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VERBAL FLUENCY IN DOWN SYNDROME 1

Evaluating Verbal Fluency Outcome Measures in Children with Down Syndrome
Abstract

This study evaluates the psychometric properties of a verbal fluency task for potential use
as an outcome measure in future clinical trials involving children with Down syndrome. Eighty-
five participants attempted a modified version of the NEPSY-II Word Generation Task at two
time points. In the full sample, the measure fell below a priori reliability and feasibility criteria,
though feasibility of the semantic trials were higher than feasibility of the phonemic trials.
Performance on the measure correlated with chronological age and 1Q scores, and no sex-related
effects were found. Additional analyses suggested that the semantic verbal fluency trials might

be appropriate for children with Down syndrome 10 years of age and older.
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Evaluating verbal fluency outcome measures in children with Down syndrome

Down syndrome (DS) is one of the most common causes of intellectual disability, and it
is typically associated with clinical challenges with executive functioning and language skills
(Abbeduto et al., 2007; Fidler et al., 2020; Parker et al., 2010). Individuals with DS present with
challenges in verbal short-term memory and shifting tasks that are further complicated by critical
deficits in expressive language (Fabbretti et al., 1997; Fidler, 2005; Fidler et al., 2020). These
impairments in executive control and language highlight a need for effective therapeutic
interventions to support cognitive and behavioral outcomes in individuals with DS (Best et al.,
2011; Daunhauer et al., 2014; Fidler et al., 2020; Naess et al., 2011; Sabat et al., 2020).

Meaningful clinical findings remain limited in pharmacological and behavioral trials
pursuing interventions targeting executive function and language in DS (Liogier d'Ardhuy et al.,
2015; de la Torre et al., 2016; Hart et al., 2017; Hewitt et al., 2005; Kishani et al. 2010; Keeling
et al., 2017; Wright et al., 2013). These null results may be in part due to a lack of
psychometrically evaluated outcome measures appropriate for individuals with DS and other
populations with intellectual disability (de la Torre et al., 2016; Edgin et al., 2017; Esbensen et
al., 2017; Hart et al., 2016; Heller et al., 2006; Keeling et al., 2016). Preliminary work has
identified parent-report measures of executive function for use in children and adolescents with
DS (Esbensen et al. 2019), but the field still lacks well-characterized in-person
neuropsychological assessments of executive function and language constructs within this
population (Esbensen et al., 2017; Eunice Kennedy Shriver National Institute of Child Health
and Human Development, 2015). In particular, outcome measures for clinical trials designed for
children and adolescents with DS must (a) minimize floor effects, to better measure change and

to identify group heterogeneity; (b) have known within-individual sensitivity to change, and
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within-sample sensitivity, such as to age, sex, and IQ, to guide study designs and covariate; and
(c) have adequate test-retest reliability, to measure potential change across time (Edgin et al.,
2010; Esbensen et al., 2017). Without evidence for these characteristics, clinical trials in
pediatric DS could fail because weak outcome measures obscure intervention effects.

Verbal fluency tasks are some of the most common neuropsychological measures of
executive control and language production, and their use as outcome measures in clinical trials in
adolescents and adults with DS suggest they may be useful in younger populations as well. The
semantic fluency subtest of the Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS), a measure appropriate for individuals 12-89 years, demonstrates limited floor
effects and sensitivity to language and cognitive ability in adolescents and young adults with DS
(Liogier d'Ardhuy et al., 2015). Semantic verbal fluency tasks, such as the subtest of the RBANS
for which test-takers are asked to quickly generate words that fall within given categories (e.g.,
foods, animals), assess semantic memory, categorization, filtering/inhibition, and retrieval skills
(Randolph et al., 1998). Though not extensively evaluated in individuals with DS, verbal fluency
tasks can also measure phonemic fluency — the ability to identify the appropriate sounds utilizing
both semantic and phonemic memory stores. Phonemic verbal fluency tasks are similar to the
semantic tasks but require words that start with a given sound or letter instead of words within a
given semantic category. These tasks require more exhaustive search of the lexicon, resulting in
a greater demand for executive control than the semantic counterpart (Costafreda et al., 2006;
Hurks, 2006; Nash & Snowling, 2008; Troyer et al., 1997; Troyer et al., 1998; Troyer, 2000).
Additionally, phonemic verbal fluency tasks require adequate articulation and phonological skills
to support initial phoneme differentiation of spoken words (Marcell, 1995; Snowling et al., 2002;

Nash & Snowling, 2008). Beyond being important indicators of language-based executive
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functioning, verbal fluency tasks reflect conversational skills that are often important to families
in anecdotal reports (Del Hoyo et al., 2015).

Verbal fluency tasks have been used in typically developing (TD) children ages 2-18
years and in children with intellectual disabilities ages 9-19 years (Kemp et al., 2001; Memisevic
et al., 2017; Nash & Snowling, 2008; Pennington et al., 2003). Overall, verbal fluency
productivity increases with age and receptive vocabulary in TD children and youth with DS
(Liogier d'Ardhuy et al., 2015; Troyer, 2000; Riva et al., 2000). However, there is no significant
relationship between phonemic verbal fluency and receptive vocabulary in DS (Nash &
Snowling, 2008). Children with DS also perform worse overall on both semantic and phonemic
tasks compared to TD children, even when matched on receptive vocabulary, which suggests that
vocabulary is required but not sufficient for children with DS to perform comparably to TD peers
(Nash & Snowling, 2008). Additionally, TD children show slight sex differences, with female
participants typically outperforming their male counterparts (Harrison et al., 2000; Troyer, 2000;
Riva et al., 2000). Previous research has shown no sex-related effects on semantic verbal fluency
performance in individuals with DS, but no studies to date have evaluated sex-related effects on
the phonemic verbal fluency task when completed by individuals with DS (Del Hoyo et al.,
2015).

A few studies have described multiple variations of the verbal fluency task in individuals
with intellectual disability and DS and suggest promise for their potential utility in future clinical
trials (Ball et al., 2008; Azuma, 2004; Del Hoyo et al., 2015; Nash & Snowling, 2008;
Pennington et al., 2003). The semantic verbal fluency task has minimal floor effects when
completed by individuals with DS, though the phonemic task has not been directly evaluated in

this group (Ball et al., 2008; Esbensen et al., 2017). Similarly, test-retest reliability has been



VERBAL FLUENCY IN DOWN SYNDROME 5

established only for semantic (but not phonemic verbal fluency) among adolescents and adults
(not younger children) with DS (Lioger d’Ardhuy et al., 2015); yet, previous research has
documented adequate test-retest reliability of the full range of verbal fluency tasks within TD
school-aged populations (Harrison et al., 2000; Snow et al., 1988). Additionally, relevant
research has been limited to the primary outcomes of total unique words produced, ignoring
verbal fluency errors (incorrect or unrelated words) and perseverations (repetitions of correct
words). These error scores may provide complementary information, given the commonality of
floor effects on measures completed by children with DS (Edgin et al., 2010). Thus, while there
is promising evidence that verbal fluency measures may be useful tools for measuring executive
function and language in future clinical trials involving children with DS, there are gaps in our
scientific knowledge of their psychometric properties in this population.
Current Study

The current study seeks to expand the list of potential outcome measures for use in
clinical trials in DS by examining the feasibility and psychometrics of a modified version of the
NEPSY-II Word Generation Task for use with children and adolescents with DS. The first aim of
the study is to determine the feasibility of the verbal fluency task by describing the participants
who are unable to complete the semantic and phonemic variations of the task, able to do so but
receive “floor” (lowest possible) scores when compared to published norms, or able to do so with
above-floor scores. Due to the known challenges of phonological and executive functioning in
DS, we predict higher feasibility on the semantic verbal fluency trials than on the phonemic
verbal fluency trials (Charchat-Fichman et al., 2011; Nash & Snowling, 2008; Laws, 2004). The
second aim of the study is to describe verbal fluency task performance distributions and the

correlations of performance with broader developmental domains (age, sex, 1Q). Based on
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previous findings in individuals with DS, we expect participant age and 1Q scores, but not sex, to
be correlated with performance on the verbal fluency task (Liogier d'Ardhuy et al., 2015; Del
Hoyo et al., 2015; Nash & Snowling, 2008; Pennington et al., 2003). The third aim of the study
is to evaluate test-retest reliability and practice effects on the verbal fluency task for children and
adolescents with DS. We expect the semantic and the phonemic trials to show adequate test-
retest reliability and negligible practice effects when completed by children and adolescents with
DS because adequate reliability has been observed in TD populations and adolescents with DS
on similar variations of the verbal fluency task (Liogier d'Ardhuy et al., 2015; Harrison et al.,
2000; Snow et al., 1988). Finally, we aimed to establish clinical guidelines for the administration
of the verbal fluency task for children and adolescents with DS based on observed performance
and psychometric evaluation.
METHOD

Participants

Eighty-five children and adolescents with DS, between the ages 6-19 years old (6-9 years
old = 21.18%, 10-19 years old = 78.82%, M = 12.64 years, SD = 3.49), participated in the current
study as part of a community-based study evaluating cognitive outcome measures in school-age
children with DS. A portion of the participants are also included in publications related to
executive functioning (Schworer et al. 2021; Will et al., 2021). The age range used in this study
was consistent with clinical trials highlighting the need for more sensitive outcome measures for
children and adolescents with DS ages 10 years and over (Kishani et al., 2010). Children
between the ages of 6 — 10 years were included to prepare for future clinical trials that will

include younger children with DS.
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Participants were primarily non-Hispanic (94.1%) and Caucasian (88.2%), with
representation from African-American (3.5%), Asian (4.7%) and mixed race (3.5%) participants.
Fifty-six percent of participants were male, and standard full-scale 1Q scores on the Kaufman
Brief Intelligence Test, Second Edition ranged from 40 to 73 (M = 44.73, SD = 7.92; Kaufman &
Kaufman, 2004).

Procedure

Participants were recruited from a pediatric medical center, regional DS clinics, and
flyers distributed by local DS associations. The study protocol was approved by the institutional
review board at the medical institution via the Streamlined, Multisite, Accelerated Resources for
Trials (SMART) IRB platform. Participants eligible for the study had a documented diagnosis of
DS and spoke English as their primary language. Additionally, children were screened for a
nonverbal mental age of 36 months per parent verbal report to estimate the child’s ability to
attempt a portion of the measures in the broader study, though no participants were excluded for
having a mental age below 36 months alone. Children and adolescents were excluded from the
study if they had sensory impairments (i.e., deafness or blindness) that would have interfered
with a valid administration of the study measures.

Eligible participants were evaluated twice, two weeks apart. At Time 1, participants
completed an 1Q assessment. The verbal fluency task was completed during a battery of
neuropsychological assessments at Time 1 and was repeated at a retest visit two weeks later
(Time 2).

Measures
Intelligence. Kaufinan Brief Intelligence Test — 2™ Edition (KBIT-2; Kaufinan &

Kaufman, 2004). The KBIT-2 is an assessment of cognitive ability used with children and adults



VERBAL FLUENCY IN DOWN SYNDROME 8

and suggested for studies in DS as an appropriate measure of overall intelligence (Edgin et al.,
2010; Kaufman & Kaufman, 2004). Individual KBIT-2 Verbal and Nonverbal raw scores were
used to assess the association between the verbal fluency trials to avoid floor effects common
with the KBIT-2 full scale IQ score (Edgin et al., 2010; Hamburg et al., 2019).

Verbal fluency. The current study used a modified version of the Word Generation Task
from the Neuropsychological Assessment of Children, 2" Edition (NEPSY-II) test battery. The
NEPSY-II has been normed on 1200 TD children between 3 and 16 years of age and has been
used to successfully assess the cognition of adults with DS (Esbensen et al., 2017; Korkman et
al., 2007). The Word Generation Task includes two semantic trials (animal fluency, food/drink
fluency) and two phonemic trials (/S/ fluency, and /F/ fluency; Korkman et al., 2007). The
NEPSY-II Word Generation semantic trial utilizes similar instructions to the semantic fluency
task of the RBANS; yet is age appropriate for younger children. For example, the RBANS
prompts for generation of fruits or vegetables, whereas the NEPSY-II Word Generation Task
prompts for broader categories (e.g., food) (Korkman et al., 2007; Randolph et al., 1998). In line
with previous research involving children with DS, the current study modified the phonemic
trials of the Word Generation Task by using the phonemes /B/ and /T/ instead of the phonemes
/S/ and /F/ (Nash & Snowling, 2008). This modification stems from research suggesting that stop
consonants are one of the first to develop in TD children and in children with DS (Kumin et al.,
1994; Nash & Snowling, 2008).

For each trial, the child was instructed to generate as many responses as they could in a
60-second time period. Participants were verbally given the semantic category or letter/sound
and two example responses were provided by the examiner before beginning the trial. Examiners

tracked the number of correct responses, the number of intrusions (i.e., words that did not fit the
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category), and the number of perseverations (i.e., repetitions of a correct response). If intrusion
responses were repeated, each instance was counted as a single intrusion (Korkman et al., 2007).

Administration of the verbal fluency tasks conformed closely to the test manual, but
scoring differed slightly. Specifically, to differentiate if children were only repeating sample
items versus generating novel responses, and to facilitate scoring perseverations, single
repetitions of the examples provided by the examiner during the task instructions (cat/dog,
pizza/milk, box/bus, tree/top) were counted as correct responses on all trials, with only
subsequent repetitions counted as perseverations. Additionally, given the frequency of correct
responses with proper nouns, they were counted as correct responses on the /B/ and /T/ trials,
though these responses are categorized as intrusions on phonemic verbal fluency trials in
standard administration (Korkman et al., 2007). These modifications were implemented to avoid
the rejection of meaningful responses provided by the participants. In doing so, we aimed to
maximize the range of performance across participants and to minimize floor effects common in
assessment of children with DS (Esbensen et al., 2017).
Analysis plan

The first aim of the study was to describe the feasibility of the verbal fluency tasks
(semantic and phonemic variations). Feasibility was defined for each verbal fluency trial (animal,
food, /B/, /T/) as the number and corresponding percentage of participants who were able to
provide one or more correct responses at Time 1 and Time 2. Consistent with previous research
evaluating outcome measures for children with ID, the feasibility threshold used in the current
study was > 80% (Hessl et al., 2016). If applicable, missing data categories were used to describe

the reasons for non-completion.
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The second aim of the study was to examine performance distributions on the semantic
and phonemic verbal fluency tasks, and to evaluate the association between verbal fluency
performance and broader developmental domains (age, sex, 1Q). We limited analyses to
participants who completed the tasks at both time points, to support the development of
appropriate outcome measures for future clinical trials in DS that will require repeated
assessment visits (Edgin et al., 2010). Descriptive statistics (mean, median, minimum,
maximum) were calculated for each variable, including levels of skewness and kurtosis to
evaluate the normality of score distributions. A skew statistic between -1.00 and 1.00 and a
kurtosis statistic between -3.0 and 3.0 were considered acceptable. Nonparametric statistical
analyses were used if skew or kurtosis were observed. Floor effects were computed using the
percentage of participants who were either unable to complete the task or who received the
lowest possible raw score, with floor effects < 20% considered acceptable. In addition, we
accounted for the repetition of examiner examples during task instructions by calculating the
frequency by which they occurred for all tasks, including the number of participants who listed
the examples as their only correct responses. We also examined the inclusion of proper nouns as
correct responses during the phonemic trials to determine whether the addition of proper nouns
affected productivity on the phonemic trials. Bivariate Pearson and Spearman correlations were
used to examine the relationship between age and IQ on the number of correct items, the number
of intrusions, and the number of perseverations produced during the task. Pearson correlations
were used for approximately normally distributed data and Spearman coefficients were used
when skewness and kurtosis were observed. Correlations between age, 1Q and verbal fluency

performance outcomes were categorized as weak (< .30), moderate (.30 - .70), or strong (> .70;
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Akoglu, 2018). Sex differences in performance on fluency tasks were evaluated using ¢-tests for
normally distributed data and Mann-Whitney U tests for nonparametric data.

The third aim of the study was to describe two-week test-retest reliability and practice
effects on the semantic and phonemic verbal fluency tasks. Test-retest reliability was analyzed
with intraclass correlation (ICC) and was categorized as poor (< .50), moderate (.50 - .74), good
(.75 - .90), or excellent (> .90; Koo & Li, 2016). Practice effects were examined using paired
samples z-tests for performance at Time 1 and Time 2, with Cohen’s d < .20 categorized as
negligible practice effects (Cohen, 1988).

To support administration of verbal fluency tasks for future clinical trials in DS, we
aimed to establish appropriate inclusion criteria recommendations for studies that plan to use
these measures. To address this aim, we described the likelihood of verbal fluency task
completion based on chronological age and IQ scores using sensitivity and specificity
probabilities. As applied here, sensitivity uses the performance of the participants in the sample
to determine the probability that persons within given benchmarks are able to complete the task.
Sensitivity is calculated as the proportion of children that were correctly identified as being able
to complete the verbal fluency task given the benchmark cut-offs set by age and IQ. Specificity
uses a similar calculation to determine the probability that participants within given benchmarks
are unable to complete the task. Specificity is calculated as the proportion of children that were
correctly identified as not being able to complete the verbal fluency task given the benchmark
cut-offs set by age and 1Q. Examined benchmarks included age cut-offs of 10 years and older
with no 1Q restriction, IQ > 40, IQ > 45, and IQ > 50. Based on sensitivity and specificity
probabilities and the age ranges of previous clinical trials in DS (i.e., Kishani et al., 2010), we

conducted feasibility and reliability analyses on an age-restricted sample to evaluate whether the
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verbal fluency tasks were psychometrically sound when completed by participants with DS 10
years of age and older.
RESULTS

Aim 1: Examiner administration and feasibility of the verbal fluency tasks

Feasibility. Feasibility of the verbal fluency task is presented in Table 1. Overall, the
verbal fluency task failed to reach the feasibility threshold (> 80%), but was higher for the
semantic trials (74.1-75.3%) than for the phonemic trials (58.8-60.0%). For the two semantic
trials (animal/food), one participant (1.2%) completed the animal fluency trial but verbally
refused to complete the food fluency trial. Of the remaining 84 participants who were presented
with the semantic trials, 14.3% (n = 12) failed to complete the task due to limited verbal abilities,
such as apraxia, language delays, and selective mutism; 2.4% (n = 2) failed to complete the task
due to a lack of understanding task instructions (i.e., participants had verbal abilities but did not
provide any response); and 8.3% (n = 7) failed to complete the task due to behavioral
noncompliance such as avoidant or disruptive behaviors. For the phonemic trials, one participant
(1.2%) completed the /B/ fluency trial but verbally refused to complete the /T/ fluency trial. Of
the remaining participants who attempted the phonemic trials, 19.0% (n = 16) failed to complete
the task due to limited verbal abilities, 14.3% (n = 12) failed to complete the task due to a lack of
understanding task instructions, and 8.3% (n = 7) failed to complete the task due to behavioral
noncompliance.

Intrusion and perseveration errors. The number of participants who produced
intrusions and perseverations at Time 1 are presented in Table 1. Intrusions occurred in 34.1% of
participants on the semantic animal trial, 26.9% on the semantic food trial, 60.8% on the

phonemic /B/ trial, and 60.0% on the phonemic /T/ trial. About one-half of participants
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demonstrated perseverations, with 55.3% demonstrating perseverations on the semantic animal
trial, 50.8% on the semantic food trial, 51.0% on the phonemic /B/ trial, and 50.0% on the
phonemic /T/ trial.

Aim 2: Performance distributions on the verbal fluency tasks

Distributions of verbal fluency task performance are presented in Table 2. There were no
skewness or kurtosis concerns for the number of correct items produced on the verbal fluency
tasks (See Table 2). Floor effects were observed on all fluency trials (> 20%), and included
participants who did not complete the task and participants who scored zero. Twenty-four
percent of participants demonstrated floor effects on the semantic animal trial, 25.9% on the
semantic food trial, 40.0% on the phonemic /B/ trial, and 41.2% on the phonemic /T/ trial. One
participant (1.8%) completed the phonemic /T/ verbal fluency trial but received the lowest score
on the measure (zero correct responses). This participant produced intrusions during the allotted
task administration period. No participants received the lowest score on the semantic (animal and
food) or the phonemic /B/ fluency trials.

To address the inclusion of examiner examples in the total number of correct responses,
frequencies of the use of the examples were summed. Over half of participants repeated the
examples provided during the semantic animal (63.5%), the semantic food (56.5%), the
phonemic /B/ (56.5%), and the phonemic /T/ (50.6%) task instructions, but few participants used
the examples as their only correct responses. On the semantic animal and semantic food verbal
fluency trials, no participants used the prompts provided (Cat/Dog, Pizza/Milk) as their only
correct responses. On the phonemic /B/ fluency trial, 13.7% (n = 7) of participants used the

prompts provided (Bus/Box) as their only correct response(s). On the phonemic /T/ fluency trial,
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10.0% (n = 5) of participants used the prompts provided (Tree/Top) as their only correct
response(s).

During the phonemic verbal fluency trials, 13 participants (25.5%) used proper nouns
during the /B/ verbal fluency trial and 10 participants (20.0%) used proper nouns during the /T/
verbal fluency trial. The inclusion of proper nouns in the total number of correct responses
increased productivity outcomes on the /B/ verbal fluency trial (¢ = 3.79, p <.001) and the /T/
verbal fluency trial (¢ =3.23, p <.05) compared to scores when not including proper nouns, but
effect sizes were small (d <.20). On average, when pronouns were included, correct totals
increased by less than one response on the phonemic /B/ (difference of .32) and /T/ trials
(difference of .24).

Age was negatively correlated with the number of perseverations produced on the Animal
Fluency Trial (p = -.32), but was not significantly correlated with any other scores. The KBIT-2
Verbal raw scores were positively related to the number of correct responses on the semantic
animal and food fluency trials (See Table 2). The KBIT-2 Nonverbal raw scores were positively
related to the total number of correct responses produced on all tasks (see Table 2.). KBIT-2
Verbal and Nonverbal raw scores were not related to the intrusion or perseveration errors
produced during most tasks, with the except of the positive relation between the KBIT-2 Verbal
raw scores and the phonemic /T/ trial perseverations. There were no sex-related effects on verbal
fluency performance (See Table 2).

Aim 3: Reliability of the verbal fluency tasks

Test-retest reliability and practice effects. The number of correct responses produced

on the semantic fluency trials and on the phonemic /T/ fluency trials demonstrated moderate to

good test-retest reliability (ICC = .60 - .74). The number of correct responses produced on the
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phonemic /B/ fluency trial showed poor test-retest reliability (ICC < .50; See Table 3). No
practice effects were identified on any verbal fluency trial between Time 1 and Time 2 (p > .05
and d < .20, See Table 3).

Intrusions on the phonemic /T/ verbal fluency trials had moderate test-retest reliability
(ICC =.67), but intrusions on the remaining fluency trials demonstrated poor test-retest
reliability (ICC < .50; see Table 3). Perseverations on the semantic animal verbal fluency trials
had moderate test-retest reliability (ICC = .62). Perseverations on the semantic food and the both
phonemic verbal fluency trials had poor test-retest reliability (ICC < .50). No practice effects
were identified on error scores between Time 1 and Time 2, although Cohen’s ds were >.20 on
the semantic food and phonemic /B/ perseverations (See Table 3).
Aim 4: Clinical guidelines for administration of the verbal fluency tasks in DS

Sensitivity and specificity. Although feasibility on the verbal fluency tasks did not meet
a priori study criterion, more than half of study participants were able to complete the semantic
and the phonemic trials. This suggests that the verbal fluency tasks may be appropriate for some
participants with DS, such as participants who are older or participants who possess higher
cognitive abilities. Sensitivity and specificity statistics were used to evaluate the characteristics
of children and adolescents with DS who can complete the verbal fluency task (i.e.,
chronological age and 1Q; see Table 4). Further illustration of participant characteristics that
correspond with those able and unable to complete the semantic and the phonemic verbal fluency
trials are provided in Figures 1 and 2.

Although dividing the sample out by Standard Full-Scale IQ did not improve sensitivity
and specificity above a priori study criteria, division by age did do so; we observed high

sensitivity for the semantic (92%) and the phonemic (92%) trials in children above age 10 (see
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Table 4). In this age-restricted subsample (n = 63), the feasibility of the semantic verbal fluency
trials met a priori criteria (84.1%), but the feasibility of the phonemic verbal fluency trials did
not (73.0%; see Table 5). The semantic fluency trials and the phonemic /T/ verbal fluency trial
had moderate test-retest reliability (ICC = .59 —.73), and the phonemic /B/ fluency trial had poor
test-retest reliability (ICC < .50; see Table 6.). Though Cohen’s ds were >.20 on the semantic
food and the phonemic /B/ perseverations, all trial types had no significant practice effects
between Time 1 and Time 2 (see Table 6).
DISCUSSION

The recent rise in pharmacological and behavioral clinical trials to support cognitive and
behavioral outcomes in DS highlights a need for empirically-based and psychometrically sound
outcome measures to accurately assess language and executive function performance and
identify potential change over time. In line with the National Institutes of Health Down
syndrome working group meeting in 2015 (Esbensen et al. 2017), the overarching goal of this
study was to examine the psychometric properties of a verbal fluency task for potential use in
future clinical trials measuring language and executive functioning skills in children and
adolescents with DS. As summarized in Table 7, our results suggest that verbal fluency tasks
may be a viable measure of language and executive function for some participants, but not
others. The semantic variation (in which words are generated within a specific sematic category
rather than starting with a given letter or sound), may be an appropriate outcome measure for
children and adolescents with DS 10 years of age and older. However, the phonemic variation
remains problematic even in that age range, and neither variant performs well in a broader age
range that includes younger children with DS.

Feasibility
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Contrary to previous findings, feasibility on the verbal fluency tasks for a broad sample
of children with DS ages 6-19 years did not meet study criteria (< 80%; Nash & Snowling, 2008;
Pennington et al., 2003). In our full sample, the semantic verbal fluency trials had higher
feasibility (animal, 75.3%, food = 74.1%) than the phonemic verbal fluency trials (/B/ = 60.0%,
/T/ = 58.8%). This result was expected given how often children with DS have compromised
phonological and executive function skills that are required for completion of the phonemic
verbal fluency task (Costafreda et al., 2006; Fidler et al., 2020; Laws, 2004; Marcell, 1995; Nash
& Snowling, 2008). Participants who were able to complete the phonemic fluency trials were
also able to complete the entire verbal fluency assessment, with the exception of one participant
who verbally refused to complete the /T/ fluency task. This finding further suggests the more
challenging nature of the phonemic fluency trials for individuals with DS (Nash & Snowling,
2008; Stravroussi et al., 2016).

Limited verbal ability was the leading reason why participants were unable to complete
the verbal fluency tasks. It is well-documented that expressive verbal abilities are generally
impaired in individuals with DS, highlighting a limitation of this assessment for use across a
broad range of participants within this population (Abbeduto et al., 2005; Fidler, 2005; Nash &
Snowling, 2008; Stravroussi et al., 2016). However, there is still a need to evaluate verbal
measures to provide a wider scope of validated outcome measures for future clinical trials
involving children and adolescents with DS.

Performance on the Verbal Fluency Tasks

Floor effects were problematic for all trials attempted by our full sample, but this was

especially true for the phonemic verbal fluency trials. At least in part, the prevalence of floor

effects on the phonemic fluency trials are likely the result of insufficient word retrieval strategies
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and other deficits of executive function, as noted in previous research evaluating verbal fluency
tasks in children with DS (Nash & Snowling, 2008; Pennington et al., 2003). The high
prevalence of motor speech disorders in individuals with DS may also contribute to floor effects
on both fluency trials (Wilson et al., 2019). Floor effects are an area of concern for potential
outcome measures in DS as they prevent the evaluation of within-group differences and
longitudinal change over time. Given that the semantic verbal fluency task nearly met study
criteria, our findings suggest that the semantic trials might be a more appropriate measure than
the phonemic trials for children and adolescents with DS older than 10 years of age. In addition,
use of this measure in future clinical trials is recommended to be limited to including children
with verbal abilities.

In addition to floor effects, we also evaluated the effects of the adaptations implemented
in scoring task performance. We first examined the number of participants who repeated the
examples (i.e., Cat/Dog) provided by the examiners during the task instructions. Approximately
13.7% of participants repeated the examples as their only correct response(s) on the phonemic
trials (Bus/Box, Tree/Top), while no participants repeated the examples as their only correct
responses on the semantic trials (Cat/Dog, Pizza/Milk). The prevalence of novel responses
suggests that participants with DS understand the verbal fluency task instructions and are capable
of retrieving words in a given category. While this scoring adaptation does reduce floor effects
and enhance the feasibility rate for the phonemic task, even with adapted scoring it still did not
meet a priori criterion for acceptable feasibility. We then evaluated the inclusion of proper nouns
as correct responses on the phonemic /B/ and /T/ verbal fluency trials. One-fifth of participants
used proper nouns while generating responses on the /B/ and /T/ trials, yet the impact on

performance was only marginally improved. This finding suggests that the inclusion of proper
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nouns as correct responses may provide a support for the completion of the phonemic trials,
modestly but incompletely improving feasibility.

Consistent with previous research evaluating verbal fluency in DS, sex-related effects
were not observed on the semantic and phonemic verbal fluency task (Del Hoyo, 2015). Children
and adolescents with DS with higher KBIT-2 raw scores obtained significantly higher scores on
most verbal fluency trials as documented in previous normative findings (Liogier d'Ardhuy et al.,
2015). Correlations between measures of verbal/nonverbal cognition and perseverations were
inconsistent, warranting replication to further understand these associations.

Test-retest Reliability and Practice Effects

Test-retest reliability is critically important for outcome measures used in therapeutic
trials in DS, where change is assessed from pre- to post-intervention. If a measure is unreliable, it
may obscure any real effects that occur in such repeated-measure studies (Edgin et al., 2017,
Esbensen et al., 2017; Hessl et al., 2016). The number of correct responses produced on the
semantic and the phonemic /T/ fluency trials demonstrated moderate-to-good test-retest
reliability, and the phonemic /B/ fluency trial demonstrated poor test-retest reliability. Lower
ICC scores were observed on the phonemic fluency trials. These lower ICC scores were expected
due to the more challenging nature of the phonemic task for children and adolescents with DS,
and the high number of children who were unable to complete the test or received floor scores.
Moderate test-retest reliability was observed for the number of perseverations on the semantic
animal trials and the number of intrusions on the phonemic /T/ trial (ICC = 0.62 — .67, though
poor test-retest reliability was observed for the number of intrusions and perseverations produced
during the remaining trials (ICC < .50). Although intrusion and perseveration errors were

prevalent, these low-to-moderate ICC scores raise concerns about using intrusions and
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perseverations as measures of meaningful change across time. Significant practice effects were
not observed on any verbal fluency trial across Time 1 and Time 2. On the surface, these
findings might suggest that the verbal fluency tasks would be sensitive to intervention-specific
change in future clinical trials involving children and adolescents with DS. However, floor
effects could have overwhelmed any potential benefit from practice and could be similarly
difficult to overcome by the benefits of an intervention.
Utility in Children with DS 10 Years and Older

Though the feasibility of the verbal fluency tasks did not meet a priori criteria, sensitivity
and specificity probability calculations were used to determine who can complete the measure
based on benchmarks of chronological age and 1Q. Specificity increases as participant age and
IQ increase. High specificity inherently decreases sample size due to a higher exclusion rate, but
it also increases the probability that participants will be able to complete the task. By contrast,
sensitivity increases as age and IQ restrictions decrease. High sensitivity increases sample size
due to a lower exclusion rate, and it consequently grants observation of greater heterogeneity of
performance. The semantic verbal fluency trials demonstrate adequate sensitivity and specificity,
as well as strong psychometric properties when completed by children with DS 10 years of age
and older, although the phonemic verbal fluency trials did not meet a priori criteria when
completed by the age-restricted sample. The correct responses for the semantic verbal fluency
test-retest reliability were also below study criteria, although it was in the upper range of the
moderate category (ICC = .72 —.73). Results suggest that the semantic verbal fluency trials are
more appropriate for use in future clinical trials enrolling youth with DS 10 years of age and
older. It is likely that the phonemic verbal fluency task would only be appropriate for children

above 10 years old with higher levels of cognitive ability. Depending on the goals of future
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research in DS, the sensitivity and specificity calculations used in the present study can inform
inclusion criteria for future clinical trials using verbal fluency outcome measures.
Limitations and Future Directions

Despite providing crucial information regarding the usability of verbal fluency tasks for
participants with DS, there are study limitations that warrant discussion. The current study was
comprised of a racially and ethnically limited sample that should be diversified to better describe
performance and to ensure the appropriateness of the task for future use in clinical research with
children and adolescents with DS. Similarly, the study had a limited sample of children with DS
younger than 10 years of age (n = 22); future work is needed to confirm our findings in a larger
sample. Additionally, the test-retest window in the current study was short and it would be
beneficial to evaluate the psychometric properties of the assessment, as well as its ability to
adequately measure within-individual and within-sample sensitivity to change, across longer
time periods (i.e., 12 weeks to 1 year) as would be necessary for future clinical trials in DS.
Lastly, ecological validity of verbal fluency tasks was not addressed, and future research is
needed to compare performance on verbal fluency tasks with real-world functioning.

To further examine the appropriateness of verbal fluency tasks for future clinical trials
involving children and adolescents with DS, future research should describe the convergent
validity of verbal fluency tasks with other psychometrically sound outcome measures used to
measure executive functioning and language in children and adolescents with DS. Importantly,
investigators should focus on measures with known ecological validity to determine the
relationship between verbal fluency task performance and everyday functioning. Recent research
has identified sound measures of executive function and language for children with DS, such as

the Behavior Rating Inventory of Executive Function, 2" Edition and expressive language
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sampling, though there is still a need for the identification of measures with a known connection
to daily performance to increase confidence in the ability of verbal fluency task to capture real-
world changes in future clinical trials (Chaytor & Schmitter-Edgecombe, 2003; Esbensen et al.,
2019; Thurman et al., 2021). Further, future work should evaluate the use of visual supports for
the completion of the verbal fluency task (i.e., showing participants the letter /B/ or /T/ prior to
administering the phonemic verbal fluency trials), to determine whether added visual supports
increase the feasibility of the task in children and adolescents with DS. Lastly, clustering and
switching coding processes provide critical information about how responses are generated
during the task’s administration that are not collected by measuring the number of correct and
incorrect responses alone and should be explored in future studies (Nash & Snowling, 2008;
Troyer, 1997; Troyer, 1998; Troyer, 2000).
Conclusion

When completed by the entire sample, the verbal fluency tasks failed to display sound
psychometric properties, though the semantic fluency trials had stronger psychometric indices
than the phonemic trials. The evaluation of an age-restricted sample supported the use of the
semantic verbal fluency task for children with DS 10 years of age and older, however, test-retest
reliability was problematic. The phonemic task may only be appropriate for participants with DS
who have advanced cognitive skills regardless of age. Though error measurements produced on
the task have previously been used to further evaluate cognitive processes during performance on
the task, the current study revealed a lack of stability for these measures to provide meaningful
information across time. Given the similarity of administration and scoring procedures, we
believe that the results from the present study can be generalized to most verbal fluency outcome

measures completed by children and adolescents with DS, though further research should be
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conducted to validate this claim. This study supports the continued selection of outcome

measures for future therapeutic trials in DS and other populations with intellectual disabilities.
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Table 1
Feasibility of the verbal fluency tasks at Time 1 and Time 2, n = 85
Feasibility n (%) Intrusions n (%) Perseverations n (%)

Semantic Trial: Animal 64 (75.3) 29 (34.1) 47 (55.3)
Semantic Trial: Food 63 (74.1) 17 (26.9) 32 (50.8)
Phonemic Trial: /B/ 51 (60.0) 31 (60.8) 26 (51.0)
Phonemic Trial: /T/ 50 (58.8) 30 (60.0) 25 (50.0)

Note. Intrusions n = number of participants with intrusions at Time 1, Perseverations
n = number of participants with perseverations at Time 1



VERBAL FLUENCY IN DOWN SYNDROME

Table 2. Performance and associations with sex, age, and 1Q at Time 1

Median Sex Diff Correlations

Mean (SD) (Min, Max) Skew  Kurtosis (vU) Age KBIT-2 V KBIT-2 NV
Semantic Trial: Animal, n = 64
Total correct ” 8.94 (4.42) 9.00 (1, 20) .38 -.26 1.01 23 S50%* S52%*
Number of Intrusions > Y .80 (1.14) .00 (0,6) 2.00 5.64 446.50 .00 -.02 -.11
Number of Perseverations Y 2.16 (2.21) 1.00 (0,8) 1.07 41 478.00 -.32%* -.14 -.07
Semantic Trial: Food, n = 63
Total correct” 10.14 (4.18)  9.00 (3, 19) .34 -.59 -.10 17 J37H* 39%*
Number of Intrusions PV 41 (.85) .00 (0,5) 3.08 12.75 414.50 .01 -.07 -.01
Number of Perseverations > Y 1.21 (1.60) 1.00 (0,7) 1.59 2.62 458.50 -.24 -.08 -.15
Phonemic Trial: /B/,n =51
Total correct” 5.31 (2.21) 5.00 (2, 12) .70 .62 -.14 -.10 .16 28%*
Number of Intrusions PV 2.20 (2.71) 1.00 (0,9) 1.29 .60 312.50 .09 .04 -12
Number of Perseverations > Y 1.06 (1.53) 1.00 (0,6) 1.72 2.25 255.00 -.20 32% 25
Phonemic Trial: /T/, n = 50
Total correct” 4.90 (2.41) 5.00 (0, 12) 75 .35 13 23 12 A41%*
Number of Intrusions PV 2.14 (2.72) 1.00 (0, 11) 1.50 .35 77.00 -27 -17 -.03
Number of Perseverations Y 1.02 (1.30) .50 (0, 5) 1.18 .58 72.00 -.30 .29 18

Note. Sample includes participants who completed the task at Time 1 and Time 2.
*p<.05, **p<.01; ": bivariate Pearson correlations, P: Spearman p correlations; U: Mann Whitney U T-Test;

KBIT-2 = Kaufman Brief Intelligence Test, second edition; KBIT-2 V = KBIT-2 Verbal raw score, KBIT-2 NV = KBIT-2 Nonverbal raw score.
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Table 3.
Examination of test-retest reliability and practice effects

Time 1 Time 2 Mean
Mean (SD)  Mean (SD) Difference ¢  Cohen’s d 1CC

Semantic Trial: Animal, n = 64

Total correct 8.94 (4.42) 8.50 (4.19) 44 1.10 .10 72
Number of Intrusions .80 (1.14) .89 (1.49) -.09 -.49 .07 .34
Number of Perseverations 2.16 (2.21) 2.08 (1.99) .08 .28 .04 .62
Semantic Trial: Food, n = 63

Total correct 10.14 (4.18) 9.46 (4.46) .68 1.80 .16 75
Number of Intrusions 41 (.85) A48 (.64) -.07 -.61 .09 41
Number of Perseverations 1.21 (1.60) 1.63 (1.64) 42 -2.06 .26 47
Phonemic Trial: /B/,n =151

Total correct 5.38 (2.18) 5.20 (2.41) .18 S1 .08 42
Number of Intrusions 2.18 (2.74) 1.96 (2.47) 22 .59 .08 .49
Number of Perseverations 1.00 (1.49) 1.56 (2.60) -.56 -1.57 27 .29
Phonemic Trial: /T/, n = 50

Total correct 4.90 (2.41) 4.90 (2.65) .00 .00 .00 .60
Number of Intrusions 2.14 (2.72) 1.96 (2.76) .18 57 .07 .67
Number of Perseverations 1.02 (1.30) 1.06 (2.24) -.04 -.12 .02 .37

Note. Sample includes participants who completed the task at Time 1 and Time 2.
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Sensitivity and specificity benchmarks for semantic and phonemic verbal fluency trials

No FSIQ restriction (age > 10, n = 63)
Age and FSIQ above 40 (n =29)
Age and FSIQ above 45 (n =18)
Age and FSIQ above 50 (n =12)

Semantic Trials

Phonemic Trials

Sensitivity Specificity Sensitivity Specificity
92% 51% 92% 51%
43% 91% 50% 89%
25% 91% 30% 91%
17% 95% 20% 94%
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Table 5.
Feasibility of the verbal fluency tasks for participants 10 years and older at Time 1 and Time 2, n = 63
Feasibility n (%) Intrusions n (%) Perseverations n (%)

Semantic Trial: Animal 53 (84.1) 25(47.2) 38 (71.7)
Semantic Trial: Food 53 (84.1) 17 (32.1) 24 (45.3)
Phonemic Trial: /B/ 46 (73.0) 28 (60.9) 24 (52.2)
Phonemic Trial: /T/ 46 (73.0) 27 (658.7) 23 (50.0)

Note. Intrusions n = number of participants with intrusions at Time 1, Perseverations
n = number of participants with perseverations at Time 1
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Table 6.
Examination of test-retest reliability and practice effects for participants 10 years and older
Time 1 Time 2 Mean Cohen’s

Mean (SD)  Mean (SD) Difference t d 1CC
Semantic Trial: Animal, n = 53
Total correct 9.62 (4.31) 9.00 (4.18) .62 1.43 15 72
Number of Intrusions 87(1.21) 92 (1.59) -.06 -.26 .04 .36
Number of Perseverations 1.94 (2.03) 2.08 (2.07) -.13 -.43 .07 .40
Semantic Trial: Food, n =53
Total correct 10.66 (4.10)  10.28 (4.32) 38 .89 .09 73
Number of Intrusions 49 (.91) A7 (.67) .02 .16 .03 45
Number of Perseverations 98 (1.4) 1.53 (1.59) -.55 -2.4 .37 .52
Phonemic Trial: /B/, n = 46
Total correct 5.41 (2.25) 5.26 (2.44) 15 41 .06 42
Number of Intrusions 2.22 (2.80) 2.02 (2.55) 20 .49 .07 .50
Number of Perseverations 1.02 (1.53) 1.67 (2.68) -.65 -1.71 .30 .29
Phonemic Trial: /T/, n = 46
Total correct 5.09 (2.39) 4.98 (2.72) A1 32 .04 .59
Number of Intrusions 2.20 (2.81) 2.07 (2.85) 13 .35 .05 .69
Number of Perseverations 1.04 (1.33) .96 (2.25) .09 .40 .04 28

Note. Sample includes participants who completed the task at Time 1 and Time 2.
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Table 7.
Summary of reported subtest quality based on a priori criteria

Minimal Feasibility Test-retest Negligible
floor effects practice effects

Total sample, n = 85

Semantic Trial: Animal - - -
Semantic Trial: Food - - +
Phonemic Trial: /B/ — — _
Phonemic Trial: /T/ — — _

+ + + +

>]0-year-old sample, n = 63

Semantic Trial: Animal + + —

Semantic Trial: Food + + —

Phonemic Trial: /B/ — - —

Phonemic Trial: /T/ — - —
+ 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.

+ + + +
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Figure 1.
Chronological age and KBIT-2 FSIQ of completers and non-completers for semantic verbal fluency trials
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Figure 2.
Chronological age and KBIT-2 FSIQ of completers and non-completers for phonemic verbal fluency trials
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