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ABSTRACT

The behavioral phenotype of individuals with Down syndrome
(DS) offers one avenue for developing speech-language therapy services
that are tailored to the individual’s characteristics that affect treatment
response. Behavioral phenotypes are patterns of behavioral strengths
and weaknesses for specific genetic disorders that can help guide the
development and implementation of effective interventions. Nonethe-
less, individual differences within children with DS must be acknowl-
edged and addressed because behavioral phenotypes are probabilistic,
not deterministic. Developing precision speech-language therapy ser-
vices tomaximize learning opportunities and outcomes for children with
DS calls for increased collaboration among clinicians and researchers to
address the needs, challenges, and opportunities on three intercon-
nected themes: (1) moving effective interventions from research to
practice, (2) making evidence-based, child-specific treatment intensity
decisions, and (3) considering child motivation and temperament
characteristics. Increased availability of intervention materials and
resources as well as more specific recommendations that acknowledge
individual differences could help narrow the research-practice gap.
Clear descriptions of disciplined manipulations of treatment intensity
components could lead to more effective intervention services. Last,
addressing motivation and temperament characteristics, such as the
personality-motivation orientation, in children with DS may help
maximize learning opportunities. Focused attention and collaboration
on these key themes could produce substantial, positive changes for
children with DS and their families in the coming decade.
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Learning Outcomes: As a result of this activity, the reader will be able to (1) explain key components of the

behavioral phenotype of individuals with Down syndrome; and (2) discuss ways to address challenges of

moving evidence interventions from research to practice, making evidence-based treatment intensity

decisions and considering child motivation and temperament characteristics.

President Barack Obama launched a new
PrecisionMedicine Initiative and called for “the
right treatment at the right time” in his 2015
State of the Union address.1 Along with medi-
cine, speech-language pathology must move
toward more individualized, evidence-based
treatments by establishing speech-language
therapy services that are tailored to the individ-
ual’s characteristics that affect treatment re-
sponse. These precision services could not
only maximize gains for children with speech
and language disorders, but also positively
impact their families and broader treatment
systems that are struggling to meet their needs.
One potential avenue for facilitating more
effective services is through behavioral pheno-
types. Behavioral phenotypes are patterns of
behavioral strengths and weaknesses for specific
genetic disorders.2,3 By further defining behav-
ioral phenotypes and the interactions between
these phenotypic behaviors and the environ-
ment, including intervention services, more
individuals can receive “the right treatment at
the right time.”1 Because of advances in defin-
ing the behavioral phenotype of Down syn-
drome (DS), individuals with DS in particular
may benefit from using behavioral phenotypes
to develop precision speech-language therapy
services.

Despite notable gains in developing the
evidence base for speech and language inter-
ventions for children with DS, much work
remains to effectively match individual children
with DS with particular intervention features.
The purpose of this article is to describe the
needs, challenges, and opportunities for pro-
viding more targeted and more effective
speech-language therapy services to children
with DS in the next decade. We focus on the
needs, challenges, and opportunities for direct-
ing research and clinical efforts on three inter-

connected themes to maximize learning
opportunities and outcomes for children with
DS: (1) moving effective interventions from
research to practice, (2) making evidence-based,
child-specific treatment intensity decisions, and
(3) considering child motivation and tempera-
ment characteristics. After providing an over-
view of some aspects of the behavioral
phenotype of individuals with DS that are
most likely to affect treatment response, we
describe the needs and primary challenges re-
lated to addressing each theme in the context of
the current evidence. Then, we discuss oppor-
tunities specific to each theme for moving
toward precision speech-language therapy
services.

Although this article focuses on individu-
alizing effective intervention for children with
DS, the general principles apply to numerous
other populations. Behavioral phenotypes help
families and professionals anticipate areas of
relative strength and need for children with
specific diagnoses across developmental do-
mains and times and then plan accordingly
without losing sight of individual differences.
Behavioral phenotypes are probabilistic; they
offer guidance about the probability of certain
characteristics being present in varying degrees
in individuals with a given genetic condition.
Probability is not deterministic, but it has been
described as the guide of life.4 Probabilities can
influence decisions in a positive manner when
applied thoughtfully. When working with chil-
dren with DS, speech-language pathologists
may benefit from looking beyond their
strengths and weaknesses in speech and lan-
guage skills alone to those in other domains
(e.g., cognitive, social, and temperamental) that
may be interacting with speech and language
skills. Understanding how and when different
aspects of the behavioral phenotype may
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interact could produce positive chains of results
rather than negative cascading effects by inter-
vening in a precise, targeted manner.

BEHAVIORAL PHENOTYPE IN
DOWN SYNDROME

Speech

Ninety-five percent of parents of children with
DS “reported that their children had difficulty
being understood by people outside of their
immediate circle sometimes or frequently.”5

Even when compared with individuals with
the same mental age, individuals with DS
present with reduced speech comprehensibility,
which is the extent to which an unfamiliar
listener understands what a speaker says when
contextual information (e.g., gestures, syntactic
cues, semantic cues, and orthographic cues) is
present.6,7 Speech errors observed in individuals
with DS include delayed and disordered pat-
terns.8 These challenges with speech compre-
hensibility often extend well past early
childhood for individuals with DS, thereby
influencing long-term outcomes for employ-
ment and independent living.9,10

Language

Children with DS demonstrate a particular area
of weakness in expressive language skills with
relatively higher receptive abilities. They most
often show delayed emergence of first words and
continued expressive vocabulary and syntax def-
icits.11,12 In addition, children with DS omit
grammatical markers and verbs more frequently
than peers with the same mean length of utter-
ance.13 These deficits may be related to de-
creased verbal working memory abilities that
negatively impact language learning (e.g., dis-
rupts word learning).14,15 Receptively, children
with DS exhibit deficits compared with mental
age-matched peers, particularly in syntax, but
not to the extent of their expressive difficulties.16

The literature is less clear regarding prag-
matic language skills in children with DS.
Pragmatic language skills may vary across de-
velopmental levels.3 For example, preschool
children with and without DS were reported
to display similar levels of pragmatic language

skills by their parents.17 On the other hand,
compared with mental age-matched, typically
developing children, youth with DS demon-
strated deficits in referential communication (i.
e., exchange of communication on a referent)
characterized by failing to fully define the
referent.18 This area of need, which draws
upon cognitive, linguistic, and social skills, is
expected to impact pragmatic skills in a negative
manner due to unclear communication.

Cognitive

Individuals with DS present with mild to severe
intellectual disabilities (ID) with relative
strengths and weaknesses.3 Compared with
deficits in verbal skills, visuospatial processing
is relatively stronger and often commensurate
with mental age.3 In addition to working
memory deficits, long-term memory deficits
have been reported in children with DS com-
pared with other children with ID without
DS.19

Social

Many children with DS demonstrate relative
strengths in social skills compared with their
skills in other areas,3 as well as compared with
children and adolescents with ID from other
etiologies.20,21 Strengths in social skills emerge
early in development for children with DS,
including interest in face-to-face social inter-
actions in infancy and greater attention to
adults during social songs than objects during
object play.14,22 However, this relative strength
may not always be advantageous. The behavior
phenotype for individuals with DS includes the
“personality-motivation orientation that in-
volves an over-reliance on social strategies.”3

We describe how the personality-motivation
orientation can limit learning in more detail
when considering motivation and temperament
characteristics.

Temperament, which can be defined as
“constitutional differences in reactivity and
self-regulation,” is expected to play a role in
social interactions across the life span for
individuals with DS.23 A limited body of
evidence suggests that children with DS as a
group may be more likely to display particular
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temperament characteristics compared with
peers without DS. For example, infants with
DS were described as showing lower levels of
distress to limitations and higher levels of low-
intensity pleasure and cuddliness/affiliation
based on parent report on the Infant Behavior
Questionnaire–Revised.24,25 In addition, indi-
viduals with DS in middle childhood to early
adolescence were rated as having a more posi-
tive mood, being less persistent, and being
more distractible by their parents and teach-
ers.26 The themes of less persistence, “stub-
bornness,” and a positive mood appear as
common trends in discussions of children
with DS.3,27 However, additional evidence is
warranted not only for which traits individuals
with DS are more likely to display but also how
these traits impact development and response
to treatment. Furthermore, substantial individ-
ual differences and co-occurring diagnoses (e.
g., autism spectrum disorder) that may influ-
ence their temperament and/or social interac-
tions cannot be ignored.28

Summary

As a group, children with DS present with
particular areas of need that include speech
comprehensibility, expressive language, and
verbal working memory and relative strengths
that include receptive language, visuospatial
processing, and social skills. Interactions among
these different components of the behavioral
phenotype of DS are expected to influence how
children with DS respond to speech and lan-
guage interventions.However, specific evidence
for these interactions is limited, at least in part
due to research on characteristics continuing to
outpace research on intervention.2

NEEDS AND PRIMARY
CHALLENGES FOR PROVIDING
PRECISE SPEECH-LANGUAGE
THERAPY SERVICES

Moving Effective Interventions from

Research to Practice

The research-practice gap continues to receive
considerable attention from clinicians and re-
searchers, not only in speech-language pathol-

ogy, but also in medicine and education.29,30

Spanning the research-practice gap is no easy
task. Green and colleagues describe the “17-
year odyssey” from research discovery to patient
care.31 Seventeen years is nearly an entire
childhood! Interventions with empirical sup-
port must move more rapidly from research
laboratories to clinical and educational settings
to benefit more children with DS and their
families.

Evidence for effective interventions for
specific areas of need for children with DS,
including expressive language and speech com-
prehensibility, is available. For instance, multi-
ple studies have reported gains in
communication and language skills following
Milieu Communication Teaching (MCT) for
young children with developmental disabilities,
including DS.32–34 MCT comprises responsiv-
ity education, prelinguistic milieu teaching, and
milieu teaching as described in Table 1.33,35,36

School-aged children with DS demonstrated
gains in generalized speech comprehensibility
following Broad Target Speech Recasts
(BTSR) intervention in a recent study.37 Dur-
ing BTSR intervention, the clinician provides
speech recasts (i.e., accurate models) of the
child’s misarticulated words in close temporal
proximity to the child’s platform utterance
without eliciting imitations from the child.38,39

In addition, researchers are beginning to attend
more to the language and literacy needs of older
children and adults with DS.40 Demonstrating
positive effects of an intervention within a
controlled research study is a starting point,
not the end point. Effective interventions must
move to clinical settings, recognizing that they
will be adapted through this process.41 Re-
searchers, speech-language pathologists, and
related professionals must collaborate to devel-
op and tailor interventions that yield optimal
outcomes for children with DS.

Primary challenges include the following.
Narrowing the research-practice gapwill require
a multifaceted approach with collaboration
among numerous stakeholders while acknowl-
edging individual differences and providing
access to intervention resources. First, individual
children respond differently to specific speech
and language interventions for a variety of
reasons—some known, others unknown.
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Differences in individuals’ responses to treat-
ment can hinder evaluation of an intervention’s
effectiveness and slow the implementation pro-
cess. With minimal evidence for which particu-
lar interventions or intervention characteristics
are likely to help a specific child, clinicians may
have little incentive or support to trial new
interventions. Furthermore, without clear ex-
pectations for the type or degree of progress,
how can clinicians knowwhether a given child is
responding in the expected manner? Addition-
ally, even if we did have normative progress rates
for children with DS, individuals vary from the
mean in ways that might be predicted by other
characteristics of the children. Offering clini-
cians more specific, empirically based recom-
mendations could increase their confidence in
making and advocating for their treatment
decisions, including implementing novel, evi-
dence-based interventions.

Second, interventions may be stalled from
leaving the laboratory and reaching clinical
practice because of the lack of availability of
resources for implementing interventions and
measuring progress.41 Although interventions
will be modified as they are implemented across
providers and settings, clinicians need a starting
point for transferring an intervention from an
article or presentation to their therapy rooms.
Without having access to the assessments used
either to determine whether a child is likely to
benefit from the intervention or to document
the child’s progress, where is a clinician to begin?

Evidence-Based, Child-Specific

Treatment Intensity Decisions

Speech-language pathologists are asked treat-
ment intensity questions on a near daily basis.
How many times per week should he have
speech therapy? If he comes twice a week,
will he make more progress? Should she have
30-minute or 45-minute sessions? With the
growing focus on efficiency in educational and
health care settings, the frequency of these types
of questions is expected only to increase.
Despite calls for greater attention to treatment
intensity research, progress remains slow.42–44

Consequently, many children receive the same
frequency and form of services regardless of
their specific strengths and needs. School-aged
children most often receive group therapy out-
side of the classroom one to two times per week
for 20 to 30 minutes. Furthermore, caseload
size and years of practice more strongly influ-
ence treatment intensity decisions than child
characteristics.45 Using child characteristics to
appropriately match treatment intensity to spe-
cific children may result in improved progress
toward treatment goals for individual children,
more effective caseload management for
speech-language pathologists, and improved
utilization of limited resources by educational
and clinical systems.

Primary challenges include the following.
Inconsistencies in the way we communicate
about treatment intensity and the severely lim-
ited empirical evidence specifically related to

Table 1 Milieu Communication Teaching Components

Component Description

Responsivity education Sessions with goals to increase specific parent behaviors such as:

1. Responsiveness to child’s play actions and communicative attempts

2. Use of linguistic mapping (i.e., putting child’s nonverbal communication

acts into words)

3. Use of follow-in comments (i.e., semantically adding to child’s focus of

attention)

4. Recasts (i.e., repeating child’s words and adding structure and meaning)

Prelinguistic milieu teaching Clinician arranges the environment to elicit opportunities for the child to

communicate and uses prompts to increase the frequency, clarity, and

complexity of the child’s nonverbal communication acts

Milieu teaching Clinician aims to establish and/or increase the frequency and/or complexity of

the child’s verbal communication acts

Adapted from Warren et al,33 Fey et al,35 and Hancock and Kaiser.36
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treatment intensity impede evidence-based,
child-specific treatment decisions. Although
intensity is often treated as a singular entity, it
is a product of multiple factors. One must
consider the cumulative intensity based on the
dose, dose frequency, and duration of the
intervention, as described in Table 2.46 Implicit
within the concept of dose is the concept of
spacing effects. Distributed practice refers to
trials or sessions being provided over a long
period. In contrast, trials or sessions during
massed practice are provided over a short peri-
od.47 Spacing effects can be viewed across
sessions (e.g., five trials per day across 3 days
versus 15 trials on a single day) and within
sessions (e.g., one trial per minute across a 20-
minute session versus 20 trials in the first 5
minutes of a 20-minute session). The few
studies that have specifically compared distrib-
uted versus massed practice for language tasks
suggest a benefit of distributed practice.48–50

Nonetheless, issues of treatment intensity re-
main understudied for speech-language
therapy.

There is little consensus on specific combi-
nations of treatment intensity variables that are
most effective for any area in speech-language
pathology (e.g., aphasia, emergent literacy,
stuttering, and voice).43 The first study of a
comprehensive communication and language
intervention that specifically isolated the effect
on treatment intensity was only recently pub-
lished in 2013.32 In addition, different out-
comes across the limited number of available
studies is hard to reconcile.43 Although some
studies suggest greater effects with higher in-

tensity, this pattern of results is far from uni-
versal even for similar studies. Some of these
discrepancies may be due to investigators omit-
ting key treatment intensity variables in their
reports. Thus, replication within either clinical
or research settings is at best a guess. Clearly,
notable gaps persist in our knowledge base for
making informed treatment intensity decisions.

Even though any or all of the intensity
variables (see Table 2) can be manipulated to
influence cumulative frequency, as a field we
have not systematically evaluated various inten-
sity levels. Future treatment studies need to
evaluate different combinations of treatment
implementation variations that alter intensity
variables and report them with replicable preci-
sion. Because well-controlled treatment studies
of sufficient duration require extensive resour-
ces, theymust be planned wisely. Studies should
take into account how speech-language therapy
services are currently being provided, supports
and challenges to implementation, and how
intervention effects can be captured across
clinical and research settings to avoid further
widening of the research-practice gap.

CONSIDERING CHILD MOTIVATION
AND TEMPERAMENT
CHARACTERISTICS
Children with DS often demonstrate relative
strengths in social skills that can be beneficial
for relationships with family members and
interacting with peers. Unfortunately, this rel-
ative strength can also diminish learning op-
portunities when used to escape tasks.22,51

Table 2 Treatment Intensity Variables

Variable Definition

Dose “Number of properly administrated teaching episodes during a single intervention

session”46(p.410)

Dose frequency “Number of times a dose of intervention is provided per day and per week”46(p.411)

Duration of therapy “Time period over which a specified intervention is presented”46(p.411)

Cumulative intervention

intensity

Dose � dose frequency � duration of therapy

Spacing Distributed practice: trials or sessions provided over a long time period

Massed practice: trials or sessions provided over a short time period

Adapted from Yoder et al46 and Kamhi.47
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Children withDS demonstrate a tendency to be
“cognitively avoidant” through use of positive
behaviors (e.g., “party tricks,” making silly faces,
and blowing raspberries) and negative behaviors
(e.g., quitting and crying), even in young pre-
school children.52,53 Wishart also found that
children with DS exhibited less willingness to
engage in “easy” tasks than children with typical
development.52 The net result of these avoidant
tactics is reduced learning opportunities needed
to acquire new skills and to consolidate recently
acquired skills when teachers, parents, and
other communication partners remove or re-
duce the demand. In a related manner, certain
temperament characteristics may also influence
how a child with DS responds to learning
situations. For example, children with higher
levels of resistance to structure may engage in
avoidant tactics more often or more intensely
than children with lower levels.

Primary challenges include the following.
To facilitate optimal outcomes in individuals
with DS, their relative strengths in social skills
must be harnessed to maximize, not avoid,
learning opportunities. Addressing the person-
ality-motivation orientation and temperament
characteristics that are more common in chil-
dren with DS will require examining how
children with DS and their communication
partners engage in dyadic interactions. A prev-
alent stereotype about children withDS appears
to be counterproductive to boosting learning
across multiple domains. Children withDS “are
widely viewed as . . . not too bright but
nevertheless happy and docile, who love music
and are very affectionate, and who fit easily into
family life.”54 Wishart asserts that this stereo-
type of children with DS plays a critical role in
reducing learning opportunities for children
with DS in the context of these avoidant
behaviors.54 Response profiles on a question-
naire about individual children with DS were
consistent with this stereotype for professionals
in a variety of fields including general education
teachers, special education teachers, medical
students, and psychology students. Surprising-
ly, even mothers of children with DS exhibited
responses consistent with the stereotype, al-
though to a lesser degree.55 Certain motivation
and temperament characteristics tend to occur
at different levels in children with DS than

other children; the degree that they are mallea-
ble and specifically how they impact learning are
unknown.

OPPORTUNITIES FOR
FACILITATING PRECISE SPEECH-
LANGUAGE THERAPY SERVICES

For Moving Effective Interventions

from Research to Practice

INDIVIDUAL DIFFERENCES

Because some children are expected to benefit
more from certain interventions than other
children, offering guidance on which children
are more likely to benefit from a specific
intervention could narrow the research-
practice gap. Individual differences in a variety
of domains (e.g., speech, language, cognitive,
social, and temperamental) are suspected to
influence how different children respond to
different characteristics (e.g., intensity) of the
same intervention. Carefully selecting the gen-
eral intervention as well as specific details of
that intervention offer the potential to tailor
speech-language therapy for a specific child to
maximize growth.

Yoder and colleagues showed how individ-
ual differences on one variable can affect how
children with DS differentially respond to
interventions.37 They compared the effective-
ness of two interventions for speech compre-
hensibility in school-aged children with DS:
BTSR intervention and Easy Does It (EDI)
intervention.56 During BTSR intervention the
clinician provides accurate models of misarticu-
lated words without eliciting imitations from
the child. In contrast, during EDI the clinician
elicits imitations from the child to target spe-
cific phonological patterns. Overall, partici-
pants in both conditions demonstrated
significant gains in speech comprehensibility
at the conversational level following 6 months
of individual, 1-hour intervention sessions two
times per week. For children with DS who
exhibited relatively high verbal imitation skills
prior to treatment, those randomly assigned to
BTSR intervention demonstrated greater rates
of speech comprehensibility growth than those
assigned to EDI. These findings suggest that
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clinicians should consider assessing verbal imi-
tation skills prior to selecting a specific speech
comprehensibility intervention for children
with DS.

ACCESS TO INTERVENTION RESOURCES

Providing access to the materials and/or assess-
ments needed for the evaluation and/or imple-
mentation of interventions will be essential to
moving them from research to practice. Adap-
tations of interventions, which can be positive,
are expected as they transfer from research to
clinical practice.41 Clinicians face different
challenges and opportunities implementing in-
terventions than those faced in research set-
tings. Beginning with an empirically supported
intervention provides a foundation for further
tailoring the treatment to specific children.
Modifications could influence future research
studies regarding for whom and under what
conditions specific interventions result in
meaningful change. The field of speech-lan-
guage pathology should take advantage of
technological advances that permit communi-
cation across wide distances when disseminat-
ing materials and tools and when soliciting
input from clinicians who work daily with
children with DS.

Continuing with our earlier example,
BTSR intervention exemplifies how these
tools can be made available to clinicians. For
children with DS who scored at least 15.5 or
higher on the Dynamic Assessment of Verbal
Imitation (DAVI),57 those who received
BTSR intervention demonstrated greater
speech comprehensibility growth than those
who received EDI intervention. Clinicians can
now use the benchmark of 15.5 on the DAVI
to inform their decisions regarding whether to
use BTSR intervention with children with DS
to increase speech comprehensibility. The
DAVI is available through the Vanderbilt
Kennedy Center Web site (http://vkc.mc.van-
derbilt.edu/vkc/). No materials beyond the
printed instructions and data collection page
are required. The DAVI is simple and effi-
cient—two needed qualities for clinical
measures.

Other useful materials and tools must also
move from research settings to clinical practice.
For example, the clinical utility of automated

vocal analysis tools is becoming more viable.
Automated vocal analysis through the Lan-
guage ENvironment Analysis system permits
the collection of daylong samples in the child’s
naturalistic language environment, including
the language to which the child is exposed
and the vocalizations (some of which is lan-
guage) that the child produces.58,59 Through-
out the day, the child wears the recording device
in specially designed clothing. Computer soft-
ware analyzes certain aspects of the data for
clinicians to interpret and apply. Even though
this technology has only recently been used with
children with DS,60 it has been used to a greater
degree with other populations, such as children
with autism spectrum disorder, hearing loss, or
low socioeconomic status.61–63 Automated vo-
cal analysis could be particularly useful for
children with DS in the early stages of spoken
language development. As the analysis compo-
nent of the Language ENvironment Analysis
system is refined to create more stable estimates
of clinically useful variables, such as vocalization
complexity and vocal reciprocity, clinicians may
be able to add automated vocal analysis to their
tool set when these indices and scores become
commercially available.64 Presently, software to
derive some indices and scores are being devel-
oped still or are available only for research
purposes. In sum, we strongly encourage re-
searchers to grant access to intervention resour-
ces used with their tested interventions and
service providers to trial these resources and
provide feedback on their clinical utility.

For Making Evidence-Based, Child-

Specific Treatment Intensity Decisions

We have the opportunity to build upon the
emerging evidence base for making treatment
intensity decisions. Because of the current
focus on efficient, effective interventions, there
may be stronger motivation across stakehold-
ers to address this important clinical question
head-on now and in the near future. Under-
standing individual differences and offering
clear descriptions of disciplined manipulations
of treatment intensity components are two
opportunities for advancing toward evidence-
based, child-specific treatment intensity
decisions.
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UNDERSTANDING INDIVIDUAL DIFFERENCES

One must keep in mind that the behavioral
phenotype of individuals with DS is probabilis-
tic, not deterministic. Because we expect indi-
vidual differences to influence how children
with DS respond to interventions, we must
look for those interactions within the DS
population. The following example emphasizes
the value of the behavioral phenotype in guid-
ing research on possible differential effects of
intervention characteristics as well as the need
to consider individual differences. Fey and
colleagues evaluated the effect of treatment
intensity of MCT on intentional communica-
tion growth for young children with ID, in-
cluding children with DS.32–35 Unexpectedly,
the full sample of children with ID did not
demonstrate a significant difference in gains in
expressive language based on whether they
received 1-hour MCT sessions one time per
week or five times per week. However, children
with DS did respond differentially. For the
participants with DS, those who received
MCT five times per week (i.e., daily) demon-
strated greater gains in spoken vocabulary
growth than those who received MCT one
time per week (i.e., weekly).64 Follow-up anal-
yses found that children with DS who had high
object interest were particularly likely to benefit
from higher-intensity MCT. These results
suggest that DS-specific characteristics as well
as other characteristics that vary in children
with and without DS are contributing factors to
treatment intensity effects.

CLEAR DESCRIPTIONS OF DISCIPLINED

MANIPULATIONS OF TREATMENT INTENSITY

COMPONENTS

Greater creativity in testing the effects of
altering single or clinically relevant combina-
tions of intensity components might optimize
outcomes in children with DS. Most compo-
nents have only been manipulated to a minimal
degree in research and clinical settings.44 Thus,
there are many opportunities for exploration.
Possible factors to be manipulated include
session frequency (dose frequency), session
length (dose), duration of therapy, and spacing
of trials (see Table 2). Although practical con-
straints must be acknowledged, such as having a
limited number of hours in a day, we could

explore use of more frequent, shorter sessions
with distributed trials or try varying lengths for
the duration of therapy, while carefully tracking
progress.

These explorations should occur within
clinical practice and research settings. As re-
searchers share findings regarding when and for
whom different treatment intensities are more
effective, many stakeholders will need to deter-
mine how the informationwill be applied. Clear
communication as to exactly which intensity
components were manipulated and the impact
of those changes will be necessary. If clinicians
see similar gains as those observed in research
settings, the case for changes to service provi-
sion models and funding mechanisms will be
strengthened. For children with DS, this pro-
cess could begin in several places. In keeping
with the examples already presented, daily
rather than weekly speech-language therapy
services using MCT could be trialed for chil-
dren with DS in early intervention services.65

School-aged children withDS could participate
in speech-language therapy services focusing on
speech intelligibility 2 hours per week using
BTSR intervention.37 Future research is needed
to test whether adding verbal imitation training
is necessary for BTSR to work with children
with DS who begin treatment with low verbal
imitation skills. While implementing these
empirically based recommendations, adapta-
tions and variations due to practical constraints
are expected and likely necessary.41,43

For Considering Child Motivation and

Temperament Characteristics

ADDRESSING COMMUNICATION PARTNERS’

RESPONSES

One way to address the negative impact of the
personality-motivation orientation and avoi-
dant behaviors is to change the learning envi-
ronment of children with DS by targeting the
stereotype of children with DS. By changing
the way others respond to the avoidant tactics of
children with DS, the number of learning
opportunities could be increased, which in
turn could lead to greater learning. For example,
very early reinforcement for persistence in the
face of difficult tasks might have long-term
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effects on treatment response. Maximizing
learning opportunities is important for all indi-
viduals, but especially for children with DS
because of their need for increased repetitions
to master and retain information. A growing
body of literature offers practical ways to reduce
implicit biases and stereotype threats. Even
though the recommendations may not specifi-
cally discuss the stereotype of children with DS,
the underlying principles apply. Example strat-
egies include increased awareness of biases and
stereotypes, increasing opportunities for con-
tact, and obtaining information about specific
group members (i.e., individuation).66

ADDRESSING CHILD BEHAVIORS

Another option would be to address the per-
sonality-motivation orientation and avoidant
behaviors of children with DS more directly.
It is not yet known the degree to which the
tendencies described in the behavioral pheno-
type of individuals with DS are malleable versus
fixed. More is known about the characteristics
of the behavioral phenotype than interventions
related to it. Now we have the opportunity to
direct more attention to interventions related to
motivation and temperament characteristics.
Children with DS may be able to learn more
adaptive ways to manage challenging situations.

Findings from studies of typically develop-
ing infants suggest that very young children
may engage in goal-directed behavior more
frequently following training tasks. For exam-
ple, typically developing 3-month-old infants
who wore “sticky mittens” during play with
objects exhibited increased reaching and grasp-
ing 2 weeks after the 2-week intervention as
well as increased attention and focus 12 months
after the intervention (i.e., at 15 months of
age).67 Typically developing 3-month-old in-
fants also exhibited increased reaching move-
ments when provided with contingent
reinforcement.68 It is unknown whether these
mechanisms will operate in a similar fashion for
children with DS. Pending future evidence,
early intervention services may be able to shape
how children with DS respond to therapeutic
tasks to increase their growth trajectory across
multiple domains.

Future research efforts should explore oth-
er aspects of the behavioral phenotype and how
those characteristics may be related to the
effects of speech-language intervention, includ-
ing the intensity with which interventions are
implemented. It is plausible that differences in
motivation and temperament could impact the
manner and degree to which children with DS
participate in and benefit from educational and

Figure 1 Development of precision speech-language therapy services for children with Down syndrome.
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therapeutic services. Because these interactions
may change across the life span, different
intervention approaches may be required at
different stages of development.

CONCLUSION
Developing precision speech-language therapy
services for children withDS calls for increased
collaboration among clinicians and researchers
to take advantages of opportunities to address
the needs and challenges of (1) moving effec-
tive interventions from research to practice, (2)
making evidence-based, child-specific treat-
ment intensity decisions, and (3) considering
child motivation and temperament character-
istics. Researchers and clinicians can draw
upon the deepening understanding of the
behavioral phenotypic of individuals with DS
in the quest for more individualized and more
effective speech-language therapy services for
children with DS. Fig. 1 depicts how under-
standing the behavioral phenotype of individ-
uals with DS and these key themes could lead
to the development of precision speech-
language therapy services. Tailoring services
to child characteristics that affect treatment
response could substantially improve the
effectiveness of these services and the long-
term outcomes for individuals with DS. The
behavioral phenotype exposes individual dif-
ferences that may be particularly important for
predicting responses to intervention and
intensity. These individual differences then
color the way we evaluate and adapt new
interventions, trial different intervention
intensities and respond to child behaviors.
Consequently, we can move research to prac-
tice, make intervention intensity decisions,
and address motivation and temperament
characteristics in a more targeted manner in
the hopes of optimizing outcomes for each
child with DS. Achieving the goal of precision
speech-language therapy services will require
increasing the flow of information to and from
clinicians and researchers. Collaborations,
either through formal programs or less formal
means, could yield dramatic, positive changes
for children with DS and their families in the
coming decade by facilitating precision
speech-language therapy services.
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