically
depicts study outcomes.

Visual analysis. For measures of correct items
per min, 35% of participants (n =6) exhibited
data patterns consistent with response to instruc-
tion for LSF and ORF. Responsiveness was
observed in approximately 29% of participants
(n =5) on WIF and FSF measures. Forty-one

Figure 1. Participant CBM Performance.

Note. Participants arranged based on start of intervention. Y-axis values range from 0–60; x-axis values
range from 1–25. Closed circles= correct per min (CPM); Open circles = incorrect per min (IPM). LSF =
Letter sound fluency; WIF= Word identification fluency; FSF = first sound fluency; ORF= Oral reading

fluency. Dashed lines represent post-hoc individualized goals for correct responses based on performance

in baseline.
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Table 2. Outcomes for Multilevel Models.

Variable

Mean BL

(SD/R)

Mean Int

(SD/R) Est SE

p
value AICc

Cum

Wt

LSF Corrects 9.22

(10.28/0–32)
14.67

(15.34/0–54)
1430.75 0.19

Intercept 14.46 9.15 .126

Phase
∗

7.06 2.35 .007

Phase x Time 0.19 0.12 .110

Verbal IQ
∗

0.74 .026 .009

LSF Incorrects 11.25

(8.72/0–43)
8.39

(6.03/0–29)
1287.76 0.75

Intercept 119.07 55.00 .058

Phase −0.87 1.52 .572

Phase x Time −0.33 0.31 .284

Letter ID
∗

2.38 0.93 .030

Sex (Male)
∗

−12.67 3.96 .010

Verbal IQ
∗

1.61 0.98 .162

Nonverbal IQ
∗

−3.84 1.61 .041

Passage Comp
∗

−11.92 4.37 .023

Instructor Education (MA)
∗

16.21 5.02 .010

FSF Baseline Median
∗

−4.26 1.87 .048

Nonverbal IQ x Passage

Comp
∗

2.64 0.93 .019

WIF Corrects 3.10

(3.97/0–14)
5.66

(6.23/0–27)
1086.67 0.35

Intercept
∗

−32.58 8.15 .012

Phase 1.15 0.74 .162

Phase x Time 0.40 0.21 .059

Lsns Mastered
∗

1.08 0.17 <

.001

Age
∗

1.47 0.37 .014

Full Scale IQ
∗

0.43 0.11 .014

Nonverbal IQ
∗

−0.73 0.19 .014

Word ID
∗

0.56 0.19 .034

Word Attack
∗∗

−6.49 1.09 .003

FSF Baseline Median
∗∗

0.85 0.12 .004

WIF Incorrects 12.14

(5.23/5–30)
10.60

(4.96/2–29)
1255.35 0.15

Intercept 19.66 14.41 .246

Phase −0.45 1.35 .747

Time x Phase −0.40 0.31 .203

FSF Corrects 2.65

(4.27/0–16)
4.59

(6.67/0–26)
1181.11 0.13

Intercept −0.37 1.17 .755

Phase
∗

2.86 1.25 .033

Time x Phase 0.05 0.07 .491

FSF Incorrects 11.93

(4.15/4–25)
13.09

(5.34/1–38)
1299.85 0.25

Intercept
∗

37.31 7.87 .001

Phase 1.63 0.99 .113

Phase x Time −0.03 0.10 .738

Full Scale IQ
∗

−0.52 0.14 .004

Verbal IQ
∗

0.38 0.16 .031

Word Attack
∗

4.30 1.22 .004

Age
∗

−1.18 0.39 .012

(continued)
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percent of students (n =7) did not exhibit pro-
gress consistent with response to intervention
on any measure of correct response (see
Supplemental Table S7 for details). Weighted
Taubc for LSF (M = 0.23; SD = 0.23; range =
−0.23–0.66), WIF (M = 0.33; SD =0.23;
range =−0.03–0.60), and ORF (M =0.27; SD
= 0.27; range =−0.29–0.64) was indicative of
moderate nonoverlap. Taubc for FSF
(M = 0.16; SD = 0.32; range =−0.72–0.62)
was consistent with negligible nonoverlap
between conditions. Fewer participants exhib-
ited reduced errors on measures of LSF (29%;
n =5), WIF (18%; n =3), and ORF (24%; n
= 4). No effect was observed for decreasing
FSF errors. Sixty-five percent of students (n =
11) did not exhibit progress consistent with
response to intervention on any measure of
incorrect response (Supplemental Table S7).
Taubc was consistent with a moderate nonover-
lap for ORF (M=−0.22; SD= 0.24; range =
−0.71–0.54). Negligible nonoverlap was
observed for LSF (M =−0.15; SD=0.23;
range=−0.68–0.24), WIF (M=−0.09; SD=
0.31; range=−0.51–0.48), and FSF (M=0.11;
SD=0.22; range=−0.25–0.48).

Multilevel modeling. The best model for each
outcome, the AICc values, and the AICc
cumulative weights are reported in a supple-
mental file (Supplemental Table S6). Full
models for each of the eight outcomes
showed considerable variability with respect
to included covariates, with some models
(e.g., FSF and LSF corrects) including few
predictors beyond the phase and phase x
time variables and other models (e.g., ORF
corrects) including up to 16 predictors. AICc
values ranged from 1072.42 to 1430.75, with
cumulative weights ranging from 0.13–0.48.

Table 2 is a truncated version of the eight
full models, reporting the AICc and cumula-
tive weights for each model, the coefficients
for phase (i.e., level) and phase x time (i.e.,
trend), and any significant covariates. The
models revealed significant immediate
changes in level for LSF and FSF corrects.
Participants earned, on average, 7.06 more
LSF corrects and 2.86 more FSF corrects
immediately following baseline. The results
for trend were not significant.

Several variables appeared as significant
covariates in at least three models. All IQ

Table 2. (continued)

Variable

Mean BL

(SD/R)

Mean Int

(SD/R) Est SE

p
value AICc

Cum

Wt

ORF Corrects 2.85

(3.72/0–16)
4.14

(4.60/0–21)
1072.42 0.48

Intercept −22.66 12.34 .076

Phase 1.09 0.78 .403

Time x Phase 0.08 0.20 .668

Lsns Mastered
∗

0.55 0.16 .002

Word Attack
∗

−3.58 1.68 .044

FSF Baseline Median
∗

0.48 0.22 .040

ORF Incorrects 12.53

(3.60/5–24)
10.88

(4.32/3–31)
1197.34 0.25

Intercept
∗

23.37 6.90 .002

Phase −1.36 0.70 .061

Time x Phase 0.01 0.08 .920

Full Scale IQ
∗

−0.26 0.12 .044

Nonverbal IQ
∗

0.45 0.22 .043

Letter ID
∗

0.43 0.21 .046

Note. BL= baseline; Int= intervention; R= range; SE= standard error; Est= estimate; AICc= Akaike Information

Criterion for small sample size; Cum Wt= cumulative weight for AICc; Lsns= lessons; Sess= sessions; Comp=
comprehension; LSF= Letter Sound Fluency; WIF= Word Identification Fluency; FSF= First Sound Fluency; ORF=
Oral Reading Fluency; Phase= change in level after intervention; Time x Phase= intervention trend; Letter ID= subtest

from WRMT-3; Word ID= subtest from WRMT-3.
∗significant at or below 0.05.
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variables were significant predictors in a
number of models. FSIQ was a significant pre-
dictor in WIF corrects, FSF incorrects, and
ORF incorrects. Higher FSIQ scores were
associated with more corrects (0.43 for WIF)
or fewer incorrects (−0.52 for FSF and
−0.26 for ORF). The number of mastered
lessons appeared in WIF and ORF corrects
and was statistically significant. WAT was a
significant predictor in the WIF corrects,
FSF incorrects, and ORF corrects models.
Higher WAT scores were associated with
lower numbers of corrects (−6.49 for WIF
and −3.58 for ORF) and higher number of
incorrects on outcome measures (4.30 on
FSF). Participants’ median baseline FSF per-
formance was a significant predictor in LSF
incorrects, WIF corrects, and ORF corrects.
Higher FSF performance was associated with
more corrects (0.85 for WIF and 0.48 for
ORF) and fewer incorrects (−4.26 on LSF).
Two variables (intervention sessions, the
optional intervention) did not appear as a sig-
nificant predictor in the top eight models.

Social Validity

Instructors indicated the intervention generally
targeted important skills (M=5.71; range =
3–6), resulted in positive changes in the partici-
pants’ reading (M=5.24; range=2–6), and was
acceptable (M=5.14; range=1–6). Scores
regarding the time required for implementation
suggest that some instructors encountered diffi-
culty in scheduling the intervention (M= 3.88;
range= 1–6). Participant performance relative
to data-derived objectives varied across mea-
sures (Figure 1). For LSF, 29% of participants
(n= 5) met or exceeded their individualized
goals. Fewer participants met targets in WIF
(18%; n=3), FSF or ORF (18%). Thirty-five
percent of participants (n= 6) did not meet
data-derived goals on a single measure
(Supplemental Table S7).

Discussion

This study examined the effect of a literacy inter-
vention on CBM administered to children with
DS, many of whom exhibited FSIQ scores

consistent with moderate ID, and who improved
performance on intervention-aligned measures
associated with the same intervention. Results
revealed inconsistent gains across domains,
with small immediate improvements relegated
to correct LSF and FSF responses. Findings
further suggest the trend of correct responses fol-
lowing intervention, though approaching signifi-
cance on WIF, did not improve. Covariates
associated with improved performance varied
across measures, with FSF, cognitive ability
and lessons mastered appearing across multiple
measures. Visual analysis suggested a minority
of participants exhibited performance consistent
with response to intervention. Although consu-
mers reported high levels of satisfaction, few par-
ticipants met goals derived through the
intra-individual goal-setting framework (Bailey
& Weingarten, 2019).

Changes in LSF and FSF were uncharacter-
istically immediate relative to the more gradual
gains observed in other studies (e.g., Lemons
and Fuchs, 2010). Notwithstanding the per-
formance of individual students, most models
did not show a significant change at the onset
of intervention, and onlyWIF correct responses
approached significance in terms of trend. This
result may be due to the relatively brief dur-
ation of instruction, limited growth for children
with moderate ID or DS on CBM (e.g., Allor
et al., 2010; Lemons & Fuchs, 2010; Lemons
et al., 2013), or the minimal opportunities for
engagement with full text. Additionally, the
scope and sequence intentionally focused on
foundational skills including common sounds
for single letter and decoding for VC and
CVC words. Consequently, the absence of sig-
nificant changes in ORF—a skill not targeted
by the primary intervention components—
could be anticipated. The limited performance
relative to recent intervention studies (e.g.,
Lim et al., 2019) may also be due to sample
composition, as the current study intentionally
selected children with limited literacy skills,
most of whom exhibited moderate ID.
Challenges posed to multilevel models by
extremely low measurement values may also
have influenced outcomes. That performance
across CBM did not accord with intervention-
aligned measures suggesting most participants
(76%, n=13) mastered content (Table 1)
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provides further evidence of the divergence
between intervention-aligned and distal mea-
sures (e.g., Dessemontet et al., 2019).

While certainly not dispositive, the current
study contributes to the discussion surrounding
the relevance of predictors to the development
of reading in DS. Findings regarding the signifi-
cant association between FSF and improved per-
formance in LSF, WIF, and ORF affirm earlier
research supporting the role of phonological
awareness as an instructional target for children
with DS (e.g., Dessemontet and de Chambrier,
2015). The restriction of beneficial associations
between participant age to correct responses
(WIF) and incorrect responses (FSF) provides
qualified support regarding the limited influence
of age on reading skills relative to children
without disabilities (Roch et al., 2019). Results
linking IQ to improved performance in LSF,
FSF, and ORF are also consistent with previous
research (e.g., Roch et al., 2019). Combinations
of verbal, nonverbal and FSIQ were also signifi-
cant predictors for multiple variables (e.g., WIF
corrects, ORF incorrects). As verbal IQ reflects
prior experience, this suggests the conception
of FSIQ as an inherent, immutable trait should
not determine whether reading instruction is
included in an academic program (Otero, 2017).

Sample-specific idiosyncrasies can result in
the identification of significant variables with
no bearing on the larger population, as when
small samples with high autocorrelation yield
narrower confidence intervals than larger
samples (Baek & Ferron, 2013). Support for
the relationship between educator variables
was not consistently observed across measures
and strongly contributed to an increase in the
number of incorrect responses on the LSF
measure. Burroughs et al. (2019) noted the
wide range of findings in this regard, and our
results support the need for further research. In
addition, the apparent relationship between (a)
higher IQ and standard reading scores (e.g.,
WAT, LID), and (b) lower scores on measures
of reading ability (e.g., WIF, ORF) may have
implications for instructional design and evalu-
ation. The finding regarding WAT, which was
significantly associated with poor performance
in FSF, WIF, and ORF contributes to contradic-
tory findings regarding the relation of WAT to
reading performance (Saunders & Defulio,

2007). At the clinical level, we often see a
child’s performance plateau or decrease as they
begin to read connected text. Children who
have specific prerequisite skills may attempt
more items unsuccessfully or exhibit just
enough correct responses to circumvent discon-
tinuation rules (e.g., King et al., 2020). This
might result in more errors relative to children
with lower ability. Patterns of correct and incor-
rect responses on measures potentially provide
greater insight into the nature of a child’s per-
formance issues. We therefore recommend
assessing correct and incorrect responses
during instruction.

Support for the relationship between
educator variables was not consistently
observed across measures and strongly
contributed to an increase in the number

of incorrect responses on the LSF
measure.

Limitations

This study has several notable limitations.
WIF measures created specifically for this
study included much of the material featured
in the scope and sequence. Although not
uncommon for CBM, this measure may have
been more responsive to intervention as a
result. WIF outcomes should therefore be
interpreted with caution. Measures included
in the model captured a limited dimension of
phonological awareness (i.e., FSF). Tasks
related to other elements of phonological
awareness (e.g., phoneme blending) may
have resulted in different findings. Our use
of the intra-individual framework was not
entirely consistent with prescribed DBI proce-
dures (e.g., number of baseline datapoints;
Bailey & Weingarten, 2019). Alterations
were consistent with changes that may occur
in practical settings, where interventionists
must draw conclusions from limited data or
develop benchmarks based on near-zero
levels of performance. Our analysis is defens-
ible due to its supplementary nature, variabil-
ity in application likely to occur in practice,
and the lack of advice relevant to students
with extremely low baseline outcomes.
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Implications for Practice

Success on measures aligned with an interven-
tion does not necessarily predict CBM perform-
ance, at least across the relatively brief duration
of the study. However, the performance of stu-
dents on intervention-aligned measures (i.e.,
the number of lessons mastered) significantly
predicted WIF and ORF scores. The latter is sig-
nificant given that ORF was not targeted for
most participants. These findings support asser-
tions by Fuchs et al. (2018) regarding the value
of intervention-aligned measures. Specifically,
measures aligned with an intervention can
assist in the development of instructional pro-
grams and the determination of correspondence
between student learning and instructional
objectives. Additionally, teachers are more
likely to use intervention-aligned measures to
assess student progress. Tasks which provide
students with a higher likelihood of success
may also decrease motivation challenges for stu-
dents with DS who struggle on CBM (Grieco
et al., 2015).

This study did not evaluate the use of DBI;
therefore, comments regarding the application
of the procedure in practice should be inter-
preted cautiously. Regardless, findings do
provide some insight into DBI, as typically pre-
sented (e.g., Fuchs et al., 2014), for this popula-
tion. We agree DBI holds promise for students
who exhibit limited response to conventional
interventions (Fuchs et al., 2020).
Nonetheless, we need more research to better
understand goal setting and progress evaluation
for children with DS and moderate ID (Lemons
et al., 2019). Grade level benchmarkswould not
have been appropriate for most of our partici-
pants. Yet, calculated tertiary goals often did
not result in usable objectives due to negative
or zero-level baseline trends. This limitation of
DBI is observed in other methods of analyzing
data, which are incompatible with students
who exhibit exceptionally low levels of per-
formance (e.g., Swan and Pustejovsky, 2018).
Our intervention integrated many components
associated with intervention intensity, yet most
participants’ responding did not match data-
based intervention goals.

While previous research suggests the time-
line of our interventionmay have been insufficient

to yield significant progress for many children
with DS and moderate ID (e.g., Burgoyne
et al., 2012), standard DBI guidelines suggest
teachers use CBM to evaluate and potentially
alter instruction within a shorter timespan
(Fuchs et al., 2020). However, CBM do not
appear to capture growth quickly enough with
this population for the purposes of rapid instruc-
tional modification. Consequently, asking tea-
chers to repeatedly modify interventions after
four datapoints below the goal line may not be
feasible due to their limited resources.
Cooperating instructors identified time as an
impediment to using the intervention. Scholars
(e.g., Brownell et al., 2010 ) have also suggested
typical preparation programs do not equip
instructors with the skills needed to continually
modify instruction based on CBM.

Given the dearth of research in this area, we
encourage practitioners to flexibly apply DBI
and incorporate broader sets of data (e.g.,
student motivation) into evaluations. There is
much research needed in the area of monitor-
ing adequate response to reading interventions
for students with ID. Nonetheless, we believe
this study supports educators’ use of early
reading CBM. Reliable, valid indicators of
academic progress can provide a useful per-
spective on the effectiveness of instruction
and guide long-term planning. Due to the
limited focus on CBM for children with ID,
we encourage educators to also monitor pro-
gress with intervention-aligned assessments
such as mastery of an intervention’s
scope-and-sequence. Collecting data on
student engagement and motivation during
reading intervention can also increase the
effectiveness of instruction.

There is much research needed in the
area of monitoring adequate response to
reading interventions for students with
ID. Nonetheless, we believe this study

supports educators’ use of early reading
CBM.

Directions for Future Research

We have much to learn about how children with
DS respond to intervention. Researchers should
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perform more assessment-oriented work with
this population, using a broad array of distal
and proximal measures. Given that special edu-
cators are increasingly asked to use DBI and
other methods predicated on CBM, use of
these measures in research appears to be appro-
priate. The routine use of CBM would provide
some indication of outcomes to be expected in
practice and contribute to the social validity of
this line of research (Callender et al., 2020).
As CBM may not be sufficiently sensitive to
improvements or deficits in specific skills
(Van Norman et al., 2018), a place remains
for intervention-aligned mastery measures in
research and practice.

Future research should also consider incorp-
orating alternatives to traditional single-case
designs (e.g., Hwang et al., 2018) capable of
simultaneously evaluating short- and long-term
outcomes. The use of CBM and more rigorous
designs may produce less robust findings,
however (e.g., Hua et al., 2020). Although
new tools capable of estimating minute or
gradual changes in single-case design may
eliminate some of the ambiguity associated
with CBM (Swan & Pustejovsky, 2018), the
field may need to become more tolerant of
mixed or negative findings derived from other-
wise sound studies in the short-term (Kittelman
et al., 2018).

It is clear that a great deal of variability
exists among individuals with DS. More spe-
cific instructional modifications may be more
suitable for children with specific characteris-
tics. Future studies that permit moderator ana-
lyses would help provide insight into this
process and thus help interventionists match
instruction and needed adaptations to indi-
vidual students. As outcomes of high-
achieving children with DS may not be repre-
sentative of the entire population, researchers
should provide detailed descriptions of the
participants to allow sufficient opportunities
to estimate the likelihood of replicating
research results among specific populations.
This type of focused research has the poten-
tial to enhance educators’ abilities to indi-
vidualize and intensify intervention for a
broader group of learners and improve out-
comes for a greater number of students with
disabilities.
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