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Abstract

Background.—Improving short-term memory (STM) performance for individuals with Down
syndrome (DS) has been a target of recent clinical trials. Validation of STM outcome measures is
essential for research rigor in trials among children and adolescents with DS. A/ms. The current
study investigated the psychometric properties of four direct STM assessments and one everyday
memory parent form.

Methods and Procedures.—Measures were administered to a sample of 74 youth with DS at
two visits, two weeks apart. Overall cognitive abilities were also assessed.

Outcomes and Results.—The OMQ-PF had good feasibility and distribution of scores, but
floor effects were prominent for direct measures. Test-retest reliability was poor to moderate for
all measures and practice effects were problematic for the NEPSY-I1I List Memory and DAS-II
Recall of Objects subtests. Commonalities in responses were observed, including primacy/recency
effects, and some STM scores were correlated with overall cognitive abilities.

Conclusions and Implications.—The OMQ-PF met most study criteria, but no direct measure
met sufficient criteria to be strongly recommended for future clinical trials. Because higher
cognitive abilities were related to assessment completion, STM measures may require adaptation
for use in broader samples of youth with DS across all levels of cognitive ability.

Keywords
Down syndrome; short-term memory; measurement; clinical trials; children

1. Introduction

Down syndrome (DS) is a neurogenetic syndrome marked by the triplication of chromosome

21. Individuals with DS have various cognitive strengths and challenges that often
manifest in a distinct neurological profile (Chapman & Hesketh, 2000; Frenkel &
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Bourdin, 2009; Silverman, 2007). One well-characterized cognitive challenge in DS is
memory consolidation, with the short-term memory (STM) component particularly affected
throughout the lifespan (Godfrey & Lee, 2018; Jarrold et al., 2008). STM, also known as
immediate memory, is the limited capacity for storage of a small amount of information

for a brief time (Cowan, 2008). Cognitive functioning, including STM capacity, is related
to broader challenges with academics and employment outcomes in those with and

without intellectual disabilities (Bull et al., 2008; Daunhauer et al., 2020; Su et al., 2008;
Tomaszewski et al., 2018). Because of structural differences in brain development in
individuals with DS, the impact STM has on cognitive functioning, and the relation between
STM and critical adaptive outcomes, this cognitive skill is a current target for interventions
in DS (Conners et al., 2008; Jarrold et al., 2009).

STM storage can vary based on task modality (i.e., verbal or visuospatial) and performance
on verbal or visuospatial measures differs intra-individually in DS (Cowan, 2008; Lee et al.,
2016). Verbal STM is commonly described as a relative weakness throughout the lifespan in
DS (Godfrey & Lee, 2018). Individuals with DS perform consistently lower on verbal STM
measures such as digit, word, and sentence span tasks in comparison to mental age-matched
typically developing peers and chronological age-matched children with other neurogenetic
syndromes such as Williams syndrome (Edgin et al., 2010; Jarrold & Baddeley, 1997; Klein
& Mervis, 1999; Seung & Chapman, 2000). Conversely, visuospatial STM is considered a
relative strength within DS. Visuospatial STM in children with DS is comparable to children
with typical development matched on mental age and comparable or stronger when related
to other groups with intellectual disability (Carney et al., 2013; Jarrold & Baddeley, 1997;
Kogan et al., 2009). Visuospatial aids have also been found to improve performance on
verbal STM tasks in children and adolescents with DS (Duarte et al., 2011). Although

there are clear relative strengths in this domain, because of overall intellectual disability,
visuospatial STM performance is lower in DS compared to peers with typical development
and a similar chronological age (Edgin, 2013; Godfrey & Lee, 2018).

Relative challenges with STM, particularly within the verbal component, further impact
other cognitive processes that rely on STM. In fact, lower STM capacity has a cascading
effect on working memory and long-term memory, as research shows that challenges with
immediate memory prevent sufficient processing and long-term storage of information
(Baddeley & Jarrold, 2007; Broadley et al., 1995; Cowan, 2008; Lanfranchi et al., 2004). For
example, verbal STM is necessary for new word learning (Jarrold et al., 2009). A novel word
must first be stored in STM to develop a long-term representation of that word (Baddeley et
al., 1998; Gathercole, 2006; Jarrold et al., 2009). Such difficulties with new word learning
may impact performance in more general developmental domains, reinforcing the need for
intervention programs in DS targeting STM (Baddeley & Jarrold, 2007; Jarrold et al., 2009).
Additionally, there is interaction among STM and other memory systems, as evidenced by
primacy and recency effects (Capitani et al., 1992). Primacy effects imply working memory
or longer-term stores are used compared to recency effects that are supported by STM
(Capitani et al., 1992). Previous studies found recency but not primacy effects in adolescents
and adults with DS compared to typically developing children and, therefore, attention to
serial position effects may be important for interpreting STM performance in DS (Purser &
Jarrold, 2005; Vicari et al., 2004).
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Both behavioral and pharmaceutical cognitive interventions are in development for children
and adolescents with DS, with varying degrees of preliminary evidence. Several studies
involving school-aged children with DS show initial evidence that memory training is
effective in improving STM skills and related cognitive processes (Bennett et al., 2013;
Broadley & MacDonald, 1993; Conners et al., 2001; Conners et al., 2008; Laws et al.,
1996). These memory trainings involved implementation of rehearsal and categorization
strategies by study staff (Broadley & MacDonald, 1993; Laws et al., 1996), parents
(Conners et al., 2001; Conners et al., 2008), or computerized systems monitored by a
teaching assistant (Bennett et al., 2013). Modest improvements were shown in proximal
memory outcomes. In one study, children with higher language and working memory skills
benefited most from training, suggesting differential results depending on skills at study
entry (Conners et al., 2008). Pharmaceuticals are another potential treatment for memory-
related challenges in individuals with DS (Hart et al., 2017). Thus far, pharmaceutical trials
have found little to no effect on improving cognitive abilities in this population (Hart et

al., 2017; Kishnani et al., 2010), however, safety has been established and improvements in
memory have been observed in a pilot study with a small sample size (Heller, Spiridigliozzi,
Crissman, Sullivan, et al., 2006). Further, anecdotal reports from clinical trials noted
distinct improvement in functional outcomes (Moyer, 2021; Roche, 2016). Together with
the mix of promising preliminary evidence, the lack of clinical trial findings may be due to
measurement limitations and a paucity of STM outcome measures validated in children and
adolescents with DS.

The limited number of appropriate cognitive outcome measures is a major concern
surrounding DS-focused behavioral and clinical medication trials (Esbensen et al., 2017;
Heller, Spiridigliozzi, Crissman, Sullivan-Saarela, et al., 2006). Because standardized
measures were normed with typically developing populations, these assessments are at risk
for producing floor effects when used in studies of youth with DS, which hinders sensitivity
to track performance and evaluate intervention results (Esbensen et al., 2017; Heller et al.,
2006). There have been several studies aimed to address these measurement challenges

by psychometrically evaluating cognitive tests in groups with DS and determining what
measures are suitable for the population (d’Ardhuy et al., 2015; Edgin et al., 2017;

Edgin et al., 2010; Schworer, Esbensen, et al., 2021). In previous reports, a parent

memory questionnaire (Observer Memory Questionnaire-Parent Form), a spatial memory
task (Cambridge Neuropsychological Test Automated Battery Paired Associate Learning),
and list learning subtest (Repeatable Battery for the Assessment of Neuropsychological
Status List Learning) showed minimal floor effects (4-14%) in individuals 7-38 years old
(d’Ardhuy et al., 2015; Edgin et al., 2017; Edgin et al., 2010; Spand & Edgin, 2016),
whereas forward digit span (Differential Ability Scales-11 Digits Forward) showed more
moderate floor effects (22%) in children 6-19 years old (Schworer, Esbensen, et al., 2021).
Furthermore, moderate to good test-retest was found in each of the studies, signaling that
performance was consistent across multiple study visits (d’Ardhuy et al., 2015; Edgin

et al., 2010; Schworer, Esbensen, et al., 2021). Although this work provides options for
measurement of STM in youth with DS, additional measures require validation to meet the
needs of future clinical trials.
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1.1 Current study

Ultimately, behavioral and pharmaceutical STM interventions require psychometrically
sound outcome measures to assess memory performance in DS (Heller et. al, 2006;

Costa, 2011; Costa & Scott-McKean, 2013). Although STM interventions have been
implemented in this population, previous studies have been limited by a lack of appropriate
endpoints to accurately measure change in cognitive abilities, including STM, for children
and adolescents with DS. The current study investigated a set of STM subtests from

three clinical assessments determined to be promising for use in DS: the Developmental
Neuropsychological Assessment, second edition (NEPSY-I11), Differential Ability Scales,
second edition (DAS-I11), and Children’s Memory Scale (CMS) (Esbensen et al., 2017).

A computerized measure designed for research, the Cambridge Neuropsychological Test
Automated Battery Paired Associate Learning (CANTAB PAL), and parent questionnaire,
the Observer Memory Questionnaire-Parent Form (OMQ-PF), were also evaluated.
Feasibility and score distributions were assessed to determine the number of participants
with DS who could complete each measure and the variability in observed scores.
Psychometric properties (i.e., test-retest, practice effects, and convergent validity) were
evaluated to verify that the measures were psychometrically sound for use in clinical trials
in DS. Participant performance was examined to determine if there were commonalities in
responses across participants, such as primacy/recency effects or acquiescence. Finally, post
hoc sensitivity and specificity were calculated for subtests with low feasibility (< 80%).
Understanding what overall cognitive abilities are required to complete the STM measures
is critical for making recommendations regarding inclusion criteria for clinical trials and
preparing appropriate adaptations to outcome measures in future studies.

2. Material and methods

2.1 Participants

This study included 74 children and adolescents with DS 6 to 19 years old (M= 12.76,
SD = 3.22). Age was normally distributed and there was no significant skewness (-0.54)
or kurtosis (-0.55). Average 1Q was 48.70, SD = 4.75 and average Vineland-3 Adaptive
Behavior Composite was 68.28, SD = 11.06. Participants were primarily White (88%)
and not Hispanic (93%). There were approximately equal numbers of males and females
included (41 male/33 female). Participants were seen as part of a larger longitudinal study
on cognitive outcome measures in DS.

2.2 Procedure

The Streamlined, Multisite, Accelerated Resources for Trials (SMART) IRB platform
approved all study procedures. To participate, English was required as the family’s primary
language. The child needed to have an estimated developmental level of approximately 3
years old according to parent report, to support child participation in the broader study.
Nonverbal or minimally verbal participants were included in the study. Caregivers confirmed
DS diagnosis. Two sites recruited participants and study information was distributed through
local DS clinics and DS associations. Participants visited the clinic or laboratory space at
two time points within a two-week interval. A large battery of cognitive measures was
administered, including measures of intelligence and memory pertinent to the current study.
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The order of the study measures was randomized in blocks to prevent systematic differences
in performance based on participant attention span. However, the NEPSY-II List Memory
and DAS-11 Recall of Objects were in the same block and therefore administered in the same
order (DAS-11 Recall of Objects followed by NEPSY-II List Memory). Computerized tasks,
including the CANTAB PAL, were administered after all standardized measures. Testing
sessions lasted approximately 1.5 — 2.5 hours. Breaks were provided to participants when
needed throughout the visit to prevent fatigue. Only participants who completed both Time 1
and Time 2 were included in analyses.

2.3 Measures

2.3.1 Short-term memory measures.—STM measures were selected from
standardized cognitive assessments typically used in clinical practice or considered
promising by prior working groups (Esbensen et al., 2017). Participants’ chronological

age was generally within the standard administration guidelines. Measures were not
administered if participants were younger than the normative range of the measure.
Participants older than the age range of the standardized measures were included, as their
developmental level was within the normative range. In these cases, scaled scores were
determined using the highest chronological age available. Standard administration was used
unless otherwise specified below.

2.3.1.1 Developmental Neuropsychological Assessment, second edition (NEPSY-I1I;
Korkman et al., 2007) List Memory.: The NEPSY-11 List Memory assesses short-term
recall of verbal information and is normed for children 7 — 12 years old. Participants were
read a list of 15 common words at a rate of one per second and then asked to immediately
recall the words. This procedure was repeated for a total of five trials. List Memory was
not administered to the 6-year-olds in the study (n = 3) and therefore the total sample size
for this task was slightly smaller (n = 71). Total number of correct words (raw scores) and
scaled scores (M= 10, SD = 3) are reported.

2.3.1.2 Differential Ability Scales, second edition (DAS-11; Elliott, 2007) Recall of
Objects.: The DAS-II Recall of Objects measures short-term recall of verbal information
with a visual support and is normed for children ages 4 — 17 years. A grid of 20 pictures
(i.e., visual support) that corresponded with list words were labeled for the participant in
Trial 1. Next, the visual support was removed, and participants were asked to immediately
recall the words. In the second and third trials, participants were shown the visual support
for 20 seconds, but were not read the words before being asked to recall them. Total number
of correct words (raw scores) and T-scores (M= 50, SD = 10) are reported.

2.3.1.3 Children’s Memory Scale (CMS; Cohen, 1997) Dot Locations.: The CMS Dot
Locations subtest assesses visuospatial STM and is normed for children 5 — 16 years old.
For participants 5 — 8 years old, a 3x4 blank grid and 6 chips were provided. Participants

9 years and older received a 4x4 blank grid and 8 chips. An array of blue dots (6 or 8
respectively) was shown to participants for 5 seconds. The pictured array was then removed,
and the participant was required to place their chips on the blank grid in the locations from
the pictured array. This procedure was completed on three consecutive trials. Next, a novel
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array of red dots was displayed, and the participant was asked to recall the new pattern. This
trial was not included in scoring. Finally, a 1-second reminder was shown of the first array
and participants were asked to generate the first dot array. The brief reminder viewing of

the first array was a deviation from standard CMS Dot Locations administration procedures,
given that children did not understand the task demands of this short delay task in pilot
testing. Raw scores are reported as a percentage correct because of the differences in grid
size corresponding with chronological age. Percentage correct and scaled scores are reported
for the first three learning trials and the short delay trial. Combined total percentage correct
and scaled scores (M= 10, SD = 3), which include both learning and delay trials, are also
presented.

2.3.1.4. Cambridge Neuropsychological Test Automated Battery Paired Associate
Learning (CANTAB PAL).: The CANTAB PAL is a cognitive assessment of visuospatial
STM and is administered using an iPad. The measure has been determined to be feasible

in preliminary studies of children, adolescents, and adults with DS (Edgin et al., 2017;
Edgin et al., 2010) and considered appropriate for individuals with DS (Esbensen et al.,
2017). Boxes are displayed on the perimeter of the screen and are opened in a randomized
order. One or more of the boxes contains a colorful abstract picture. The pictures are then
displayed in the middle of the screen, one at a time, and the participant must select the box
in which the picture was originally located. The number of pictures increases incrementally,
starting at two pictures and ending with twelve on the most difficult trials. The number of
CANTAB PAL First Attempt Memory (number of times the correct response is selected on
their first attempt), Mean Errors to Success (mean number of attempts needed to complete
the stage successfully), Total Errors Adjusted (incorrect selections adjusted for trials they
did not reach), and Number of Patterns Reached (number of patterns on the participant’s last
problem) were used in analyses.

2.3.1.5. Observer Memory Questionnaire Parent Form (OMQ-PF; Gonzalez et al.,
2008).: The OMQ-PF is a parent rating form of child memory for typically developing
children ages 5 — 16 years and has been previously validated in children and adults with DS
(d’Ardhuy et al., 2015; Spano & Edgin, 2016). The questionnaire consists of 27 items that
describe everyday memory in home and school contexts. Ratings are on a scale of strongly
agree (1) to strongly disagree (5) or never (1) to always (5). Fifteen of the items are reverse
scored and total scores range from 27 to 135, with higher scores indicating better memory.
The total score was used in analyses.

2.3.2 Adaptive behavior.

Vineland Adaptive Behavior Scale, Third Edition (VABS-3; Sparrow et al.,

2016).: Caregivers completed the VABS-3 at Time 1. The VABS-3 measures adaptive
social, daily living, and communication skills, which together create the Adaptive Behavior
Composite (ABC). The VABS-3 ABC (M= 100, SD =15) was analyzed to determine the
relation between STM measures and adaptive behavior.

Res Dev Disabil. Author manuscript; available in PMC 2023 January 01.
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2.3.3 Cognitive abilities.

Stanford Binet, fifth edition (SB-5; Roid, 2003).: The abbreviated battery 1Q (ABIQ) was
used to describe overall IQ in the sample. The SB-5 ABIQ is a standardized measure of
cognitive ability, which includes nonverbal and verbal subtests. The SB-5 has high reliability
(Roid, 2003) and correlations between the ABIQ and full-scale 1Q are strong in clinical
samples (Twomey et al., 2018). Deviation scores were used in this study to eliminate floor
effects (deviation scoring procedures described in Sansone et al., 2014). The ABIQ deviation
scores are an estimate of the full-scale zdeviation scores. Both ABIQ deviation scores and
subtest zscores (nonverbal Fluid Reasoning and verbal Knowledge) were used to compare
performance on overall cognition to STM measures. Scores were normally distributed and
there was no significant skewness (0.27) or kurtosis (0.79) for ABIQ deviation scores. There
was a small correlation between age and ABIQ deviation scores (r= .29, p=.01).

2.4 Analysis plan

First, the feasibility and score distributions were assessed for the standardized STM
measures in individuals 6 — 19 years old with DS. Feasibility was defined as the percentage
of participants who provided responses (correct or incorrect) for the memory measures at
Time 1 and Time 2. Before analyses were started, criterion for feasibility was set to = 80%
and has been a previous benchmark for feasibility in studies evaluating measures in groups
with intellectual disability and DS (Hessl et al., 2016; Schworer, Esbensen, et al., 2021;
Schworer, Hoffman, et al., 2021). Reasons for non-completion were recorded by examiners.
Score distributions were also investigated and included descriptions of means, median, range
of scores, skewness, and kurtosis. Skewness of less than -1 or greater than 1 and kurtosis of
less than —2 or greater than 2 were considered outside the acceptable range. Statistical tests
were modified to use nonparametric analyses when appropriate (i.e., Spearman correlations
for scaled scores). To examine floor effects, two response options were summed: the number
of participants who completed but received the lowest score on a measure and the number

of participants unable to complete/generate responses to the measure at Time 1. Floor effects
exceeding 20% were deemed problematic.

The next aim of the study involved evaluation of the STM measures’ psychometric
properties (i.e., test-retest reliability, practice effects, and convergent validity) in DS. Test-
retest reliability and practice effects over a two-week interval were examined. Intraclass
correlation coefficients (ICC) were used to assess test-retest reliability and characterized

as poor (< .50), moderate (.50 —.74), good (.75 - .90), or excellent (> .90; Koo & L.i

2016). Good or excellent categories were selected as a priori criterion for reliability. Practice
effects were evaluated using paired samples #tests. Significant differences between scores
at the two time points and effect sizes (Cohen’s @) larger than 0.20 signaled the presence

of practice effects. Convergent validity among the five memory measures at Time 1 was
assessed using bivariate Pearson correlations. Descriptive categories included poor (< .50),
adequate (.50 —.70) or good (> .70), and the adequate and good categories were selected a
priori as acceptable for research (Schworer, Esbensen, et al., 2021). Correlations with age,
VABS-3, and SB-5 ABIQ were also examined to assess associations between STM measures
at Time 1 and broader developmental domains.
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The third study aim concerned describing performance at Time 1 on the four STM direct
measures to observe potential commonalities in responses among participants with DS, such
as primacy/recency effects or acquiescence. Planned analyses differed by measure to match
the task demands of each type of assessment. For the NEPSY-1I List Memory, the proportion
of responses was calculated across the five trials to examine primacy effects, recency effects,
and frequency of common participant responses. Item level responses were also examined
for the DAS-II Recall of Objects, however, given the added visual component, responses
were investigated considering both primacy and recency effects, as well as their location on
the visual support page. The CMS Dot Locations was investigated for acquiescence (i.e.,
responding without considering dot placement options) because no verbal responses were
required for this subtest and a score could be obtained from random placement of chips.
Examples of acquiescence were the child forming structured rectangle shapes on the grid or
placement of chips without looking at the grid. 7-tests were used to compare performance of
participants determined as acquiescing as opposed to participants showing cognitive effort to
remember the placement of dots. Finally, score distributions for the level of patterns reached
by participants on the CANTAB PAL were examined and the relation with 1Q was assessed.

The final aim investigated measures performing below the feasibility criterion. Post hoc
sensitivity and specificity analyses were completed for any measure with feasibility below
80%. Sensitivity calculations detail the proportion of participants in the study sample who
were correctly identified as able to complete the subtest. Specificity proportions indicate
the probability of participants in the study sample that were correctly identified as unable
to complete a subtest. Age and 1Q conditions were examined to determine sensitivity and
specificity for varying benchmarks. Both age (8 and 10 years) and 1Q (no restriction, 1Q

> 40, 1Q > 45, and 1Q > 50) benchmarks were examined. Selected ages were informed by
ages of children with DS in recent clinical trials (Kishnani et al., 2010) and used in previous
studies examining sensitivity and specificity of outcome measures (Schworer, Esbensen, et
al., 2021).

3. Results

3.1 Study aim 1: Feasibility and score distribution

The DAS-11 Recall of Objects and OMQ-PF were the only measures that met criterion for
feasibility (81.1%, 94.6%; Table 1). A priori criterion for feasibility was not met for NEPSY-
Il List Memory, CMS Dot Locations, or CANTAB PAL, with less than 80% of participants
completing each measure. For the NEPSY-I1I List Memory, reasons for non-completion were
not understanding the task (14.1%), verbal ability (8.5%), noncompliance (3.5%), verbal
refusal (1.4%), and only completing at one visit (3.5%). Similar reasons were indicated for
the CMS Dot Locations and included not understanding the task (14.9%), noncompliance
(9.4%), verbal refusal (4.0%), and only completing at one visit (1.4%). The CANTAB

PAL had a variety of reasons for non-completion including not understanding the task
(44.5%), behavioral noncompliance (6.8%), verbal refusal (5.4%), child fatigue (6.8%), and
technology error (6.8%).

Tables 1 and 2 present information on the score distributions, including mean, median,
range, skewness, and kurtosis. When considering raw/ability scores, a range of scores was
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observed across measures. Skewness and kurtosis were not problematic for any of the raw/
ability scores. However, floor effects were problematic for all direct measures (> 20%).
Direct measure scaled scores and T-scores had a more restricted range in the sample and
were positively skewed (> 1). Floor effects also exceeded acceptable levels for all subtests’
scaled scores (31.1 — 81.7%). No floor effects were observed on the OMQ-PF.

3.2 Study aim 2: Psychometric evaluation

Overall, test-retest reliability for the direct STM measures was poor to moderate (.14 —

.69; see Table 2) and no measures met the good to excellent reliability categories for
criterion set a priori. There was evidence for practice effects for the NEPSY-II List Memory
raw and standard scores, DAS-I1 Recall of Objects ability and T-scores, and CMS Dot
Locations Total raw score. Test-retest for the OMQ-PF was moderate (.70) and there were no
significant differences between parents’ responses at Time 1 and Time 2.

None of the measures demonstrated convergent validity with all other assessments (Table

3). However, some correlations among specific assessments provide evidence for convergent
validity. First, the NEPSY-II List Memory and DAS-1I Recall of Objects raw scores had

a strong correlation (r=.68), indicating convergent validity between these two verbal list
memory measures, but not with the visuospatial CMS Dot Locations or CANTAB PAL
measures. The second observation of strong correlations was between CMS Dot Locations
raw scores and the CANTAB PAL First Attempt Memory and Total Errors Adjusted scores
(r=.49 — .54 and -.56 — -.61). There were also correlations among CMS Dot Locations raw
scores. While these correlations within CMS Dot Locations raw scores demonstrate internal
consistency, rather than convergent validity between different measures, it is noteworthy that
the different scores on this measure were consistent in the varying types of administration
(three trials in a row vs. short delay with a brief reminder). Finally, the OMQ-PF was not
significantly correlated with any of the direct measures of STM (Table 3). Scaled scores
were not investigated for convergent validity given the floor effects observed in Aim 1.

There were significant positive correlations between chronological age and the NEPSY-II
List Memory, DAS-II Recall of Objects, and CMS Dot Locations raw scores (Table 2; r
=.31-.39). The NEPSY-II List Memory raw/scaled scores, DAS-1I Recall of Objects
ability/T-scores, and CMS Dot Locations Short Delay raw/scaled score were positively
associated with the VABS-3 ABC (Table 2; r=.32 — .44). Unexpectedly, the CANTAB PAL
First Attempt Memory score was negatively associated with the VABS-3 ABC (r= -.50).
Significant associations with the SB-5 deviation and SB-5 subdomain zscores were also
observed for NEPSY-II List Memory raw scores, DAS-I1 Recall of Objects ability scores,
and CMS Dot Locations raw scores (r=.29 — .53). The NEPSY-II List Memory and DAS-II
Recall of Objects scaled scores were also both associated with the SB-5 verbal Knowledge
domain (r=.29 - .35).

3.3 Study aim 3: Direct measure responses

3.3.1 NEPSY-II List Memory.—Proportions of responses for each list word were
calculated across the five NEPSY-II List Memory trials (Figure 1). Recency effects were
observed for list words in position 13 — 15, with word 15 at the highest frequency of any
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response (62%). The primacy effect was also observed with a relatively high frequency of
list word 1 (31%). Mid-list there were also several words above 20%, specifically word 7
and word 10 (both animal words).

3.3.2 DAS-II Recall of Objects.—Similar to NEPSY-1I List Memory, proportions of
responses were calculated for list words across the three DAS-11 Recall of Objects trials
(Figure 2). Prominent primacy effects were observed, as word 1 (the first list word read

and positioned in the top left corner on the visual support) had the highest frequency in
responses (49%). Other high frequency responses were words in position 2 (21%), 4 (26%),
5 (23%), 6 (28%), and 19 (25%). Of the more frequent participant responses, two were
animal words (words 5 and 19). Recency effects were not detected, as the frequency list
word 20 (the last word) was < 20%. Further, responses were analyzed based on the position
of the pictures on the visual support, and response frequency percentages were calculated for
rows and columns (Figure 3). The highest frequencies were row 1 and column 1 of the visual
support, which correspond with the item level data, with word 1 (included in both row 1 and
column 1) at a greater frequency in participant responses compared to other list words. The
middle row (row 3) had the lowest frequency of responses.

3.3.3 CMS Dot Locations.—For participants who completed the CMS Dot Locations
measure, examiners noted whether participants were acquiescing when making their
responses. Two categories were then created, “participants demonstrating acquiescence” and
“participants not demonstrating acquiescence.” At Time 1, 30% of participants demonstrated
acquiescence in their responses. There was no difference in performance between the two
groups for Total raw scores, #{50) = -0.42, p= .68, d=0.13, Learning raw scores, #50)
=-0.28, p=.78, d=0.09, or Short-Delay raw scores, {50) = -0.24, p= .81, d=0.08.
Participants who acquiesced had significantly lower SB-5 ABIQ deviation scores than those
who did not, £49) =-2.38, p=.02, d=0.72.

3.3.4 CANTAB PAL.—Participants who were able to complete the CANTAB PAL had a
normal distribution of scores and performance level ranged from two to twelve pictures.
The level reached by participants was two pictures (9.1%), four pictures (31.8%), six
pictures (27.3%), eight pictures (18.2%), and twelve pictures (13.6%). Level reached was
not significantly correlated with SB-5 ABIQ deviation scores (r =.21, p=.36).

3.4 Study aim 4: Measures below feasibility criterion

Post hoc sensitivity and specificity probabilities were calculated for the three measures
below feasibility criterion: the NEPSY-II List Memory, CMS Dot Locations, and CANTAB
PAL. The age benchmarks examined, age 8 and 10, resulted in similar probability ratios

for both sensitivity and specificity. Different probabilities were observed based on ABIQ
deviation scores. Sensitivity was high and specificity was low for no restriction or lower
ABIQ deviation score benchmarks. Conversely, as ABIQ deviation score benchmarks
became more restrictive, sensitivity decreased, and specificity increased. Relatively high
sensitivity and specificity were observed for NEPSY-1I List Memory and CMS Dot at the
ABIQ deviation = 30 benchmark. There was no benchmark for the CANTAB PAL that had >
65% probabilities for both sensitivity and specificity.
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4. Discussion

This study investigated STM measures from standardized clinical assessments, a
computerized measure, and a parent form to determine the outcome measures that would
be appropriate for children and adolescents with DS in future clinical trials (see summary
in Table 5). One measure, DAS-1I Recall of Objects, met feasibility criterion and had
convergent validity with the NEPSY-II List Memory, but did not meet other a priori
psychometric criteria. All examined direct measures had problematic floor effects and test-
retest reliability, but practice effects were only problematic for the NEPSY-I1I List Memory
and DAS-11 Recall of Objects. The OMQ-PF had good feasibility, but only moderate test-
retest reliability and no convergent validity with any of the direct STM assessments. Primacy
and recency effects were observed in the list memory tasks and there was no difference

in performance on the CMS Dot Locations subtest based on acquiescence. Children with
higher cognitive abilities were more likely to complete low feasibility measures (NEPSY-II
List Memory, CMS Dot, and CANTAB PAL), but 1Q was not associated with performance
on the CANTAB PAL. Measures evaluated in the current study should be used with caution
or with restricted subgroups of individuals with DS in treatment studies.

4.1 Feasibility and psychometric evaluation

The DAS-11 Recall of Objects and OMQ-PF were the only two measures to meet feasibility
criterion. Standard administration of the DAS-1I Recall of Objects includes a visual support
and the higher feasibility of this measure signals that participants benefited from the visual
support in remembering list words. The utility of visual supports has been reported in
previous studies examining the impact of visual aids on verbal memory task performance
in DS (Duarte et al., 2011). Additionally, the parent questionnaire format of the OMQ-PF
supported its feasibility. The OMQ-PF was the only measure with acceptable levels of
floor effects, which was consistent with prior findings (d’Ardhuy et al., 2015; Spand &
Edgin, 2016) and indicates this measure is promising for measuring STM outcomes for

all participants with DS. Having measures without floor effects is critical for determining
effects in treatment outcomes. Unfortunately, no direct measures had acceptable levels of
floor effects and therefore may have issues capturing a full range of performance and change
over time if used in treatment studies without restricted inclusion criteria. Additionally,

the present findings regarding feasibility of the CANTAB PAL are inconsistent with other
reports of feasibility (Edgin et al., 2017), and although order effects may have impacted
performance (see 4.5 Limitations), further evaluation is needed regarding this outcome
measure.

No evaluated STM measure met criterion for test-retest reliability which demonstrates

that scores are not stable over a two-week testing interval. The majority of measures had
moderate test-retest reliability (NEPSY-II List Memory, DAS-11 Recall of Objects, CMS Dot
Locations Total and Short Delay, CANTAB PAL First Attempt Memory and Total Errors
Adjusted and OMQ-PF), indicating that although not at the a priori study criterion, these
measures were approaching acceptable reliability. The CANTAB PAL test-retest reliability
was comparable to that previously reported for children with DS (Edgin et al., 2017). Parent
OMQ-PF ratings did not differ over the 2-week testing interval, providing evidence for
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stability in measurement. Negligible practice effects were found for the CANTAB PAL
First Attempt Memory and a portion of the CMS Dot Locations scores. Results indicating
practice effects on word memory lists (NEPSY-II List Memory and DAS-11 Recall of
Objects) were expected, given the practice effects reported on scaled scores in typically
developing populations (Korkman et al., 2007), but suggest a need for multiple versions
of list memory measures to avoid practice effects when monitoring clinical trial outcomes
across short intervals.

Convergent validity was observed between certain STM measures, but not among all
measures. First, convergent validity was observed between the NEPSY-II List Memory and
DAS-II Recall of Objects, which was expected given the similarity in word list recall verbal
task demands. There was also convergent validity observed between the CMS Dot Locations
and CANTAB PAL. These two tasks were similar in that they both were visuospatial tasks.
There was no correlation between the evaluated parent questionnaire (OMQ-PF) and any

of the direct STM measures. This result is consistent with previous work that showed the
OMQ-PF was not significantly correlated with STM digit span measures (Gonzalez et al.,
2008). The lack of convergence between parent-report and direct assessments indicates

that the OMQ-PF may be tapping longer-term learning or retention, rather than short-term
information storage. Although it will be important for future studies to evaluate the
association between the OMQ-PF and standardized assessments of long-term memory or
working memory, the evidence from the current study does not yet discount the utility of the
OMQ-PF as a valid measurement of everyday memory. Rather, results suggest the OMQ-PF
does not capture STM performance in youth with DS. It is possible that different types of
memory or learning measures would have better convergent validity with the OMQ-PF.

Raw scores on several STM tasks (NEPSY-11 List Memory, DAS-II Recall of Objects,

and CMS Dot Locations) were positively associated with chronological age and suggest
older children and adolescents with DS perform better than younger children on these three
measures. Associations with cognition generally corresponded with STM task demands.

For example, the NEPSY-II List Memory was significantly associated with SB-5 verbal
knowledge, but not fluid reasoning, whereas the DAS-11 Recall of Objects was significantly
associated with both verbal and nonverbal SB-5 domains. Surprisingly, not all visuospatial
STM tasks were significantly associated with the nonverbal fluid reasoning SB-5 domain.
There were also moderate correlations observed between STM measures and adaptive
behavior. It is plausible that better STM would be associated with better adaptive behavior,
as memory likely supports adaptive performance in real-world contexts. In contrast, the
CANTAB PAL first attempt memory score was negatively correlated with adaptive behavior.
Replication of this finding is needed to confirm this inverse association considering the
small sample size that could feasibly complete the PAL. Investigating the relation between
the CANTAB PAL and subscales of the VABS-3 will be important for better understanding
this association. Finally, the OMQ-PF was not associated with cognitive abilities or adaptive
behavior, which deviates from previous reports of a moderate correlation between the OMQ-
PF and 1Q (Gonzalez et al., 2008).
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4.2 Direct measure responses

Commonalities in list memory responses were observed for both the NEPSY-II List Memory
and DAS-11 Recall of Objects. Participant responses to both measures demonstrated primacy
effects. Recency effects were prominent in NEPSY-II List Memory responses but were

not as strong for the DAS-11 Recall of Objects subtest. Primacy and recency effects may
represent an interaction and recruitment of working memory and long term-memory systems
required to recall long lists of words and suggests participants are indeed utilizing working
memory and longer-term storage to complete word list measures. Responses corresponded
with the visual support in the DAS-II Recall of Objects, such that the first row and first
column had the greatest proportion of responses. The location of the stimuli impacting

STM may be in part due to the spatial organization of pictures. This corresponds with
research on augmentative and alternative communication (AAC) that shows that the position
of symbols impacts the rate of responses (Wilkinson & Mcllvane, 2013). Across the word
list subtests, the types of words with high frequency tended to be animals and suggests that
the words themselves may impact memory. This finding also raised concerns, as animals are
common stimuli across neuropsychology testing and there was overlap on the animal stimuli
in assessments that were part of the larger test battery in the study. Clinical trials should

be cautious with this type of overlap to avoid priming participants for memory of certain
words. There were also overlapping words between the two list memory tasks, which may
also have cued participants to remember those words in the administration of the NEPSY-II
List Memory, as this subtest was in a randomized block with the DAS-I1 Recall of Objects
and was always administered after it.

Performance on the CMS Dot Locations was not significantly different when comparing
participants who acquiesced in their responses and those who did not. This lack of
differentiation suggests that children completing the CMS Dot Locations may not achieve
meaningful scores, as equal scores can be obtained through effortful actions and through
acquiescence. Thus, scores may not reflect visuospatial STM ability. Participants in the
acquiescence group did have lower cognitive abilities, indicating that those with higher

1Q were less likely to acquiesce in their responses. The CANTAB PAL scores did not
correspond with overall cognitive abilities. This may suggest that overall fatigue confounded
feasibility, as this measure was consistently administered towards the end of the visit in the
broader study. It is also plausible that the STM abilities assessed in the CANTAB PAL are
separate from abilities assessed using non-computerized clinical assessments presented here.

4.3 Measures below feasibility criterion

The NEPSY-I1I List Memory, CMS Dot Locations, and CANTAB PAL were all below
feasibility criterion and thus sensitivity and specificity probabilities were calculated for each
measure. As expected, higher ABIQ scores raised the probability of correctly identifying
participants who could not complete a subtest, but also were not representative of all
participants who could complete a subtest. The ABIQ deviation score of 30 gave reasonable
sensitivity and specificity probabilities for both the NEPSY-II List Memory and CMS Dot
Locations. This provides an approximate 1Q that could be used as inclusion criteria in

trials using these measures. Conversely, the CANTAB PAL did not have a clear benchmark
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where sensitivity and specificity were relatively high and therefore, our sample did not show
adequate feasibility for any participants, regardless of age or 1Q.

4.4 Implications for clinical trials

Table 5 summarizes the met and unmet study criteria for the STM measures. This graphic
illustrates the problematic floor effects, feasibility, test-retest reliability, and convergent
validity for the STM measures when used with children with DS. The OMQ-PF fared

best out of all evaluated measures, and with moderate test-retest reliability (.70) is deemed
appropriate for use in clinical trials including youth with DS. The marked floor effects on
the list memory subtests (NEPSY-I1I List Memory and DAS-II Recall of Objects), even using
raw/ability scores, demonstrate a potential need for teaching trials on these measures, or
options for shorter lists of words for individuals with DS. This would create a better fit
between the limited STM capacity of individuals with DS (Godfrey & Lee, 2018; Purser &
Jarrold, 2005) and STM task demands. By adjusting the task demands for the population,
there is potential for more variability in the lower range of scores and a better likelihood of
fewer participants scoring at the floor. The CMS Dot Locations also needs to be monitored
closely for acquiescence, as participants were able to respond, but responses were not
necessarily meaningful or correlated with cognitive abilities. This task may also benefit from
a smaller matrix of dots, so that task demands more closely match the cognitive abilities

of participants. Finally, although the CANTAB PAL has demonstrated good psychometrics
in previous studies (Edgin et al., 2017), the current study suggests that completing this

task at the end of a battery of assessments (ranging in duration from 1.5 — 2.5 hours) is

not appropriate for children and adolescents with DS. Taken together, the measurement
challenges identified in the current study highlight a key problem with use of traditional
standardized clinical STM measures for children with DS or other intellectual disabilities.
As evidenced in the current study, the STM capacity of children and adolescents with

DS may not match the task demands presented on STM standardized clinical assessments.
Further investigations and modification of measures to address these measurement problems
are essential for developing outcome measures appropriate for children and adolescents with
a range of cognitive abilities.

4.5 Limitations and future directions

This study provides guidance for STM measures appropriate for clinical trials that include
children and adolescents with DS but is not without limitations. First, the current study is
limited in that the testing interval was a short period. Future work will need to determine
if, for example, practice effects are still problematic with a 3- or 6-month testing interval.
Additionally, some stimuli were repeated on the NEPSY-II List Memory, DAS-I1 Recall
of Objects, and other assessments in the neuropsychological battery not included in the
current study. These words may have been more likely to be remembered by participants.
In the current study, these two measures were also always administered in the same order
because they were grouped in a randomization block. Future studies should randomize
the order of these two measures. Participant fatigue was also a concern and should be
considered when evaluating CANTAB PAL results, as this measure was administered near
the end of the testing battery. Finally, presented analyses were completed using data from
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research participants who volunteered for the study and may not be representative of the full
population of children and adolescents with DS.

5.0 Conclusions

The psychometric evaluation of STM measures is important for the valid assessment of
outcomes in future clinical trials for youth with DS (Eunice Kennedy Shriver National
Institute of Child Health and Human Development, 2015; Esbensen et al., 2017). Findings
from the current study support the use of the OMQ-PF, although test-retest reliability

was lower than a priori criteria, and no convergent validity was observed with direct
measures. The DAS-II Recall of Objects demonstrated feasibility, but no other study criteria
were met. The NEPSY-II List Memory, CMS Dot Locations, and CANTAB PAL may be
appropriate for individuals with DS with higher cognitive abilities. Adaptations to these
clinical assessments may be necessary to make them accessible for broader groups of
children and adolescents with DS.
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What this paper adds?

The current study informs the selection of STM outcome measures for future clinical
trials in DS. Of the five evaluated measures, one direct measure and one parent
questionnaire met feasibility criteria. The feasibility of other measures was not adequate
to be recommended for use in future research. Children with higher cognitive abilities
were more likely to complete measures with low feasibility. Direct STM measures

had problematic floor effects, moderate test-retest reliability, some practice effects,

and minimal convergent validity. The parent reported memory questionnaire showed
good psychometric properties, with a normal distribution of scores, moderate test-retest
reliability, and negligible differences between parent responses at Time 1 and 2, but no
convergent validity with direct STM measures. This study also described commonalities
in participant responses and identified primacy and recency effects on list memory tasks.
Performance was correlated with 1Q for some, but not all measures. Overall, this study
confirms that the parent questionnaire is appropriate for use in clinical trials and advises
that the evaluated direct assessments should be used with caution or with restricted
subgroups of individuals with DS in treatment studies for youth with DS. We also make
recommendations for items to monitor in a larger trial, such as the overlap of animal
stimuli in various tests and visual components of tasks altering recency effects in word
list memory tasks.
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Figure 1.
NEPSY-II List Memory response proportions at Time 1
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Figure 2.
DAS-I1 Recall of Objects response proportions at Time 1
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Figure 3.
DAS-I1 Recall of Objects response proportions at Time 1 collapsed into rows and columns

of visual support.
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Table 1.

Short-term memory task performance, feasibility, and floor effects at Time 1

Page 23

Median (range) Skew  Kurtosis Feasibilitya n Partkl)(:lpants at floor n
(%) (%)

NEPSY-II List Memory Total Correct 16 (0-43) 065 022 49 (69.0%) 23/71 (32.4%)
NEPSY-II List Memory Scaled Score 1(1-5) 171 1.63 58/71 (81.7%)
DAS-11 Recall of Objects Ability Score 75 (10-143) -0.02 -0.02 60 (81.1%) 16/74 (21.6%)
DAS-II Recall of Objects T-score 10 (10-31) 1.49 1.23 50/74 (67.6%)

| 0,
CMS Dot Locations Total Raw Score’ 53.65(29.17-96.88) 0.55  0.90 52 (70.3%) 22174 (29.7%)

g 0,
CMS Dot Locations Learning Raw score® 54.17(29.17-9583)  0.56 0.51 22/74 (29.1%)

. 0,
CMS Dot Locations Short Delay Raw Score” 50.00 (12.50-100) 0.16 102 22174 (29.7%)
CMS Dot Locations Total Scaled Score 4(1-12) 1.02 1.65 36/74 (48.6%)
CMS Dot Locations Learning Scaled Score 3.5(1-11) 112 1.13 38/74 (51.4%)
CMS Dot Locations Short Delay Scaled 5(1-12) 1.05 1.37 23/74 (31.1%)
Score
CANTAB PAL First Attempt Memory 5(0-12) .23 -1.22 29 (31_9%)0’ 29/69 (71.0%)0’
CANTAB PAL Mean Errors to Success 1(0-8) 1.86 4.98 48/69 (69.6%)d
CANTAB PAL Total Errors Adjusted 47 (12-69) -0.50 -1.05 48/69 (69.6%)d
OMQ-PF 88 (60-115) -0.11 -0.14 70 (94.6%) 0/74 (0%)

a ) - . . . .
Feasibility was defined as the percentage of participants who provided responses (correct or incorrect) at Time 1 and Time 2;

b, .. . -, .
Participants at floor included non-completers and participants with the lowest score on the measure;

c . . - . .
CMS Dot Locations raw scores reported as percentage correct because of the varying grid sizes that correspond with chronological age;

dTechnoIogy error (n=5) was removed from feasibility calculations for the CANTAB PAL, as it did not reflect individuals’ ability to complete
the task; NEPSY-11 = Developmental Neuropsychological Assessment, second edition; DAS-11 = Differential Abilities Scale, second edition; CMS
= Children’s Memory Scale; CANTAB PAL = Cambridge Neuropsychological Test Automated Battery Paired Associate Learning; OMQ-PF =

Observer Memory Questionnaire-Parent Form
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Table 3.
Convergent validity correlations at Time 1
1 2 3 4 5 6 7 8

1. NEPSY-II List Memory Total Correct

2. DAS-II Recall of Objects Ability Score 68*"

3. CMS Dot Locations Total Raw Score 3% 30%

4. CMS Dot Locations Learning Raw Score 35%  28%  97*"

5. CMS Dot Locations Short Delay Raw Score .23 260 7% a1 *f

6. CANTAB PAL First Attempt Memory -02 31 54% 53% 49%

7. CANTAB PAL Mean Errors to Success 27 .20 .16 14 12 537*

8. CANTAB PAL Total Errors Adjusted -17 -39 _g** 5™ _s5e* -—97"F —g577*

9. OMQ-PF 07 -10 .02 .01 10 13 -01 -17
*

p<.05;
*k

p<.01;

NEPSY-II = Developmental Neuropsychological Assessment, second edition; DAS-11 = Differential Abilities Scale, second edition; CMS =
Children’s Memory Scale; CANTAB PAL = Cambridge Neuropsychological Test Automated Battery Paired Associate Learning; OMQ-PF =
Observer Memory Questionnaire-Parent Form
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Table 5.

Psychometric evaluation summary for short-term memory measures

Page 28

Minimal floor

Feasibility ~ Test-retest

Negligible

Convergent validity

effects practice effects
NEPSY-II List Memory Total Correct - - - - With Recall of Object
NEPSY-II List Memory Scaled Score? - - B B
DAS-II Recall of Objects Ability Score - + - - With List Memory
DAS-1I Recall of Objects T-score? - * B B
CMS Dot Locations Total Raw Score - - - - With CANTAB PAL
CMS Dot Locations Learning Raw Score - - - + With CANTAB PAL
CMS Dot Locations Short Delay Raw Score - - - + With CANTAB PAL
CMS Dot Locations Total Scaled Score? - - - -
CMS Dot Locations Learning Scaled Score? - - B *
CMS Dot Locations Short Delay Scaled Score® - - - -
CANTAB PAL First Attempt Memory - - - + With CMS Dot
CANTAB PAL Mean Errors to Success - - - - -
CANTAB PAL Total Errors Adjusted - - - - With CMS Dot
OMQ-PF + + - 0 -

+
indicates study criterion met: < 20% floor effects, = 80% feasibility, = .75 test-restest ICC, small and non-significant practice effects

“indicates study criterion not met: = 20% floor effects, < 80% feasibility, < .75 test-retest ICC, medium/large and significant practice effects

a -
Scaled scores not assessed for convergent validity;

b
Agreement between T1 and T2
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